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Electrical Engineering

1.(a)
Sol: When H(S) =1+ as
Closed loop transfer function
_ G(s)
1+G(s).H(s)
K
s(s+p)

K
S(S+ p) (1+ ocs)

1+

:sz+ps+K+Kocs

B K
s’ +s(p+Ka)+K
Sensitivity with respect to K:
g M K
oK M
[s*+5(p+Ko)+K [1-K.(sou+1) K
= X
|:52+S(P+KOL)+ K]Z K
s? +s(p+Ka)+K
B s’ +sp
s’ +s(p+Ka)+K
B s°+3s
s?+s[3+(0.14x12) | +12
M S+3s
“ §?+4.685+12
Sensitivity with respect to P:
Sy :a_M_ﬁ
o°P M
B —sK y p _ —sp _ —3s
[32+s(p+Ka)+K]2 K s’ +s(p+Ka)+K s°+4.685+12
s?+s(p+Ka)+K
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Sensitivity with respect to a:

gM :a_M_i
* oo M
—SK2 o - —sKa
[s+s(p+Ka)+K] K s* +s(p+Ka) +K
s’ +s(p+Ka)+K
gM —1.68s

“ T & +4.685+12

1(b)
Sol: Given, Input x(t) = te > u(t)
1
X(s)=——
©) (s+3y
Impulse response h(t) = 2e~* u(t)
2
H(s)=——
( ) s+4

We know that, Output y(t) = x(t) * h(t)
. Y(s) = X(s) H(s)
So,  Output y(t) = LI[X(s) H(s)]

v<s>=x<s>H<s){ ! }[ R

(s+3) \s+4) (s+3)(s+4)

Taking partial fractions, we have

Y(s)= 2 __A _,B,C
(s+3)(s+4) (s+3f° s+3 s+4

2 2 2
(s+3) s+3 s+4

Y(s)=

Taking inverse Laplace transform on both sides, we have the output

y(t) = 2te > u(t) — 2e 2 u(t) + 2 * u(t)
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1(c)
Sol (|)@:m S,d_(o_&
dt d ™M
0=—"1+w,
W— 0= &t
M
s P,
= —=-2
d M
During fault, P, = 1 p.u.
M=
nf
= =i52 /elec.rad
x50 10w
Now, LY _ L 107 elec.rad/s?
M1
10w

At the instant of clearing fault, &, = 50°

B3y
c Pa

\/2x1(50° 300
_ [ 10x 180

1
=0.149s
Now, @ =& c
dtf, ™

=107 x0.149 elec.rad /s
= 4.681 elec.rad/s

(i) Steady State Stability:

The steady-state stability of a power system is defined as the ability of the system to bring itself back

to its stable configuration following a small disturbance in the network (like normal load fluctuation
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Sol:
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or action of automatic voltage regulator). It can be considered only during a very gradual and
infinitesimally small power change.

In case the power flow through the circuit exceeds the maximum power permissible, then there are
chances that a particular machine or a group of machines will cease to operate in synchronism, and
result in yet more disturbances. In such a situation, the steady-state limit of the system is said to have
reached, or in other words, the steady state stability limit (SSSL) of a system refers to the maximum
amount of power that is permissible through the system without loss of its steady state stability.
Transient Stability:

Transient stability of a power system refers to the ability of the system to reach a stable condition
following a large disturbance in the network condition. In all cases related to large changes in the
system like sudden application or removal of the load, switching operations, line faults or loss due to
excitation the transient stability of the system comes into play. It in fact deals in the ability of the
system to retain synchronism following a disturbance sustaining for a reasonably long period. And the
maximum power that is permissible to flow through the network without loss of stability following a
sustained period of disturbance is referred to as the transient stability limit (TSL) of the system. Going
beyond that maximum permissible value for power flow, the system would temporarily be rendered as

unstable.

Given open loop transfer function
G(s) = K(s+4)

s(s+1
No. of root locus branches =2(P > Z)

No. of AsymptotesN =|P - Z|=1

2/+1)180°

Angle of Asymptotes = Q =0
0

:(2(0)+11)180 _ 180°

Here, only one asymptote is present, therefore centroid is not required.
Break Point CE is 1+ KG, (s)H,(s)=0

K :_—1
G, (S)H, ()
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s+4
G,(s)H,(s) =
1(SH,(5) 61) |
p 10)
K 1[_1J o
ds ds{ G,(s)H,(s) (K=) (K=0)
D X~ >
i(_s(s+l)j_o 0 o
ds s+4
_ (s+4)(2s+1) - (s +s)(1) _ 0
(s+4)° - Fig. Root Locus diagram
=X s2+8s+4=0

.s=-06ands=-74
The system is critically damped when s= —0.6 and s = —7.4 (roots are real and equal)

_ Productof distan cesfrom poles
Product of dis tan cesfrom zeros

K= 06)04) =0.07 (at s=-0.6)
3.4
K =w =13.92(at s=-7.4)

1(e)
Sol: A generator is connected to an infinite bus (SMIB) as shown in the figure. In this the reactance
includes the reactance of the transmission line and the synchronous reactance (or) the transient

reactance of the generator. The sending end voltage is then the internal emf of the generator.

|V|£0°
jX
EZ5 @ I LI §
Infinite bus

Let the sending end and receiving end voltages be given by E£5 and V £0°

XZ90° |

E<5 () V0

|
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Apparent power (s) = VI*

:V40[

E£5-VZ0
X£90°

EV V?

S= — £(90-8)—— ~£90°
X X

EV Vv?

= ——c0s(90 - 8)—~ —-cos90°
X X

Pe = %sin &= Real power output

EV V?

= —sin(90-3)——sin 90
Q Xsm( ) S

EV V?

= ——c0s6—— = Reactive power output
Q X X P P

2(a) (1)

Sol: Bode plot: It has both magnitude and phase plots
Magnitude plot: |G(s)H(s)| in dB Vs frequency (o).

Phase plot: ZG(s)H(s) Vs frequency (o)

Procedure to sketch the magnitude plot [|G(s) H(s)| in dB vs frequency ()]

Arrange the TF G(s)H(s) into the standard form.

Find the corner frequencies and gain ‘K”

Prepare the slope/magnitude change table of G(s)H(s), in the increasing order of corner
frequencies with differential (or) integral terms on top of the table.

Use the above table to draw the magnitude plot.

IG(S)H(S) = \Kstn =20 log K + n (20 log o)

o < least corner frequency(LCF)

Where n= no. of differential/integral terms.

Starting point frequency is chosen in such a way that it is always less than the lowest corner
frequency.

Starting point (o—0) or low frequency(less than the lowest corner frequency) asymptote slope of

the Bode magnitude plot is
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+n(—20dB/dec)=+ n(6db / octave)

where n = no. of integral/differential terms, + for differential term and — for integral term.
e High frequency(w—) asymptote slope of Bode magnitude plot
= (P - 2)(- 20dB/dec)
= (P - Z2)(- 6dB/octave).
Phase Plot:

K(s + 2)

Bg: GO = Ssa P54 )

Substitute s = jo and write the phase as shown below.

ZG(S)H(S) = Ltanlg—[% +tant 2 4 tan Bj
YA P P,

At different frequencies calculate the phase and draw the phase plot.

2(a)ii)
Sol: x(t) = §(t)x(0)+L*((s1-A) " BU(s))

s 0] [-1 1 s+1 -1
sI-A = - =
o o 2 )

1 Adj(sl-A)

=AY = s1 A
. [st2 1
Adj(sI—A){O S+J

sl — A|= (s+1)(s+2)

(Sl—A)_l: —1 |:S+2 1 :|

(st1)(st2) | 0 s+l
1 _ 1 S+ 2 1 1 1
(SI=A)TBUGS) = (s+l)(s+2){ 0 s+1Li—1LE
1 1 1
_ 1 s+1 |s(s+2) | | 25 2(s+2)
Cs(sH)(st2) | s+ L, | -1 | | 1, 1

-+
s(s+2) |,., 2s  2(st+2)
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L™*((sl - A)'BU(s))=

2x1

$t) = L'(sl-A)"

1
L sl

1
-t s+l (s+1)(s+2)
1

S+2

-t s+1 s+l s+2

o(t) =

e—Zt

0
X(O)=pOXO)+L((s! —A)‘lBU(S))
Therefore X (t) is

et et_g? 1 %—EGZt et et_pt 1 E_Ee
Xa){o e } m 100 M0 e u N
2x1 2x1 __+_e_2t 2x2 21 __.|__e72t
2 2
1 2t
2et g2t E——e
_lte

0.5+2e ' —1.5e*
~ X(t)= o
—0.5+1.5e

g g [x0
ORI ”{xzai
Y (0 = xa(t+x()
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=0.5+2e'-1.56 % -0.5+1.5¢
y (t) =2e"u(t)

2(b)

Sol: (i)

a b c ' b '
© 0 9 © 0 0

2m 2m 2m 2m 2m
Fig: Bundle conductor arrangements

job]

Self GMD of phase a= +/r's
Where, ' = 0.7788r,

r = radius of the conductor in cm

s = spacing between phase aand a’
Self GMD of phase

a= 1/0.7788 x12 x10° x 6 = 0.237m.

Similarly, self GMD of phases b and c also same.

Self GMD of each phase

= §/Self GMD, .self GMD,.self GMD,

= 3/0.237x0.237x0.237 =0.237 m
Mutual GMD of phase a

=14 DabDacDab’Dac'
= Y2x4x8x10=5.029 m

Mutual GMD of phase b

= [{/DbancDba’Dbc'

= {2x2x4x8=3.36m

Mutual GMD of phase ¢
= 4\I DcachDca’ch’
= Y4x2x2x4 =2.83m
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Mutual GMD of each phase

= 3/GMD, .GMD, .GMD,

=$/GMD, GMD, GMD, = 3.62m

Inductance per phase

GMD

=2 %107 In H/m
GMR

3.62
0.237

=5.452 x 10" H/m/phase
= 0.545 mH/km/phase.

=2x10"In

2me €,

In| —
;
21t x8.85x10? x1
In[4j
;

2nx8.85x107 In(4j
0.01x10°°

(ii) =0.01 uF/km

=0.01 uF/km

r

(4} 27x8.85x10 72
/n| —|=
0.01x107°

ml 227 —5.5606
r 100

4 _eso % o500
r r
= =r=0.01539
259.82
In new configuration, D, =3/4x4x8
=5.04
C - 2me, €,

In| =™
DI‘
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-12
_ 21 x8.85x10 = 0.0096 pF/km
In 5.04
0.015

2(c)(i)
Sol: x(n) <> X(K)

—JE mk

X((n-m))y e X(K)

N-1 2n

DFT [x((n-m))J=2x((n-m)e ™"

3

-1 _.2n

x(n-m))e ¥ =>x(N-m+np '~ )
n=0 n=0
Let, NNm+n= ¥4
m—1 _i2m N-1 —ji==(N-m+
Zx((n—m))Ne N x(ﬁ)e FEE(N=m+0)k
n=0 /=N-m
N-1 “i2(r+m
_ X(gk J (/ )k
/=N-m
o N-1 “i2%nk Ndzm LI
Similarly, > x((n-m))e N = > x(cp ™
n=m /=0
N-m-1 2™ (e N-1 —ji=E (m+
S0, DFT [x((n-m)jJ= Sox(k ™™+ Six(ep v ™"
/=0 /=N-m
- eﬂ% ) N_lx(ﬁ)e N
/=0
_2n
—e 'NTX(K)
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2(c)(ii)
Sol: W, =1, W, =0.707 — j0.707, W} =—j, W, = -0.707 — j0.707

]

x(0) Qa Q o X(0)
y, \ \ /
x(4) Y X(1)
; w \v /
X(2) Q 1 \7\/0U \><></ X(2)
W Ve
o 7\/?/82 O X(3)
Wy
X(1)——= 2 o —>— x(4)
WY \ W, W
X(5) ~ o
-W,; 2 — W,
» "/
7 > o) g 05 >
x(7) w X(7)

Inputs | Stage 1 outputs | Stage 2 outputs Stage 3 outputs

o}

x(6)

D

X(5)

D

1 1+4=5 5+5=10 10+10=20
4 1-4=-3 3+ (§)1=-3+ | -3-j+(0.707-j0.707)(-1-3j)
=-5.828-j2.414

3 3+2=5 5-5=0 0

2 3-2=1 —3—(+j)1=-34j | -3 +j +(-0.707—j0.707)(-1+3))
=0.172-j0.414

2 2+3=5 5+5=10 10-10=0

3 2-3=-1 -1+(-j)3=-1-43 | -3--(0.707-0.707)(-1-3j)
=-0.172+j0.414

4 4+1=5 5-5=0 0

1 4-1=3 -1 () 3=—1+j3 | (-3 +j) — (-0.707-0.707)(-1+3))

= 5.828+j2.414

X(K) = {20, -5.828-j2.414, 0, -0.172-j0.414, 0, —0.172+j0.414, 0, -5.828+j2.414}
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3(a)()

Sol: Features of wind wheel: Based on the alignment of rotor axis wind wheel can be classified as

follows:

1-Horizontal axis, 2-Vertical axis

Based up on the force utilized, they can be classified as follows:

Lift Type

Drag Type

The force component
perpendicular to the
wind flow

direction.

In line

High speed.

Low speed

Low torque

Rotor shaft torque is
comparatively
high

Aerofoil type blades are
required to
minimize the effect

of drag forces.

Greater blade area is

required

Blades have high
thickness to chord
ratio to produce
high lift.

Blades are made of

curved plates

The wind wheel rotors are further divided as

1-Multiblade, 2-Prepeller type, 3-Savonious, 4-Davieus.

1-Multiblade:
2-Propeller type:
3-Savonious type:

4-Darrieus type:

Economic viability of wind power in comparison to conventional methods:
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Direct effect:

Ind
[ ]
[ ]

It compliments conventional methods by reducing their burden.

Its running cost is very less.

Can be integrated in to the conventional power grid.

Better utilization of land area along with other utilities like farms, offshore plants etc.

Below 100 kW if cost roughly $3000 to $8000 per kKW.

It has significant economy of scale.

Smaller on residential mill costs more for per KW of electrical energy produced

Most of windmill plants used are generally around 2 MW in size and roughly cost $3 to $4
million.

With increasing technological development unit cost of production is expected to reduce
significantly.

Economic benefit on the basis of green energy. eg: Carbon credits as per Kyoto Protocol.

irect Effect:

A promising green energy alternative.

A positive impact towards eco-friendly energy.

In a long term green economic benefits like increase in biodiversity and maintaining the concept
of ‘living with the nature’.

It helps in up gradation of quality of life reducing pollution and resource depletion.

3(a)(ii)
- dc
Sol: X = (Penalty factor) x o
p
Let us assume
% =incremental fuel cost for the plant(1)
P,
dc,
—L =275/—per MWh
dp,

d% =incremental fuel cost for the plant(2)
2

| ACE Engineering Academy /Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




\\@ My Engineering Academy :16: Electrical Engineering
dc,
—= =300/- per MWh
dp,
Coordination equation with losses is
}\’ = Llﬁ — LZ%
dp, “dp,

Since the system A should satisfy the above equation
A =(275) L; = (300) L,
Where L; = penalty factor for the plant(1)
L, = penalty factor for the plant(2)

Must be L; > L,
Hence the penalty factor of the plant 1 is high.
Given that the cost per hour of increasing the load on the system A=341/- per MWh.
From coordination equation,

341=2751,

L, =1.24.

3(b) (i)
Sol: The given characteristic equation

P +4s2+8s+11=0

$° |1 8
s° |4 11
st|21/4 0
$° 11

No. of sign changes in the first column =0
.. Number of righ half of s-plane poles =0
Number of jo poles =0

Number of left half of s-plane poles =3

.. System is stable.
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3(b)(ii)
Sol: Step (i): Shifting the takeoff point before block G to after block Gs.

C(s)
.C(5)
Step (iii): Eliminate the feedback loop with H,.
G,G, C(s)
1+G,G;H,
Step (iv): Cascade the forward path blocks.
R(S) G,G,G, C(S)
1+G,G;H,
M
Cs3
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Step (v): Eliminate the feedback loop with H1/Gs.

G,G,G,
C(s)  1+G,G;H,

RO GGG(W]
1~2%3 G

3

_l’_—
1+G,G;H,

.. Transfer function,

C(s) _ G,G,G,;

R(s) 1+G,G,H, +G,G,H,

3(b)(iii)
Sol: A. Step input:
s+1
K = Lt G = Lt =
P50 (s) 508% (s+2)(s+4) %
1
Steady state error = =—=0
1+K, 1+o
B. Ramp input:
s+1
K = Lt G = Lt =
o= LS () 0 5 (512)(514)

Steady state error = 1 1.,
k, o

C. Parabolic input:

K, = Lts’G(s)= Lts’ s+1 _1
550 50 s°(s+2)(s+4) 8
1

Steady state error = Pa 8
3(c)(1)
Sol: The given second order system

2

ad ?+b@+cez F(t)
dt dt

Taking Laplace transform on both sides

as’0(s) + bso(s) +cO(s) = F(s)

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




‘@B, Engineering Academy 119 ESE-2019 Test Series

= (as” +bs+¢)6(s) = F(s)

Transfer function = 6(5) L
as’ +bs+c
.. Step response 6(S) :(
as” +bs+ c
L +— s+ j
C
a2
€l s?+ Es o8
a a
0)2
Compare with standard second system k , We get response as

s(s* +2¢s0, + o} )

’Ef” nt

o(t) :1—ﬁ(sin 0.t +9)
G
®, =.—
a
28, =E
a
_1 b
5= 2 \ac

1 Db
Let assume &£ =——<1
5 2 yac
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Then
—bt
1 g2 11 b
o(t)==|1-———| sin —\/4ac—b2}t+cosl( J
( ) C 43.C—b2 ( [Za 2\/&
4ac
3(c)(ii)
Sol: The given transfer function
K
GEHES) =——F7—
GHE) s(s+2)(s+4)
Characteristic equation
1+G(s)H(s)=0
s(s*+6s+8) + K =0
s +65° +8s+ K =0
Apply Routh Hurwitz criteria,
$|1 8
s° |6 K
s'|48-K 0
6
| K

48-K

If there are any sign changes in the first column, the system is unstable. So to be stable >0,K

>0=>K<48,K>0
S 0<K<48
For the system to be stable.
For remaining values of K system is unstable. i.e., K <0, K > 48.
At the point of intersection of root loci with imaginary axis system is critically stable.
- 48-K=0
K=48
Substitute K value in second row.
We will get auxiliary equation as

2 —
6s°+K=0
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s:J_er\/E

At s= ij2\/§, root loci intersects with imaginary axis.

4(a)(i)
Sol: x(t) is expressed in terms of step functions
X(t) = 1u(t) = 3u(t-T) + 4 u(t— 2T)
—4u(t—4T)+2u(t-5T)
Take the Laplace transform on both sides, and Use the pair u(t) — 1/s and time shifting property :

sty

uit—t,) — 1 e
S

3 X(s)=l [1-3e ™ +4e72" —4e " 427 ]
S

4(a)(ii)
Sol: The convolution property states that the convolution of two signals in time domain is equivalent to the
multiplication of their spectra in frequency domain. This is called the time convolution theorem.
If X, ()X, () and x,(t)«"—X, (o)
Then X, (t)* X, (t)«——X, (@)X, (o)

Proof: We know that the convolution of two signals x;(t) and x»(t) is given by

IX t r)dr

Elx,(0)* j{ [x,(e)x t—r)dr}e ot i

—00 [ —©

Interchanging the order of integration, we have

F[xl(t)*xz(t)]=_Txl(r)ﬁxz(t_r)e—iwtdt}dr

Substituting t — t = P in the second integration, we have

t=p+rtanddt=dp
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- .|.X1(T _TXz(p)e_jmpCIp}e_jmdT

o0

= [x(eX ()™ de

—00

4(a)(iii)
Sol: let, x(t) = L [X(s)]

_ L‘l[log s(s +1)}

s?+1

L[x(t)]:log[s(“l)}

s®+1
=log s(s + 1) - log (s* + 1)
=log s + log (s + 1) — log (s* + 1)

L[tx(t)]= —%[Iog s+log(s+1)—log(s* +1)]

-1 1 2

s s+1 s°+1

tx(t):|_1(__1_i+ 25 j

s s+1 s°+1

SR T (N T (R
S s+1 s°+1

=[-1—-e"'+2cos(t)] u(t)

)| 2y

t
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Sol: (i) From the data given

6
Z. :\/Zzw/ﬁzsoog
c V111
B =yl =2m5031x11.1x107*2 x @deg rees
T

= 0.06 deg/km
6 = pd = 0.06x600 = 36°

P, 400x400 _ 907 AMW

I:)rnax = - . 0
sin@ 300sin(36")

Prmax OCCUTS at & = Smax = 90°. The midpoint voltage corresponding to this condition is

V cos °
V. - 2 ) 400cos45’

= = 297.4kV
m 0
c os( gj cos18

(it) Since the power flow with a series capacitor is given by

_ P,sino
“sino-k,)

If power is to be doubled, ks = 0.5. The expression for ke (When the series capacitor is connected

at the midpoint) is given by

K, = X cot(gj
27, 2

Substituting the values for ke, and Z,, we get

X, =2k,Z, tan[gj =300 x tan 18° = 97.480hms

(iii) The midpoint voltages, with a shunt capacitor connected there, is given by

)
Vcos(j
V, = 2 Kk, = 2 tang

m 1 ¥sh
cos(gj(l— K,,) 2 2

Hence,
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0
cosé =0.97 x cos18° 1—M
2 450 % 2
=0.823
5 =69.31°

The power flow in the line is given by

.0
VV, sin — . 0
P— 2 _1x0.97xsin 34.65 <P

sin18° "

Z,sin 0
2

_1.785P, — 1.785x 400 x 400 _ 952 MW

300

4(e)(i)
Sol: Given that,
A. A=0.96/1° B =100£80°
Vsl (L-L) = 110 kV, V| (L-L) = 110 kV
Z(Vs (ph) = Vi(ph)) = 30°

Now, Vs(ph) = %430°kv

V3
110

V(ph) = == £0°kV (reference phasor)

NE

V;=AV, + Bl

3
= 10107 55 =(O.9641°{11040°j

V3 V3
+(100280) (I,)
= r = 312.63 £20.98° A
Hence, receiving end current = I,
=312.63£20.98°

And receiving end power factor
= €0s(20.98) (leading)
=0.933 (leading)
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B If the load is suddenly thrown off then,

v
v, =Yl g
|A|
1j£’ 10°
_ V3 _46.154kV
0.96

Now, V,(L-L) = 114.58 kV

Sol: Since 85% to be protected against phase to ground fault remains 15% of winding unprotected

4(c)(ii)
6
Full load current = M
V3 x11x10°
=5248.6 A

Minimum fault current which will operates 20% full load current

= 20 x 5248.6
100

=1049.7 A
15% of winding

_ 15 11x10°
100 43
=952.62 V

Fault current 15% winding will cause

952,62
r

952.62
r

r=0.907 Q

1049.7 =

5(a)
Sol: The energy of a signal x(t) is given by

E- T|x(t)|2dt - T\e—‘“u(t)(zdt
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= T‘e‘“‘zdt = Te‘“dt = [%T = %joule
0 0 0

Now, according to Parseval’s theorem, we have

E= Z—J;T_T|X(c0)2dw
X()=FIx()] = [e (et

_ Te—(4+j®)tdt=|: e—(4+jm)t j|°° _ 1
. ~(4+jo)|, 4+jo

]l

E:ij . L cho:itan‘l @
4°+o 8n 4

_ 1= [—nj 1.
= —|=—| —||==Joule
8n{2 2 8

Thus, from the above equations, we see that energy is same in both the cases.

Hence Parseval’s theorem is verified.

5(b)
Sol: (i) Causes of low power factor:
1. Inductive loads:
— 90% of the industrial loads consists of induction machines (1-phase and 3-phase). They draw
lagging reactive power from the system and work at low power factor
e For induction motors, the pf is usually extremely low (0.2 — 0.3) at light load conditions and
(0.8 -0.9) at full load.
e Other inductive loads are transformers, generators, arc lamps, electric furnaces etc.
2. Variation of loads:
When the system is lightly loaded the voltage increase and the current drawn by machines also

increase, this results in low power factor.
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3. Harmonic currents:
e Harmonics currents reduce the power factor
e eg: power imbalance due to improper winding and electrical accidents result in low power
factor.
Measures of avoiding low power factor:
1. Capacitor bank
e simplest method

e applied at areas where large inductive loads are present

2. Synchronous condenser:
e An over excited synchronous machine behaves as a synchronous condenser (E cosé > V)
e Allows stepless power factor correction.
3. Phase advancer:
e Can be used only for induction motors required lagging current is supplied from an alternate
source called phase advancer
e A phase advancer is basically an AC exciter. It is mounted on the same shaft as the main motor
and connected in the rotor circuit.
4. Static compensation:
e Static VAR compensators can be used for stepless and quick compensation of reactive power,
thereby improving the power factor.
(ii) Initially, Q = P tan ¢
With capacitor,
Q-Q:.=Ptan ¢,

1

P
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Then, Q. = P(tan ¢; — tandy)

S’
(Q-Q.)

P

= 20x10%(tan (cos * (0.8)) — tan(cos * (0.95)
Q. =8426.31 VAR

=8.426 kKVAR
Hence, Rating of the capacitor
=8.426 kVAR
5(c)
Sol: Arrange the given transfer function as,
i
Q) _ 1 _
1(s) J[s2 +fs+K} RIS
J J

Comparing denominator with s>+25w,s + o,

K . K
c0§=7 I.e. oy = KR (1)
and 2w :iie Q—L (2)
n J .C. 2\/@ ceees

Now M, = 6% i.e., 0.06
-0.06= e/

In (0.06) = ——"=
N
solving for {, £=10.667 ....... 3)
T T

Tp=— = ———=1sec
od Oy l_cz
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on = ————— =4.2165 rad/sec. ... (4)

J1-(0.667)’

The Laplace transform of output is Q(s).

Now input is step of 10 Nm hence corresponding Laplace transform is,

|(s): E
S
. Q) _ 1
' [10j Js? +fs+ K
S

1

SR Yy

The steady state of output can be obtained by final value theorem.

Steady state output = Lir(p sQ(s)

05= Lim—— >0 =10
' 0 s(Js? +fs+ K) Kk

K=20

Equating (1) and (4), 4.2165 = \/?

4.2165 = 1/2\]—0

J=1.1249
. f
From equation (2), 0.667 = ———
q ) G
0067= — 1
24/20x1.1249
f=6.3274
5(d)
Sol: Given

Generator rating is
VR =6.6 kV
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(VA) = 20 MVA

X"=10% = 0.1

X!, = 20% = 0.2

X4=100% =1

Generator is connected to transformer through a circuit breaker and a 3¢ fault occurs between breaker
and transformer.

(i) Sustained short circuit current through breaker (Is) is the steady state fault current. During steady

state,
Reactance = Xq = 1 pu

V
sl =— _i- 1 pu

Xdpu 1

Is=1pu
Rated current Ig = (VA )R
V3V,
_20x10°
3 x6.6x10°

= IR =1749.5 A

.~.Sustained short circuit current
=1749.5A
(ii) Let initial symmetrical rms short circuit current = I,

During initial times, reactance = X/

=0.1pu
I, = V”pu :izlopu
Xgpu 0.1
I actal = l1pu % IR
=10x 17495 A

Ij_ actual = 17495 A

.. Initial symmetrical rms short circuit current = 17495 A.
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5(e)
1
Sol )
ol: (i) (a) u(n)<—>1_azf1
n 1
- -n-1
@y ul-n-D o

Given, x(n)= (— éjn u(n)+ 5(%j_n u(-n-1)

Apply z-transform

1 5)
X(z)= -
( ) 1+éz—l 1—22_1

ROC = (|z[>0.2)"(jz|<2) = 0.2 < [z] < 2
(ii) 3(n) <> 1

d(n—ng) <> z™
So, X(z):lJrz’1 BEPS
2 3

ROC is entire z-plane except at z = 0.

(iii) Given x(n)= n(%}nu(nh 0.5@)n u(n).

(%jnu(n)e 1

Ez_l
so, X(2)=—3 —+ 015
(1_12_1j .'].—*Z_1
3 3
ROC is |z| > 1/3,
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6(a)(i)
Sol: Taking base quantities as 50 MVA, 13.2 kV
The base current = 501000 = 2187 amps
J3x13.2
_ 125 _
The pre fault voltage = —— =0.9469 p.u
13.2
Take this voltage as the reference
j0.10
F
jo20 j0.2Q
The fault impedance = 10:3xj02 =j0.12 p.u.
j0.5
. The fault current = 03469 =—7.89 p.u.
j0.
The full load current before the fault takes place = 301000 =1732 amps
J3x12.5x0.8
1732 =0.792 £ 36.8°

p.u. load current= —— =
2187
= 0.634 +j0.474

The p.u. fault current supplied by the motor = —j7.89 x 3/5 = —j4.734
The net current supplied by the motor = —0.6344 —j0.4746 —j4.734
= (-0.6344-j5.2086)p.u.

= 5.247 p.u.

Bus 2

—e—|p
88—

6(a)(Gi).
Sol:
Bus 1
Bus 3 Bus 4
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Yu=Yn+Vo+Vis+Yu=—1J6 . (i)
Yoo =VYo1 + Vop + Yoz + Vou =— J10 v (i)
Yos =VYa; + Voo + Yoz + Vas =— J9  ceerrenne (i)
Y=V + Yo * Vs + Yau == J8 e, (iv)
From the given Ygus matrix
Vo =—1J2, Y=—1J25 y,=0 ... (V)
Vor=—J2, Ypu=—1J25, Yyu=—j4 ... (vi)
Var=— §25, Vo, == j2.5, Vou=— jA.rrinne. (vii)
Y =0, Vo=—1J4 Ye=—j4. . (viii)

From (i) & (v)
Y, —j2—j2.5+0=—j6
y,,=—jl5 = X,,=j0.67
From (2) & (6)
—j2+y,,—j2.5-j4=—j10
y,,=— j1.5 = X,,=j0.67
From (iii) & (vii)
-J25-j25+y,,— j4=—]9
Y, =0 =X, =00
From (iv) & (viii)
0—j4—jd+y, =]

Yau =0 = X44 =0
The Reactance diagram is

j0.67 % jo.67
0.5 Bus 2
L _or———
' § j0.25

111 s ||

| Bus 4
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Sol: Given  x(t)=C, Jricn cos(nowyt +0, )

n=1
(i) Autocorrelation:

Autocorrelation of function x(t) is given by

T/2

R(t)= Lt = j X(Ex(t+ )t

=5
l T/2 0 ©
R(t)= TI;EO? j [CO +>_C, cos(ne,t+0, )}[CO +_C, cos(Ne,t +Ne,t+0, )}
-Ti2 n=1 n=1

T/2 0 Ee)
= Lt$ I {Cg+C0Canos(ncoot+nmor+en)+ZCOCn cos(nw,t+0, )
n=1

Toow
-T/2 n=1

+C? icos(noaot +0, )cos(nw,t +nw,t+6, )dt}

n=1
T/2 T/2
= I Codt+ Lt = J. C,C Zcos N, t + N, T+0, )dt
T_)OO -T/2 7T/2
1 T/2 »
+ Lt = C,C, cos(nm,t+0, )dt
L S cfroo0
1 TI2 »
+ Lt I > C2cos(nw,t +6, )cos(nw,t + new,t+6, )t
el g0
2 T/2

:CS

t+0, )cos(nw,t + Nw,t+0, )dt
-T/2

2 TI/2
= C? +Z Lt S I cos(2nw,t + N, T + 26, )+ cos(nw,t)jdt

-T/2

w z TI2 " T T
Z -0 j cosnm,tdt = C2 + Z cos(ne,t {2+2j

1 -T/2 1

0 2

:CS

«(T)

el T—ow

. R(t)=C} +%ic§ COSN®,T
n=1
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Power spectral density (PSD) and autocorrelation form a Fourier transform pair

PSD = F[R(1)]

PSD= F[Cé +%ZC§ cosncoox}
n=1

= ZCZ (0—noy )+ 8(w+na, )]

6(c)
Sol: Hanning window: w,, (n)= 0.5+0.5c05( lfln_nJ for _( Nz—lj <n< ( Ng_lj
= 0 otherwise
N=11
Wn(0) =1

Whin(1) = Wpn(-1) = 0.9045
Wiin(2) = Whn(—2) = 0.655
Whin(3) = Whn(—3) = 0.345
Whin(4) = Wpn(—4) = 0.0945
Whin(5) = Whin(-5) = 0

The filter coefficients are obtained as

L sin ©tn —sin(z n]
hy(n)=——[" H,(e*)e* dw =

21 7
sin(nn)—sin(nnj .
hy(0)= Lt : 4 ~1-, =075
n— T

ha(~1) = hg(1) = — 0.225
ha(~2) = hg(2) = — 0.159
ha(=3) = ha(3) = — 0.075
ha(-4) = ha(4) =0
ha(=5) = hq(5) = 0.045

The filter coefficients using hanning window are
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h(n)=h,(n)w,, (n) for-5<n<5
=0 otherwise

h(0) = hy(0) Win(0) = 0.75

h(1) = h(-1)= hg(1) Whn(1) = — 0.204

h(2) = h(-2) = hg(2) wun(2) =-0.104

h(3)= h(-3) = hy(3) Win(3) =—0.026

h(4) = h(-4) = ha(4) wun(4) =0

h(5) = h(-5)= hy(5) Win(5) = 0

5

The transfer function of the filter is H(z)=h(0)+ h(n)z" +2"

=}
H(z)=0.75-0.204(z +2*)-0.104|z? + 22 |-0.026[z° + 2 *
The transfer function of realizable filter is
H'(z)=z"H(z)=-0.0262%-0.104z° —-0.204z* +0.752 ° —0.204z° —-0.104z" —0.0262"°
The causal filter coefficients are h(0) = h(1) = h(9) = h(10) =0
h(2) = h(8) = - 0.026
h(3) = h(7) =-0.104
h(4) = h(6) = - 0.204
h(5)=0.75

7(a)(i)

Sol: A. Principle of Argument states that let F(s) be an analytic function and if an arbitrary closed
clockwise contour is chosen in s-plane, so that F(s) is analytic at every point on the closed contour
in s-plane then the corresponding F(s) plane contour mapped in the F(s) plane will encircle the
origin, N times in anticlockwise direction, where N is the difference between the number of poles
and number of zeros of F(s) that are encircled by the chosen closed contour in s-plane
mathematically, it is expressed as, N=P - Z

B. The loop transfer function, G(s) H(s) is expressed as
G(S) H(S) =[1 + G(S) H(S)] -1 =F(s) -1
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From above equation, it can be concluded that contour of F(s) drawn with respect to origin of F(s)
plane is same as contour of F(s) — 1 drawn with respect to —1 + jO of F(s) plane. We know that F(s)
=1+ G(s) H(s) is the characteristic equation, origin (0, 0) is the critical point for F(s).
. (=1, 0) is the critical point for F(s) —1 = G(S)H(s)
.. The critical point in using the Nyquist criterion is (—1,j0) in G(s)H(s) plane and not the origin
(0,j0).

C. For a minimum phase transfer function, no right hand poles for G(s)H(s) should be present.
For stability, the polar plot of a minimum phase system should not enclose (-1,j0) critical point

.. Polar plot is sufficient to determine the stability of a system

7(a)(ii)
Sol: State variable representation is in controllable phase variable form hence system is controllable. Now

it is possible to design SVFB gain controller ‘K’.

From the given matrix ‘A’ Characteristic equation with SVFB gain ‘K’ is |S| - [A - BK] =0

0 1 0 0

0 1 0
A-BK = 0 0 1
_—(6+k1) -(11+k,) —-(6+k,)
s 00 0 1 0 S -1 0
sl-[A-Bk]=|0 s 0[-| © 0 1 sl-[A-Bk]=| © s -1
0 0 s -(6+k,) -@1+k,) -(6+ks) 6+k,) (1+k,) s+(6+k;)

CE=[sI-(A-Bk)=0

$3*(6+ks)s? + (11+ky)s+(6+ky) = O-------- )

Desired pole locations are -3, -4 and -5, hence CE is (s+3)(s+4)(s+5)=0
Desired CE= s+1254+47s+60=0 ------- 2)

Comparing egs. (1) and (2)
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6+k;=12= k3=6

11+ky=47= k,=36

6+k1=60=k;=54

Hence SVFB gain controller K=[54 36 6]

7(b)(i)

Sol: In a power system, there are mainly two types of buses: load and generator buses. For these buses we

have specified the real power ‘P’ injections.

n

Now ZPi real power loss where P; is the power injection at the buses, which is taken as positive for
i=1

generator buses and is negative for load buses. The losses remain unknown until the load flow

solution is complete. For this reason that generally one of the generator buses is made to take
additional real and reactive power to supply transmission losses. That is why this type of bus is known
as “Slack or Swing or Reference Bus”. At this bus, the voltage magnitude V and phase angled are
specified where as real and reactive powers P and Qg are obtained.

The phase angle of the voltage at the slack bus is usually taken as the reference.
analysis the real and reactive components of voltage at a bus are taken as the independent variables for

In the following

the load flow equations i.e.,

ViZdi=ej + jfi

7(b)(ii)
Sol:

Cs

300 1 1a = 500A

c
750 R gy I I £
Ne+—— L1 [ L 750
200 +500) i
150 / A
TIB=200A )
Cs
B
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Let us assume, the common point between A&B distance relays is ‘N’
The zone 1 setting at A and B is 150Q (assume)
Z(1)=150 Q

A. Fault at Fy, the voltage drop from A to F;
=lanZan + INFlzNFl
Iz =500+ 200 = 700A
Zy =75Q, 1, =500 =1,
Z,, =300
Voltage drop = 500 x 30 + 700 x 75
=67500 V

Impedance seen by the relay at A = ¥

_voltage drop 67500
(N 500

=135Q

Zonel, setting of the distance relay at
A =150Q
.. The relay at A will see the fault at F; and trip before the circuit breaker at B has tripped.
B. Voltage drop fromBto F1 F, = lgyZgy + Iy Znm
=lglgy + INFlzNFl
=200x15+700x 75 = 55500 V
The impedance measured by the relay at B

_ Voltage drop ~ 55500
lg 200

=2775Q

.. the relay at B will not trip before the circuit breaker at A has tripped.
when the circuit breaker at A has tripped, the relay at B will measure the impedance
=15+ 75=90 Q and trip the circuit.
C. Impedance measured by the relay at A

'V _ Voltage drop upto F,
z zZ,
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Voltage dropup to F, =V, + Vg,

= IAZAN +(IA + IB)(ZNF1 + ZFlFZ)
=500 x 30 + (500 + 200)(75 + 75)

= 120000 V

120000 = 240Q2 > 150Q

Impedance =

Impedance measured by the relay at B

_ Voltage drop upto F,
ZB

V = Vg +VNF2
= IBZBN +(IA + IB)ZNFZ
=200x15+700x150 =108000 V
108000

Impedance = =540Q>150Q

The relay at A will not operate
The relay at B also will not operate

The fault at F, will be cleared by back-up protection.

7(c)
Sol: Given system is,
Given, load voltage V=200V @ D @ )
Load KVA (VA), = 10 kVA
And load is purely resistive ~» ® © | |LoaD
_ : _ V2 (200) _ .
.. Load resistance R = (VA) = 10%10° Q 100V © 400V 400 - 200V
L X=0.1pu X =0.15pu
. . 10 kVA
Let base values in region © be 1 101kd:/A

2&:)02&01\0/ kVA} Base values in region ©

.. Corresponding base values in (B) are
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(VA)g = 10 KVA
Vg = 400 V

Corresponding base values in region ® are
Va =100V
(VA)a = 10 kVA

Base impedance in ® Z, =

Base impedance in ® Z, = ——2—

—
SN
o
o

—

N

=16 Q

10x10°

Ve

Base impedance in © Z. = VA)
C

(200)

=4Q
10x10°

Load impedance R, seen from the secondary of T, in © is
ZLC = R|_ =4Q

Load impedance R, seen from the primary of T, in B is, Z.

2 2

2
ﬁ = ﬂ where m turns ratio of transformer T»
N N, /.

T,

2
Zig= ZLC(@j =4><(2)2= 16

Load impedance seen by primary of Ty is in region ® is Z, a

2 2 2 2
Zo (N[N (1) 400)
R, (N,) AN,/ ~\400) 200
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16 4
1 1
Zia=R.=—=4-=1Q
LA L 4 4

pu load impedance in region ® is

V4 16
ZLB pu — Z_L: =

Pu load impedance in region ® is

Z 10
ZLApu = ZLA :E:lpu
A

Single line diagram of the circuit is given by

Xn=01pu  Xp=0.15pu
2132 o 1121
D

™ V.= 1pu §1 pu

I

By taking current as reference

V, 1
|, =—®2="=1pu
Loy R, 1 p

pu

Vo =Ry + X T
= (1+j0.15) (1)
Vp, = 1+j0.15
\\_/D\pu =12 +(0.15)

=1.011187 pu
©. Vp, = 1.011187 pu

Point D is in region

.. Actual voltage at D, Vp = pu voltage at D x base voltage at D
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=1.011187 x 400
Vp =404.47V
.. Voltage at point D =404.47 V

8(a)(i)

Sol: The state equation representation is

X =AX
1 e—Zt
If X(0)= {_3/2} , the response  X(t) = {_—Be”]

X =AX
X(0) = AX(0)

Let A:{a (ﬂassume

X(t)—di(X(t)) Lﬁe}
o[

Lok ool

3

a—Ebz—Z ............. (1)
3
C—Ed—3 ............. (2)

1
And X(0) :{ J , the response is

ol
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c—-d=1 4)
From equations (1) and (3),

_—1b=—1,b:2
2

3
a—->(2)=-2,a=1
2( )
From equations (2) and (4),

__]'d:2,d2_4
2

8(a)(ii)
2K
Sol: CLTF=_d+0:029)(S)(s+2)
1+ 2K
(L+0.025)(s)(s +2)
_ 2K
©s(1+0025)(s+2)+ 2K

Characteristic equation
s(1+0.02s)(s+2)+2K =0
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5(50+5)(s+2)+100K = 0
=5 (s®+52s5+100) + 100K =0
= s +525°+100s + 100 K =0

s 1 100
o2 52 100k
S1_5200—100k 0
. 52

S 100k 0

For system to be stable,
100K>0=K>0
5200-100K >0

=52>K

System is stable for 0 < K <52

.. Maximum value of K =52

8(b) (i)

Sol: Lead Compensator: The output of the lead compensator always leads with respect to the input. In

other words, lead compensator always produces the positive phase.
The lead compensator can be realized by the following RC network.

Cy

T
l

2
N
AAAA
vy
s

e

Effects of lead Compensator:

1. The lead compensator adds a zero to the right of the pole, which causes increased damping.

2. The increase in damping means less overshoot, less rise time and less delay time. Due to this, the

transient performance is increased

3. It improves the gain margin and phase margin of system hence, the relative stability is improved.
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4. 1t increases the bandwidth of the system more and gives quick response. Steady state error is not
affected.

Limitations:

1. This lead compensator requires additional increase in gain (a) to offset (nullify) the attenuator.

2. To obtain large gain, more number of amplifiers are to be used, which increases the space, weight
and cost.

3. Sometimes, more bandwidth may not be required, which makes the system more noisy.

4. From a single lead compensator, the maximum phase lead obtained is nearly 40°to 60°. If

required phase is more than 60°, multiple stages are used.

Lead controller:

ol

input NFX\ %Rz output

TF = (1+ aTsj
1+Ts

Where T __RR, C

R, +R,

a=R1+R2
R

2

Magnitude plot

A

20logla

10logla""""

v

0dB UaT o UT o

Phase plot

|

0° ®Om "
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8(b)(ii)

Sol: O.L.T.F G(s)H(s) = m

_ 1
| Glio)H(i0) e,

For wpe, ZG(jo)H(jw) = -180°

2tant (QJ —tant (Qj = _180°
2 3

GM

tan ™ , +tan1(9j: 180°
1-2 3
4
('02 +(9):0
1@ A3
4
2
@ _1=3
4
o’ =16

Phase crossover frequency, o, = 4 rad/sec

Given G.M >3
(co2+4Nc02+9 >3
K
(16 +4)5)
3

>K

k<%

3

8(c)

Sol: The periodic waveform shown in Figure, with a period T = 2xt can be expressed as:

-A ;n<t<2n

X(t):{A ;ostsn}
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Let, to=0
S t+T=2n and
Fundamental frequency o, = — 27 ;ﬂ
7T

Exponential Fourier series

R = I P e RO

0

T

1 —jnog
C, :?J.x(t)e inoot it

0

—jnt \™ “jnt \ 2"
UAE Jntdt+J. Ae JntdtJ A[(e. j —(e_ j ]
2ri\=Jn ), (=)

-2 o) o]

:_jZ—nn[[_ P -a]-h- (o) ]-- ;‘n[—2+2 (-]
=h-(-ay]

jnTt

2A
—j— ;foroddn

. Cn = J nm
0 :forevenn

x(t)=C, + i C,e"™ = i —12 e!™  foroddn

s A
. C,=0,C, =C, :%,C3 =C,, :%,C5 =C :%
T T 5n

The frequency spectrum is shown in Figure

A G oA

2A T T 2A
_______ 3n 3n

5nI : :

-4 -3 -2 -1 0 1 2 3 4
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