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Detailed Solutions

ESE-2025 Electrical Engineering
Mains Test Series TestNo:8

Q.1 (a) Solution:

Quantity of water available for utilization per second

_ Catchment area in km? x10° x average rainfall in m x yield factor

365 x 24 x 60 x 60
500x10° x1.30 % 0.80
ST seoxaeo0 oA
Available head, H =30m
Overall efficiency of power plant
n = Penstock efficiency x Turbine efficiency x Generator
efficiency
n = 0.97 x 0.87 x 0.92
n = 0.7764
Average power, P = WQH x 9.81 x 11 x 10 MW
= 1000 x 16.489 x 30 x 0.7764 x 107° x 9.81
P = 3.767 MW
So, capacity of power station
P _ p _ 3.767
capacity  Load factor  0.60
= 6.27 MW

capacity
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Q.1 (b) Solution:

(i) Using equation,

po = oA

B
2
50 x 0.8 = %COS(B -9) - %(:05(75o —-3°)

40 = 158.4 cos(p - 6) - 47.97
(or) (B - 9) = 56.26°
Using equation:

Qg = | 5|‘1L‘ R‘sm(B d) - |4 ||‘ ‘R| sin(f — o)

2
Q, = B22x132 ;‘0132 sin(56.26°) — CPBIA32)Y i 750 _ 30y
Qg = -15.91 MVAR

Thus for the given operating conditions, a leading MVAR of 15.91 must be drawn
from the line along with real power of 40 MW. Since the load requires 50 x 0.6 i.e.,
30 MVAR lagging, the static capacitors must deliver (30 + 15.91) i.e. (45.91) MVAR

lagging.
The capacity of shunt compensation equipment is therefore 45.91 MVAR.

(ii) Using equation,

V|V, Az
P, = | S|‘1|3‘ R‘ cos(B - 8) - | “B R|cos(B —a)
2
oo 132x132 (G5 0.98(132)* (750 39)
110
0 = 158.4 cos (B - ) - 47.97
(B - 8) = 72.37°
2
Q. - 132x132 (7237°) - 0.98(132%) . .
110
= 3.33 MVAR

Thus under no load condition, the line delivers 3.33 MVAR at the receiving end.
This reactive power must be absorbed by shunt reactor at the receiving end.
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Q.1 (c) Solution:
Given, R,=05Q, V. =230V,
f=50Hz K¢ =3 V-sec
Load torque when operating in upward direction = 69 N-m
o, = 15°

Load torque when operating in downward direction = 180 N-m

Electromagnetic torque T,  during upward motion,
Teml = (K¢) Ial

= 69 =3 x1,
= I,=23A
Also we know that, Vo, =E,+1,R,
2V,
= TCOSO(,l = Ebl + (23 X 05)
2 x+/2 %230 15°
= x V2 x - T8 —E, +(23x05)
= E, = 188.5169 V

Electromagnetic torque during downward motion,
Tem2 - (K¢) Ia2

= 180 = (Ko) I,
180
= I, = T =60 A

Now as direction of speed is reversed, E, will become negative
Vip = EptIp R,

Since E, = N as speed is same in both the cases we take the magnitude of E, as same in

both cases.
2V,
= TCOSOLQ =-188.5169 + (60 x 0.5)
2 ><\/§><230><cosoc2 — 1585169
T
On solving, o, = 140°

During holding position speed is zero so back emf is zero
V3 - IalRa
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= chosoc3 =23x05
T

On solving triggering angle, o, = 86.82°

Q.1 (d) Solution:

By the definition of z-transform,

N=—o0

Given, x(n) = sin (2o,n1) u[n]

oo

X(z) = isin(Z(;)On)z_” =

n=0 n=0

1

_ l i ei2on o 1
1235 2j

1 &/ _ 1
- j—ZZ(‘f]z%'Zl)n‘j_z

n=0

—

1 1

j2

1

oJ20on _ ,—j2mn }n

2 e—jZmOnZ—n

i (e—j2wo 1 )"

n=0

—

z 1 1

z o120 _ =12

j2Lz—el?® 7772

|

zsin(2a)

2 (z—e/?®)(z— e 2™)

zsin(2wy)

X = o 2cos(2my)z+1

e I e I I 0i200 | ,=j20
77 =2z ————— |+1

Z

|

]2 ‘_(1 _ 6]2(,00 A Z—l N (1 _ e—jZ(l)O A Z—l]

z—e T2 _ 74 /2%

(z—e/?®)(z— e 2™)

o120 _ =12
j2

|- e

zsin(2wy)

2

for |z| > 1.

|
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Q.1 (e) Solution:

Truth table:
XY | Qun
0|10 Q,
01| Q,
11]0 0
1|1 1

Realization of XY flip-flop using T-flip flop. Here the desired flip-flop is XY flip flop

and the chosen one is T-flip flop.
The block diagram of this realization is shown below,

l—» T QJ—~Q

x_| Next
state P
decoder | Clk _ _

[—' QT'Q

State table:
XY Qn Qn+1 T
0 00 0 |0
0 0] 1 1 |0
0 1|0 1 |1
0 1] 1 0 |1
1 0|0 0 |0
1 0] 1 0 |1
1 1|0 1 1
1 1] 1 1 |0
K-map simplification:
YQ, =
> 00 01 11 10
0 1 ][t Xy
0l @al @Gl o]
1 1
(4] ! Gl T@
XYQ, YQ,

T = XY+YQ,+XYQ,
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Clk—p>

Q.2 (a) Solution:
(i) Subscripts 1 and 2 will be used to refer to 50 Hz and 60 Hz quantities respectively.

Since the voltage and current at both the frequencies of 50 Hz and 60 Hz are the
same, the output also remains the same.

Since ohmic losses depends on current and here current remains unchanged.
So ohmic loss at 50 Hz

Pyq = ohmic loss at 60 Hz,

Py, = 1.6%
Hysterisis losses :
N BV
P, = K- f-B, o f
X
S Bo _ fo (B
o, —& =
B fi B
X X
Py i 1) 2 o2
Py _ 60(50)°
Py 501 60
1.6
P, = 0.9x§(E) = 0.806%
5| 6

Eddy current losses:

p, = Ke'f2'B131

S 2 2
Py _ f_z.M:[Q) [ﬂ]
by ff B A f2

©Copyright: NADE EASY www.madeeasy.in
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60Y (50 _,
50 60
P, = P,=06%

Thus the ohmic, hysterisis and eddy current losses at 60 Hz are 1.6%, 0.806% and
0.6% respectively.

(i) The core loss depends on voltage and frequency only. Therefore P, =1.5% (= 0.9 +
0.6) and P, =1.406% (= 0.806 + 0.6) can’t be changed for given values of voltage and
frequency. For the total losses remains the same, the ohmic loss alone can be varied.

Total losses at 50 Hz = Total losses at 60 Hz
1.6+09+0.6 = 0.806 + 0.6 + New ohmic losses
Permissible value of ohmic losses at 60 Hz
3.1-1.406
1.694%

Since, ohmic o (current)?

New ohmic losses

. . 2
(New permissible current)? = - (original current)

Original ohmic losses

1.694 ..
New permissible currrent = 160 (Original current)

1.028 (original current)

New permissible current
For the same voltage,

Output at 60 Hz

(1.028) (Output at 50 Hz)

Q.2 (b) Solution:
!

r

80 km, f=50Hz

3.75 mQ/km, L, =15.92 yH/km
rl=3.75x 10" x 80

0.3 Q per phase

.. Resistance of the line, R

Reactive of the line, X = 2nflL,
= 21 x 50 x 80 x 15.92 x 107
= 0.4 Q per phase

Impedance of the line, Z = R +jX =(0.3 +;0.4)Q per phase
= 0.5£53.13° Q per phase

©Copyright: MADE EASY www.madeeasy.in
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Total receiving end apparent power,
Sg = 3x375kVA =1125kVA
and p.f. = cos ¢, = 0.8 lag
= dp = 36.87°
Receiving end active power,
P, = Spcos ¢, =1125 % 0.8
900 kW

Let the per phase receiving end voltage and current be V; and I respectively and

receiving end line voltage be Vp,.

o o Sp__ _ _ 1125x 10°  _ 1125x10°
' R Bx Ve ﬁx(ﬁva) 3x Vg
I, = 3‘/—7125><103 ..(0)
Sending end line voltage,
Vg = 3300V
Sending end phase voltage,
Vg 3300

VS = \/5 = \/5 =1905.26 volts

Assuming reference phasor to be Vg

V2 = (Vg cos oy + RIR)? + (Vg sin ¢, + XI})?

©Copyright: NADE EASY www.madeeasy.in
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2 3 >
= (1905.26)> = (VR ><0.8+0.3><3£x103) +(VR % 0.6 4 0A%375x107
Vi v
= 3630015.668 = V& * mx 10° + 360 x 10°

R
= V4 -3270015.668 V2 + 35156.25 x 10° = 0
(i) V, = 1805.33,103.86

or Vr = 1805.33£0° volts

So receiving end line voltage,
Ve = BxVy
= \/3x1805.33 = 3126.92 volts

Now receiving end current,

3
375 108 = 375%10

I, = =207.718 A
R Vg 1805.33
ie., Ig = Iy =1xZ-0,=207.718£-36.87° A
Now, Vs = Vp+1xZ

= 1805.33.£0° + (207.718£-36.87°) (0.3 + j0.4)
Vs = 1905.26£0.87° volts
ie. 0y = £LVg—ZLIg =0.87° - (-36.87°) = 37.74°
(ii) Sending end power, p, = J3 Vs 1 coso,

= /3% 3300x1905.26 x cos 37.74°
= 8611.79 kW

and sending end p.f., cos ¢, = cos 37.74°
= 0.7908 lagging

(iii) Voltage regulation of the line,
%y = M %100
reg RL

_ 3300-3126.92 .o _ 5 5350
- 3126.92 SR

©Copyright: MADE EASY www.madeeasy.in
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Q.2 (c) Solution:
The two port network can be drawn as

2kQ 3kQ

1kQ

on performing Y-A transformation on above network.

2%3
where, R, 2+3+% =11 kQ

- 142+ X2 g
3 3

=
I

3+1+&=2k9
2 2

s
o5
I

Now, the above circuit can be drawn as,

Section-1 Section-2

For Section-1 :

v, = -2y

ol 5 (f) = —%stin(lOOnt) mV

©Copyright: NADE EASY www.madeeasy.in
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V., = =11 sin(100mtt) mV

Vi(t)

1

2mV ---;

o,
11 mV|---=
For Section-2:
R
—<—
R Dy
Vi —WW—
: <o Vs
D2
During -ve half cycle of V ;, D, is ON and D, is OFF.
1=0

R
V01 —AMWW—

Lo o0V

Therefore, V, = 0 in the -ve half cycle of V ,.
During the +ve half cycle of V ;, D, is ON and D, is OFF.

AAAA
\AAAJ

oV,

©Copyright: MADE EASY www.madeeasy.in
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b
2

Output voltage waveform —

-11 mV

Average value of half cycle sinusoidal waveform is given as

Vv, -11
Vo(avg) - 7_ T mV
= -3.50 mV

Q.3 (a) Solution:

Given, x[n] = IDFT [X(k)],nk=0, ..., N-1
X(k) = DFT {1, -j2,j, -j4}
x[n] = {1,-j2,j, -4}

(i) Given, IDFT{X"(k)}
By the definition of IDFT,

1,-j4,, -2}
1,4, -j,2}

=

T
S

N—"
I

=

*

T
2

N—"
I
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1 N=t _
(i) IDFT{X(-K)y} = - 3 X(OyWR™
K=0
1 N=1 ”
=N Y X (k)W
K=0
= x(-n)y

x(n) = {1, -j4,j, 72}

(iid) IDFT{Re[X(k)]}

I
L
S
T
H
—
=
=
——
+
N | =
~
S
T
H
——
S
*
=
—

= Ex(”) +EX*(_n)N

= %[x(n) + x*(—”)N]
= {72 j4)+ (LA +12)]

- %[2,+j2,0,—j2]

= [1,7,0,-1
1 1 ES
]_—ZIDFT[X(k)]+]_—21DFT[x ()]

(iv) IDFT{Im[X(k)[}
1 171
- ].—z[xm)]—].—z[x () |

1 S o
= ].—2[(1,—2]/]r—]4)]—(1z]4r—]r]2)]

1
= —(0,—-j6,j2,-j6
].2( j6,j2,~ j6]
= [0,-3,1,-3]
Q.3 (b) Solution:

(i) Open-circuit test has been conducted on Lv. side because 250 V during this test is
equal to the rated voltage on Lv. side,

Short-circuit test has been performed on h.v. side, since 60 V is a fraction (2 to 12%) of
the rated voltage on h.v. side.

©Copyright: MADE EASY www.madeeasy.in



MRADE EASY Test No : 8 ELECTRICAL ENGINEERING | 23

Full load (or rated) current on h.v. side
2500
Ohmic loss of 45 W is due to short-circuit current of 3 A

.. ohmic loss at full load current of 4 A

4 2
Py = 45(5) =80 W

Fixed core loss, P = 50 W

1
At 0.8 power factor and at — full load, the core loss

4
P. = 50W,
1Y 1Y
Ohmic loss = |= | P, == | x80 =5W
4 4
1
and output = X 10000 0.8 = 2000 W
1
- mat 1 full load
- 1o 0% oz =9732%
2000+50+5

(ii) Let the maximum efficiency occur at x times the rated kVA
- Ohmic loss at maximum efficiency,
n = x%80) watts

But maximum m occurs when ohmic loss

= core loss
ie. x*(80) = 50
x = 22 =079
80

- kVA output at maximum,
n = x(10)=(0.79) x 10 =79 kVA

Note that the kVA output at maximum efficiency does not depend on the load power

factor
For maximum efficiency,

ohmic loss = core loss =50 W

©Copyright: NADE EASY www.madeeasy.in
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.. Total losses at maximum,
P, 50 + 50 =100 W

The maximum efficiency is

100
nmax 1 -
7900 0.8 + 100

(iii) From short-circuit test,

45
ReH = ? =5Q
60
ZeH = ? = ZOQ
X, = (02 -(5)% =1935Q
Iy -1,y  4x5
o D 4x1935 00,
pu Vi 2500

.. Voltage requisition at 0.8 power factor lagging

= Rpu cos 0, + Xpu sin 0,
0.008 x 0.8 +0.031 x 0.6
0.0250 p.u. or 2.5%

E, -V,
Now T g = 0.025
2
V, = 0975 E,
V, = 0975 x 250 = 243.75 V
Q.3 (c) Solution:
Yo, O———
F
Let the base MVA = 25 MVA

Base kV = 11 kV

= 0.98443 or 98.443%

ocopyright: [MADE EASY
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Feeder reactance;

_j0.4x25

— i0.0826 ..
121/ p-a

Positive sequence (X)

Negative sequence (X,) = j0.0826 p.u.
Zero sequence (X)) = 2 x X, =0.165 p.u.
1x25

Grounding resistance = o1 0.2066 p.u.
So, 3R, = 0.62 p.u.
Now, L -G fault at feeder end,
70.08

X, equation +70.165 = j0.205p.u.

02 . .
X,, equation ]T +j0.826 = j0.1826 p.u.

j0.15

X,, equation +70.0826 = j0.1576 p.u.

3
Xleq + XZ,eq + XOeq + 3R,

@) I =1,

3
0.62 + j[0.1826 + 0.1576 + 0.205]

3.63£-41.32° p.u.

3.63£ —41.32° .
Now, I, =1,=1,= 3 =1.21/-41.32° p.u.
(li) Vul = Eul - Iul Xl, eq
= 1-(j0.1826) (1.21/-41.32°)
= 0.87£-11° p.u.
Vo = =1, o

= ~(1.21/-41.32°) (0.1576.£90°)

= 0.194-131.32° p.u.
VaO = _IaO x3 ZO, eq

= -(1.21.£-41.32°) (0.62 + j0.0205)
0.79.£156.92° p.u.

©Copyright: NADE EASY www.madeeasy.in
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As we know,

Phase voltage of phase ‘b" after fault in phase ‘a’.

Vy = Vgt MV, + AV,

V, = 0.79£156.92° + (1£240°) (0.87£-11°) + (1£120°)(0.19£-131.32°)
1.1757 £-160° p.u.

Vo ¥ AV + 2V,

0.79£156.92° + (1£120°) (0.87£-11°) + (1£240°) (0.19£131.32°)
1.69.2129.20° p.u.

1%

c

So phase voltage of ‘b’

V 1.1757 £ - 160° x £kV =7.46./-160° kV

bph — \/5

o 11 j—
Vepn = 169£129.20°x KV = 1075212920 kv

(iii) Voltage of star point w.r.t. ground

3I,R, = 3 x1.21 x 0.2066 = 0.75 p.u.

So the voltage of star point w.r.t. ground is

= 0.75 x 11 kV =825 kV

Q4 (a) Solution:

(i) Power factor improvement: Forced commutation techniques for ac-dc converters

can improve input power factor. Some methods are:

1.

Extinction angle control: The switching actions performed by gate-turn-off
thyristors (GTOs). The characteristics of GTOs allows turning on and turning off
by applying short positive and negative pulses on its gate respectively.
Performance of semi and full converters with this control method is similar to
that with phase angle control except the power factor is leading.

Symmetric angle control: Allows one quadrant operation. The fundamental
component of input current is in phase with the input voltage and the
displacement factor is unity. Therefore, the power factor is improved.

This control can be applied for the same half controlled forced commutated
bridge converter with two switches.

Pulse width modulation control: The converter switches are turned-on and off
several times during a half-cycle. Thus, the harmonics can be eliminated or
reduced and the output voltage is controlled by varying width of pulses.

©Copyright: MADE EASY www.madeeasy.in
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The lower order harmonics can be eliminated by selecting the number of pulses
per half cycle. However, increasing the pulses can increase the magnitude of
higher order harmonics, which can be easily filtered out.

4. Sinusoidal pulse-width modulation: In this pulse widths are not uniform (like
in PWM), the pulse widths are generated by comparing a triangular voltage
with a sinusoidal voltage. The power factor is further improved.

The width of pulses (and the output voltage) are varied by changing the
amplitude of sinusoidal voltage or the modulation index. In sinusoidal PWM
control, the displacement factor is unity and power factor is improved.

(i)
T %{Te. b=l
i IL:
v (@)
| D
o An
(Single-phase full converter)
i A
IIZ IIZ
27
. . > Of
3 om/3 | i
wb L b
V[~ m m m
T 2'7_: > Of
27
i() = I+ Y, (a,cosnot+b,sinnot)
n=1,2,3
1 2n/3 5n/3
I = 5o | Ldwty— | I dt)p=0
T n/3 4n/3
121t
a, = = [ i(t)cos(nwt) d(wt) =0
T
0
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Rms input current, I

1 2n
= [ i(t)sin(not) d(ot)
o

41, . nm
”sm?, n=1,3,5... and b, =0 for n =even

nm

. nr
- sm! ? '
41, sin (nwt)

n=1,3,5 NN

1 T
a I R
I, = A )x - sm(6 )— 0.4502 1,
- : 5 1/2
Hence, HF = (i) - 1}
sl
1/2
[ ¥ 1/2 x>’
Also, harmonic factor, HF = (ﬂ -1 — 3 1 =0.803
[\ sl 4(1 - COSEJ
3
Q4 (b) (i) Solution:
C(s) 1 B 10
E(s)  05x02s(s+2)(s+5) s(s+2)(s+5)
.1
s> +7s% +10s
C(s) G(s) 10
E(s) 1+G(s)x1 s°+7s2+10s
G(s) = 10

s +75% +10s

The characteristic equation of the system is given by

s3+ 752+ 10s + 10

=0

To a fair approximation one of three roots of the above characteristic equation can be

determined as s = -5.5, thus the quadratic term of the above equation can be determined

as

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 8 ELECTRICAL ENGINEERING | 29

s2 +75% +10s + 10

2+1.5s+1.
5+55 sr1os+18

C(s) 10
R(s)  (s+55)(s*+1.55+1.8)

The characteristic equation of the system can be rewritten as

(s +5.5) (s> +1.5s+1.8) = 0
For oscillatory roots
o?=18
or o, = V1.8 =1.34rad/sec
or 28, = 1.5
£ = 15 15 056
2w, 2x1.34
The time constant of quadratic term is
L ! =1.33
tw,  056x134 05
. : 1 : :
The time constant due to first order term is 55 0.18 sec its effect is neglected as
compared to quadratic term time constant is 1.33 sec
—&n 0567

- 176
[ _e2 _176
%M, = € 157 %100 = » V1-056% 100 = ¢ 083 x 100

e 212 x 100 = 12.03%

Q4 (b) (ii) Solution:
For a unity feedback control system

C(s) _ G(s)
R(s) 1+G(s)
Ks+B  G(s)
+os+Bp  1+G(s)
or (K, +B)[1+ ()] = Gs)(& + s +p)
or G(s) = ZKLB
s” +s(a—K)
E(s) 1

RGs) 1+G(s)
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E(s) 1
(s) ~ Ks+p
1+
s +s(a—K)
+o-K
Eis) = R -S(j oK)
s“+sa+f3
1
R(s) = =
32
= limsE —lims-lx
ss SI_I;%S (S) - 50 S2
oa-K
or %= P

Q4 (c) Solution:
Given that the field current required for rated voltage,
IF(OC) = 2.4 Amp

The field current required for rated short circuit,

s(s + o —K)

s> +as+P

Irso = 08 A
I
So, SCR = F09 _24 4,
1 1
So, X, = —==
? i~ scr 3"
The base imped g2 20 g
e pase 1mpe ance, B Iph \/§X27 .
1
So, X, = 5(4.704) =1568 Q
X
Given : 2d _ 15
X
q
X = 1568 _ 1.045 Q
9 15
ViE; vEl 1 1.
(i) The power equation, P = de sm§+7t[X—d—X— 5in 25
q
220% 250 . 220°] 1 1 7.
P = ————sind+ - sin29
1.568 2 |1.045 1568
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P = 35076.53 sin & + 7724.22 sin 25
dpP
d3

Solving above equation, 6

= 35076.53 cos & + 15448.44 cos 26 =0

1.22 rad

180
o = 1-22><T =70.71°

So, P_.. = 35076.53 sin(70.71) + 7724.22 sin(2 x 70.71)
P_.. = 37926 kW (maximum power)
Load angle at maximum power,
d = 70.71°
(i) When there is sudden loss of excitation
E, =0
S p = V—tzri—iﬂsin%
0, power 2 |X, X,
For maximum power, o = 45°
vl 1] Ll
Py = 271X, X, | 2 [1045 1568] =772KW

Q.5 (a) Solution:

faoa = 3MHz
= T = 1HS
3
Instruction Execution time
MVI 7T
DCX 6T
INZ 7T

= Time to execute MVIBand MVIC=(7+7)T=14T
If the program loops ‘n’ times, then time required

= time for 1 loop X n
6+7)xTxn=13Tn
14T+13Tn
2306.62 = 2307 = (2307),, = (0903),

Thus, 10 x 103
= n
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Q.5 (b) Solution:

(i) String = {h, e 1,1, 0}
Symbol Probability
n
(%) p(x:)
o1 1
5
e 1 1
5
P2l 2
5
0 1 1
5
(ii) Entropy, H(X);
N

_ 10 (1)_110 (1)_210 (Z)_llo (1)
5825 5825 5825 5825

1.9219 bits/symbol

=
X!
I

(iii) Huffman Tree :

(iv) Huffman Code Book :

Symbol | Encoded Bits
h 110
e 111
! 00
0 10

Bit stream = 110111 00 10
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Q.5 (c) Solution:

For the given function, K-map is shown below,

b 00 01 11 10
AB c
ool 1 1 13"
0 1 3 = 8D
01 1 11 1
2300 = I v N [
11 X X X X
12 13 15 114
1 1 X X
10 8 9 11 10
““BD

In the 4-variable K-map shown above, there are two octet and two quads. The simplified

expression is given by,

The logic circuit for the minimized function by using only NOR gates is

f= A+C+BD+BD
f=A+C+(BOD)

B— B&D
D—
f
A A+C
C:D
Bo®D

:D"m

A f=A+C+(BoD)
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Q.5 (d) Solution:
The circuit can be redrawn by showing the currents,
RF
AVAVAVAV
R, by
AVAVAVAV -
T V1 ———0 VO
1 V. + 0
% ’ by 2R,
Vi
= 2R, zLJD_ iy
From virtual short concept, V, = V, and also, we know that
Vi= V=V =iz
and L =1,
Vi-iz 3 i1z — Vo )
R, - R, ..(i)
Taking the sum of currents in the non-inverting terminal,
iy = i, +i;
Vo—irz iz, (i)
R3 L R2 “ee
From equation (i) and (ii) solving for (V, - ,z,)
iz
F (s _ o hE
——\i;z,=V;) = Lt
R1R3 ( L~L l) R2
Combining terms in i, we get,
. (Rpzp z ViR
| =Ek-k-1| o HE (iii)
RiR; Ry RiR,

In order to make i; independent of z;, we can design the circuit such that the coefficient

of z,; is zero.

: Ry
ie. R.R, =
= R, =
then equation (iii) reduces to

i =

1
R,
RiR3
Ry

—Vi(Re) _

RiR,

-V,
RZ

Which means that load current is proportional to input voltage and is independent of

the load impedance z;.
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Q.5 (e) Solution:

The characteristic equation is

K
1+G(s) = 1+ 5 =0
s(s+3)(s”+s5+1)
or s(s+3)(?+s+1) =0
or st+483+ 482 +3s+K = 0

The Routh’s array is

st 1 4 K
s 4 3 0
s2 E K
4
1349-4K'
1
B
4
sO K

The condition for system stability is
K=>0

and (%—4K)>0

Therefore for stability,

39
K should lie in the range e >K>0

39
K=—

When, 16

There will be a zero at the first entry in the fourth row (s

L row). This will indicate presence

of a symmetrical roots, which as shown below, will be pure imaginary,

39
K = I will cause sustained oscillations
. : , 39 .
The subsidiary equation of third row for K = 168
13 , 39
st == =
4 16
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s = +70.866

Therefore, the frequency of sustained oscillation is 0.866 rad/sec

Q.6 (a) Solution:
(i) The battery terminal voltage (V)

V, = 3V—”’Lcosoc =E+I,R
T
So, V0 = 190+22x0.6=203.6 V
3V
So, V, = T’”Lcosa =203.6
T
cos o = 26X _ 60817
3x240x+/2
Firing angle, o = 51.08°

For constant load current, the supply current can be given as

2 1/2
IS = (g) IO

2
I = \/;XZZ =17.96 Amp

So, power delivered to the load

P, = EI,+ IR
= 190 x 22 + (22)> x 0.6
= 4470.4 Watt
So, Input power = Output power
\/§VSIS cosd¢ = P,
Input supply power factor,
cos ¢ = \/§><42£Z)0>.<417.96 = 0.599 lagging
(i) When power flow from dc to ac source,
Output voltage, V, = E-IR
Vy = 190-22x0.6
vV, = 1768V
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When power flows from dc source to ac source, the 3-¢ full converter works as 3-phase

line commutated inverter.

3V,

mL

——=coso. = —176.8
T
3x240xV2 1768
T
cos oo = -0.5454
o = cos™!(-0.5454)
Firing angle, o = 123.06°
Q.6 (b) Solution:
(i) Output voltage, Vo= Vi + Vi
where V, is the output voltage only due to V. 1 y=0 R
. +o—WW MWW
and V| is the output voltage only due to V). v,
Let, V,=0 ~ N
i ——o0 +
v, _ 2 = >
R, Ry Yo
R . W WWv -
= Vo, = —R—Z 1 ..(i) = R R, =
1
Let, V,=0 R
1 Vv’ 2
vV’ = RZ . _°|_ MWW MWW
R,+R, ° =
V02 -V _ 4 >_" ° 4
= =R +
R, 1 Vi
Vo 1 1 +o—WW— -
Yo L, L W9
= R2 [Rl R2 ) V2 Rl RZ =
s
— E =V Rl +R2 =
Ry RiR,
N Yo, __ R (R +R2)-V2
Ry (Ri+Ry)  RyRy
R, Ry
Ry
= Vo, = R_1 Va ...(id)
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By using V02 superposition principle we get,

VO = V01 + V02
-R, R,
= —=V. +—=V
= VO R1 1 R1 2
R,
= =V, =V
= V0 Rl( 2 1)

(ii) Pin diagram of the 555 Timer:
The below figure shows the schematic of 555 integrated timer. The device may be
connected to carry out either astable or monostable operation.

GND o—— ——o + V.
Trigger o—
555

8

7 —o Discharge
6 —o Threshold
5

1
2
Output o——| 3
4

Reset o ——o Control

Pin Description:

Pin-1: Ground Terminal: This pin represents ground. All voltages are measured
with respect to this terminal.

Pin-2: Trigger: This pin is an inverting input to a comparator that is responsible for
transition of flip-flop from set to reset. The external trigger pulse is applied to this
terminal. The output voltage of the timer depends on the amplitude of the trigger
pulse.

Pin-3: Output: A load may be connected between this pin and the ground pin.
Pin-4: Reset: To reset or disable the timer a negative pulse is applied to this pin
due to which it is referred as reset terminal. When this pin is not to be used for reset
purpose, it should be connected to +V__to avoid any possibility of false triggering.
Pin-5: Control Voltage: When an external voltage is applied to control voltage,
both trigger and threshold voltages vary, so that output voltage pulse width changes.
Pin-6: Threshold Voltage: This is the non inverting input terminal of comparator-
1. When the voltage at this terminal exceeds the control voltage 2/3 V-, the output
of comparator-1 goes high, as a result of the timer output goes low.

Pin-7: Discharge: This pin is connected to the collector terminal of the discharge
transistor Q,. During operation, when the timer output is low, Q, is saturated and
it short circuits the capacitor connected across it externally. When the timer output
is high, Q, is cut-off.

Pin-8: +V . Supply: A supply voltage of +5 V to +18 V is applied to this terminal
with respect to ground (pin-1).
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= For astable multivibrator using 555 timer

1. Output frequency, f =

2. Duty cycle,

3. Current sourcing, P,

Q.6 (c) (i) Solution:

From the given response curve

Peak time, t

and

1

settling time, ¢,

0.693(R 4 + 2Rz )C

1
0.693(0.1x107°)(10 + 4.6)x 10°

1+Ry /R,
(1+2Rg / R,)

(1+2.3/10)

1+2><2.3
10

1 Ve
(T +T3) 5\ Rp

= 988.36 Hz

x100%

x100% = 84.24%

h [ Ve
I +T1, Ry

]2R

2
J RLdt =
2
12 ] =121 mW

2
127 1 _ 08424 x
1% 10° 1000

Duty cycle x (

Hence £
tS
S

V1-¢2
Solving for E, g
SO, O)n
C(s)

The transfer function, R(s)

[
S
o

-4 L=3.92rad/sec

et 0.6x17

K
$2 +28m,5 + 02

K
s2 +2x0.6 x3.925 +(3.92)*
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C(s) _ K
R(s)  (s® +4.70s+15.37)
1
For unit step function, R(s) = N
Hence, Cls) = — K
s(s” +4.70s + 15.37)
K
) = limsC(s) =——==10.8
o=) = IO =155
K = 1230
C(s 12.30

So transfer function, ) 5
R(s) (s“+4.7s+15.37)

Q.6 (c) (ii) Solution:
The characteristic equation is
1+G(s) =0

s*+ 653 +30s2+60s + K = 0
Substituting s = p - 1, the equation can be modified as,
(p-1)*+6(p-1)72+30@p-1)>%+60@p-1)+K=0
pt-ApP+6p? -dp+1+6(p°-3p*>+3p-1) +30(p*-2p+1) +60(p - 1) + K=0
= pt+2p°+18p?>+14p + K-35 = 0

The Routh array is formed as shown below,

pt 1 18 K-35
p° 2 14
p* 11 K-35
1| 2112 -K)
P 11
p°| K-35

For all roots of this equation to lie on the left half of the p-plane (or to the left of s = -1 in
the s-plane), all the first-column elements should be of the same sign,

So, 112-K >0 and K-35>0
K<112 and K>35

So combining these two conditions, the required range of K is
35 < K<112
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Q.7 (a) Solution:
(i) The relationship between the dc supply V_and dc machine back emf is given by,
E-V, E-V,(1-a)

=77 R
150 — 200(1 — o)
10 = :

N
[a)
)
—~
—
|
Q
N
Il
—_
g1
[a)
|
—_
(a»)

l1-o0=—=07
200
o = 0.3 or 30% duty cycle
) L
Load time constant, T= R = 1 ms =71 msec
Waveforms :
io Tl Dl Tl Dl
L N\ N
N — t
of L
B B | E=150V
(77N N ) S ——— I S
t
~—tp L
T 1 1 i :

The expression for average dc machine output current is based on continuous
armature inductance current. Therefore, the switching period must be shorter than
the time ¢, given by below expression, for the current to reach zero, before the next
switch on-period. Thatis t = T and o = 0.30.

_fr
t. = tr+1ln 1+E[1—e TJ
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1= 03+ ﬁlnll + @[1 - elanggﬂ
T 50
7T = 4 _ 3p-03T
On solving for T,
T = 0.494 msec
Therefore, switching frequency must be greater than f, = % =2.024 kHz, else machine

output current discontinuous.
(@ii) The operational boundary giving by equation,

_T+tr
E l1—-e ©
V. _T
’ 1-e
(a—1)x1 msec
150 1-—e 1 msec

200 _ImS

On solving for o

0.357

Therefore, on-state duty cycle must be at least 35.7%. For continuous machine output

o

current at a switching frequency of 1 kHz,

_ E-V, _150-200(1-0.357)
I, = % " =214 A
V. =150-214x1=1286 Volt

(iii) At an increased switching frequency of 5 kHz, the duty cycle would be expected to

be much lower that the 35.7% as at 1 kHz. The operational boundary between
continuous and discontinuous armature current is given by equation

~T+tr
E 1—-¢ ©
— = —
Ys 1- e_?
(—1+(x)><%
150 1-e 1
200 05 = o=269%
1-e1
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Machine average output current,
I = E-V, 150-200x(1-0.269)
° R 1

=38A

and average output current,

V,=1-0)V ,=1462V
Q.7 (b) Solution:
(i) Kinetic energy, KE. = GH
= 3.5 %100 =350 MJ
(i) System base(s) = 500 MVA
Then, the acceleration power,
P, =P -P =(018-0.16) x 500 = 10 MW
2H 2x3.5 3.5
= —XS =—x100 = —
M= X orated = 3657750 90
%5
Now, M? =P =10
& _ 10x%0 = 257.143 ele-d 2 1
g2 - T35 " 27143cle egree/sec ..(1)
or 4.488 rad/sec?
(iii) Acceleration period in seconds = % = (.15 sec
120f 12050
N, = P - 2 = 1500 rpm
d*3
-5 = 4.488
dt
o 4488t + K
t
dtli—o
448812
o = > +39,
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4.488
§-8, = AS= ——xt
Ad = 0.05049 rad
Ad = 2.89°
(iv) Rotor velocity is calculated as
A I
®0=—75
dt?
= 4.488 x 0.15
= (0.6732 elec. rad/sec
Ao = 0.6732 x o0 rpm X 2
2w P
AN = 6.429 rpm
N = N_+AN
N’ = 1503.2145 rpm

Q.7 (c) Solution:

Power loss in terms of MW generation is
P Y P, Y
0.0125(—1) + 0.00625(—2) x 100 MW
100 100

P, = 0.000125P2 + 0.0000625P7 MW

For the numerical solution using the gradient method, the initial guess of A1) = 7.0.

Py

Now, we know that from coordination equation

C, = o, + BP; +yP?
AD _g.
Then, P = A B
! 2y;
Therefor PO = 7-62 = 82.05128 MW
CHEtore 177 2(0.004+7 x0.000125) -
and PO = 7-6 = 145.4545 MW
2 2(0.003 + 7 x 0.0000625) '
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The real power loss is
PM = 0.000125 x (82.05228)2 + 0.0000625 x (145.4545)>

= 216388 MW
Since, P, = 41235 MW
The error AP® is
AP = 41235 + 2.16388 - (82.05628 + 145.4545)
AP = 187.003
Now i ( P, )(1) _ _0004+0000125x6.2___0.003+0.0000625 x 6
/ =\ 2(0.004 +7 x 0.000125)2  2(0.003 +7 x 0.0000625)>
= 243.2701
Now AND) = 187005 _ 0.7687
! 243.2701
The new value of A is
A2 = 7 +0.7687 = 7.7687
Now, continuing the process, for second iteration, we have
P = 7.7687 6.2 =157.7823 MW
1 2(0.004 + 7.7687 x 0.000125)
P = 7.7687 ~6 = 253.7194 MW

2(0.003 + 7.7687 x 0.0000625)

The real power loss

i)
—
n
1l

b 0.000125 x (157.7823)? + 0.0000625 x (253.7194)?
7.13525 MW

= 412.35 MW, the error AP® is

412.35 + 7.13525 - (157.7823 + 253.7194) = 7.98355

)
I

Since,

>

=
C)
I

Error,

2 (ap,. )(2) 0.004 + 0.000125 x 6.2
2(0.004 + 7.7687 x 0.000125)*

(0.003 + 0.0000625 x 6.0)
2(0.003 + 7.7687 x 0.0000625)
235.514

7.98355
@ = =
= AL 235,514 0.0339
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Therefore, the new value of A is,
20)

For the third iteration, we have

7.7687 + 0.0339 = 7.8026

PO = /80% 6.2 = 161.0548 MW
17 2(0.004+7.8026 x 0.000125)
7.8026 - 6
PP = = 258.4252 MW

2(0.003 + 7.8026 x 0.0000625)

The real power loss is

)
L
£
1l

b 0.000125 x (161.0548)? + 0.0000625 x (258.4252)?
7.4163 MW

Since, P, = 412.35 MW, the error AP® is
Error, AP®) = 412.35 + 7.4163 - (161.0548 + 258.4252)
AP®) = (0.2863
2 (3)
P. 0.004 + 0.000125 x 6.2
And Z(L) = 5 +
“\ 2(0.004 + 7.8026 x 0.000125)
0.003 + 0.0000625 x 6
- = 23518
2(0.003 + 7.8026 x 0.0000625)
m0 = 2253 6 6014
235.18

Therefore, the new value of A after 3'¥ iteration is,
A = 7.8026 + 0.0014 = 7.80374

Hence, after 3" iteration

e
I

| = 161.0548 MW
, = 258.4252 MW
7.80374

o o
I 1]

Q.8 (a) (i) Solution:
Given LTI system is the interval [-5, 5],
|H(w)| =1

and ZH(®) = -0

Hence the input signal selected within this internal [-5, 5]
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Therefore input be X(w) chosen as,

X(@) = {1—|m; o<1

0; otherwise
Output of LTI system, Y(w) = H(w) x G(m)
or Y(w) = H(w) X(m)
[H (o) 2H(e)- X (@)

Y(@) = 1-X(w)-¢/®

by taking inverse Fourier transform,

y(t) = x(t-1)
but, (b = 21_n [ X(@)e™ de>

We can use duality property,

Since X(®) is an triangular signal

X(m)
1

i.e.
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x(t‘)=isinc2 L -~
2n 2

1 . »(ow
x(t) = ESlnC E

y(t) = x(t-1)
= isincz(ﬂ)
2n 2
Q.8 (a) (ii) Solution:
1
Given, F(s) = m
1
Let, Fi(s) = 2
1
F =
9 = i

A = CHE@E] =t

Alt) = CHE(s)] = te!

by using continuous convolution method,

t t

LUF6)EE)] = [A@AE-DET or [fi(t-1)fr(v)dt

0 0

! [lz - +11)2 ) - jre‘r(t —-1)dt

0

tj.re_Tdr — j.rze_TdT
0 0

t
tl:—’lte_T —e ' ]0 - I:—’ltze_T —27e " —2¢7"

L

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 8 ELECTRICAL ENGINEERING | 49

t[—te_t —(e" - 1)] - [—tZe_t —2tet —2(e”" - 1)]

(te™t + 2e7t + £ = 2)u(t)
Q.8 (b) Solution:

ClNEI(e) = K(1+2s)

(H(E) = s(1+s)(1+s+sz)

K1+ 40

M = + 40

m\/1+m2\/(1—032)2+032
o = tan™ 20— 90° — tan™ — tan " 5
1-w
When o =0, ML = £-90°,

w=1  MzLo= 34161.50,

o =05 MsL)=28--105.5°
O = oo Mz =0£-270°,
K(1+ j2w)
jo(1+ joo){(l — %)+ j(o}
Separating into real and imaginary parts and equating the imaginary part to zero, i.e.
1+20?-20* =0
We get, by hit and trial method,
o =117

Ky1+(1.17x2)?
M

G(w)H(jw) =

117 = - 1153 K
M 71411721 - 1.172)2 +1.172
_ 4 4 117
o = tan 1(2x1.17) - 90° — tan"'— tan "
o117 ( ) 1172

~180°
M2 =1.153K£-180°

G(jow)H(jo)
The polar plot is shown in figure

If K =1, then point (-1 + jO) will be encircled and the system will be unstable,
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jO
1152 K

e
w=1.17
\/\ ©=c

c
®w=0
If K < L
1.153
or K < 0.87, the system will be stable
Phase cross over frequency
KN1+ 40 _
w\/1+w2\/oa2 +(1-?)?
(1+40?)xK .
or =
c02(1 + 032){0)2 +(1- 0)2)2}
. . 1
Gainmargin = 20log— =3
a
1
01 =
%6115k 7
L. 1.413
o 1153K
hich gi K = S S 0.614
W gives T 1153x1413

Putting the value of K in the equation

0.614(1 + 400%)
0)2(1 + 0)2){032 +(1- 032)}

=1

By hit and trial method, o = 0.97 is the phase crossover frequency

tan ! (2%x0.97)—-90° - tan10.97 — tan™!

P.M.

22.5°

0.97

10972 +180°
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Q.8 (c) Solution:

V=230V, f=50Hz
R =29

X = 2nfL =271 x 50 x 0.2 = 62.83 Q
o = 60°

When thyristors are in ON-state
applying KVL from source to load,

_________

di
= L=Y+Ri
TR
di .
v, sinot = Ld—?+Rzo

The general solution to this equation is

. Ym _ —-t/1
i) = |Z| sin(wf —0) + Ae

Where, v, = 230x/§

207 +62.83% = 65.94Q

= tan B =tan"! 628313 _ °
0= R 20 =72.34

N
Il

L 02
= —=——=0.01
and T S
i) = 2:50.942 sin(wt —72.34°) + Aet/001

4.933 sin(ot - 72.34°) + Ae™100
At ot = o0 = 60°,
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Atot=f, iy=0

-10 ><6OO>< T -
0 = 4.933sin(60° —72.34°)+ Ae ~ © 180
0 = —1.054+ Ae™'%72/® = 1,054 + A¢™'072/1007
1.054 = Ael/3
A = 1471
iy(f) = 4.933sin(ot —72.34°) + 1.471¢ "%
~100xpB
0 = 4.933sin(B—72.34°)+1.471e ©
0 = 4.933 sin(B - 1.263) + 1.471¢-03188

[ 72.34° = 1.263 radian and B is in radian]

Solving this transcedental equation we get

B = 1.0476 radian, 7.52 rad
= 60°,430°

(i) Itis clear from the values of B that the load current is continous in nature.

(ii) Average output voltage, V,

Average/dc load current, I, =

2ﬂcosoc = Mcos 60° =103.536 volts

T T
Vo _ 103536 _ 5177 A
R 20 7

(iii) The Fourier series of output voltage will be

T

> 2
vy = Vo + Y, [a,cosnot +b, sinnwt], where,a, = ?IUO((Dt)COSTl(Dt dot

5

m

n=1

T+

0

_[ U Sin ®t cos nwt dwt

o

L

(m+or)

o

[sin(n + 1)wt — sin(n — 1)ot |- dot

r—cos(n + 1ot N cos(n — 1)0)t:|(n+a)

(n+1) (n-1)

o

{cos(n +1)(m+ o) —cos(n + 1)o } N cos(n—1)(mw+ a)—cos(n —1)a

(n+1) (n—-1)
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Forn = odd ;

cos(n +1) (m+ a

cos(n-1) (m+a

For n =even;

cos(n +1) (m+ a

o) =

cos(n - 1) (m +

cos(n +1)a

= cos(n - 1)o

—cos(n + 1)o

—cos(n - 1)o

v [_{—cos(n +1)oe—cos(n+ 1) } N —cos(n—1)a—cos(n —1)o

T (n+1) (n-1)
... N 1s even
2v,, | cos(n+ 1o cos(n—T)a
oon (n+1) (n—1)
Similarly,
T
b, = ?-([vo(mt)sinn(otdo)t
D) (T+o)
= — j v,, sin Wt sin nwt dot
T
o
- (n+o)
- '[ [—cos(n + 1)ot + cos(n — 1)ot |dot
T
o
U F_ sin(n + 1)t N sin(n —1)ot (+)
S on| (n+1) (n-1) |,
o, | [sin(n+ 1)(n+ o) —sin(n + o , sin(n-1)(n+0) - sin(n ~ 1ot
T on | (n+1) (n-1)
For n = odd;

sin(n +1) (m+ o

sin(n - 1) (1 + o

For n =even;

sin(n + 1) (w +

sin(n -1) (t + o

sin(n + 1)o

= sin(n - 1)

-sin(n + 1)a

= -sin(n - 1)o
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—sin(n +1o  sin(n-1)a _
b, = n | (n+1) (n-1) ... nis even

Since the dominant harmonic is 24 harmonic

m

2v, [cos30 cosa
So, a, =

T | 3 1
22 x 230[ cos3 x 60° .
_ - —cos60° | = -172.561 V
2v,, | sin3a  sino
and b, = . 3 1
2x/2x230[sin3x60° .
_ - [Sm - sm60°] = 17933 V

Peak value of 2"4 harmonic voltage

vy = \/a§ +b3 = \/(—172.561)2 +(~179.33)> =248.871V
Rms 2" harmonic voltage,

V, 248871

vV, = ﬁ—T =175.978 V

274 harmonic impedance,

Z, = JRZ+[Qu)LP = 207 + [2x100mx 02 =127.242 O

Rms 2" harmonic current,

Vv, 175.798
L= 7, 127242

=1.382 A

Rms output current,

Iy = JI2+13 =\/5177> +1.3822 =5358 A
.. Power absorbed by the load is
P, = I3,R =5358%x20 = 574163 W

Q000
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