India’s Best Institute for IES, GATE & PSUs

Detailed Solutions

ESE-2023 Electrical Engineering
Mains Test Series TestNo: 5

Section A : Basic Electronics Engineering + Analog Electronics + Electrical Materials

Q.1 (a) Solution:

Given :
Forward voltage, V,=05V
The current equation of diode,

D

I, = 1,|e"T —1

I = Reverse saturation current
V., = Thermal voltage
n = Ideality factor

Iol = 102 x 210
At T =400° K, for diode D,
T
Thermal voltage, V.= 11600
400
V= 11600 0.0345V
D
Iy, = I,|eT -1



MRADE EASY Test No : 5 ELECTRICAL ENGINEERING | 13

0.5
I, [ezx0.0345 _ 1}

I, = 1402.01I,

At T = 300°K; for diode D,

T
Th 1 voltage, = —
ermal voltage V. 11600
V.= 0 =0.0258 V
T 11600
-
IDZ =1, e -1
[ 05
= ,|e2x0.0258 _1

I, = 16152.991

I,  140201],
Iy, 16152.991,

Required ratio,

o1 00868
Ips
Q.1 (b) Solution:
Given : M = 3.2 x 10~* Bohr magnetron

T = 27° C, 1 Bohr magnetron = 9.27 x 102* A /m?

The magnetization for a paramagnetic spin is given by Curie law, i.e.,

2
M = NPgu, H
kT
Magnetization per spin in Bohr magnetron,
M = M _ PBMOH
NPy kT
P, = Bohr magnetron

927 x10 % x4nx10~7 x H
1.38 x 1072 x 300

M =
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32x107* x1.38 x 1072 x 300
927 %107 x 4n x 10~
H = 113726.25 A/m

H=114x10°A/m
Q.1 (c) Solution:
Given : Vi =09V, uC =40 pA/V?
Both the transistors are operating in saturation mode as drain is shorted to gate.
So, I D1 = 1 D2
1 4% 2 1 W 2
Euncox (T)l (Ves1 = Vm)™ = EMnCox (sz (Ves2 = V)
Vios1 = 6-V,
Ve =V,

60(6 - V, - 0.9)2 = 25(V, - 0.9)2
12(5.1- V2 = 5(V, - 0.9)2
12(26.01 - 102V, + V2) = 5(V2- 1.8V, + 0.81)
7V2-113.4V, +308.07 = 0

On solving,

Vv

[

Vv

[

12.75V,345V
345V

Q.1 (d) Solution:

Top-down Approach : In top-down approach, nano-scale objects are made by processing
larger objects in size. Integrated circuit fabrication is an example for top down
nanotechnology. For nano-material synthesis ball-milling is an important top-down
approach where macro crystalline structures are broken down to nano-crystalline
structures but original integrity of the material is retained. Sometimes this method is
used to prepare nanostructured metal oxides by chemical reaction between two
constituents during crushing. The crystallites are allowed to react with each other by the
supply of kinetic energy during milling process to form the required nanostructured
oxide.

Bottom-up Approach : Bottom-up approach in nanotechnology is making larger
nanostructures from smaller building blocks such as atoms and molecules, therefore,
very important for nano-fabrication. The bottom-up non-lithographic approach of nano-
material synthesis is not completely proven in manufacturing yet, but has a great potential
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to become important alternative to lithographic process. Examples of bottom-up technique
are self assembly of nanomaterials solgel technology, electrodeposition, physical and
chemical vapour deposition (PVD and CVD), epitaxial growth, laser ablation etc.

Q.1 (e) Solution:
(i) Given: Ry = -825x10°m3/C

250 Q1 emt

Here, R}, is negative. So, the type of semiconductor is n-type.

o)

(ii) Density of charge carrier,

-1

_ —1 -3
T [825x100 x1.6x1070

n = 7.575 x 102 m3

(iii) We know,
o = nep,
Mobility, n,o= %
- 25x1005/m

7.575x 102 x 1.6 x 10712
0.020625 m2/V-s
206.25 cm?/V-s

Q.2 (a) Solution:

The circuit is s-domain

2/Cs V,(s) 2/Cs

Due to virtual short
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Apply nodal analysis at node V/(s)

Vi(s) = Vi(s) | Vi)
R 1/Cs

R

Vi (s)[% + % + Cs}

Apply nodal analysis at node V_

0-Vi(s) L 0-Va(s) _
R 2/Cs

From eqn. (1) and (2)

Apply nodal analysis at node V,(s)
Va(3) =0 _ V()  Va(s) = Vo(s) _

2/Cs R/2 2/Cs
Cs Cs 2
(74‘ 74'?) Vz(S) =
Vo(s) =
From eqn. (3) and (4)
V() =
Vo(s) =
v,(t) =

n Vi (s) _

((6) = S

Vi(s)

-2

2(2 + RCs) Vo)
RCs(2+ RCs) '

RCs
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Q.2 (b) Solution:
Density, p = 651 g/cm?
Atomic weight, A, =912 g/mol

HCP crystal structure, i.e., n = 6 atoms/unit cell.

(i) We know, Volume of zirconium,

VC

where, N,

VC

VC

(i) For HCP structure,

<

a

c

The volume of Zr unit cell,

nAZT

PN 4

Avogadro number
6x91.2

6.51 x 6.023 x 10

1.396 x 10722 cm?

1.396 x 108 m3

1.593

1.593a

33 2 33
2 2

2R

¥a2(1.593a)

2

33 x 1.593

33 x 1.593
3.23 x 1010 m
0.323 nm
1.593a
1.593 x 0.323 x 10~°
0.5145 nm

i/2 % 1.396 x 10728

(2R)?c
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Q.2 (c) Solution:

C, W
08V, k=120 _ 10 mA/V2

Given : VT = oL
A =0, IDQ = 0.6 mA
IDQ = k(VGSQ - VT)2

0.6 x 107 = 1.2 x 103(V g, - 0.8)

0.6x107
Ve = 1/7 +0.8
GSQ 12x107°

Visg = 1507V
AC Analysis:
Trans-conductance, 8 = 2k(Viso = Vo)
g, = 2x1.2x10%1.507 - 0.8)
g, = 1.697 mU
Output resistance, r, = o

Small signal equivalent circuit

75 kQ G
MW o+ oV,
< <
V.(® 500k Ve D Er, 2R, R,

Output voltage,
U = _gmvgs[ro | RD | RL]
500k o
& (500+75)k

Y _ =8l || Rp || R;)500

1 in, A =
Voltage gain - 500475
A = 1697 x107°[3.4x10°] x 500
v 575
A, = -5.017
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Q.3 (a) Solution:

Given : p, = 75cm?/V-s; p =943 x 10° Q-m
(i) We know, c = nep,
1
n —3
T

1
9.43x10* x75x1.6x107Y
8.84 x 1020 cm™3

. . dN ,
Atomic concentration, n, =
Mat
_ 73%6.023x10%
Tat = 115

3.82 x 1022 cm™

Effective number of electrons denoted by per In atom

n  8.84x10%
n = —— —
o n,  3.82x10%
N = 23141.36
(i) Given: I, = 8.2nm
Drift mobility, [T &
me
m
T = % (m, = mass of electron)
75x107* % 9.1x 107!
= -19
1.6 x10
T =4266x10"1Ps
We know, I =vs
. 82x107 m/s
4 4266x107
v, = 1.922 x10° m/s

(iii) According to Wiedemann-Franz law,

Thermal conductivity, K = oTCp
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where CWFL

WEFL

K
K
Q.3 (b) Solution:
Given : VCEQ
Iy
I

Apply kVL in C-E loop
“Vee H IR Vepg + IeRg

R

Thevenin equivalent circuit

Also, Vin

Lorentz number (or) Wiedemann-Frantz-Lorentz

coefficient
nzKﬁ

3¢’
1%(1.38 x 107%)?
3% (1.6x1071%)?
2.45 x 108 WQ/K?2

TC
6TCpp, = 2’“

300 x 2.45x 1078
9.43x10°°
0.78 W/K

115V, [-=15mA, =50

Ic
ety = I+

1.5
1.5+ —|mA =
( SO)m 1.53 mA

0

Vee = Vero — IeRe
Ig

20 -11.5 - (1.5 x 5)

1.53
0.6536 kQ2

653.6 Q

Ri IR,

_ RoVc
k2R +R,

Vi = Ve + IERg

kQ
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Vi, = 0.7+ (1.53 x 103 x 653.6)
Vip = Vi, =17V
R2 X 20
1.7 =
Ry + Ry
R _ 20,
R, 1.7
R, = 10.765R,
For self-bias circuit, stability factor,
1+p
= "0
14 PRe
Rth + RE
5= 51
14 50 x Rg
Rth + RE
R,, = 1.04R, = 680 Q
Vip = IgRy, + Ve + IR
=172V
RiR,
Rth _ Rl +R2 _ &
Vth VCCR2 VCC
Ri+Ry
Rl = @ =79kQ
Vi
R1 X Rth
R, = R, - Ry =(.744 kQ
Q.3 (c) Solution:
(i) Given: Gain, A = 800
fu = 16kHz; f, =40Hz
Bandwidth, BW = f,-f;
= 16000 - 40
BW = 15.96 kHz
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2
Feedback factor, B = 100 - 0.02

Due to negative feedback bandwidth increases, i.e., upper cut-off frequency increases
and lower cut-off frequency decreases by a factor (1 + Ap)

fo=— 20 Ny, o33,
£ 1+800%0.02 17
fup = 16 103(1 + 800 x 0.02) = 16 x 17 kHz = 272 kHz
2.353
= 272 -2 | kH
B ( 1000) z

BW = 271.998 kHz

(ii) Superconductivity : The state of material at which resistivity reduces to zero is called
superconductivity. The two independent condition for superconductivity are

1. Zero resistivity (p = 0)
2. Perfect diamagnetism, i.e., x, =-1orp =0
Properties of Superconductor :

(i) Theresistivity ‘p” of superconducting materials are greater than other conductors
at room temperature.

(ii) All the thermoelectric effects disappear in superconducting state.

(iif) When a sufficient strong magnetic field is applied to superconductor below
critical temperature T, its superconducting property is destroyed.

(iv) The magnetic flux density in superconductor is zero.
(v) When current is passed through the superconducting material the heat loss (I?R)
is zero.
Q4 (a) Solution:
(i) Given: L, = 033H,C, ,=0.065pF, C,=1pF, R, =55kQ
(a) Series resonant frequency
B 1
= anjLc
1

27110.33 x 0.065 x 1012
f = 1086.69 kHz

(b) Parallel resonant frequency

S
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1
Fo= 0 [L.Ceq

CpCs _ 0.065x1

Ceq = CpiC. 006541 °
C., = 0.061 pF
) 1
S = 033 X 0,061 x 102
£, = 1121.76 kHz

% increase in parallel resonant frequency

_ 1121.76-1086.69 o _ 339
B 1086.69 e

(c) Quality factor at series resonant frequency

w,L  2mx1086.69 x 10° x 0.33
R 55x10°
Q = 409.67

Quality factor at parallel resonant frequency

wpl.  2mx1121.76 x 10° x 0.33

Q=R 5.5x10°
Q = 422.89
(i) Given: €, =41, tand=0.001, f=60 Hz, E=45kV/cm
The heat generated,
E*fe, tand

W. = =2 " W/em?

E o 18x10% /

_ (45x10%)% x 60 x 4.1 % 0.001
1.8 x 102

W, = 2.7675 x 10 W/cm3

W, = 276.75 yW/cm?
Q.4 (b) Solution:
Given : ID(ON) = 3 mA at VGS(ON) =10V

Vesany =2V
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We know, k =
k =
Thevenin equivalent circuit,
Vin
Ry =

Thevenin equivalent circuit,

Vv, =18V

Apply KVL in G-S loop,
~Vin FIGRg + Vs + IpgRs

Ip

Also, the current in MOSFET

From eqn. (1) and (2)

18 — Vs
820
9.84V2.. ~ 984V + 246

9.84V2 + 1.6V - 1554
VGS

_ 18-Ves

Ipony

[Vasion) — Vescrin I

3

2 - 012mA/V?

(10 - 5) mA/

40 x 18
p— =1

By BV

R.=18([22 = 23X22 _ 4900

c= 18l T 18+22

40V

0

820

K[V - VGS(TH)]2
0.12 x 103[V, - 5]

0.12 x 10-3[ V2., - 10V + 25]

1800 - 100V
0
12.486, -12.648
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Ve = 12486 V
I _w_6724x10—3A
e 820
Ing = 6.724 mA
Apply KVL in D-S loop,
-40 + Rplpg + Vg + Relpg = 0
Vps = 40 - (3+0.82) x 10° x 6.724 x 107
Vpg = 14314V
Q.4 (c) Solution:
(i) ForV =4V
12 kQ
4 AV‘V‘V‘V
‘V‘V‘V‘V
V“ g Av‘lv(‘v% Pt
=10V = v,
Due to virtual ground,
V,=V_=0V
Apply KCL at node V_
V.-4 V_-10 V_-V,
+ + =0
4k ok 12k
12 12
= —(-4)-—x10
Vo= (-~
VvV, =-32V
Current I : Apply KCL at node V
U—O + vo _ V_ = I
10k 12k ¢
EE
0 10 12
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V,=-32V
I, = -5.867 mA
(ii) For linear operation,
-12 <9, <12V

Apply KCL at node V_
V_-V, N V_ - (+10) N V_ -V,

=0
4k 6k 12k
-3v,-20 = v,
-12 < -3y -20<12

-3v -20 > -12

v < % = 0, <-2.667
-3v,-20 < 12

v > —(20;12) = o, >-10.667

Range : -10.667 < v < -2.667

Section B : Electrical Machine-1 + Power Systems-2
Q.5 (a) Solution:

For transformer T, t-model is

_-j80
Yis T g "o
1-a 1-0.8 . ,
Y10 = ( e jyt:( 0.64 )X(_JSO) R
a-1 08-1 . .
y30—( . )ytz 08 x (—780) =520

) (1—11) . _(—0.25) X(—jlooj 4
Yao 2 )7 YT 105 16 )/
a-1 (125-025) (-j100)
Yo =\ T )YV = Ty )\ T ) T
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Allline impedances are converted to admittances and the admittance diagram constructed

as shown :
~100 O Pt R Yir =5 *
’mmy\w Yy =-J5 o0
25| |0 Yao| |j20 Yy =711 Yoo =-j1.25
Now, Yi1 = Yo * Y13 = 1125, Y35 = 0; Y5 = -135 = j100; Y1, = 0
Vo1 = Y12 = 0; Yoy = Ypg + Yy = —j1.25 - j5 = -j6.25;
Y3 =0, Yy =1y =J5
Yy = -y5 =j100; Y5, = 0;
Yas = Yag + Yag + Yay = j20 - 710 = 7100 = j90; Y, = ~j9
Y, = 0; Yy, =75 Y, =710; Y, =1 -5 -10 = j14

—j125 0 100 0
| 0o —j625 0 5
pusl = j100 0  —j90 10

0 j5  j10 -j13

Q.5 (b) Solution:

Reluctance of path,

R = = o l=2x
ol A WA ( )
R = 2x
HoA
Therefore, inductance of the coil,
N?  NZu,A
L = NN
R 2x
Now, we know that energy stored in the coil is,
122 1 5
Wf(k,x) = E-T—EL(x)I (- A=L]
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1 N’w,AI* _ Nu,Ar”

WA, x) =
0= 4x
The force expression on electromechanical system can be given as
an ()\., JC)
fo ox
_ N2, AI°
f 4x*
2
_ 4x Ff
Mo AT

4x1x107% x 500
4 x 1077 x 600 x 107° x 625
N2 = 424413

N = 4244.65 = 65.14 ~ 65 turns

Q.5 (c) Solution:
(i) With direct-online starting,

Maximum line current, I, =120A

Starting current, I = 6l
Since maximum line current drawn from the supply is 120 A,
6l; =120
I = 120 _ 20A
L6

Maximum permissible rating of the motor is,

S = V3Vilg = V3 x400x20 =13.856 kVA

(@ii) With auto-transformer starting,

Ist = XZISC = x2 x (6Iﬂ)
I, = _120 55.55 A
(06 x6

Maximum permissible rating of motor,

= \/nglfL

J3 x 400 x 55.55 = 38.49 kVA
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(iif) With star-delta starting,
1 1
Ist = g[sc = §X6Iﬂ
L
f 2 2

Maximum permissible kVA rating of the motor is

= 3 x400x 60 =41.56 kVA

Q.5 (d) Solution:
Given : 230 V, 20 hp, 60 Hz, 6 pole, 3-¢ induction motor

T = Constantatf,_,

2
Vph

N
O (5 vy

T =

V teq @and hp(

rated)

(1)

(- When stator impedance is neglected)

We know that when motor runs at full load, then full-load slip of motor is (2 - 5)%,

therefore,

7 7 2
2 >> 3 >> (1.2
. X, = X (x 2)

Therefore, we can neglect (x")? term in eqn. (1).

3
Now, T=—-
o

Now, due to disturbance, V =09V

ph
and f=094f_ 4
Since, torque is constant.
Therefore, T, =T,
sVi _ Vs
A

("~ R, is constant)
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= (%}2 % (0.94) x (wj

1200
New slip, s, = 0.0241
120 f,
New synchronous speed, N, = —
120 x 0.94 x 60
= 6 =1128 rpm
Therefore, new speed of motor,
N, = N,(1-5,))
N, = 1128(1 - 0.0241)
N, = 1100 rpm
Q.5 (e) Solution:
Given : Yiu = Yot Yt Yzt Yy = —j6=Y-j2-j25-0
= Yo = 715
Now, Yoo = Yoo T Yy t Yoz T Yoy = —j10=-2-72.5-j4 +y,,
= Yoo = 1.5
= Ysz = Yy T Yt Ysg T Yy = /9=-25-j25 -4+ y,,
= Y3 = 0
= Yaa Y tYptyptyy = 8=-0-j4-jd+y,
= Yy = 0

Now reactance diagram :

j0.67
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Q.6 (a) Solution:
By inspection, the bus admittance matrix in polar form is
-j60 j40 ;20
[v,,.] = | /40 ~—j60 ;20
j20  j20 —j40

The power flow equations with voltages and admittances expressed in polar form is,

n
p; = Z‘VJ
=1

Yz] COS(ei]' - 61' + 6])

V]-‘

n

- Vil

j=1

vj

Qi ‘Yl] Sin(@i]‘ - 61' + 6])

Substituting the elements of bus admittance matrix in above equations for P,, P, and Q,
will result in,

Elements of Jacobian Matrix :

P2 = 4:0|V1| |V2| COS(% - 62 + 81) + 20|V2‘ |V3‘COS(§ - 62 + 63)

oP. ) .

ﬁ = 4:0|V1| ‘V2|Sln(g - 82 + 61) + 20|V2‘ ‘V3‘Sln(g — 62 + 63)

oP .

ﬁ = —20|V2‘ ‘V?)‘Sln(g - 62 + 83)

oP. T
ﬁ = 20|V2‘COS(E—62 +63\J

oP. .

ﬁ = —20|V3‘ ‘Vz‘SII’l(g - 63 + 62)

B~ 20| v |.sin(ﬁ-s 45 j+zo\v v \sin(ﬁ-s 45 )
863 1 3 7 3 1 PALREC) 7 3 2
8P3 T T
m = 20|V1|COS(E—63 +81)+20|V2‘COS(E—63+62)

0
% = —20|V2‘ |V3|COS(g_83 +62)
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a& = 20|V1| |‘/3|COS(E - 63 + 81) + 20‘V2| “/3|COS(E - 63 + 62)
093 2 2
Q3 (n _(n
avi] = —20|V1|sm(5—63 +61j —20\V2|sm(5—83 +82) +80|V3]
The load and generation expressed in per unit are
Psch = @ =4.0
T
Gsch = _(M) =-50-174.0
507 100 ) U T/AUPY

Slack bus voltage is V, = 1.0£0° pu and bus (2) voltage magnitude is |V,| = 1.05 pu.
Starting with initial estimates of |[V{?| = 1.0, 3{) = 0.0 and 8{”) = 0.0. the power residuals
are

AP® = pPSh_p0=40-0=4.0

AP = pSch PO =_5_-0=-50

AQY = QFh- Q0 =-40-1.0=-5.0
Evaluating the elements of Jacobian matrix with initial estimates, the set of linear equation
in first iteration becomes

0
4.0 63 21 07| ASY
50| =|-21 41 0 || A5
5.0 0 0 39 A‘V3(0)‘

Obtaining the solution of above equation.

A3D = 0.0275 = 3 =8{” + A8{") = 0.0275 rad = 1.5782°
A8{D) = -0.1078 = 3{V =1 + (-0.1078) = -0.1078 rad = -6.1790°
AV = -0.1282 = |V{)| =1 + (-0.1282) = 0.8718 pu

Q.6 (b) Solution:

(i) The incremental fuel cost of the 2 units are given as :

dF

For unit-1 : —5 = 0.010P, +2 Rs/MWhr
1
| dF,

For unit-2 : N 0.01P, + 1.5 Rs/MWhr
2
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From the coordination equation, we know that

A

L, x (LC;) =L, x (LC.)

Now power loss expression,

P, = B P} + 2B,P\P, + B,,P}
P, = 0.0015P2 + 0.0025P3 - 0.001P,P, MW
aﬁ = 0.003P, - 0.001P
0P, oY 17 2
ai = 0.005P, - 0.001P
oP, 2o 1
1 1
Now, L. = =
ow 17 9B " 1-0003P; +0.001P,
P,
[ = 1 B 1
2 0P 1-0.005P, +0.001P,
op,
L, x(LC.) =A
= ! x (0.01P, +2) = 2.6
1-0.003P, + 0.001P,
0.01P, +2 = 2.6 - 0.0078P, + 0.0026P,
0.0178P, - 0.0026P, = 0.6 (1)
Again L,x(LC.,) = X
= ! % (0.01P, +0.75) = 2.6
1-0.005P, + 0.001P,
0.01P, + 0.75 = 2.6 - 0.013P, + 0.0026P,
-0.0026P, + 0.023P, = 1.85 -(2)
Solving eqn. (1) and (2)
P, = 4622 MW
P, = 85.67 MW
Power loss, P, = 0.0015 x (46.22)% + 0.0025 x (85.67)% - 2 x 0.0005 %
46.22 x 85.67
P, = 17.807 MW

Total power generation,
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Pg =P, +P,
P, +P,=P,+P,
Power demand, p, =P +P,-P,
= 85.67 +46.22 - 17.807
= 114.083 MW

(i)

Average demand

Pag

Load factor

We know that, Load factor

Therefore, P

max

Plant utilization factor

Plant capacity factor

Reserve capacity

Q.6 (c) Solution:
(i) From the dc test

Number of units generated or consumed

Total number of hours
600 x 10°

365 x 24
0.60

= 68.50 MW

Average Demand (I, )

Maximum Demand (P,,,)

68.50
0.60

114.167 MW

Maximum demand

Plant capacity

114.167
200

Pag _ 68.50
Plant Capacity 200

=0.3425

Plant capacity - Maximum demand
200 - 114.167 = 85.833 MW
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Vie  9.07
2R, = =—- =0.3239
I 28
R, =15%xR,
Therefore, stator winding resistance,
0.4858
1= =0.243 Q
2
From no-load test,
I,+I,+1. 812+8.20+8.18
I} (avg) = 3 = 3 =817 A
208
V -

Ph(N-L) = ﬁ =120V

Ve 120
= L= - 14687 ~1470Q

Therefore, 1Z I, 817
L .

Now, stator copper losses
P_ = 3I2R, =3 x (8.17)> x 0.243 = 48.66 W
Therefore, no-load rotational losses are,
P = Pin-Py
P, = 420 -48.66 =371.34 W

Let the magnetizing branch reactance is X and stator reactance is X,

= X, +X, = Z4 [ —-R? =14.684 Q

From blocked-rotor test,

I, +I,+I, 281+28.0+27.6

IL(avg) = 3 3 =279 A
The blocked rotor impedance,
VER 25
Zpg = = =0.5173 Q
BR I L\/g \/g X 27.9
Impedance angle 9 = cos_l[PiiJ
& J3Verls

0= cos ! ( 920 ) =40.40°
J3 x25%27.9

= R+jX; R=R +R; X=X, +X,

N
|

BR
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(i)

Then, R = Z;, cos 6 =0.5173 cos(40.40°) = 0.40 Q
X = Zyp sin 0 = 0.5173 sin(40.40°) = 0.3352 Q
R, = R-R,;=0.40-0.243 = 0.157 Q
But, blocked rotor test is conducted at 15 Hz only, therefore,
60

Xeo11, = ——x0.3352 =1.34 Q
15
X
Therefore, X, = X, = 5= 067 O
and X, =Xy -X,

14.70 - 0.67 = 14.03 Q

Hence, equivalent circuit of induction motor is

R= jX,= JX =
0243Q j0.67 Q j0.67 Q
o—AMWW—T0™ BHO™
: = R, _0157

v, g 14.03 Q $ p-0
[

Rotational losses = 371.34 W

From the equivalent circuit,
iX 114.03 x 120
V. = JEm xV, = =L = 114,51 Volt

h R+ (X +X,,) ¢ 0243+ j14.70

Zy = Ry, +jX,;, =7 X, I (R, +jX,) = (0.243 +j0.67) || (j14.03)
Ry, = 0221 Q
Xy, = 0.643 Q
Therefore, slip at maximum torque is given as,
B R, 3 0.157
T TR (X + X)) 02212 413132
th T (X + X3) : + 1
Smax,t =~ 0-118

Therefore, maximum torque of motor is,
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Vt%l X( R J
_ 3 Smax,T
Tmax - (D_X 2
s RA 2
(Rth + 2 ) +(X2+Xth)
Smax,T
0.157
114.5)% x —)
_ 3 ( ) (0.118
~ 60m 2
(0.221 + 0157) +(0.67 +0.643)*
0.118

T = 67.20N-m

max

Q.7 (a) Solution:
(i) At the initial operating point,

Let Vl = V1461

V, = V,28,

P =10,V,=V,=10,X,+ X=05
We get 5, - 8, = sin"1(0.5) = 30°

Let the current I in line and reference voltage is

V, = 1£0° pu
. Vi-V, 1230°-1
I = = =1.0352/15° pu

T iXp+X)  j05
Ey, = V5 —jIX,
1 - (1.0352.£15%)(j0.1) = 1.032./-5.56° pu

but E, = 1.032£0° (given as reference phasor)
therefore, 8, = 5.56 and &, = 35.56°
(shifting to E, as reference phasor)
Hence, Eg =V + )X, =1.0£35.56° + (j0.3)(1.0352£15°)(1£5.56°)
= 1.121/51.1° pu
Therefore, P = % =1.285

ocopyright: [MADE EASY www.madeeasy.in



38 | ESE2023: MAINS TEST SERIES MADE ERSYH

Power angle curve,
1.285 --------f-oo
P ml [T T N
P,o=1.0 | '

)
81
Ay = [ (Py1 = Ppgysind)-dd
30
= -P__ [cos §,-cos 6]+ P, ,[8, - 0] (1)
n-01
Ay = | (Puaxsind—By)-dd
1
=2P _.cosd -P (n-29) -(2)

Equating (1) and (2), we get
P (m-6,-9,) =P
P

sin §,(n - 8, - §;) = (cos &, + cos §)

' nax€OS O; + cos §]

ml = Pmax sin 61

Lo 1
60 = sin! (@) =51.10° = 0.8918 rad

sin §,(n - 0.8918 - §,) = cos d, + 0.6279
On solving above non-linear equation by hit and trial method,
8, =~ 70.64°
Therefore, P, . = 1.285sin(70.64°) = 1.2123 pu

Therefore, maximum step increase in mechanical power = 0.2123 pu.
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(i) Now 3-¢ fault at generator terminals, therefore P, = 0 during the fault.

PE
Pmax ________________
P, =10} 4 -
-
%\Al :
By
% - ;
60 657 6max =n- 5o
SCT
A, = [ ®,-0d5=P,6,-5,) .()
8o
Smax
A, = | (Puaxsind - B,)dd
5C7’
A, =P (cosd, -cosd  )-P, O, -9, (2)

Equating eqn. (1) and (2)
r @®,-9) =P, cosd, -P  cosd -P & +P 0

m Omax * Tm Ocr
-P 8 =P, cosd -P  cosd -P 6
where, 8, = 51.1° or 0.8918 rad
p_ .. =128pu P =10,06 . =mn-08918=2249rad
-0.8918 = 1.285 cos §_, + 0.8062 - 2.249
On solving above equation,
8 = 64.60° or 1.127 rad

cr

Now, critical clearing time

nb,, f nx1x50
0.1094

;- \/ZH(SC,, -3,) _ \/2 x 4% (1.127 - 0.8918)

~
I

Q.7 (b) Solution:
(i) For the two winding transformer, rated circuit for 11500 V winding,

100 x 1000

I, = W =8.69 A
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Rated current for 2300 V winding,

100 x 1000

IL = W =4348 A

There are two possible connections of transformers.

First Configuration :

'Y A

Y |43.48
V= 2300 V

gl Laa=5217A
V,=13800V ‘
1%

8.69 g = 11500 V

Ve = 11500 V E T

SEXelsl

C

Here, Vg = 2300V, V,.=11500 V
Vi = Vgt Ve =2300 + 11500 = 13800 V
Vioad = Ve =11500 V
Therefore, the voltage ratio for auto-transformer,
L Vi _ 1380
L v, 11500

By KCL at point B,

I = I, +I.,=4348 +869=5217 A

kVA rating of auto-transformer,

V., = 13800 x 43.48

(kVA), ., = 600 kVA
Saving in conductor material = — = ~2000 = 0,833 83.33%
aving in conauctor material = a 13800 = u. pu or . (o}

Power transferred through induction,
Sid = Vpelpe = 11500 x 8.69 =100 kVA
Power transferred through conduction,
5 (VA0 =
600 - 100 = 500 kVA

S,

cond ind
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Second Configuration :

o A
11500 g l8.69A
B 5217 A
V,=13800V ~f
b
2300 E T43-48 (K Vg =2300V
’ D
O
C
Vi = Vgt Vpe=11500 + 2300 = 13800 V
V, = V,.=2300V
_ Vy 13800
LT YT 2300

By KCL at point B,
I =1+ 15=869+43.48=5217 A
kVA rating of auto-transformer,
(kVA), 1o = VI, =2300 x 52.17 =120 kVA
Percentage saving in conductor material

= L 100=L %100 =16.66%
ap 6

auto

Power transferred through conduction,
Seond = V- Icp =2300 x 43.48 =100 kVA
S.q = (KVA) S.nq =120 -100 =20 kVA

(ii) Applications of auto-transformer :

auto ~ “cond

1. Interconnection of power system of different voltage levels, i.e., 132 kV and
230 kV.

2. Boosting of supply voltage by a small amount in distribution systems to
compensate voltage drop.

3. Auto-transformers with number of tappings are used for starting of induction
motors and synchronous motors.

4. Auto-transformer is used as variable a.c. in laboratory applications that require
continuously variable voltage over broad ranges.
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Q.7 (c) Solution:

(i) Given:
Starting torque, T, =16xTy (1)
Also, maximum torque, T, = 2 X TfL (2)
From eqn. (1) and (2)
T. 1.6
= = =08
Tmax 2
T. 2S
We know that, —st - # =0.8
Tmax S M,T +1

82, -255,,+1=0

= SM,T = 0.5
Now, for a full load slip of 5%,
Sg, = 0.05

Let the new slip at maximum torque is s’ 1

Ty 2-sq-Smr

2 2
Tmax SfL + SM,T

On putting the respective values,
sy =025}, 7+ 0.0025 = 0

On solving, sSyr = 0.1866
We know that rotor resistance is,
T3 * Smr
o SMT
g B SM,T
0.1866
ry, = 05 r, =0.3732r,

Therefore, reduction in rotor resistance is
= (1-0.3732) x 100% = 62.68%
(i) Let both the generating units having same no-load frequency, i.e., f,; =50 Hz.

Now,
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300 MW F
Using the similarity of triangles property
50-47 50-f
300 P
P, = 5000 - 100f (1)
50 - 48 50 -
Also, 400  600- 1121
600 — P,
Tol =50-f (2)
Using equation (1) and (2)
P 600-P
100 200
2P, = 600 - P,
3P, = 600
P, = 200 MW
Also, P, + P, = 600
= P, = 600 - P, =400 MW

Therefore, load shared by unit-1 = 200 MW
Load shared by unit-2 = 400 MW

Frequency of operation
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200 = 50
100 -f

f=48Hz
Frequency of operation is 48 Hz.
Q.8 (a) Solution:
(i) The puimpedances on common base of 600 kVA are
Z1 = 0.012 +;0.06 = 0.061.£79° pu

600
7 = ——(0.014 + j0.045) = o
Z, = 350 j0.045) =0.094£73° pu

Z,+Z, = 0.04+0.15 = 0.155£75° pu

The load is

St

Load shared by transformer-1

800(0.8 - j0.6) = 800£-36.86° kVA

—

S, = 5—=5—XS
v Z+Z, "
_ Q09277 a0 — 36.86°
0.155./75°
St = 485.16/-38.86° kVA

S, = 485.16./38.86° kVA

Similarly, load shared by transformer-2,

G = A g QOO e, 36860
71+ 7, 0.155./75°
S; = 314.83/-32.86°kVA

S, = 314.83232.86 kVA

It may be noted that the transformers are not loaded in proportion on their rating. At
aload of 800 kVA, the 300 kVA transformer operates with 5% overload because of its
pu impedance on common base being less than twice than that of the 600 kVA

transformer.

(ii) Ohmic impedance referred to secondary

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 5 ELECTRICAL ENGINEERING | 45

- . 440
Zl(actual) = (0012 + ]006) X m
440
= (0.039 +;0.0194) = 0.0198.£79° Q
5 ) 440
ZZ(actual) = (0028 + ]009) X m
440

(0.009 + j0.029) = 0.0304./73° Q

Z1+Z, = 0.0129 +j0.0484 = 0.05£75° Q
Load impedance,

5 (440)°
L 800x10%~2-37°

=0.242/36.86° Q

Z; = (0.1936 +j0.1452) Q
Now, current shared by transformer-1,
I = EiZ, - (E, - E)7;
Y 22,4+ 71(2y+ )
(455 x 0.0304.£73°) — (455 — 445) x 0.242./36.86°
(0.0198 x 0.0304 £152°) + (0.242 £36.86°) x (0.05£75°)

—

I; = 940£-33.77°
Similarly, current shared by transformer-2,
- E,-Z,-(E -EF)-Z,
2 72y Zy+Z(Zy+ Zy)
445 x 0.0198 £79° — 10 x 0.242 £36.86°
(0.0198 x 0.0304 £152°) + (0.242 £36.86°) x (0.05£75°)

= 883/-44° A
Corresponding kVAs are :
S, = VI
= 440 x 940 x 1073/34° = 413.6/34° KVA
S, = VI, =440 x 883 x 10-3£44° = 388.£44° kKVA
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This is about 3% less than 800 x 0.8 = 640 kW required by the load because of
assumption of the value of output voltage in order to calculate the load impedance.

The secondary circulating current on no-load is

E, -E -10
(Ey 3) - =200 A
\21 +Zz‘ 0.05

which is corresponding to about 88 kVA and considerable waste as copper loss.

Q.8 (b) Solution:

(i) Thereisafundamental difference between the transmission of power ina d.c. and in

an a.c. system. In an a.c. system power is given by P = 2 sin 5, where E,and E,

X
are line voltages at the two ends, § the electrical angle between E, and E, and X is
the line reactance whereas in d.c. the power is given by

p= Eh=Edp,

where Ed, and Ed, are the d.c. voltages at the two ends and R is the line resistance.

From this it is clear that the d.c. power is proportional to the difference of the line
voltages and thus will vary much more with the voltages than in the case of the a.c.
transmission, where the power is proportional to the product of the line end voltages.

Line Circuit : The line construction is simpler as compared to a.c. transmission. A
single conductor line with ground as return can be compared with a 3-phase single
circuit line. Hence, the line is relatively cheaper and has the same reliability as that
of a 3-phase single circuit line because 3-phase lines cannot operate, except for a
short time when there is a single line to ground fault or a L-L fault as this creates
unbalancing in the voltages and hence interfere with the communication lines and
other sensitive apparatus on the system. It is claimed that a bipolar d.c. line has the
same reliability index as a two-circuit 3-phase line having six line conductors.

Power per Conductor : For transmitting power both on a.c. and d.c. circuits let us
assume that the two lines have the same number of conductors and insulators.
Assuming that the current is limited by temperature rise, the direct current equals
the r.m.s. alternating current. Since the crest voltage in both cases is same for the
insulators the direct voltage is V2 times the r.m.s. alternating voltage.

The power per conductor in case of d.c. is
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Py = Vi,
and the power per conductor in a.c. is
P, = VI cos¢
where I, and I, are the currents per conductor and V_ and V, the line to ground

voltages and cos ¢ the power factor.

Now since V, = \/EVa and [ =1,

P Vg 2
F ﬁ-IdCOS(D cos ¢

V2

Since cos ¢ < 1.0, the power per conductor in case of d.c. is more as compared to a.c.

Power per Circuit : Let us compare the power transmission capabilities of a 3-phase
single circuit line and a bipolar line. The power capabilities of the respective circuits
are

P,=2p,and P, =3p,

where p, and p, are the power transmitted per conductor of d.c. and a.c. lines. The

ratio
& _ Zpd _ ZVdId _ ZVdId
P, 3p, 3V,,cos¢ 3

Viljcoso

V2

22 2.828
3cosd 3cosd

Normally cos ¢ < 1 and is of the order of 0.9. Therefore, the power transmission

capability of the bipolar line is same as that of the 3-phase single circuit line. The d.c.
line is cheaper and simpler as it requires two conductors instead of three and hence
2/3 as many insulators, and the towers are cheaper and narrower and hence a narrow
right of way could be used.

No Charging Current : In case of a.c. the charging current flows in the cable conductor,
a severe decrease in the value of load current transmittable occurs if thermal rating
is not to be exceeded; in the higher voltage range lengths of the order of 32 km create
a need for drastic derating. A further current loading reduction is caused by the
appreciable magnitude of dielectric losses at high voltages. Since in case of d.c. the
charging current is totally absent the length of transmission is not limited and the
cable need not be derated.
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No Skin Effect : The a.c. resistance of a conductor is somewhat higher than its d.c.

resistance because in case of a.c. the current is not uniformly distributed over the
section of the conductor. The current density is higher on the outer section of the
conductor as compared to the inner section. This is known as skin effect. As a result
of this the conductor section is not utilized fully. This effect is absent in case of d.c.

No Compensation Required : Long distance a.c. power transmission is feasible only
with the use of series and shunt compensation, applied at intervals along the line.
For such lines shunt compensation (shunt reactors) is required to absorb the line
charging kVAs during light load conditions and series compensation (use of series
capacitors) for stability reasons. Since d.c. line operate at unity power factor and
charging currents are absent, thus no compensation is required.

Less Corona Loss and Radio Interference : The corona loss is directly proportional
to (f + 25), where fis the frequency of supply. f being zero in case of d.c., the corona
losses are less as compared to a.c. Corona loss and radio interference are directly
related and hence radio interference in case of d.c. is less as compared to a.c. Also
corona and radio interference slightly decreased by foul weather conditions (snow,
rain or fog) in case of d.c. whereas they increase appreciably in case of a.c. supply.

Higher Operating Voltages Possible : The modern high voltage transmission lines
are designed based on the expected switching surges rather than the lightning voltages
because the former are more severe as compared to the latter. The level of switching
surges due to d.c. is lower as compared to a.c. and hence, the same size of conductors
and string insulators can be used for higher voltages in case of d.c. as compared to
a.c. In cables, where the limiting factor is usually the normal working voltage the
insulation will withstand a direct voltage higher than that of alternating voltage,
which is already 1.4 times the r.m.s. value of the alternating voltage.

No Stability Problem : For a two machine system the power transmitted from one
machine to another through a lossless system is given by

EE, .
P = TSIHS
where X is the inductive reactance between the machines. The longer the length of
the line, the higher is the value of X and hence lower will be the capability of the
system to transmit power from one end to the other. With this the steady state stability
limit of the system is reduced. The transient state stability limit is normally lower
than the steady state; therefore, with longer lines used for transmission, the transient
stability also becomes very low. A d.c. transmission line does not have any stability
problem in itself because d.c. operation is an asynchronous operation of the machines
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In fact, two separate a.c. systems interconnected only by a d.c. link do not operate in
synchronism even if their nominal frequencies are equal and they can operate at
different nominal frequencies e.g., one operating at 60 Hz and the other at 50 Hz.

Low Short Circuit Currents : The interconnection of a.c. system through an a.c. system
increases the fault level to the extent that sometimes the existing switchgear has to
be replaced. However, the interconnection of a.c. system with d.c. links does not
increase the level so much and is limited automatically by the grid control to twice
its rated current. As a result of this, faulty d.c. links do not draw large currents from
the a.c. system.

(ii) Id — or 01

where, V and V  are rectifier and inverter d.c. output voltage and R is loop

resistance.
vV, = V,cosa— 3laX
T
_ 3J2x120 cos(15°) - 451,
T T
3, X
V.= V,cosf+ 2 (Here, B =8 +Y)
_ 3V2x120 cos(25°) + 451,
T T
IR =10,=V, -V,
= M(cos 15° — cos 25°) x 1000 — 20y
T T
90
I (10 + —j = 9664
T
= I, = 249.96 ~ 250 A

Q.8 (c) Solution:
(i) Mechanical power,
P = (331100) x 746 x 107° = 247 MW

247

p, = 250~ 0.988 pu
200

p, = 250 - 0.8 pu
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9
9 cycles = 0 0.15 sec

Now, kinetic energy stored in rotor,
K.E. = G.H. =250 x 5.4 = 1350 M]

Using the swing equation

H &%
ch dtz - ( m_ e)pu
4 2
57(1—? = (0.988 - 0.8
180 x 60 ¢

Acceleration constant (3),

d*5  0.188 x 180 x 60 376 el )
P 54 = ele-deg/sec

Now, we know that

o7}
|

= 9§, + 1oct2
2

AS =§-8 = %octz =%><376><(0.15)2

0

= 4.23 ele-degree
Change in power angle = 4.23 ele-degree

New frequency of operation,

o
= f,+—t
fnew fo 21
fo = 60+ 376 x 0.15
new 360
= 60.15 Hz
120 X fpew 120 % 60.15
New rotor speed, N = =
P 2
N = 3609 rpm

(ii) Static capacitance’C,’ of guard ring compensate the shunt capacitance (L/5) charging
current, i.e.,
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L C
Lig L °
I 1]
» C Z_LC c/5
firel
13
L
r,=17 (1)
L=L#I, = V,=V,#V, -(2)
Apply KCL at node (a),
L =1+
V,wC = V,oC + V,.0(C/5)
V. 6
v, = V1+?1=V1><g =V,
6V,
2= Vam g
Given that Vi+V,+V,=20kV
oV
Vi +2x(?1j = 20 kV
3.4V, = 20kV
V, = 588 kV
Therefore, V,=V,= 9>< V; =7.058 kV
2 3 5
Now, from eqn. (1)
=1,
oC
(Vl +V2)? = V3('0CX
V1 +V,)
T R)e - ¢
5Vs X
co- (7.05+588) 0.366C
- X7 TBx705
Q000
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