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Detailed Solutions

ESE-2025 Electrical Engineering
Mains Test Series TestNo:12

Q.1 (a) Solution:

A smart grid is an electrical grid which includes a variety of operational and energy
measures including smart meters, smart appliances renewable energy resources and

energy efficient resources. Electronic power conditioning and control of the production
and distribution of electricity are important aspects of the smart grid. The ultimate aim
is increasing user-interface for real time system optimization.

Difference of smart grid from conventional grid:

* Encouraging of distributed generation sources like solar, wind, fuel cells biomass
plants etc.

*  Two way flow of electricity and communication between centralized generation and
distribution systems.

* Using the dynamic pricing for electricity.
* Using smart meters in order to make the electricity bill clearly visible for consumers.
* Self healing property of grid.

* Capable to operate in island mode efficiency.

Q.1 (b) Solution:
The delay produced by the given subroutine program can be calculated by determining
the total number of T-states required to execute the given program.
Total number of T-states required to execute the program can be determined by analyzing
the given program as shown in table.
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Delay
LOOP 2
LOOP 1

Instruction

No. of times executed

No. of T-state for
one time execution

MVI B, 02H 1 7
MVIC, FFH | 1x2=2 ;
DCR C 255 x 2 =510 4
]NZ LOOP 1 254 x 2 =508 = True 10 = True
1x2=2= False 7 = False
DCR B ) i
JNzLoop2 | 1= True 10 = True
1 = False 7 — False
RET 1 0

= Total delay produced by the program in terms of T-state can be given by,

Delay = (1 x7T) +

Therefore, total delay produced

Q.1 (c) Solution:

Average power loss during turn on

+(2x7T) +

7190 T

7190 x 1 = 7190

f 2x10°

(2 % 7T) + (510 x 4T) +

(2 x4T) +

(508 x 10T)

(10T + 7T) + 10T
7T+14T+2041T+5080 T+ 14T + 8T + 17T + 10T

= 3595 usec

P = _[ v,i, dt
0
tOTl
oo f[ 600, 600)(100 ]dt
(1/100 U o t,,
o T ¢
P = 6x10 j[——— dt
t
3 ton
P = 6x10° t——t—z
2t 32, |
— 6)(106 tgn _ tgi’l
| 2t 3t§n
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P = 6x10° [t"—”]
6
P = ifon><106=5><10“6><106
P = 5watt
Q.1 (d) Solution:

On solving inner feedback loop

RE)—O—{1+% FEETEy e c()

“|

The forward path transfer function,

S+ KI 1 _ (S + KI)
Gs) =~ - =5
s s(s+4+Kp) s°(s+4+Kp)
The system type is type-2.
The characteristics equation,
1+G(s)H(s) = 0
1+ (s +Kj) _ 0

s?(s+4+Kp)

S+@+Ky)s?+s+K =0

Routh Array :
s° 1 1
2| 4+Kp K
g | 4+Kp -K,
4+ Kp
s K;

The system remains stable if first column of Routh array have same sign.

ie., 4+K,>0, K,>0
4+K,-K; >0
= K, <4+K,
0 <K <4+K,
and K, > -4
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K;

N

Vi

“

o

Stable Region

-4
Q.1 (e) Solution:
(i) Y(x,y,z,w) = w+x(y+2z)+wx(y+z)
= W+ xy+ Xz + wxy + wxz
zZw
K-map: o 00 01 11 10
00| 1 1
01| 1 1
11| 1 1 1 1
101 1 1 1 1
Y(x,y,z,w) = Xm(0,2,4,6,8,9,10,11,12, 13, 14, 15)
Using 8 : 1 MUX and x, y, w as select line,
Xyw Xyw Xyw Xyw xXyw xXyw Xyw xyw
@ 1 @ > ® @ ®
1@ 3 ©® 7 @@ ®)
1 0 1 0 1 1 1 1
1 0
1
2
J?__ ; Gl —Y(x, vy, z, w)
4 MUX e
5
6
7 52 Sl SO
L[]
X y w
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(ii) Using4:1 MUX and x, z as select lines,

Iy I I I3
Xz Xz Xz Xz
7 © @
ol 1 3 (9) ()
w (@® © @
wl s 7 (1) @
w w 1 1

MUX Yy z w)

Q.2 (a) Solution:
The sequence networks are shown in figure,
From the positive sequence network of figure (a), the equivalent impedance upto the
point of the fault is given by
Location (1)

7 = j|:(0.3 +0.12) | (0.25 +0.1+ %)]

= jl(042) [ (0.5)]

_042x05
= Joa2+05 IV p-u
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From the negative-sequence network of figure (b), the equivalent impedance upto F is
given by
Location (2)

03
012 F, 0.1

0.3

0.2 g g 0.15

Z, = j|:(0.2 +0.12) || (0.15 +0.1+ %H
0.32x0.4
= j(0.32)||(04)=j————— =
j0.32) [ (0-4) = j ooy =j01778 p.u.
From the zero-sequence network of figure (c), the equivalent impedance upto F is given

by
Location (3)

0.05

0

Z, = j(0.05+0.12) = j0.17 p.u.
(i) If phaseais assumed to be the reference phasor and phases b and c are shorted at the
fault, then from equation.

L Ve _ 1£0°
1 Zwla
a Zyy + La0%a2 059856 4 0.17x0.1778
Zoo+Zap 0.17+0.1778
If we put Z =0 and Z =0 then from figure by current division rule
[ = _Iﬂi _ j(3.1729xﬂ)
a0 Zao +Zao 0.17+0.1778
= j1.622 p.u. = 1.622290° p.u.
o= f,— a0 31729x— 017
a2 “Zw0+ 2 0.17+0.1778
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= j1.551 p.u. = 1.551£90° p.u.
Check I =1 +I,+1,=1.622-31729 + 1551 ~ 0
I, = Iy + o2, +al,
= J1.622 + (1£240°) (3.1729.£-90°) + 1(.£120°)(1.551.£90°)
= j1.622 +3.1729.£150° + 1.551.£210°
71.622 - 2.7478 + j1.5864 - 1.3432 - j0.7735
~4.091 + j2.4729
I =1,+ol,+0o,
= [1.622 + (1.£120°) (3.1729.£-90°) +1(£240°)(1.551.£90°)
= j1.622 + 2.7478 + j1.5864 + 1.3432 - j0.7755
4.091 + 2.4729

|

n

J(4.091)% +(2.4729)% =478 pu.
(i) LL faultatF

If the line-to-line fault is between phases b and ¢, then from equation

~ Ve o 1£0° o
ln = 7 47,7 j(022826+ jo.1778) ~ 124627 pu.

2.46282-90° p.u.
The phase a negative sequence current is given by
I, = -1, =+24627 p.u. = 2.4627/90° p.u.
The phase a fault current,
I, =1,+1,=0-;24627 +j2.4627 =0
The phase b fault current,
I, = Ig+ o2, +al,
= 0+ (1£240°)(2.4627 £-90°) + (1£120°)(2.4627 £90°)
= 2.4627£150° + 2.4627 £210°
= -2.133 +1.231 - 2.133 - j1.231 = -4.266 p.u.
The phase c fault current,
Io=To+ody + o2,
= 0+ (1£120°)(2.4627 £-90°) + (1.£240°)(2.4627 £90°)
= 2.4627/30° + 2.4627 £330°
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= 2133 +/1.231 +2.133 - j1.231
= 4.266 p.u.
Thus, it is calculated that
I, = -I.=-4.266 p.u.
Q.2 (b) Solution:

(i) Given that terminal voltage,

V, =400V
Synchronous impedance, Z = (0.5 +j4)ohm
The current I, = 1520° Amp

50
The synchronous speed, N, = 120X % =120 == 1000 rpm

05 j4

AVAVAVAV m _

R, iXs I,

- 400
) V== £0°V(Ph-N)
So excitation emf, E = V,~LZ,

_ 400 o
B = g L0~ 152005+ j4)

E § = 231.36 £ -15.03° Volt

Now torque is adjusted such that I, = 60 A

Let power factor is ¢ for new current,

I =60
So, I = 6020
E, = 23136/ -5=202 /0°—-60.0(0.5+ j4
So, Ef = . = \/5 0.5+ j4)
Ef = 231.36£-5=230.94+241.867 £(-97.12 +¢)
Let, 0 =0-9712
= 231.36% = 230.942 + 241.8672 + 2 x 230.94 x 241.867 x cos 6

©Copyright: NADE EASY www.madeeasy.in
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= cos 0
0
So, 0
o
1. The new power factor

2. The developed power,

So, Developed Torque,

Ty

Ty

-0.52192

cos71(-0.52192) = -121.46°
¢ -97.12 = -121.46
-24.34°

cos ¢

cos (24.34) = 0.911 lagging

\/gvtIu Cos ¢ - Ploss
V3 x400%60x0.911 - 3(60)> x 0.5
32.47 kKW

P

m

Ws

_ 3247kW
2 1000
60

310.10 N.m

(@ii) For a cylindrical rotor synchronous machine,

The real power, p

0.5
d

E.V
f tsinf)

S

14x1
1.2
25.377°

sin &

1% increase in torque means 1% increase in real power.

dP = 1% of it's previous value

dP = L>< 0.5=0.005p.u.

100

For cylindrical-rotor machine, the reactive power

Q

dQ

dd

dP

But, 75

E.V, 2
f tcosS—V—t

S S

sin d

S

E.V,
f tcosS

S
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dQ
—— = -tan 0 = -tan(25.377°) = -0.474
dapr

dQ = -0.474 x (1%) =-0.474%

This shows that with 1% increase in prime-mover torque, the active power P is
increased by 1% of it’s previous value, but the reactive power Q is decreased by
0.474% of it’s previous value.
Q.2 (c) (i) Solution:
The equivalent spacing, D, = 35x35x7)1/3
= 45m
R
N

f«—35m —=~—35m—I

1 _
Radius of conductor, r=3 x1.05%1072 =525 x 103 m

The capacitance to the neutral,

c . _2me _ 2mx8.85x10712

n In D7m In 4.5 '
r 5.25x10™

8.24 x 1012 F/m

So capacitive reactance to natural,
1 1
2nfC,  2mx50x8.24x10 12
3.86 x 10° x 10
= 38.6 x 10° ohm
So reactive volt amperes generated by the line,
VZ  (110x10%)?
Xer  386x10°
So total reactive volt ampere generated by the line is 3.134 kVAR.

X, = =3.86 x 10° Q/km

So total reactance for 10 km, X,

=3.134 kVAR

Q- =

Q.2 (c) Solution:
(ii) 1. When S, and S, are ON, inductor stores energy.
Apply KVL, we get
di,
dt

—-v+L =0
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When S, and S, are OFF, inductor releases energy. Apply KVL, we get

Apply volt-sec balance equation,
fvidt =0
Vit -V,.tyg=0

Vv, = V.-on
tott
— tOl’l o
Vor Ve =10
on
Foro =0, vV, =
2.
VD
ot
v, y B
t
ON T (Dt
lL _Vo
| ot

™~ ™,
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3. This is buck and boost converter.
* DPolarity of V is same as that of V.
* Higher conduction losses because two switches conducts at a time. Therefore,
efficiency deteriorates.

Q.3 (a) Solution:
L, =(06+05+1)x2+(4+2)=2lcm
I, =38+05+1)x2+(4+2)=15cm
!

0 4+2=6cm

21x 1072 ]
R, = = — =0.261x10
4nx 107 x1600x2x2x10
15x 1072
R, = = — = 0.187 x 10°
4rx107 x1600x2x2x10
6x1072

R, = — — = 0.0746 x 100
4tx 107" x1600x1x2x10

(i) Coillexcitedwith1A: R = R, +R;| R,=0.261 +0.1871 || 0.0746 = 0.3143 x 10°

500x1
0, = (—X)e =159 mWb
(0.3143x10°)
By flux division (similar to current division) :
0.0746
= 0, = = 0.4534 mWb
21 T %7 515y m

Ly, = Ny, =500 x 159 x 103 = 0.795 H
M,, = N,o0,, =1000 x 0.4534 x 10-% = 0.4522 H

(ii)) Coil 2 excitedwith1A: R = R, + (RoRy)
(RoRq)

= (.187 + (0.0746 || 0.261) = 0.245 x 10°

(1000x 1)
0, = ———— =4081 mWb
(0.245x10°)

L,, = N,0,=1000 x 4.081 x 103 = 4.081 H
M,, = M,, (bilateral) = 0.4522 H
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Q.3 (b) (i) Solution:
Output Z(t) = X(t)Y(t) has auto-correlation function.
R (1) = Rxx(r)RW(r)

Apply Fourier transform on both sides
FT[ACF] = PSD
S(f) = S.(H=*S y(f), convolution of both PSDs.

Sx(f)

i)
I

Total power,

= [ s.par

2 x Area of triangle + Area of rectangle

2><%x6><60+4><60:600 W
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Q.3 (b) (ii) Solution:
* Atpoint A, we have

Carrier frequency, f.=3x10=30 MHz
Af=3x10=30kHz
m;=3x5=15

fi =30 MHz - 30 kHz = 29.97 MHz

fone =30 MHz + 30 kHz = 30.03 MHz
=30 MHz + 10 MHz = 40 MHz,

£ =30.03 MHz + 10 MHz = 40.03 MHz,

i =29.97 MHz + 10 MHz = 39.97 MHz

. Frequency deviation =f__ - f =40.03 - 40 =30 kHz
As there is no change in deviation due to mixing, the modulation index will remain

Minimum frequency,
Maximum frequency,
* Atpoint B, we have

same i.e., me= 15.

Q.3 (c) Solution:
The system layout is shown in figure below,

@ From grid
= 50 MVA

X, ’O'?'O‘ 0.1p.u
B

0.2 0.2 0.2 0.2

Let 50 MV A be taken as the base MVA,
Let the per unit reactance of the reactor be X, on 50 MV A base. For the symmetrical fault

at point F, the equivalent single-phase circuit is shown in figure below,

The four generators are connected in parallel each having a per unit reactance of 1.0.

1.0
The combined per unit reactance of the generators = Vil 0.25.

www.madeeasy.in
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Combined per unit reactance of transformer and reactor in series = X + 0.1

Thevenin equivalent per unit reactance at the fault point F is
0.25(X, +0.1) _ 0.25(X, +0.1)
Xr= 025+X,+01 X, +0.35
Short circuit MVA fed into the fault at F
S, _ 50(X, +0.35)
S = X;  025(X, +0.1)
If the short circuit MV A is not to exceed 500 MV A, then
50(X,, +0.35)
0.25(X, +0.1) — 200

500%0.25
X, +035 = ————(X, +0.)
25X, - X, = 035-025
010 1
X = =

—=—pu
15 15
Full-load current per phase corresponding to 500 MVA is

S, _ 50x10°
= BV, JBxasxio® - /A8A
V; 33000
Voltage to neutral, V., = N = B 19052.6 V
. I'nXq
Per unit reactance = T
n
1 8748Xq
15 19052.6
19052.6
Xo = Toxgrag ~ 142¢
Alternate method:
MVA
Zpu _ ZQ [( )172]3(;)
(kVip)
1 50

— =X
15 Q (33)2
33)

Xo = ( =1.452 Q

2 15%50
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Q4 (a) Solution:

(i) The z-transforms of the signals specified in the first piece of information are

X@) = — 4> - ()
1 z = -— , A - o1
11 6
6
a 10
Yi(z) = (ii)
TR R e
2 3
_ a1
(a+10) (5+3)Z 1

.45
(1—12_111—12_1) 2
2 3

The algebraic expression for the system function is

H(z) = X.(2) = (1 ~ 12_1 11 ~ 12_1 ) ..(iif)

Furthermore, we know that the response to x,[n] = (-1)" must equal (-1)" multiplied

by the system function H(z) evaluated at z = -1. Thus from the second piece of

information given, we see that

7 a+10+5+5 3
T Caeicss 6 |
1 H(-1) (2)(;%) ..(iv)

Solving equation (iv), we find that a = -9, so that

or

(1- 22_1)(1 - 1z_l )
HE) = °

(1_12_1 11_12_1) (V)
2 3

1—%2_1 +% -2
H(z) = 5 1, ..(vi)
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(i)

» 131
25 ——2zZ+

or finally, H(z) = ﬁ
Zt=—z+—

6~ 6

Also, from the convolution property, we know that the ROC of Y (z) must include at
least the intersections of the ROCs of X,(z) and H(z). Examining the three possible
11

1 1
,—<l|z| <= an >— i i
3’3 ‘Z| > and |Z‘ > ), we find that the only choice

ROC:s for H(z). (Namely, 7 <

that is consistent with the ROCs of X (z) and Y(z) is |z| > %

Since the ROC for the system includes the unit circle, we know that the system is
stable. Furthermore, from equation (v) with H(z) viewed as a ratio of polynomials in
z, the order of the numerator does not exceed that of the denominator, and thus we
can conclude that the LTI system is causal. Also, using equation (vi), we can write
the difference equation that, together with the condition of initial rest, characterizes
the system:

5 1 B N L TR
y[n]—gy[n—1]+gy[n—2]— x[n] 6x[n 1]+3x[n 2]

Q.4 (b) Solution:

Casel:OStS%

Switch S, and S, are ON.

i
o4

5 Vi,

+ -
| 1 L, +
S, 9 = EE Vg

Applying KVL in loop 1

V,, =V, =100V

1

- Inductor L, stores energy.

Applying KVL in loop 2
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_________________

AAAA
VVVy
<<

Vi,+V,=0
V, = -
- Inductor L, releases energy.
Case 2: L St< 2T
3 3
Switch S, and S, are ON.
i
1 _ Sl:
- PA \“ + —
Vi3 | .‘@u_,_iiiﬂfw
AN
KVL in loop (1)
-V.,+V,+V =0
Vi, =V,-V
V= -

- Inductor L, releases energy.
KVL in loop (2)

VitV t VitV =0

<

Vi,=1V
‘/L2 = ‘/6 -
- Inductor L, stores energy
Case 3: Z?T <t<T
Switches S, and S, are ON.
i 4 Vi

1= Vin- (Vi + V)
n_ (‘Gn - ‘/o-+ ‘/B)

________________
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Applying KVL in loop (1)
VitV +tV, =0
Vi = Vin- Y,
Vi = =(Vo- Vi)

- Inductor L, releases energy.

Applying KVL in loop (2)
Vit Vp =0
Vip = -Vp

- Inductor L, also releases energy.

iy : :
T T t
| | | t
| | |
Boost ] Vin =100V i ! ;
Converter -(Vo= Vi) |
[«=3) | | |
o= ! ! !
3 : . :
Vi | i |
Buck 7 V, - Vg ! /
Converter -V -V
( 1) ! | !
o=z : : :
3 5,5, i 5:5; i 5,5, i
T 2r T
3 3

" Average inductor voltage = 0
(VLl)Avg =0
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T 2T
Vi Xg—(VO—Vm)X? =0
T 2T 2T
Vi Xg""/inx? = Vo ?
2T
V. xT=V Xx—
in 0 3
3
Vo = EVm
3
VO = EXlOO
V, =150V
For boost converter :
Al ivel VvV = Yin
ternatively, 0T 1—o
Vin
VO = 1_1
3
3
VO = EVm
(VLZ)Avg =0
T 2T
V,=Vp) X ==V x— =
(Vo —Vg) 3~ /BX 3 0
T
VO Xg = VB X T
vV, = Yo _ @ =50V
B3 3
Hence, V, =150V
V=50V
For Buck converter :
Alternatively, Vg = oV ool
V, = oc.VO
1 150
V, = gx
V,=50V

s~}
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Q4 (c) Solution:

(i) The closed loop transfer function of the system is

K
C(s) _ s(s+b) _ K
R(s) 14+ K s +bs+K
s(s+D)
Comparing with standard second order transfer function,
o? =K
or o = JK
20w, = b
b __b_
5= 20, 2K
2
i.e., §2 = Z—K
M = 1 =11
1 1
(1.1)? = =
480(1-8%) B[, b
K 4K

and ®, = o,1-28% =12

4K
B2
or 144 = K—7 ..(i)
b> = 2K -288
1

1.21 =

PP(4K-b") 1
K| 4K 121
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4K?
b? (4K -1%) = 101 - 3.305 K? ...(id)
Substituting value from equation (i) in equation (ii), we get
(2K - 288) (4K - 2K +288) = 3.305 K?
ie, (2K-288) (2K +288) = 3.305 K?

0.695 K2 = (288)>

K = 3457
Therefore, b = 2K -288 =,/(2)(345.7) — 288 =20.08
o, = JK =+/345.7 =18.593 rad/sec
- b 2008
2JK  (2)(18.593)
(ii) Settling time t = Ll 4 =0.3983 (2% criterion)
g Hme, © 7 two, (054)(18543) ’
3 3
t = = =0.298s (5% criterion)

s Eo, (0.54)(18.593)
Bandwidth, 0, = w, \/1 —2E% 42 —4E% + 4&*

1/2
18.593[1 —2(0.54)% + V2 — 4% 0.542 + 4x 0.54* ]

W, =
= 22.068 rad/sec
For M, =1.1and w, =12 rad/sec
K = 3457,
b = 20.08
t. = 0.398 sec or 0.298 sec
bandwidth = 22.068 rad/sec

Q.5 (a) Solution:

The total number of armature conductor

Z = 2CN,
N = Number of turns per coil
C = Total number of coils = number of slots for two layer winding
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Here, C
Ne

zZ

No. of poles

=24
=18
2 x 24 x18 = 864
=2

For a wave wound machine number of parallel paths,

a

The actual pole area

Ap

The effective pole area is, A,

=2
2nrL
P
radius=10cm =0.1 m
length =20 cm = 0.2 m
2
2 x0.1x0.2
2
0.063 x 0.8 = 0.05 m?

= 0.063 m?

Thus, effective flux per pole is

Op
B

A

e

op

(i) The machine constant,

A~

IS

2 N

K

Q

Induced emf E .

= BA,
=1T
0.05 m2

1 x 0.05 =0.05 Wb

ZP

2na

= 864,

=2

=2

2 x 864
2w x 2

Kaq)p ,,

137.51

0.05

183.2 rad/s

137.51 x 0.05 x 183.2 =1259.6 V

=137.51
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24

(ii) As there are two parallel paths, the number of coils in each path is 5" 12,
1259.6
Thus, induced emf per coil = =10497 V
(iii) As there are 18 turns in each coil, the induced emf per turn is
Eo- 104.97 583V
turn 18 o
(iv) Induced emf per conductor,
_ 583
Eond = - 2916 V
Q.5 (b) Solution:
(i) Given, G = 100 MVA, H=10MJ/MVA
Kinetic energy stored in rotor = G- H x 100 x 10 MJ = 1000 M]
(ii) P, = P,-P,=(60-50) MW =10 MW
GH 100x10 5
= = =—M]J- le-deg.
We know, M= 1807 ~180x60 ~ 54 "D oec/eledes
d*8
Now, M-— =P,
dt
. 5 4% _
54 dt?
2
Z—S =q= 10x54 _ 108 elec-deg/ sec?
t
o = 108 elec-deg/ sec?
= 108 x % mech-deg/ sec”
= 108><E>< 60° 1 _ 9rpm / sec
4 | 360°
, : 12
(iii) 12 cycles is equivalent to 0 0.2 sec
: 1 2 _1 2
Change in load angle, Ad = Ea(At) =5 108%(0.2)
Ad = 2.16 elec-degree
Now, o = 108 elec-degree/ sec?
o= 60x%x% =9rpm/sec
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Assuming no accelerating torque, before beginning of 12 cycle period.

360° = 1rev
10 — L rev
- " 360
108° = 108 rev
- " 360
Thus, rotor speed at the end of 12 cycles
= 120f + oAt
p
120x 60
= ( +9x0.2 )rpm =1801.8 rpm

Q.5 (c) Solution:

E, R,=35Q jX,
+

il

+ V -

-

From operating condition,
VI, cos ¢ = 300 W
100 x 4.6 cos ¢ = 300

o = 49.29°
V, = 100£49.29° V
I, = 46£0° A
(i) From the circuit,
Vt_Ea T
—f = Iu
R, +jX,

—

In universal motor, armature winding and field winding are in series, i.e., E, in

phase with T,.

—

= E

. = E /0°

100£49.3°—E,
: = 46
35+ X,
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Comparing real and imaginary parts

65.2-E, = 16.1
= E =491V
75.8 = 4.6X,
= , = 1648 Q
(i) g =200
a7 60 A
(960)(5000)(2)(9)
4912 = 60)2)
o = 0.868 mWb

Q.5 (d) Solution:
x[n] can be written in Fourier series form as

1 jer/Np 1 ~jen/Ny

x[n] = ) >
« —jon
We know, H(elo) = Y, hlnle™
N=—o00
- Hielo) = D o"e® =3 (o) (i)
n=0 n=0
This geometric series will be yielding,
5 1 .o
H(e/®) = 1o /® ...(ii)

The Fourier series for the output is,

yln] = lH(ejzn/N)ej(zn/N)n+1H(e—j2n/N)e—j(2n/N)n

2 2

_ 1 Vjewnw 1T ) jer/N

- 2l 1- e /PN 2\ 1-oe/?™/N
If we write

1 .
1— e 2N rel?
2n
then, = rcos| —n+0
en y[n] ( N )

If N=4,
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11 1 e
T—oe /2™t 1+0j 1402

! cos(n—n —tan ! (oc)]
1+0? 2
Q.5 (e) Solution:

DC transmission voltage = 200 + 200 = 400 kV

Direct current in the transmission lines,

and thus, y[n]

3
|2 2000x10° o
400
It is seen from the working of a 3-phase full converter that each thyristor conducts for

120° for a periodicity of 360°.

RMS t rati f thyrist I 120 2500 1443.38 A
rrent ratin ristor = — = — = .
current rating of thyristo \3¢0 N
Also, Vil oso = 200 kV
i

For extreme case, o =0°

3V

—ml o~ 200 kV

T

= V., = 209.44 kV

Since, there are two SCRs conducting simultaneously in a six-pulse converter, the peak
reverse voltage across each thyristor valve

209.44
2

=104.72 kV

Q.6 (a) Solution:
(i) With o =0, the forward-path transfer function.

Cle) = 16
¢ = s(s+4)
Velocity error constant k, = 151_r>r(} sG(s) =4
1
€ | unit ram = — =025
S t p kV

The characteristic equation of the system is
s?+4s+16 = 0
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Comparison with the standard characteristic equation.

2

2 +28m,s+02 = 0
Gives o = 4and&=05
_ &
Therefore, M, = e V1% x100=16.3%

(ii) With rate feedback, the forward-path transfer function is obtained by eliminating
the inner loop:

16
o s(s+4) 16
) = 14 16Xs " s(s+4+160)
s(S+4)
16 4

k= Tr160 1140

The characteristic equation now takes the form
2+ (@4 +160)s+16 = 0

Corresponding to 1.5% overshoot, the damping ratio & is given by

. [n(0.015)]
=T [1n(0.015)] + 7>

The value of o that results in £ = 0.8 is given by the following equation
2x08x4 = 4+16a
Solving, we get o = 0.15

1 1+40

For this value of o, e s lunit ramp = I 1

%

(iii) The system of given figure may be extended by including an amplifier k, as shown
in figure. The forward-path transfer function now becomes.

+ E + 16
Ris) —( ) ©) _? ot Y(s)
L%
16k,

Gls) = s(s+4+160)
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16k, 4k,
V. 441600 1+4a
The required k,, = 4, therefore,
4k ,
1+4o

k

The characteristic equation of the extended system is

s2+ (4 +16a)s + 16k, = 0 ..(ii)
The requirement of § = 0.8 gives rise to the following equation:
2x0.8x,/16k, = 4+ 16a ...(1if)

From equation (i) and (iii), we obtain.
k, = 2.56; o= 0.39
Q.6 (b) Solution:

Since the load is at the bus of plant-2, therefore, the line loss will not be affected by
variation of p,

Thus, B, = B,; =0
and B, =0

For a 2-plant system,

P, = P?By, +PyBy, + 2P P,By,

When P, = 125 MW,
. = 125 MW
We have 125 = (125)?B,; + 0+ 0
or B, = —=> — g x 104 MW"
1 (125)?
Therefore, P, = 8x10*P?
lsa

-4
op, = 16x10P,

We are also given, A = 70 Rs/MWh
(i) Use of coordinates equation:
The coordination equation for plant-1 is given by
& + kai
dp, oP,
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dcC oP

Substituting the values of d_Pll' A and ﬁ we have
0.25P, + 40 + 70 x 16 x 10 P, = 70
(0.25 +0.112)P, = 30

P, = 82.8729 MW

The coordination equation for plant-2 is given by

P
Z% + k% =
or 0.20P, +50 + 0 = 70,
P, = 100 MW
The line loss is given by
P, =8x10*P?
= 8 x 10™* x (82.8729)? = 5.494 MW
Therefore, the total load, P, = P, + P, - P,
= 82.8729 + 100 - 5.494
= 177.3789 MW

(ii) Use of penalty factor:
The penalty factor for plant-1 is given by

1 1
L = =
Lo 9% (1-16x107*R)
P,
For optimal dispatch,
ac
L,—L _
1 iP; A,
1
——x(0.25P, +40) = 70
(1-16x107" 1)
or 0.25P, +40 = 70 - 70 x 16 x 10 P,
r P —¢—828729MW
© 1702540112
Penalty factor for plant-2,
1 1
b TR T
ob,
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For optimal dispatch,

%2 _
dP,
1% (0.20P, + 50) = 70
P, = 20 =100 MW
27 020

It is seen that both the methods give identical results. This due to the fact that the
penalty factor has been derived from the coordination equation.
Q.6 (c) Solution:
(i) For positive half of input cycle, D, is reverse-biased and D, is forward-biased.

AAAA

o_
R
V, o—MMW— 0.6V
ov 1 |—
Vi 0V,
From the virtual short concept,
vV, =V,
Applying KCL at inverting terminal of op-amp 1,
Vi-0 0=V,
R~ R
= V, = -V,
For negative half of the input cycle, D, is forward-biased and D, is reverse-biased.
R
0.6I \%
R
V; o—MWW =

+ —o |/

Since, no current flows in the input-terminal of op-amp 2. Hence, [ =0

Vy =0V

©Copyright: MADE EASY www.madeeasy.in



MRADE EASY Test No : 12 ELECTRICAL ENGINEERING | 43

Transfer characteristics:

Slope =-1

Output waveform:

V.

1

05V |-
0 0.5 ms /\1.5 ms t
NN
0.5V [roeomebo i |

\/ :
~0.5 V |-

(ii) If the diode polarities are reversed.

During the input positive half cycle, D, is forward-biased and D, is reverse biased.

Hence,

Vo =0
During the input negative half cycle, D, is reverse-biased and D, is forward-biased.
Hence,

Vo = -V
Transfer characteristics:

o
0 Yi
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Output waveform:

V.

1

05V}

-05V

05V

Q.7 (a) Solution:

1.5 ms

)

(i) Let base MVA =100 MVA and base kV =115 kV
S, = (184.8 + j6.6) MVA = (1.848 +j0.066) pu

Given :

S, = (0 +;20) MVA =j0.2 pu
yoo 150
37 115 Pt
_ S_;_ -j0.2
I, = Vi =10 =-70.2 pu
766.125 )
V2 = V3 + ZL(pu)I3
= 1£0°+ (j0.5)(-j0.2)
V, = 1.1£0° pu

Therefore, line-to-line voltage at bus-2 is,

Similarly,

Therefore,

V, = (115) x (1.1) = 126.5 kV
S5 1.848 - j0.066

I, = (1.68 — j0.06)pu

27y 1.1£0°
Iy = I, +1; = (1.68 - j0.06) + (~j0.2)
= (1.68 - j0.26) pu
Vl = V2 + le X ZT (pU_)

1.1.£0° + (j0.2)(1.68 - j0.26)
1.2/16.26° pu
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Hence, the line-to-line voltage at bus-1 is

vy

(i) D

ac

Dad

(23 x 1.2) = 27.6.£16.26° kV
42 +3%2 =5m
62 +32 =6.7082 m

Flux linkage in telephase line due to phase a :

AL =

cd a

Similarly due to phase b,

kcdlb

Total flux linkage is

\Pcd

Q.7 (b) Solution:

0.2In—=2

0.2 ln%

D

ac

Dy

13.28 mWb/km
The voltage induced in the telephone line per km is
V = oy, =21 x50 x 13.28 x 107

= 4173 V/km

X226 =0

x 226 = 13.28 mWb,/km

[+ Dy =Dyl

(i) Inorder to find the parallel realisation of the given IIR digital filter, the partial fraction

expansion of Az is determined.
z
3[22° +5z+4]
Given, H(z) =
(2z+1)(z+2)
3152
Hz) E[Zz +52+4]
z 1)
+ - |(z+2
z(z > (z+2)
Now using partial fraction expansion,
H(z) A B C
B S I + >
z z (z+) (z+2)
2
3 (2z +52+4)‘ §[4]
A = 2! 2
1
( ) z+2)
z=0
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A =06
30,2 3(2x1—5+4)
. 5(22 +5z+4)‘ 2 1 o
(z+2)z -0.5x1.5
-
2
B = -4
3 .2 3
5(22 +5z+4) §[2X4_5X2+4]
C = =
2 z=-2
Cc =1
The parallel realization of H(z) is
x(n) y(n)
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(ii) From the system diagram,

V(z) = X(z) + Hy(2)Y(2)
and Y(z) = Hy(2)V(2)
2 v
Hy(2)
L = XE)+ Y
Y(z) = Hy(2)X(2) + Hy(2)H,(2) Y (2)

Y(z) _ Hy(2)
X(z)  1-Hq(2)Hy(2)

Therefore, overall transfer function,

Y(z) _ (10B2)/(z~1)

X(z) 1—&[32><1
z-1
B 10z 10Bz
~ z-1-10pz z(1-10p)-1
108 z
H(Z)=1—10[3X 1
712108

In order to assess the BIBO stability of the system, we need to consider the poles of
the system function H(z). From the expression of H(z), we can see that H(z) has a

single pole at . Since the system is causal, the system is BIBO stable if and

1
1-10B

only if, all of the poles are strictly inside a unit circle. Thus, we have

1|,
1-10B
= i1 - 10|
1-10B

10B

B

\%

1
lorl-108<-1
0 or 10B>2

1

0 > —
or B 5

\%

A

A
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Therefore, system is BIBO stable if and only if,

B < 00R[3>%

Q.7 (c) Solution:

Given : Z =5+j25=25.50£78.7° Q
Receiving end power, Sp = P, +jQp =15 +j15 tan(36.87°) = (15 + j11.25) MVA
As we know,
VsV V3
P, = Z cos(6 —9) —Z—Scos(e)
2 2
= 15 = %COS(78.7° -9) ucos(78.7°)
25.5x15 o
cos(78.7 - §) = W + cos(78.7°)
= o = 21.90°

Now, receiving end reactive power,
_(33) . (33)* . o
QR = ﬁsm(78.7 - 8) - ﬁsm(78.7 )
Q, = @sin(% 7 —21.9°) - @sin(% 70°)
R 255 ' ~ 7 2550 '
= -6.14 MVAR

15 - j6.14 V,
|
|

Q. =717.39 15 +11.25

Therefore, compensation element rating,
QC = QR - QD
Q- = -6.14 - 11.25 = 17.39 MVAR leading

(capacitive compensation)
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Now, |Vl = 28 kV
Pp+jQp = Pp(1 +jtan )
= Pp(1 +j tan 36.87°) = P, (1 + j0.75)
P, +jQg = P, +j(0.75P, - 17.39)
33 x 28 . (28)> )
Py = P, = ST cos(78.7° — 9) ~ 550 cos(78.7°)
And Qg = 0.75P, - 17.39
2
_ BXB in787 - 8) -2 sins7o)
5 25.50
or cos(78.7° - ) = 25.50 P+ §cos 78.7°
33 x 28 33
= 0.0276P,, + 0.1663 (1)
25.5%0.75 2550%17.39 28
i 7-9) = Py — +—sin(78.7°
Also, SIN(87-8) = 508 P T aaxas a8
= 0.0207P,, + 0.352 )
Eqn. (1)? + Eqn. (2)?
1 = 1.19 x 10°P2 + 23.7 x 10°P,, + 0.1516

On solving,

Extra power transmitted

Note : Itis assumed that as receiving

= 18.54 MW (negative sign is neglected)
= 18.54 - 15=3.54 MW

the same MVAR (leading).
Q.8 (a) Solution:
(i) The overall transfer function is,
0,(s) _ K
0,(s) Js? + fo + K
Substituting the given values
0,(5) 360
0,(s) 10s? + 60s + 360
36
T T 465+36

-end voltage drops, the compensating element draws
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36
9 s) = 0.(s) —
) ol s% +6s+36
6, = 50°0r 50x — = 2" rad
180° 18
-0
) = 1875
5 1 36
Therefore, 0 = —X—X—75—""—
erefore o(s) 1855 2 s et 36

O = \/3_=6rad/sec
260, = 6
E =05

The time response expression is given by

—Copt
0,(t) = o 1-°—sin [con 1-8%t+ tanl(

18 11— &.2

Substituting the values,

-3t
0,) = 21— sin(5.196¢ + 60°)
18| 0.866

(ii) On taking Laplace transform of x = Ax+ Bu, we get

sX(s)-x(0) = AX(s) + BU(s)
(sI-A)X(s) = x(0)+BU(s)
X() = (sI- A)Y'[x(0) + BU(E)]

Similarly on taking Laplace transform of y = Cx + Du, we get
Y(s) = CX(s)+DU(s)

On substituting the value of X(s) from equation (i), we get

)

...(ii)

Y(s) = C((sI-A)x(0) + (sI - A)BU(s)) + DU(s)

Now, to get the desired transfer function,
T(s) = C(sI-A)'B+D

We have to assume that the system has zero initial condition, i.e.,
x(0) =0
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We get Y(s) = C(sI-A)BU(s) + DU(s)
Y(s)
Therefore, Us) = [C(sI- A) B+ D]
Q.8 (b) Solution:

V=230V
f=50Hz
R =20
X = 2nfL =2m x 50 x 0.2 = 62.83 Q
o = 60°

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

_________

dig
s dt

L—=+ Ry

=
I

di )
v, sinot = Ld—?+Rlo

The general solution to this equation is

T—Tsin(mt —0)+ Ae”t/7
z

io(f)

Where, v, = 23042

2| = v20% +62.83% =65.94Q
= tan X = tan™! 6283 _ °
0= = S0 |=7234
L 02
- = =22-001
and T R 20
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2302 .

. o -£/0.01
iy(f) = 504 sin(ot —72.34%) + Ae™"/

4.933 sin(of - 72.34°) + Ae~100t

At ot = o= 60°,

i, =20
0><60">< T
o 180°

-10
0 = 4.933sin(60° — 72.34°) + Ae

0 = —1.054 + Ae—10472/0 _ 1 054 + Ap~10472/100m
1.054 = Ae1/3
A = 1471

iy(f) = 4.933sin(ot —72.34°) + 1.471¢' %

Atot=p, i,=0
~100xB
0 = 4.933sin(f—72.34°)+1.471e ©

4.933 sin(B - 1.263) + 1.471¢70-3188
[.-72.34° = 1.263 radian and B is in radian]

()
I

Solving this transcedental equation we get
B = 4.473 rad
= 256.30°

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

20, 2x~/2 %230
—COS0L = —CO0Ss

(ii) Average output voltage, V, = 60° =103.536 volts

T T
Vo _ 103.536
Average/dc load current, I, = R 20 5177 A

(iii) The Fourier series of output voltage will be
v, = Vo + 2, [a, cosnot +b, sinnot|
n=1

T
= —Jvo(mt)cosnmt dot
Ty

where, a,

(T+0)
= = J. v Sin ®t cos nwt dwt
n o

©Copyright: MADE EASY www.madeeasy.in



MADE ERSY Test No : 12 ELECTRICAL ENGINEERING | 53
- (T+0)
= I [sin(n + 1)ot — sin(n — 1)wt]- dot
T o
_ U r—cos(n + 1ot  cos(n—1)wt (+)
n| (it -1 |,
Uy [ cos(n+1)(n+ o) —cos(n+1)o N cos(n—1)(mw+ a) —cos(n —1)a
T on| (n+1) (n—1)
For n =o0dd;
cos(n+1) (m+ a) = cos(n + 1)a
cos(n-1) (m+ o) = cos(n - 1)o

For n =even;
cos(n +1) (m+ o) = -cos(n + 1)a

cos(n-1) (m+ o) = -cos(n - 1)o

.... nis even

g = Ym|_ —cos(n+1)o.—cos(n +1)o N —cos(n—1)a —cos(n —1)o
" T (n+1) (n-1)
2v,, | cos(n+ 1o cos(n—T)a
oon (n+1) (n—-1)
Similarly,
5T
b, = ?jvo(mt)sinno)tdo)t
0
D) (m+or)
= — v,, sin Wt sin nwt dot
T o
- (T+0)
- _[ [—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) |,
U F_ sin(n+1)(m+ o) —sin(n + 1)o N sin(n —1)(m+ a) —sin(n — 1)o
T on| (n+1) (n-1)
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For n = odd;

sin(n + 1) (x + o) = sin(n + 1)

sin(n - 1) (t + o) = sin(n - 1)a
For n = even ;

sin(n +1) (r + o) = -sin(n + 1)o

sin(n - 1) (t + o) = -sin(n - 1)a

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

Since the dominant harmonic is 24 harmonic

20, [ cos3o.  coso
So, a = BE 1
24/2 % 230[ cos 3% 60°
= —cos60°
n
= -172.561 V
2v,,| sin3a.  sino
and b, = . 3 1
2x2x230[sin3x60° .
- - —sin60° [ = -179.33 V

Peak value of 2"4 harmonic voltage

A

Vy = @ +b3 = (-172.561)% + (~179.33)>
248.871 V

Rms 2" harmonic voltage,

V, 248871

V2 = ﬁ_T =175.978 V

274 harmonic impedance,

Z, = RZ+[(202 =207 +[2x100mx 0.2 =127.242Q
Rms 24 harmonic current,

Vv, 175.798
L=z, 127242 =13824A
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Rms output current,

Iy = JI2+12 =\/5.177> +1.3822 =5358 A
.. Power absorbed by the load is
Py = I§,R =5.358%x20 = 574163 W

Q.8 (c) (i) Solution:
For the given system,
K(s+1)
Gls) = $>+as>+2s+1"

H(s) =1

Therefore, the characteristic equation is,
1+G(s)H(s) = 0
$+as?+2+Ks+(1+K) =0

The Routh table is formulated as follows:

s 1 2+K
2 a 1+K
2 a(2+K)-1(1+K) 0

a
s’ 1+K

For stability, all the elements in the first column of the Routh array must be positive:
From the s” row,
1+K>0
K>-1
From the s! row,
a(2+K)-1(1+K)

>
a
From s? row,
a>0
But for the system to oscillate
a2+K)-(1+K) =0
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1+K .
% ()

To obtain the frequency of oscillations, from the auxiliary equation using the elements of

ie. a=

the s2 row i.e.
A(s) = as’+ (1+K)=0

Given the frequency of oscillation,

® = 2 rad/sec
By putting s = join A(s)
A@s) = a(-0?) +1+K=0
-4a = -(1+K)
1+K
a=— ...(ii)
Comparing equation (i) and (ii), we get
.= 1+K 1+K
4 2+K
2+K =4
or K=4-2=2
.= 1+K _1+2 — 075
2+K 242 ’

So the values of K and a so that the system oscillates at a frequency of 2 rad /s is K=2 and
a=0.75.

Q.8 (c) (ii) Solution:

The system transfer function is

C(s) K
Ms) = R(s) s+a
. . 1
For a unit-step input, R(s) = 5
1 K
Therefore, the output C(s) = R(s) M(s) = T

The steady state value of the output is,

lime(t) = lim ! |: K ] = Elim I |:1 - L]
t—oo f—ee ) s s+a
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- 51im(1—e‘“f)=E
a t—oo a
From figure (ii), c(ee) =1
K
Therefore, " =1
K=a
- . (d 1
The initial slope of the output = lim| —c(t) [= —=10
t—0\ dt 0.1
K K
L(ic(t)) = sC(s):s[ =
dt s(s+a)| s+a
d 4| K
= _C t = L = —at
Slope of the output I (t) [s n ] Ke
- .| d
The initial slope = lim |:—C(t):| =K
t—0| dt
K =10
a=K=10
Q000
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