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Q1 (a) Draw the transfer characteristic of the circuit shown below. Assume the op-amp

to be ideal.
R, = R, =R, =R,=100 kQ
Ry = 50 kQ, R =1 MQ
[12 marks : 2022]
Solution:
Given : Vg =1V

R, = R,=R,=R.=100 kQ
Rg = 50kQ, Rr=1MQ

At node (1), apply voltage divider rule

R
\/1 = Vref xﬁi‘?
> + R
w_ 100k _ 1 (1)
100k +100k 2
At node (3), apply nodal analysis,
=V Vs-Vo _

Ry Ry

1 1 Vs Y
V3 + = +
50k 1000k 50k 1000k
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20 V
V, = = 1p+2 (2
52177 21 @)
At node (2) apply nodal analysis,
Vo-Vo Vo Vo-Va _

Ra Re Rg

V. V.
v2(1+1+1]='+3 ..(3)

100k 100k 50k 100k 50k
Vi, V.
V, = |_n+_3 ..(3
2 4 2 &
Put egn. (3) into egn. (2)
Vs = 40 £+ﬁ +21V,
2104 2
11 5
EVS = E\/in+21\/0
By using virtual ground theory, V* = V*
Vo=V
1
Vo, = =V
82
N d . Byt
21 21" 21

z
V, = -5V, +55
Transfer characteristic of the circuit,

Yo

\i* Slope = -5

5.5

1.1

End of Solution
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Q1 (b) Let an analog filter have a transfer function
s+0.5

Hs) = (s+0.5) +16

Use bilinear transformation method to convert analog filter into a digital filter.

Assume the resonant frequency of o, = g for the digital IIR filter.

[12 marks : 2022]
Solution:
Given ==L
2
From the system transfer function, we note that Q_ = 4. The sampling period can be
determined as

Q. = gtan&
Tg 2
4 = Etanz
T, 4
I, = —sec

Using bilinear transformation

H2) = H(s) _2¢-1

TT(z+1)

4z -1)

Hz) = (z+1)

2
{LZ— L 0.5} +16
(z+1)

+0.5

[4(z=1)+0.5(z+D](z+1)

[4(z-1)+0.5(z+ ) +16(z + 1)
(4z-4+0.52z+0.5)(z+1)

16(z =12 +0.25(z + )2 + 4(z =) (z + 1) + 16(z + 1)°

(4.52-3.5)(z+1)
16(2° —22+10)+16.25(z% + 2z + 1)+ 42° -4

457° +z-35
H2) = -
36.25z° +0.5z + 28.25
-1 -2
Hz) = 45+z -3.52 (Required bilinear transformation)

36.25+0.57 ' +28.25772

End of Solution
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Q1 (c) An LTI system is described by the following equations :

X = AX+ Bx
y = CX+ Dx
2 0 0 0 1
) Lo -to ol 1)
where “lo o 5 o "o/
0o 0 0 -3 0
C=[1010;D=0

Draw the block diagram of the system and therefrom, identify the state variable(s)
that are
(i) not controllable.
(ii) not observable.
(iii) neither controllable nor observable.
[12 marks : 2022]

Solution:

From given state model state and output equations can be written as

X o= 2x,+ U
Yo = x,+ U
X3 = —Ox,
Xy = —3x,

Y = %+ x4

State diagram :

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in “



I'I'IFIDE EASsY ESE 2022 Main Examination

India’s Best Institute for |IES, GATE & PSUs Electrical Engineering PAPER-II

(i) State variable x, and x, are not controllable.
(i) State variable x, and x, are unobservable.
(iii) State variable x, is uncontrollabel and unobservable.

End of Solution

Q1 (d) The efficiency of a 10 kVA, 110/220 V, 50 Hz, single phase transformer is 96% at
three-fourth of full load at 0.8 pf leading and 96.5% at full load upf.
Determine the :
(i) constant loss “P;".
(ii) maximum efficiency at upf.

[12 marks : 2022]
Solution:
(i) S = 10kVA, f=50Hz
Let constant loss = P, Copper loss = P,

Case | : Efficiency, n

96%, x = % of full-load

Power factor = 0.8

Efficiency, n = xS x Pf
Pf x x5+ P, + x?Ps,
3 410x0.8
0.96 = 4 .
O.8><§><10+Pi+(§) x Fey
4 4
P+2P = 0.25 (i)
it 1g Cu :
Case ll : Efficiency, n = 96.5%, x = 1 (full-load)
Power factor = 1
0.965 = 1x10x1
1x1x10+ P + P x Py,
P + Py, = 0.3626 ...(ii)

Now, solve egn. (i) and egn. (ii)
P. = 0.10522 kW

l

= 105.22W
Fe, = 0.25737 kW
= 257.37TW
Hence, constant loss, P. = 105.22W

(ii) For maximum efficiency
Constant loss = Copper loss
Pi = x°Fg,
(x = % load at which maximum efficiency occur)
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106.22

Electrical Engineering

x° x 257.37

105.22
257.37

0.6393

So, maximum efficiency occur at 63.93% of full-load

Power factor

nnmx

y
10x0.6393 x 1

ESE 2022 Main Examination

10x0.6393 x 1+ 2 x0.10522

96.813%

End of Solution

Q1 (e)

Solution:

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in

In the figure below, the transisotr Q is operating at 10 kHz and 40% duty ratio. If
the transistor has on-state voltage drop of 1 Vand t , = t 4 = 5 ps, find its total

losses during the operation.

(Assume linear rise and fall characteristics of the voltage and currents in the

device during switching).

100V =

>
>10 Q
-3

AAAA

100V =

BJT — ON (Ideal),

Considering V-drop :

topr = S Usec
Yo % 10 104
R R 10
Vs Vdrop
R
100 -1
10
99
10
9.9A

[12 marks : 2022]

@ www.madeeasy.in n




I'I'IFIDE EASsY ESE 2022 Main Examination

India’s Best Institute for |IES, GATE & PSUs Electrical Engineering PAPER-II
Vo= 100
Ve 6E , 150 A ,
‘VCES ! !
: : : : t
i fiv | ; ;
S
I 9.9A | i i
P des i :
: ! L | t
< o < ON torr OFF—]
State State
ton Process :
. I
lc = 2GS -1
fon
VCC - VCES
VCE = —(ti t+ VCC
ON
Average power loss during f, process
1 tON
= = [ Vee i -t
0

t
_ l(j_N{_(VcC —VCESJH_VCC},[IQ.Z‘]W
Ty fon fon

Ve Voo =V,
- f.[cs.tON|:£_ cc CES}

2 3
= 10x10%x9.9x5x 1070120 _100-1
2 3
= 8.415W
lore PTOCESS :
Average power loss during fyer process
1 torF
= ? '([ VCE'ZC'dt
torF _ _
-1 J. HM)H— VCES][Q'Z"FICS}C”
T3 torr torr

= 10x10°x5%x107° x%(100—1)

= 8.1675W
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On State :
Ve = 1V, ig=9.9A
. Ton
Duty ratio : o= =
T
o= Tof
o 0.4
T = —
o 10.10°
Ton = 40ps

.. Average power loss during ON state
PAVg (On state) :

ToN
I VbE'iC 'dt
0

y
PAvg (On State) =

ToN

fj1x99xdt
0

= 175,99
10 x 108 x40 x 106 %x 9.9
3.96 W

-
1 ToFF

— VbE"4:C1t
2

=0
.. Total average power loss
= 'DAvg (tON process) i PAvg (ON State) T PAvg (tOFF process)
+ PAVg (OFF state)
8.415W + 3.96 W + 8.1675+ 0
20.54 W

PAvg (OFF State)

End of Solution

Q2 (a) (i) Determine the transfer function of the circuit shown below and determine
therefrom, the function performed by the circuit. Also determine the input
impedance Z(s), as indicated in the figure.

AAAA
\AJ

Vv
10 kQ

VWVy +
2 Vout
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(i) The transfer function of a 2"d order filter has a zero at the origin of the
s-plane while its poles are located at s = -3 + j4 rad/sec. |dentify the filter, if
the magnitude of the voltage gain at 5 rad/sec = 1. Also plot the magnitude
of the voltage gain as the input signal frequency is varied between @ = 0 to
@ = oo,

[12 + 8 marks : 2022]

Solution:
(i) Atnode (1), apply KCL,

\AAAJ
10 kQ
0k
MW »
J_ _ — Yout
L, 10kQ |v, 10kQ
Vin A'AVAVA' AvAvAvAv
Zy(s) @
r T 10 mF
\/1_\/ir1_|_‘1 V1 +V1_Vout 0
10k "1 00y 10K
S
1 1 V V.
V)| — +0.01s+ — —n_j —oul
1(10k 10k] 10k 10k
V1 — Vin + Vout (1)
2(1+50s)

We know that, for non-inverting amplifier,

R 10k
V= | 1+2|V=|1+= |V =2V
out ( R‘]) 1 ( 10/() 1 1
V — 2 VI Vout
out 2(1+50s)  2(1+50s)
1 Vi
%“@_1+ab) 1+ 50s
50s %
V. =
ot X505 | 1450
You _ 1
Vi, 50s
(Vi +Vou)
;o2 Y " 2(1+ 50s)
n 10k 10k
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Vi(2(1+ 508)) — Uy - 0
_ n n 5OS
2 10k(1+ 508)
241005 1- -
- 50s

Vi 20k(1+ 503)

_ Vm( (1+100s)(50s) -1 )

(508)(20k)(1+ 50s)
- Vin
Input impedance, Z o= =L
Iin
7 = 1000s(1+ 50s)
" 5000s® +50s -1
(ii) Poles : s=-3+j4
Zeros : s=0

.. Transfer function of 2nd order is given as

Hs) = K.s _ Ks
(s+32%+16 s°+6s5+25
. K(5)
H = —_— =1
ol ‘—25+30j+2s
5Ky
30
K=6
) 6(jm)
Hip) = —00)
25 -0 +6jo
. 6
IH(jo)l = 2
J(2s - 0?)? + (Bo)?
Atw =0, |H(jw) = O
Ato =1, IH(jo) = 0.242
At = 10, IHjw) = 0.624
At = 15, IH(jo) = 0.410
At ® = 20, IH(jo) = 0.304
At = 30, IH(jw) = 0.2014
At ® = 50, IH(jo) = 0.12
At = 100, IH(jw) = 0.059

Plot |H(jw)| (voltage gain) V.o
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|H(jo)
0.242 ————-- / i
L .

=0 o=1 Opeak
From the plot, we can see that, it is a band pass filter.

End of Solution

Q2 (b) Consider a mechanical vibratory system as shown in Figure (a) below. Two
kilograms of force is applied to the system in the form of step input resulting in
the oscillation of mass. Determine the system parameters m, b and k of the
mechanical vibratory system if the step response curve obtained is as shown in
Figure (b). Displacement ‘x’ may be measured from the equilibrium position.

k2
3 P(2 kg force)
- r x(t)
¢ 0.019
Il x(displacement) e -1 __________
b | - i
1 2 3
Figure (a) Figure (b)
[20 marks : 2022]
Solution:
2
We know, [F = md—;+b%+Kx
at at

Take Laplace transform of above

As) = ms2X(s) + bsX(s) + KX(s)
X(s) _ 1
F(s) ms® + bs + K
_ 1l/jm - )
P+ =s+—
m- m
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From the graph,

Squaring both sides,

From graph peak time (1) = 2 sec

From eqn. (i) characteristic equation is
> b K
ST+—s+—
m m

Electrical Engineering

ESE 2022 Main Examination

0.019 x100
0.05

38%

0.38

"(55s)=%)

(lnT;szo—a?)

0.9362(1-£2)
0.9362

n° +0.9362
0.2943

0L
L =92
WOy

g = 1.57 rad/sec

U)n\l1_§2

150 = 1.642 rad/sec
1-(0.2943)°

0 ()

Standard second-order characteistic equation is given by

s+ 28w, + 02

0 ...(iil)

Steady state value = 0.05
From eqgn. (i)
X)) 1/m
Ao o bg K
m m
1/m
X(s) =
(s) b < Fs)
ST+ —s+—
m m
Here, A = 2u)
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Hs) = —
Xs) im .2
R FIA
m m
Steady state value, X(s) = limsX(s)
s—0
= lims— M2
s e 0 K 8
m m
1/m 2
= ——=-=005
Kim K
1
K= —— =40
.05
Now, compare eqn. (ii) and eqgn. (iii)
b
= = 3
m %0
K
m
= 20 _ (16427
m
= m = 14.83
b
—— = 2x0.2943 x 1.642
14.83
b = 1432
Hence, m = 14.83kg
b = 1432
K = 40
Q2 (c) Draw the Speed-Torque characteristics of a three-phase induction motor. A 3-
phase, 50 Hz, 400 V, 8-pole, star-connected induction motor has the following
circuit parameters referred to stator side in an exact equivalent circuit model :
R,=021Q,R,=032Q, X, +X,=48Q,R,=138Q, X =18.1Q
Assuming X, = X’, and slip S = 4%, find the
(i) total impedance seen from stator side (per-phase).
(ii) input line current.
(iii) input power drawn.
(iv) gross mechanical power developed.
(v) gross torque developed.
[20 marks : 2022]

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in n



India’s Best Institute for IES, GATE & PSUs

ESE 2022 Main Examination

Electrical Engineering

Solution:

Torque

i<—  Breaking/

Motoring region .
Generating —|

i Plugging region

T, (starting torque)

\

region

Maximum torque/
Breakdown torque/
Pull-out torque/
stalling torque

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in n

s=1 STmax s=0 speed
(Slip at
maximum torque)
Given : Parameter of 3-¢ induction motor
R, =021Q
X, + X, = 48Q
X, = 181Q
R, = 0.32Q
R, = 138Q
Slips, s = 4% =0.04
and X =X
frequency, f = 50Hz
Number of poles, P = §
Supply voltage, V = 400V
As X, =X, = X, = X,=24Q
R
Ry X4 Xy S
+ o—MMW—TT0" A —
v | 3 i
L3 :
p— c _____________________
. . . . Ry .,
(i) Totalimpedance, Z = R+ X, + | R || Xl + X5
S
_. Z = 021+2.4j+|138)18.4j||[ 232+ jo.4
0.04
Z = (5.5335 +6.3144)) Q
= Z = 8.396£48.771°Q
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(ii) Inputline current,

(i) Input power drawn,

(iv) Netimpedance of shunt branch,

=
=

So, by current division,

So, Air gap power,

Gross mechanical power developed,

(v) Grosstorque developed,

Synchronous speed,

=

_ a2 e
7, - alisf(2)
P, = 11.365 kW
Py = P (1-5)
P, = 10.910kW
P
T, = =2 —
21N, (1-s)
60
P, x60
T, - =
21N,
N, = 120f SN, = 120 x 50
P 8
N, = 750rpm

I = 27.506/-48.771A

P = Re{ﬁw*}

P = Re{12559.887 + /14332.38)
P = 12.56 kW

Z = (138]|18.1) Q
Z = (2.334+17.794) Q
Z = 17.9463/82528°Q

Z

IX ———
Z;+8+2.4j
I, = 21.7614-29.143 A

T, = 144.704Nm

End of Solution
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Q3 (a) Consider the unilateral Laplace transform pair cos (2f)u(f) PRELLEEN X(s). Using
the Laplace transform properties, determine the time signals corresponding to
the following :
(i) X(2s)
(i) (s+ 4)X(s)
oy d s
— X
(i) —(e7°X(s))
(iv) s2X(s)
[20 marks : 2022]
Solution:
x(t) = cos(2u(t) X(s) = >
s°+4
. . . 1 S
(i) Time-scaling property: x(at), a#0=—— HX(EJ
Put a = 1
2
{3) =
5] = 2X(29)
1 (t) .
27(z) = e
Let Hs) = X2s)
Therefore, ) = 1){1) = lcosg(i) = lcost
2 \2) 2 2) 2
(ii) Differentiation in time property :
ax(?) .
= sX(s)—x(0 ..(1
. sX(s) — x(07) (1
x(f) = cos 3tu(t)
x(0) =0
ax(t) _.
From (1), & sX(s)
Let HS) = (s+ 4)X(s) = sX(s) + 4X(s)
Therefore, ft) = ) +4x(t)
at
d
= E[cos 2tu(t)] + 4 cos2tu(t)
= 1) = [-2 sin 2tu(t) + cos 2t3(1)] + 4 cos 2tu(t)
= —2sin 2t.u(t) + 8() + 4 cos 2t.u(1)
= (1) = [4 cos 2t—2 sin 2t]u(t) + &(t)
[ cos 2t.8(t) = cos 0 8(f) = &(1)]
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(iii) Time-shifting property :
x(t-t) = X(g)e™™
Putt =5
x(t—5) = X(s).e®¢
Let F(s) = e55X(s)
Therefore, ft) = x(t-5)
By applying differentiation in frequency property,
__ —dF(s)
tf(t) = 75
__ dF(s)
= —tf(t) = Js
= _t(t-5) = e X(s)]
T ds
s
iv s2X(s) = s72-
(iv) (s) 214
B 1
s(s® +4)
A Bs+C
= —+ >
S s°+4
_ AL +4A+Bs?+Cs
s(s? +4)
A+B =0,4A=1,C=0
= B = _l‘ A = l
4 4
1 1
4__4°
= s2X(s) = —+-
(s) s s°+4
Take laplace inverse of above expression
1 1
) = —=ut)—— 2hu(t
x(1) 7 Ult) = cos(2u(t)
1
= Z[1—cos(2t)]u(t)

Q3 (b) Letthe steady state velocity error be defined as the difference in velocity between
input and output of the unity feedback system as time approaches infinity. Find
the expression for the error in the velocity, é(s) = F(co) — i() and fill the following
table for the error in velocity for different inputs in Type 0, 1, 2 system. Notations
carry their usual meaning.
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Input

Solution:

e, — Steady state error

(i) Position error constant (K,). Itis defined for unit step input.

. For type O system,

Type 1 system,
Type 2 system,

(ii) Velocity error constant : It is defined for unit ramp input, i.e.,

Electrical Engineering PAPER-II

Type
0 1 2
Step
Ramp
Parabola
[20 marks : 2022]
&c0) = F(o0) = i(x0) (given)
e, = Input - Output
S S
6y = AlS)- A2 - A

Ss

R(s)

R(s)

T 01T Gls) a1+ G(s)

ss

1+Gs) 1+ G(s)

1

S

;
SAS) _ iy s

1 1 1
1+lmG(s) 1+GO) 1+K,
s—0

G(0) — Position error constant

1
1+K,

oo, eSS: O
oo, eSS= O

A
82
sx
sR(s) _ s _ L
=01+ G(S) s—-01+G(S) s—0S5+SG(S)

1 1

imsG(s) K,
s—0

Iirr(w) SG(s) — Velocity error constant
S—
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For type O, K, = 0, 6=
For type 1, K, = finite, e, = aa
Ky
For type 2, K, = o, e,=0
(iii) Acceleration error constant : It is defined for unit parabolic input, i.e.,
1
As) = —
&3
sx
3
e = SH(S) _ jj—s

S T 5501+ G(s)  s-01+G(s)

1 1

. 1
= ||m = = —
0 +Gs)  ImsPGs) K
s—-0
K, = lim s?G(s) — Acceleration error constant
s—0
For type O, K,=06,= al = oo
Ka
y
For type 1, K, =0, ess=K_=°°

finite, e, = Ki
a

Table for the error in velocity for different inputs in Type 0, 1, 2 system

For type 2, K

a

Type
0 1 2
Step ! 0 0
1+Kp

1
Input | Ram ° - 0

p p K,
Parabol @ @ 1
arabola K.

End of Solution

Q3 (c) (i) Whatdoyoumean by Tuned Power Lines? A 3-phase, 50 Hz, 500 kV, lossless
transmission line is 600 km long. The line inductance is 1 mH/km/phase and
capacitance is 10 nF/km/phase. Determine the phase constant B, surge
impedance Z, velocity of propagation v, and line wavelength A.

(ii) A 200km long, 50 Hz, 3-phase transmission line has a total series impedance
of 40 + j125 Q and shunt admittance of 103 U. It is feeding to a load of
62.5 MVA at 220 kV with 0.8 pf lagging. Find the sending end voltage, current
and power factor using nominal t-method.

[10 + 10 marks : 2022]
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Solution:

(i) Atuned lineis where the receiving-end voltage and current are numerically equal to the
corresponding sending-end values so that there is no voltage drop on load.

V.. = 500kV
f = 50Hz
L = 1mH/km/phase
C = 10nF/km/phase
: L
Surge impedance, Z, = =
-3
= X197 316200
10x107°
; - 1
Velocity of propagation, V=
JLC

1

J1x 102 x10% 102
= 3.162 x 105 km/sec

Line wavelength, A= %
_ 3.162x10°
50
= 6324.55km
Phase constant, B = i—n rad/km
= on rad/km
6324.55
= 9.929 x 10~ rad/km
(ii) Giventhat Z = 40+ 125
Y = 1030
V, = AV, + BI,
Iy = CVg+ Dig
Vg = 220 =127 kV  (Phase)
J3
62.5x10°
o Bx220

0y = cos(0.8) =36.86°
A, B, C, Dfor nominal w can be calculated as
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A o D= il
2

L 073(40+ j125)

=1 =0.93774£1.22°

2
B = Z=40+ 125 =131.24£72.25°
C = (1+£)Y
4

. _3 .
(1+”0 (42“125)]/'10-3

= 96.88 x 10°£90.59°

V. = 0.9377£1.22x 127 x 108£0° + 131.24£72.25°
x 164 ./-36.86°

= 137.42.6.2°
96.88 x 1075.£90.59° x 127 x 103£0° +
0.93774£1.22 x 164/-36.86°

= 128.13£15.1°
¢, = 15.1°-6.2°=8.9°

PF. = cos ¢ = cos 8.9°=0.987 lead

o~
Il

End of Solution

Q4 (a) A 240V shunt motor takes a current of 3.5 A on no load. The armature resistance
is of 0.4 Q, and shunt field resistance of 160 Q when motor operates at full load.
It takes 24 A and runs at 2400 rpm when the motor is converted to long shunt
compound type by adding a field winding of 0.1 Q. There is a change of 10% in
the total flux, when the compound motor develops the same torque. Determine
the power developed and speed of the motor when it is connected as
(i) acumulative compound motor.
(ii) a differential compound motor.
[20 marks : 2022]

Solution:
At full load, I, = 24 A, N=2400
o= V240 g,
Ry, 160
I, =1-1,=225A
E, = 240-22.5(0.4) =231V

(i) It is mentioned that shunt became long shunt cumulative with change in flux 10%.
Considering cumulative flux increased by 10%.
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SO, ¢2 = 1-1¢1
Mentioned same torque, T o< Ol
Oilyy = Gl
I, = ﬁ131= " 505
05 1.1,
I, = 20454 A

Eb2 = V- IaZ(Ha + Rse)
= 240-20.454(0.4 + 0.1) =229.77 V

No _ B 01
Ny Epi 02
Ny, _ 22977 o
2400 231 " 1.9,
o N, = 2170.2rpm
Power developed : El, = 229.77 x 20.454
= 4699.7 W
(ii) Considering differentially compounded flux change given 10%.
So ¢, = 090,
Torque is same given
Oilyy = Gl
L= N x205=25A
0.99¢;
E, = V-I,R,+R,)=240-250.4 +0.1)
= 2275V
No _ Ewo 01
N Epi 02
N, _ 2275 o

2400 231 0.9¢,

N, = 2626.26 rpom
Power developed : Epp,x1, = 227.5x25
= 5687.5W

End of Solution
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Q4 (b) What do you mean by the steady state stability limit of a power system? Find the
steady state power limit of a power system consisting of a generator with equivalent
reactance of 0.5 pu, connected to an infinite bus through a series reactance of
0.1 pu. The terminal voltage of the generaor is held at 1.2 pu and the infinite bus
voltage at 1.0 pu.
[20 marks : 2022]
Solution:
Steady state stability is defined as the ability of an electric power system to maintain
synchronism between machines within the system and an external tie line following a small
and slow disturbance.
So, steady state stability limit refers to the maximum power which can be transferred without
loss of stability.
Given : Generation reactance, x, = 0.5pu
Service reactance of line, x, = 0.1 pu
Terminal voltage of generator, V, = 1.2pu
Infinite bus voltage, V =10pu
Let the generator voltage be ‘Eg46°, then
; Xy X
[ ——T00——o
E 28 G) A v
_ o
E 290°-V =
Current flowing, 1= 9 -~ \/,4'9 v
Xg+ 1% X
Let V, = 1.2£6
SO’ [ =] %
0.1
. £, = 100+ 05 12201
0.1
= E, = 1226 +646-5
= 7.2/06-5
= 7.2c0os0-5+,7.2sin0O
As for steady state limit, d =
So, Re{Eg} =0 = 72c0os0-5=0
- Cos® = > = §=46.017°
7.2
So, E, = 7.2£46.017-5
= |Eg| = 5.1807 pu
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- _ &M
So, steady state limit, SSSL = ——
(X)) + iX)]

SSSL = 8.6346 pu

Q4 (c) Asingle phase full bridge fully controlled converter is supplying a battery at 100
V for charging application. The converter is connected to 240 V, 50 Hz AC supply.
The interconnecting inductor between converter and battery is very large to
make the load current flat, continuous and ripple free at 10 A. The inductor has
a resistance of 1.5 Q. Find the
(i) operating triggering angle.

(ii) average and rms values of converter output voltage.
(iii) power supplied to the battery.
(iv) converter input power.
(v) input power factor and displacement factor.
(vi) thyristor rms current.
Draw source current, thyristor current and output voltage waveforms of the
converter.
Assume a conduction voltage drop of 1.5 V for each thyristor.
[20 marks : 2022]

Solution:

(i) T,7,— ON:KVL: Consider drop of T, and T,
-Vo+15+v, +15 =0

V. = VS—SV

v, = V_sinwt-3

17T+(1 )
= = [ Mysinot -3)d(wt)

o

v, = [ (ysinet -3dol
e o
2VM T+0

- M pgq -3 [ dt)
Y Y o
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2V,
= “Mcosa - g(mt);”“
n n

2V
V. = ZMcosa -3
m

V. = E+IR
= 100 + (10 x 1.5)
V, = 115V

%cosoc—B = 115
m

2x2A002 s, 118
T
coso = 0.546
o = 56.89°
Operating triggering angle, o = 56.9°

(ii) Average value of converter output voltage
V. = 115V

o

T, T, — ON : Total voltage drop of Thyristor
= V,=15+15=3V

T+0o

1/2
v, = || (Vmsincot—VT)Zd(wz‘):l
T

or
o

or

T+0l T+ o
Vo o= 1{]‘ V/%siantd(th I =2V sinot- Vrd(ot) +
T

o

. 1/2
| VTzd(mt)H
o
1/2
1ve s
v, = p ?+VT n—-2V,,Vrcosa
1 1/2
vV, = [—{(2402 +3%)m—2.2402. 300856.89}}
m
rms value of converter output voltage
vV, = 23854V
(iii) Power supplied to battery
= H
= 100x 10
= 1000 W
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VS
o
__i _____________ T T T T T T T T T T J:_- VT
= N ; ot
b N "'“:r' %
Yo i E(Vm sinmti— \/.“r) ! i i
i 1 i i r\L/i_ —(Vm sinwt — VT)
Y N :
i | | 1.
: 10A
; a i ot
A | e
10A i
ot
-10
my i |
10A !
1 ; ot
T, 2n+ o

o T+o
(iv) Converter input power
P, = P, =V, coso,

in srtst

22

= 240.-——1,coso.
i

= 240(& 1 o} cos(56.89)
T

= 1,179.89 W
(v) Input power factor, PF = g.FDF = 0.9 cos o
= 0.9 x cos (56.89)
= 04916
Displacement factor,
FDF = cos o = cos(56.89)
FDF = 0.546
(vi) Thyristor rms current,

= 1/2 I
Ums = I| | =-%
T/rms (an \/§
_ 10
J2
= 7.07A

End of Solution
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Q5 (a) (i) Draw the truth table of the three input logic gate shown below :

+5V
>
2R
<>
D,
Vy o Il<l‘
D,
VB o m b Vout
Dy
Vco Kl

+5 V may be taken as logic ‘1’ while 0 V may be taken as logic ‘0’. The
diodes D,, D, and D, are ideal diodes.
(ii) Given the logical function of three variables

fA B, C) = A+BC
express fin the standard product-of-sum form.
[6 + 6 marks : 2022]

Solution:
(i) IfVv,=0,then diode D, will be on, then V.

out

Similarly, Vg = 0, then diode D, will be on, then V.,

out

Butif V, = Vg = V,=1,then D,, D, and D, will be off, then V_

=0V, irrespective of Vgand V..
= 0 V. Same applies for V,, also.
= .

ut

Truth Table :
A B ClVu
0 0 0| O
0O 0 1|60
01 0|0
01 1|0
1 0 0| O
10 1] 0
11 0|0
1 1 1] 1
(ii) A B C) = A+BC
ABC BC BC ,BC BC:
Alof| 1 fio |fo]]
Al 1 1 1 1
POS from f = (A+C)(A+B)
Standard POS form.

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in m



I'I'IFIDE EASsY ESE 2022 Main Examination

India’s Best Institute for |IES, GATE & PSUs Electrical Engineering PAPER-II
Q5 (b) The characteristic equation of a unity feedback (negative) system is given by
B+ 3ks?+ (k+2)s+4=0.
(i) Determine the forward path transfer function G(s).
(i) Using Routh-Hurwitz criteria, find the range of k for which the system is
stable.
[12 marks : 2022]
Solution:
(i) Characteristic equation
SB+3K+(K+2)s+4 =0
$?+3Ks?+Ks+2s+4 =0
2
14 K3(33 +5) _ 0
S°+2s+4
Standard characteristic equation of a unity feedback (negative) system is given by
1+ G(s)H(s) = 0 {H(s) = 1}
2
On comparison, G(s) = w
S°+2s+4
(ii) CE = £+ 3Ks?+ (K+2)s+ 4
Routh-hurwitz Array is given by
& 1 K+2
s° 3K 4
3K(K+2)-4 0
3K
s° 4
For system to be stable
3K(K+2)—4x1 -0
3K
3KZ+6K-4 > 0
(K-0.5)(K+25) > 0
K > 05
Q5 (c) A star-delta transformer has delta side disconnected between A and D while

supply is connected to the star side as shown in the Figure (a) below. An rms
voltmeter between A and Breads 460 V under this condition. When A and D are
connected, the same voltmeter between A and B reads 415 V. Find the voltage
between A and D when they are disconnected.

Now the delta side is reconnected as star as shown in the Figure (b) with supply
remaining the same on the other side. Find the voltages between P and N and
between Pand Q.

(Assume odd harmonics upto 7t order).
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B
3-phase 3-phase
supply supply
A
(0] D
Figure (a) Figure (b)
[12 marks : 2022]
Solution:

B
3-phase
supply
A
C D

First case : Aand D disconnected.
RMS voltmeter between A and B = 460 V when A and D are disconnected.
A is opened, so third harmonic voltage exist, along with fundamental fifth and seventh.

Vig = JE? +E2+E2+E2 =460V

or, E2+E5+EE+E2 = 4602 e

Second case : When Aand D are connected.
Ais closed. So, third harmonic voltages will be eliminated due to closed delta.
Same voltmeter now records 415 V.

Vig = EZ+EZ+E2 =415V
or E?+E2+E2 = 4152 (2

By solving egn. (1) and (2), we get E;
= 198.431 Volts

Find voltage between A and Dwhen they are disconnected which means imagine a voltmeter
across Aand D.

Delta is still opened.
Third harmonics do exist.

7%

3E,
3(198.431) =595.293 V
If secondary is in Y. The connection is Y-Y ungrounded.

Third harmonics exist in phases but cancelled in lines.
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. Voltage between P& N= \JE2 + £2 + E2 + E2

Voltage between P & Q (lines) = /3 x [E2 + EZ + E2

From (1) and (2) equations

Vi, = 460V
and Vep = J3x415
= 7188V

End of Solution

Q5 (d) A three phase overhead transmission line in delta configuration is operating at

Solution:

400 kV between phases at 50 Hz. The overall conductor diameter is 5.0 cm
each. Find the allowable minimum spacing between the conductors to avoid
corona loss under fair weather condition.
Also find the corona loss under stormy weather condition where the disruptive
critical voltage reduces by 20%.
(Assume air density factor of 0.95, irregularity factor of 0.85 and disruptive critical
voltage of 450 kV (L-L) under fair weather condition).

[12 marks : 2022]

Given : Supply voltage, V = 400kV (A-connected)

Critical disruptive voltage, V. = 450kV

Air density factor, d =095

Irregularity factor, M = 0.85

As Coronaloss e (V- V,)? (1)
Diameter of conductor, D = 5.0cm

Radius, r=25cm

Frequency, f = 50Hz

And breakdown strength of air, g = 21.1kV/cm (rms)

So, Ve = MQS,In(%j

where dis the distance between the conductor.
So, minimum distance for no corona loss is

when Ve = % (from (1))
= 40 = O.85x21.1x0.95x2.5x|n(i)
V3 2.5
= d = 5.6565m
If critical disruptive voltage reduces by 20%,
ie., Voo = 450x(1-0.2)
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Vo = 360KV
Corona Power loss,
P, = 242.2x107° x H% X g x (Vo = V)2 kW/km/Phase
= 2422x107° x DOkeD X ,{ 23 %X (230.94 - 207.84)2 kW/km/Phase
0.95 565.65

= 6.783 kW/km/Phase

Q5 (e) The configuration of a single phase bridge inverter is shown in the figure below.
The DC source voltage is 100 V and the connected load is a pure inductor of
1 H. The switching frequency of the inverter is 50 Hz.
Determine :
(i) the maximum current through the transistors and diodes.
(ii) the rms currents of the diodes and transistors.

(iii) Sketch the load voltage and current waveforms indicating conducting
devices.

(Assume ideal devices with no losses and square wave switching for the inverter).

Q ‘% JSE% Qs ‘% g Dy
Load
100V — HHO
1H

04*’% Ab, @ *’% Ab,

[12 marks : 2022]
Solution:

Vg = 100V, L= 1H, f=50 Hz
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Yo

ot

_VS

e <Gt !

D1D2/:\ Q4Q3i of
I QQ, DD :

_VS / ! 2: ! 3\ t

afL n 3n 2n

A

kil
2 2

Let peak current passing through load current is 1, (after reaching steady state).

gton:0102—>ON
VO = VS
di
= =V
at s
L
Ip n
0 (DLTC/Z
L. Vem_ V%
P oL 2 4f
5 100
4x50x1
= 05A
(i) Maximum current through transistors and diodes
- =Y —05A
4fL
. Ip 05
(ll) Io,rms = ﬁ=ﬁ =0.2886 A
Ude = Ug)me =1 (L/Z)W: Loms
D/rms Q’rms orms on \/Z
= 0.2886 =0.1443 A
2
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Q6 (a) (i) A modulated signal is represented below as :
e(t) = 1500 sin(2r x 10%t + 2 sin & x 10%f)
Determine :
(1) type of modulation.
(2) carrier frequency.
(8) transmitted power, if the signal is applied to a 75 Q antenna.
(4) modulation index.
(5) frequency deviation.

(i) Explain the mathematical function that is performed by the following
instructions of 8085 microprocessor :

MVI A, 07H
RLC
MOV B, A
RLC
RLC
ADD B
[10 + 10 marks : 2022]
Solution:
(i) e(f) = 1500 sin(2m x 105t + 2 sin(m x 10%))  ...(1)
For angle modulated signal, expression is given as :
s(f) = A, sin(2nf t+ B sin 2rf 1) ..(2)
4
A, = 1500, f = %Hz

(1) Type of modulation is angle modulation because angle of the carrier signal is
changing with respect to the signal m(t).
(2) Comparing (1) and (2) equn.

f, = 109Hz
&l
. V2) _ A
3) Transmitted power = FEERET:
(1500)?
= =1 W
2x 75 5000
(4) Modulation index = 3, comparing eqgn. (1) and (2), we get
B =2
5) Frequency deviation = Af=fBxf_
10*

Af = 2x—— =10%Hz
2
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(ii) — MVIA, 07H, move the data immediately to accumulator

[A] — O7H

—RLC

Rotate the elements of accumulator to left without carry,
A — 00000111 = 0000 1110
[A] OEH (Data is multiplied by 2)
— MOV B, A
[B] < [A], More contents of A to B
[B] « OEH
— RLC
Rotate contents of accumulator to left without carry
00001110 = 0001 1100
ERRCE
[A] < 1CH (Multiplication by 2)
—RLC

00011100 = 001110 00

—_—

3 8
[A] < 38H (Multiplication by 2)
— ADD B
[A]«<[A] +[B], 38

06

47

[A]l«47H
At last we can see that the decimal value of [A] is almost 70 which is 10 times the initial
value. Hence, we can say that multiplication by 10 is performed in above instructions.

End of Solution

Q6 (b) Consider the trapezoidal function x(f) as shown below. Express x(t) in terms of
ramp function and find its Fourier transform. Specify the Fourier transform property
used (if any).

x(t)

[20 marks : 2022]
Solution:

Given signal x(t) be represented in terms of ramp signal as

A r(t+t,) - A r(t+t1)—ir(t—t1)+ A r(t—t,)
tz_t1 t2_t1 t2_t1 tz_t1

x(t) =
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[r(t+t)—r(t+t)—rt —t)+r(t —1t,5)]

x(t)

t2 - t1 ’ ‘ t2 - t1
- i
t

—b b
-A -A

t,—t, t, - t,

Now, = ; [8(t +1,) = 8(t +t;) — 8(t — t;) + &(t —t5)] (1)

As we know,

8(t+ ) L ot (Time shifting property)

6({’— tz) F.T. e—fwl’z

S(t‘l‘ [»1)<L> ef‘“ﬁ

3(t—t,) —=—> &7l

Also using the differentiation property

x(t) T X(w)

d;gt) FT. joX(w)

2
a“x(t) , Fr (9X®)
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Substituting all the above results in egn. (1)

(0PX©) = ﬁ[e/@l‘z _gtiotr _ goiotr 4 gtz
2~ 1
Xow) = (/'0))2(+t)[e/wtg _l_e—/'ootg _(ejmt1 +e‘/‘”“ )]
2l

2A (ejwt1 + e—j())ﬁ) ~ (ej(ng + e_j(sz)

T 0t -ty 2 2
2A
Xw) = ————([coswt, —cosmt
(1)2 (1'2 _ 1'1) [ 1 2]
End of Solution

Q6 (c) A25kVA, 2500 V/250 V two winding transformer is to be used as autotransformer
with a source voltage of 2500 V. Find the maximum power that can be supplied
by the autotransformer to load at unity power factor. Find the conducted and
transformed power under this condition.

Also find the efficiency of the autotransformer at unity power factor and maximum
output power condition if the efficiency of the single phase transformer at half
load, 0.8 pf lag and rated voltage is 90%. Assume the no load losses for the
single phase transformer as 500 W.

[20 marks : 2022]

Solution:
Given : Rated kVA, S = 25kVA
Voltage rating, ﬁ = 2500 V
V5 250 V
Power factor, cos¢ = 1
Currenton 250 V side, i = S
V, cos¢
N I = 25000 A
250 x 1
= L, = 100A

2 winding Auto transformer
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Current on primary side, I = S =1 = 25000 =1,=10A
Vicoséd 2500

Total power supplied at unity power factor,
P; = (2500 + 250) x 100
P, = 2750 x 100

P, = 275kW
I = i = I|= 275000A = I[=110A
v 2500
Induction power transfer, P, = 2500 x 10
P, = 25 kW at u.p.f.
Conductive power transfer, P.= P-F,
= P, = 250 kW at u.p.f.
Efficiency of 2 winding transformer at power factor 0.8 lag at half load,
N = 90% =09 = 2.5x0.8x1000x0.5

0.5x25x1000x0.8+F,

where, P, is losses.

P,o= 1111111 W
1
PL = ZPCU+’DI'

where P is full load copper loss and P, is no load loss.
P, = 500 W (given)
= P, = 2444.44W
The losses in 2 winding transformer and auto-transformer are same.
So, efficiency of auto-transformer,

7 = 275000 < 100%
275000 + P, + P,
= n, = 98.94%
Q7 (a) The loop transfer function G(s)H(s) of a single-feedback-loop control system is
given by
G(s)H(s) = K

s2(s+ 2)(s +10)

Apply the Nyquist criterion and determine the value of K for the system to be
stable. Also determine the gain margin if K = 10.
[20 marks : 2022]

Solution:

K

Given : G(s)H(s) = m
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Fors, :
Gli)Hjo) = —
®°(jo +2)(jo +10)

s S D
0? | 0% +12jo + 20

J1mg{G(s)H(s)}

ReG(s)H(s)

G(jo)H(jw) plane

Glio)Hiio) = -K[(20 - 0?) - 12jw]

©2[(2002)? +(120)?]
_ -K[20 - ®?]
AU , 12K
07120~ 07)" + (120) ]+m[(20—w2)2+(1203)2]
o 0 1 2 5 >

Re{G(jw)H(jw)} | e | -0.037 | -4.807x 107 | 5.513%x 107°
Img{G(jo)H(jo)} | = | 0.023 | 7.211x10° | 6.62x107*

Img {G(jo) H(joo)}
0w—0

\\

>(,Hm

G(jo) H(jw) plane

Re {G(jo) H(jeo)}

For S, 1 S, IS mirror image of Sy

Img {G(jeo) Hijeo)}
®—> oo
> Re {G(jo) H(joo)}
ﬂ/ Gljow) H(jo) plane
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: o
For s, : Sy = FHIL[n Re/
6—>gt —g
K
G(s)H(sy) = ————
s5(s+2)(s+10)
= Q. g?2nto2n
Img {G(jw) H(j)}
Re {G(jw) H(jw)}
Fors, : s, = _lim Re®
R-0
6%—%@%
K
= G(s,)H(s,) =
v s2(s,4 +2)(s, +10)
= G(s)H(s,) = oe.gtmio™
Img {G(joo) H(jo)}
o —0
—_1 W — o
| Re {G(io) H(jo)}
ow—0
From Nyquist criteria,
Number of encirclements, N=P-Z
Pis the open loop poles on R.H.S. of s-plane.
Zis the closed loop poles on R.H.S. of s-plane.
= 2 =0-Z
As Nis in clockwise direction,
= Z = 2
Hence, the system is unstable.
For all values of K system is unstable.
Img{G(jo)H(jw)} is not possible, hence gain margin is undefined.
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Q7 (b) Why are the load flow studies necessary in power system?
For a 3-bus system as shown in figure (data are given in table), construct the Y-

bus.
1 3
B Impedance Line charging
ue Z;y (pu) Y2 (pu)
1-2 0.02 +0.06 j0.03
1-3 0.08 +0.24 j0.025
2-3 0.06 +0.18 j0.02
T2

[20 marks : 2022]
Solution:
Load flow studies are one of the most important aspects of power system planning and

operation. The load flow gives us the sinusoidal steady state of the entire system —voltages,
real and reactive power generated and absorbed and line losses.

Significance of load flow analysis in power system are as follows :

e \We can obtain the voltage magnitudes and angles at each bus in the steady state. This
is rather important as the magnitudes of the bus voltages are required to be held within
a specified limit. Once the bus voltage magnitudes and their angles are computed
using the load flow, the real and reactive power flow through each line can be computed.

e Also based on the difference between power flow in the sending and receiving ends, the
losses in a particular line can also be computed.

e Fromthe line flow we can also determine the over and under load conditions.

e The load flow study of a power system is essential to decide the best operation of
existing system and for planning the future expansion of the system.

e |t helpsin designing a new power system network.
e [thelpsin system loss minimization and transformer tap setting for economic operation.

As per the data, the equivalent network is

jo.03I I j0.025 jo.025I Ijo.02
@I"I Y13 I'iI @
Y12
® 4& Y23
JjO 03I j0.02
1 1
1 1 _0.02-,0.06

=] - = > > =5—j15
Zzi,  0.02+/0.06 (0.02)° +(0.06)
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1 1 0.08 —0.24 .
= — = = =125-3.75
Vi3 = 2 T 0.08+/0.24  (0.08) +(0.24) J
1 1 0.06 -,0.18 .
= ——e = =167-5.0
Yos = T 0.064/0.18  (0.06) +(0.18) !
i Ve Vi
Yaus = |Y21 Y2 Y
Yar Yo Ya
Yio+ Vi3 + ]003+ 10025 AP —Y13
— Y12 Yo + Vo3 +/003+ /002 —VYo3
~Y13 ~Y23 Vi3 + Yoz +j0.025+ j0.02

6.25- /18695 -50+15 -1.25+/3.75
= | 50+/15 667-/19.95 -167+,50
~1.25+3.75 -167+/50 292-/8.705

End of Solution

Q7 (c) A separately excited DC motor of 10 hp, 200 V, 1750 rpm is fed from a
DC-DC chopper for speed control purpose. The motor has armature resistance
r, = 0.25 Q and the series inductance is such that the motor current is flat and
continuous. The chopper is fed from a 450 V DC source. The schematic diagram
is shown in the figure below. Find :

(i) the duty ratio, transistor rms current rating under rated condition.

(ii) the motor speed under no load condition at rated intput voltage.

(iii) Now the motor is relocated at a distance with a connecting cable of 1.5 Q
resistance and the speed is to be reduced to 1000 rpm at half-rated torque.
Find the new duty ratio and converter output voltage.

Assume negligible device losses, a total brush drop of 3.0 V for the motor under

operation and a 10 kHz switching frequency for the chopper.

Q L = large

r,=025Q

450 V AD

[20 marks : 2022]
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Solution:

: Q : o |
L, +
V,T 450V  FDA Ra=025Q1y
Q
\ Z + Iy
La
Ve A Vv, =
l Brush drop =3 V
]
Vo
VS
: t
Ton T
Vo = .V,
VO(Rated) = a.450
a = 290 _0444
450
P o(Rated) — Vo(Rated)'Io(Rated)
10HP = 2OOIO(Rated)
(10x 745.699) W = 2OOIo(Rated)
! Ratedy = 37.28 A
1/2
-
(ITransistor)rms = Io(Rated)(%j
= \/&Io(Rated)
= 10.44 x(37.28)
= 24.85A
(i) VO(Rated) = E, + Brush drop voltage + IO(Rated)Ra
200 = K, 'g_gNRated +3+(37.28x0.25)
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(ii) At No Load (7, = 0)

o(Rated)

200

(iii) 8

= K, -é—gN + Brush drop voltage + IR,

=15Q

ESE 2022 Main Examination

Electrical Engineering

K -2—8-1750+3+ (37.28x0.25)

1.02 V-S/rad

1.02x2—gN+3+(0x0.25)

1844.32 rpm

Brush drop =3 V

:|'E
Tb

R.— Connecting cable resistance
T,
At half rated torque,

o

v

o

142.434
o

= oV

[ ¢ — Const]

Lopatea) _ 3728
2 2

18.64 A
E, + Brush drop voltage + I (R, + R,)

K, g—gN+ 3+1,(0.25+1.5)

1.02><§—g><1000+3+(18.64><1.75)

106.814 + 3 + 32.62
142.434V

S

o x 450
0.316

End of Solution
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1 n 1 n-2
Q8 (a) Consider the sequence x(n) = (EJ u(n) and y(n) = (§J u(n-2). Use the
convolution property of Z-transform to find the convolution of the two sequences,
q(n) = x(n)*y(n). Validate your result using time-domain method of convolution.
[20 marks : 2022]
Solution:
1 n
Given : x(n) = (E) u(n)
1 n-2
= | = n-2
W = (5] un-2)
Given a new signal, q(n) = x(n) = y(n)
Jzr
QA2) = X2).12) (1)
As we know,
n
x(n) = (1) Un) === X(2)= —=—;14> 05
2 z-05
() = 1\" 2Ly 2 1 @)
i\ = 3 u(n) 12—2_1,|Z|>§
8
Now, nn) = y(n-2)
ez
N2) = z2Y,(2)
Substituting above result in egn. (2)
=
M9 = ==
Z_i
8
On putting values of X(2) and Y(2) in eqgn. (1)
_ 1
T
z-—||z-=
2 S
A B
U2 = —+—
zZ-— Z-—
2 S
A= 0 ! 1 __s
B Gy IR O
2 2 3
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Therefore,

2
N
1
|

(1)

By using time domain approach :

qln) = K;w}/(k)-X(n—k)
- 3(3) uk-a(3) won
[,
““““ ity K
"""" i,

0, forn<?2
n K2 K
2(—] (—) forn>2
2
0, forn<?2

— 1 n i 2 K f
9-(—) (—) ornx=2
2) 5\ 3

Thus,
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9.(_] . forn=2
2 1_§
3
0, forn<?2
1" 4 2\
= an) = 9'(2) ‘9{1‘(3) }
] forn > 2
3
0, forn<2
_ n-2 n-1
a 3(%) {1—(%) } forn > 2
0, forn<?2
— 1 n-2 1 n-1
3{(5) —2(§j } forn > 2
0, forn<?2
_ n-1 n-1
B 6{(%} —(%J } forn > 2

3

I

(@)
1
N\
N —
N—
=)
L,

|
7\

n-1
1] ]u(n—2) (1)

Since, an)l,., = 0
So, we can write eqgn. (1) in the following form also,

O B

Hence, result obtained from convolution property of z-transform is validated using time
domain approach of convolution.

End of Solution

Q8 (b) A 6.6 kV star-connected synchronous motor has synchronous impedance
Z = (2 + j10) Q per phase. Its excitation is so adjusted that for an input power of
500 kW, the motor pf is 0.7 leading. Now the motor is connected in parallel with
a load drawing 1000 kW power at 0.8 pf lag while its input power is changed to
600 kW with same excitation as above.
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Find :
(i) the new load angle of the motor.
(ii) the total input power factor for the load and synchronous motor combination.
[20 marks : 2022]
Solution:

= 6.6kV

Given : v,
Z, = (2+/10) Q/Ph

Y-connected synchronous motor.

(i) Given: P, = 500kW, cos ¢ = 0.7 leading
0 = —45.57°
As we know,
P = V3V1 coso
Input line current of motor,
7o R
& J3xV, coso
. 0 _6ra.4557A
J3x6.6x0.7

Excitation emf of motor is given as,

Ef = \71_2373
6600 )
= ——/0°-(2+ j10)(62.482£45.57°
7 (2+ /10X )

= 4202.34/-7.19° Volt (per phase)

-

E, = 3x4202.34/-7.19°

= 7278.65/-7.19°V (line toline)
Now motor input power changed to 600 kW

P, = 600 kW
|E| = 7278.65\Volts
V2 E-V;
Now, P. = ZLscoseS — st Lcos(Qs +8)
where, d = newload angle
6.6 x10° 7278.65% 6.6
600 = —————¢c0s(78.70°) -——————c0s(78.70+ &
10.198 ( ) 10.198 ( )
727885%66 .\ (7870+5) = 836.96- 600 = 236.96
10.198
cos (78.70+8) = 0.05
New power angle, 8 = cos(0.05)-78.70° = 8.42°
Therefore, E./-5 = 7278.65/-8.42°Volts (line to line)
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(ii) From part (i)
E, = 7278.65/-8.42°\Volts

Motor input current, I, = VT:E"
Zs
- 6600£0°-7278.654 — 8.42°
I, = .
2+ 103
= 119.94240.70° A

New power factor of motor,

cos¢ = cos (40.69°) =0.7582 leading
Total input power of system
S, +3y

= 1250£36.86° + 791.34.£-40.69°

0l
o}
Il

§ = 1617.16.8.316°kVA

Therefore, power factor of overall system is
cosd = €0s(8.136°) =0.9894 lagging

End of Solution

Q8 (c) A 3-phase, star-connected, 4-pole, 415V, 50 Hz induction motor has equivalent
circuit parameters of R, =1.1Q, R, =09Q, X, = X, =2.7Qand X =67 Q, all
referred from stator side. The motor is driving a load whose torque is proportional
to square of speed. For a load torque of 35 N-m the speed is 1440 rpm in the
load characteristics. The motor is supplied from a three phase PWM inverter and
the speed control is achieved through voltage control method. Now, if the motor
speed is to be brought down to 1250 rpm, find the
(i) load torque.

(ii) inverter applied voltage.
(iii) motor input current and power factor.
(iv) motor input power.
(v) motor developed output power.
(Assume negligibel no load losses and no input harmonics to the motor).
[20 marks : 2022]

Solution:
R, =11Q R=09Q X_=X,=27Q
X, = 67Q
V,, = 415V, f=50Hz, P=4
12
Ny = —O: %0 _ 1500 rom
For load-torque = 35 N-m, N = 1440rpm
Torque o NP
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: T, N?
(i 1 = =L
T N3
35 (1440)
T (1250
T, = 26.373N-m
N, = 1250
ISH= M 20166
1500
2 ’
(ii) Load torque = 32\/Ph x2
, s
m{(rﬁ%} +(X1+X§)2]
3x V3
26.373 = D xo?ég%
2x3.14 %1500 (1.1_'_ 0.9 ) +(2.7+2.7)2 :
60 0.1666
Fundamental rms voltage of inverter
Vo, = 135.098 V (per phase)
Vi = /3x135.098 =233.997V
(i) I=1,+1,
_ 135.098+ 135.098
/67 11499 )+/(2><2.7)
0.166
= 17.311£-44.77°
; 2 Xs=27Q X,=27Q
Input current, 1 = 17.311A
Power factor = cos44.77°
= 0.709 (lagging)
(iv) Motor input power = /3x V], xIxPf
= /3x233.997x17.311x0.709
= 4974.384 W
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135.098
V) hi = 0.9
(1.1+ : )+j(2><2.7)
0.166

15.955/-39.624°

1
313/?,& — 1)
1

3x15.955% x 0.9(— - 1]

Motor developed output power

0.166

3453.149 W
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