BEE QUESTION PAPER SOLUTION

MAY 2017 (CBCGS)
Q1] a) Find the ratio % in the circuit shown below using Kirchoff’s law (4)
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Solution:-

As all the resistors are connected in parallel so total parallel resistance can be calculated as below:-

R
3
R
4

Hence we get the final ratio

Vi 4
Vg R




Q1] b) Find the rms value for the following waveforms (4)

1
i
0.7071°,

Solution:-

The equation of the waveforms is given by v = V,,,sin(6 + ¢) where ¢ is the phase difference
When 8 =0, v = 0.7071V,,, v = 0.51V,,

1. Average value of the waveform

Voms = \/% [T v2(6)d6 = \/% J/* vEsinzede + [77/*(0.707V,)2d0 + [}, 0.512d0)]

L3 3T
4

2 : dad ,
v, = \[V_m{[g— T2+ 0.499[6]F + [2 — T, /4} = 0.584V,
4

Q1] c) Draw the phasor diagram for a three phase star connected load with lagging
power factor. Indicate all the line and phase voltages and current. (4)

Solution:-




Q1] d) A 5kVA 240/2400 V, 50Hz single phase transformer has the maximum value
of flux density as 1 tesla. If the emf per turn is 10. Calculate the number of primary
& secondary turns and the full load primary and secondary currents. (4)

Solution:-

kVA rating = 5kVA

E, = 240V
E, = 2400V
f = 50Hz

em = 1T
5—1 =10

1) Number of primary and secondary turns

E; 240
—=10=—
N1 N1
N, =24

E;, Nz

Ey N,

2400 _ N,
240 24
N, = 240

2) Cross-sectional area of the core
E, = 444f¢p,, N, = 4.44fB,, AN,
2400=4.44x 50 x 1 x A X 240
A =0.0450 m?

3) Primary and secondary currents at full load for a transformer,
V, = E; = 240V
V, = E, = 2400V




kVArating x1000 5X1000

I = = = 20.834
Vi 240
12 — kVArating x1000 — 5x1000 = 2084
v, 2400
Q1] e) Explain the principle of operation of DC generator (4)
Solution:-
DC Generator

A dc generator is electrical machine which converts mechanical energy into direct current
electricity. This energy conversion is based on the principle of production of dynamically induced
emf. This article outlines basic construction and working of a DC generator.

PRINCIPLE

According to Faraday’s laws of electromagnetic induction whenever a conductor is placed in a
varying magnetic field (OR a conductor is moved in a magnetic field), an emf (electromotive force)
gets induced in the conductor. The magnitude of induced emf can be calculated from the Emf
equation of dc generator .If the conductor is provided with a closed path, the induced current will
circulate within the path. In a DC generator, field coils produce an electromagnetic field and the
armature conductors are rotated into the field. Thus, an electromagnetically induced emf is
generated in the armature conductors. The direction of induced current is given by Fleming’s right
hand rule




Q2] a) Find the current through 3Q resistor by mesh analysis
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Solution:-

5V 5.
l [_"__AN\/I_

\oV ]__/\f\m ya
_‘,'— /21\

Mesh 1
10_11_3(11_12)_411 :0

8l, — 3L, =10 ......... (1)

Mesh 2
5_212_3(12_11) = 0

311 - 5[2 = _5 .................. (2)

From (1) and (2) we get,
I, = 2.096A I, = 2.25804
I =1,—1, =2.2580—2.096 = 0.162

[ =0.162(Q

o

(4)




Q2] b) Find the current delivered by the source (8)

1) KVLto closed path ABCDEA
8-2(L)—U;—L) -3 +1) =0
-3, —6l,+1; = -8

2) KVLto AEFGHJA

—-10I, —2(1,) —4.41;— 21, =0

3) KVLto HKLIMNH

—5(, —1,)—3(U;—-1,)—2I,=0

4) KVL to FEDIGF
_(12 - 13) - 4’.413 - 3(13 — 14) . 0

From 1), 2), 3) and 4) we get,
11 = 4‘A 12 = 2.2A 13 - 3.1A 14_ = 1.9614
Currentdelivered=1; + I, = 4+2.2 = 6.2

I=6.2A

Q2] c) The voltage and current in a circuit are given by V =12230°Vand I =
34£60°A. the frequency of the supply is 50Hz. Find

1. Equation for voltage and current in both the rectangular and standard form
2. Impedance ,reactance and resistance




3. Phase difference, power factor and power loss

Draw the circuit diagram considering a simple series of two elements indicating

their values.

Solution:-

V =12,30° I =34£60° f = 50Hz

1) Equation of volt & current in both the rectangular & standard form.

Voltage:-

V =124£30° ~V =10.392 + 6i
Current:-

I =3260° -1 =1.5+ 2.5980i

2) Impedance, reactance and resistance.

V=1V

/=

;: 1039246 _ 3 4641-1.9999

1.5+2.5980i

Z =3.4641-1.9999i

Comparing this with standard equation
Z=R +jX,

R =3.4641Q0 X, = 19999

3) Phase difference, pf and power loss.
Z=3.4641-1.9999i = 4,-29.99

Phase difference = 29.99

Pf = cosg = c0s(29.99)

Pf = 0.86611 (leading)

Power loss

P =Vlcosp = 12X 3 X 0.86611

P=31.1799W

(8)




Iy 199990

L6

120302

Q3] a) Find the resultant voltage and its equation for the given voltages which are
connected in series. (4)

e, = 2sinwt e, = —cos (wt — g) e3 = 2cos (wt — %)

e; = —2sin (wt + g)

Solution:-

B = %40" = 1.4120°

E, = %4 —30° = -0.70712 — 30°
B = %4 — 45° = 1.412 — 45°

E, = %460° = -1.41260°

&5
1

Ei+ E;+E3 +E,

E=14120°-0.70712—30° + 1412 —45° — 1412 - 60°

E = 2.15964 — 59.69°

e =2.1596 X \/2sin(wt — 59.69)

e = 3.0541sin(wt — 59.69)




Q3] b) Find the current through 20Q resistor by using superposition theorem (8)

||LIO\J

]ﬁ

20V gzo_a

Solution:-

1. When 20V is active

Applying mesh analysis

Mesh 1

—20+20(; - 13)+8(;—1,) =0
281, — 81, — 20I; = 20 ................ (1)
MESH 2

6, +8(,—1)+8(,—I3) =0
=8I + 221, — 83 =0 ................ (2)
Mesh 3

8(I;—1,)+20(I;—1,)=0

_2011 - 812 - 2813 = O ................. (3)




From (1), (2) and (3) we get,

I, = 47914
I, = 3.334
I, = 43754

I'=1,—1,= 0416

2. When 40V is active

1 Hov
|r
nl\ ()’%’

BN Oisg_n_

N

Applying mesh analysis to the circuit we get the equations as:-

Mesh 1

281 — 20, —8I3 =0 ..ceeeneee. (5)
Mesh 2

—20I; + 281, — 83 = 40 ....cceveeneee. (6)
Mesh 3

=8I, — 8L, + 2213 =0 ... (7)

From equation (5),(6) and (7) we get,

I, = 9.584
I, = 6.6674




3. When 30V is active

S
()1 ?o/lfy»

s\ s
4 13
}_____.
it 30V

Applying mesh analysis to the circuit we get the equations as:-

Mesh 1

281, — 201, — 83 = 0 .............. (9)
Mesh 2

—20I; + 28I, — 83 = 0................. (10)
Mesh 3

=8I, — 8L, + 2213 = 30 ...cceeeuee. (11)

From (9),(10) and (11) we get,

I, =54

I, = 54

I, =54

I" = 0A oo, (12)

From (12), (8) and (4) we get,
1(20Q) = 0+ 0.833 + 0.416 = 1.249A

I =1.2494




Q3] c) Two parallel branches of a circuit comprise respectively of 1) a coil having 5Q
resistance and inductance of 0.05H. 2) a capacitor of capacitance 100 uF in series
with a resistance of 10Q. The circuit is connected to a 100V, 50Hz supply. Find

1) Impedance and admittance of each branch
2) Equivalent admittance and impedance of the circuit
3) The supply current and power factor of the circuit

Draw its equivalent series circuit using two elements indicating their values (8)

Solution:-

(1) Coil R=5Q and L=0.05H
(2) C=100uF series with R =10Q

V =100V f=50Hz
1. Impedance and admittance of each branch
R=5Q X, =2nfL =2Xmx50x%x0.05=15.7Q

Z, =R+ jX, =5+j15.7 = 16.4769,72.3°

L 1 _0.0602—7233°
71 16.4769272.3°

=<

1 1

¢= 2nfL  2X3.14X50x100Xx10~6 = 31.8471Q

Z; =R —jX; =10 — j31.84 = 33.372 — 72.56°

1 1
Z,  33.37472.56°

¥, = = 0.299£72.56°

2. Equivalent admittance and impedance of circuit

7 Lh _ (16.4769472.3°)x(33.374-72.56°) _ 39.677/ — 64.543°
Z1+ 7, (16.4769272.3°)(33.374-72.56°)

= 1 _0.025264.543°

1
Y==
Z 39.6774—64.543°

3. Supply current and power factor




1004£0°

I=7=
T Z 7 39.677.-64.543°

= 2.5204£64.543

Power factor = cos¢ = cos(—64.543) = 0.4298

Pf=0.4298

Q4] a) How are DC machines classified ? (4)
Solution:-

Depending upon the method of excitation of field winding ,DC machine are classified into two
classes:-

1) Separately excited machines.
2) Self excited machines.

SEPARATELY EXCITED MACHINES

In separately excited machines the field winding is provided with a separate DC source to supply
the field current as shown in figure.

Qe Ra

-0

SELF EXCITED MACHINES

In case of self excited machines no, separate source is provided to drive the field current, but the
field current is driven by its own emf generated across the armature terminals when the machine
works as a generator self excited machine are further classified into the three types, depending
upon the method in which the field winding is connected to the armature:

a) SHUNT WOUND MACHINES

—0

F?g Ra

-0




b) SERIES WOUND MACHINES

re

c) COMPOUND WOUND MACHINES

Q4] b)Find the current through 10Q resistor by using Norton’s theorem

»
o
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Solution:-

(8)




1. Calculation of Iy

Replacing 10Q by short circuit
Mesh 1

20—-12I, - 2(I; - 1,) =0

141, — 21, = 20

Mesh 2

—2(,—1)—4L, -6, —13) =0
21, — 121, + 613 =0

Mesh 3

40-6(;—-1,)=0

61, — 61; = —40

From (1), (2) and (3) we get,
I, =254 I,=754 I;=14.166A
I3 =1y =14.166A

4o, A
|28

00 6o

© 8

2. Calculation of Ry

Replacing voltage source by short circuits
(12 |] 2)Q = 1.714Q

1.714Q + 4Q = 5.714Q)

5.714Q || 6Q =2.926

Ry = 2.9260




(Y.16R o
292
o1
B
1. Calculation of I;
I, =14.16 x —=22°_ = 320534
10+2.926

I, = 3.20534

Q4] c) An inductive coil has a resistance of 20Q and inductance of 0.2H. It is
connected in parallel with a capacitor of 20uF. This combination is connected
across a 230 V supply having variable frequency. Find the frequency at which the
total current drawn from the supply is in phase with the supply voltage. What is the
condition called? Find the values of total current drawn and the impedance of the
circuit at this frequency. Draw the phasor diagram and indicate the various currents
& voltage in the circuit. (8)

Solution:-

1 1

fo= 2mVIC  2mJ02x20x10°6 79.617Hz

The frequency at which the total current drawn from the supply is in phase with the supply voltage,
This condition is also called as resonance

O %7 T ao T
|L?,0\MF
R 4
“—%— 230V >

X, =2nfL =2x3.14X%X79.617 X 0.2 = 100Q

1 106

== = 1000
2nfC 2%3.14%X79.617%x20




Z=R+ (X, —Xc)j =20+ (100 — 100)j = 20

7 =200
V=1IZ
[=Y=2%_1154
Z 20
—
Ie P
I |
T
J

Q5] a) A coil having a resistance of 20Q and inductance of 0.2H is connected across
a 230 V 50 Hz supply . Calculate:-

i) Circuit current

i) Phase angle

iii) Power factor

iv)  Power consumed. (4)

Solution:-
R=20Q X, =0.2H V =230V f=50Hz
1) Circuit current

Z=R*+X} = 202+ 0.22 =20.00

I = K=ﬂ11.5

Z 20.00

2) Phase angle
Z=R+jX, =20+j0.2
Z =2040.5729°

Phase angle = 0.5729°

3) Power factor




Pf = cosp = cos(0.5729) =0.9999
Power factor = 0.9999

4) Power consumed

P=Vlcosp = 230 x 11.5 X 0.999

P =2644.73W

element.
Solution:-
P = 10kW V, =440V  pf=0.6 (leading)

For delta connected load,

1. Values of circuit elements,
V, = Vpp = 440V
P=+/3V,I,cosp

10x 10% = /3 x 440 x I; X 0.6

I, = 21.86A
_ I _ 2186 _

In = = " = 12.624
_ Vpn _ 440 _

Zon = Bt = 5 = 34860

Rpn = Zppcose = 34.86 X 0.6 = 20.916(Q)

Xpn = Zppsing = 20.916 X sin(cos™' 0.6) = 16.730Q

2. Reactive volt-amperes drawn

Q =3V, I sing = V3 x 440 x 21.860 x 0.8 = 30.29kVAR

Q5] b) A balanced three phase delta connected load draws a power of 10 kW, with
a power factor of 0.6 leading when supplied with an ac supply of 440 V, 50Hz. Find
the circuit elements of the load per phase assuming a simple series circuit of two

(8)




Q5] c) Draw and explain the phasor diagram of a single phase transformer. (8)

Solution:-

©

E1| EZ

Phasor diagram:-

Since the flux ¢ is common to both the windings, ¢ is chosen as a reference phasor. From emf
equation of the transformer, it is clear that E; and E, lag the flux by 90°. Hence , emf’s

E; and E; are drawn such that these lag behind the flux ¢ by 90°. The magnetising component I, is
drawn in phase with the flux ¢. The applied voltage V; is drawn equal and opposite to E; as ;. The
active component [, is drawn in phase with voltage V;. The phasor sum of [, and [,, gives the no-

load current I.

l
l

i

Transformer Equivalent circuit

1) Transformer when excited at no load, only takes excitation current which leads the working Flux
by Hysteretic angle a.

2) Excitation current is made up of two components, one in phase with the applied Voltage V is
called Core loss component (Ic) and another in phase with the working Flux @ called Magnetizing
Current (Im).




3) Electromotive Force (EMF) created by working Flux @ lags behind it by 90 degree.

/
I,R{

LX;

phasor diagram of transformer on load condition

Q6] a) Explain the various losses of a single phase transformer (4)

Solution:-
There are two types of losses in a transformer:

1. Iron or core loss
2. Copper loss

IRON LOSS:

This loss is due to the reversal of flux in the core. The flux set-up in the core is nearly constant.
Hence, iron loss is practically constant at all the loads, from no load to full load. The losses occurring
under no-load condition are the iron losses because the copper losses in the primary winding due
to no-load current are negligible. Iron losses can be subdivided into two losses:

1. Hysteresis loss
2. Eddy current loss

COPPER LOSS:




This loss is due to the resistance of primary and secondary windings
Wey = 112R1 + Izsz

Where, R, = primary winding resistance

R, = secondary winding resistance

Copper loss depends upon the load on the transformer and is proportional to square of load
current of kVA rating of the transformer.

Q6] b) Two wattmeter connected connected to measure power in a three phase
circuit using the two wattmeter method indicate 1250W and 250W respectively.
Find the total power supplied and the power factor to the circuit: when

i) Both the readings are positive.
i) When the latter reading is obtained by reversing the connection of the
pressure coil. (8)
Solution:-
w, = 1250W W, = 250W

1) Power factor of the circuit when both readings are positive

W, = 1250W W, = 250W

tang = V3T ﬁw= 0.667

Wi +W, (1250+250)
@ = 33.703°

Power factor = cosg = cos(33.703) = 0.8319

2) Power factor of the circuit when the latter reading is obtained after reversing the
connection to the current coil of one instrument.

d Wi+W, = (1250+250)
tang = \/§W1—W2 - \/§(1250—250) =15
¢ = 56.3099°

Power factor = cosg = cos(56.3099°) = 0.5547




Q6] c) A 200/400 V, Hz single phase transformer gave the following test results:
OC test: 200V 0.7A 70W (on lv side)
SC test: 15V 10A 85W(on hv side)

Obtain the parameters and draw the equivalent circuit of the transformer as
referred to the primary. (8)

Solution:- 1) Equivalent circuit of the transform and parameters
From OC test(meters are connected on LV side i.e. primary)

W; = 70w Vv, =200V I, = 0.7Am

CosQ, = . _95

Vilp  200x0.7

sing, = (1 — 0.52)%° = 0.866
I, = Ipcosp, = 0.7x0.5=0.35

200 571.4280
°71, 035 7

I, = I,sing, = 0.7 X 0.866 = 0.6062Am

v, 200
X, = L= = 329.924Q
°7 1, 06062

From SC test (meters are connected on HV side i.e. secondary)

W, = 85w Vie = 15V I, = 10A
Voe 15
Zy, = == — =150
27 1. 10
Wee 5
Ry, = == = — = 0.85Q
027 2., 102




X0 = Xop _ 1.235 _ 0.30870Q

021260  0-303F







BEE QUESTION PAPER SOLUTIONS

(CBCGS DEC 2017)

Q1] a) A voltage v(t) = 282.85sin100nt is applied to a coil, having resistance of
20Q in series with inductance of 31.83mH. Find:- (4)

(1) RMS value of voltage.

(2) RMS value of current.

(3) Power dissipated in the coil and
(4) Power factor of the coil.

Solution:-
v(t) = 282.85sin100mt R =200 X; =31.83mH = 0.03183H

(1) RMS value of voltage.
Comparing the given equation with the standard equation we get,
v(t) = 282.85sin1007tt
v(t) =V, sin2nft

V,, =282.85V w=2nf => f=50Hz.
VT‘I’TLS
Vm —_ 7

Vims = V2 X V,, = 2 x282.85

V,ms = 400.01V

(2) RMS value of current.

Z(impedance) = (R + X2)/2 = (202 +0.03183%2)72 = 20.00Q
V=1iz
Vims _ 400.01

o _ = 20.004
rms = T 20.00 m

I,ms = 20.00Am

(5) Power dissipated in the coil and




P =Vlcosgp

1 (XL _,(0.03183
@ = tan (F) = tan (2—0) = 0.09118°

@ =0.09118°

Power = Vs lrmsCOSQ
Power =400.01% 20.00 X c0s0.09118°

Power = 8000 watts.

(6) Power factor of the coil.

Pf=cos¢p = cos(0.09118)°
Pf = 0.9999

Q1] b) Derive the relation between line voltage and phase voltage in star

connected three phase system. (4)
Solution:-
o
R o T T 3 J
NRY Ner th
e + ®
Y = T
as n
e Zen <
xIBJ

] < > r

Since the system is balanced , the three-phase voltages Viy, Vyn, Vgy are equal in

magnitude and differ in phase from one another by 120°.
Let Veay = Vyw = Van = Vpn

Where Vpindicates the rms value of phase voltage .

Vey = Von £0°

Vyy = Vpp £ —120°




Van = Vpn £ — 240°
Let Viy = Wyp=Vpgr =V,
Where V;indicates the rms value of line voltage.

Applying Kirchhoff’s voltage law,

Vey = Van + Vyy = Vay = Voyy
=V 20° — Vi £ — 120°
= (Vo +j0) — (=0.5Vyy, — jO.866V,)
= 1.5V, +j0.866V,,
=3V, £30°
Similarly,

Vos = Von + Vg = V3V 230°

VBR = VBN + VNR = \/§Vph4300

Thus in a star-connected, three phase system V;, = V3 V,r and line voltages lead respective
phase voltages by 30°.

Q1] c) Find the nodal voltage V, by nodal analysis:- (4)

\'A J V:;
|

]
SUEY

.q\_J

Solution:-

Applying KCL rule at node 1

10+ V, +2V, —20—2V, =0




Applying KCL at node 2

Vi—5 V,—20
+ = =
3 2

(Vo = (=10) = V) + 0

V1 - 5 V2 - 20
Vo, +10-V; + + =0
3 2
Taking LCM we get,
—4‘V1 + 9V2 - 10 ..................................................... (2)

Solving equation (1) and (2) we get,

V1 =5.789V and V,=3.6842V.

Q1] d) A single phase transformer has a turn ration (N{/N,) of 2:1 and is
connected to a resistive load. Find the value of primary current(both
magnitude and angle with reference to flux) , if the magnetizing current is 1A
and the secondary current is 4A. Neglect core losses and leakage reactance.

Draw the corresponding phasor diagram. (4)
Solution:-
% = 2:1 magnetizing current=1A [, = 4A
2
KVA ratingx1000
12 =
v,
N _Va_F2_ g
No ol
N, 2

4 2




Solution:- Replacing Ry by short circuit

— AV AAA—
N Ho2 60.02 L1 7 ¥ In
T‘QOV /—DI'L R Iz

Applying KVL to mesh 1
120 — 401, —60(l; —1,) + 65=0
120 — 401, — 601, + 601, + 65=10

1001 4 60, = 185 oo s

Applying KVL to mesh 2

65— 601, — 1) =0




6011 - 6012 = _65 ......................................

Solving equation (1) and (2) we get

11 = O.75Am

I, = 1.833Am

I, = Iy = 1.833Am

Calculation of Ry

4o - L
e AVAVA Vo A
«Rw

Replacing voltage sources by short circuit
Ry =60 || 40 = 24Q
Ry = 24Q

Norton’s Equivalent Network.

\-8%A

2y




Q1] f) A coil having a resistance of 20Q and an inductance of 0.1H is

connected in series with a 50uF capacitor. An alternating voltage of 250V is
applied to the circuit. At what frequency will the current in the circuit be
maximum? What is the value of this current? Also find the voltage across the

inductor and quality factor?

Solution:-

Given:- R=20Q X, =0.1H X;=50pF V=250
Find :- 1) At what frequency (f) current is maximum = ?
2) current value = ?

3) voltage across Inductor=?

4) quality factor="?

(4)

V.

—G
R=- Q0.2 L=0-11 SR
N ‘ ==
\ \
LSOV
(1) The frequency at which maximum current flows:-
1
fo=
2nVLC
1
fo= 2mV0.1x50x10-6 71.17Hz
fo=71.17Hz
(2) Current value
X, =2nfL=2mx71.17 x 0.1 =44.717Q
1 1
Xe = 2nfC~ 2w x 71.17 x50 x 10=6 45454
Z=R+jX, —jX,
Z =20+ j44.717 — j45.45
Z =20-j0.77
7Z =20.01482 — 2.2047




Current=2 = —2%_ — 12.494m
Z 20.0148

Max Current = 12.49Am.

(3) Quality Factor.
Pf = cosg = cos(2.2047) = 0.9992
Pf =0.9992

(4) Voltage across Inductor.
XL = 2T[fL
X, = 44.7170

V=1X;, =12.49 X 44.717 = 558.51V

V =558.51V

Q2] a) With necessary diagram prove that three phase power can be
measured by only two wattmeter. Also prove that reactive power can be
measured from the wattmeter readings. (10)

Solution:-

Given figure shows a balanced star-connected load, the load may be assumed to be
inductive. Let Viy, Vyn, Vpn be the three phase voltages. Iy, Iy, I5 be the phase currents. The
phase currents will lag behind their respective phase voltages by angle ¢. Current through

current coil of W; = I

Voltages across voltage coil of W, = Vg = Vey + Vg = Vey — Van

From the phasor diagram, it is clear that the phase angle between V5 and I is (30° — @)
W, = Vgplrcos(30° — @)

Current through current coil of W, = I

Voltage across voltage coil of W, = Vyp = Vyy + Vg = Vyy — Vpn




From phasor diagram, it is clear that phase angle between Vy 5 and Iy is (30° + @)

W, = Vyglycos(30° + ¢)
But Ig, =1, =1,
Ve = Vyp =V},
W, = V. I,cos(30°— @)
W, = V,1;cos(30° + @)
Wi+ W, = V1, cos(30° — @) + V,I,cos(30° + ¢)
Wy + W, = V,1;,(2cos30°cosg)
P(active power) = W, + W, = /3 VI, (cos¢p)

Thus the sum of two wattmeter reading gives three phase power

For calculating reactive power :-

W, — W, = VI, cos(30° — @) — V,I;,cos(30° + ¢)

Wy = Wy = Vi, [~2sin [ 202200 sip [20=0-20-9]

Wy — W, =V, I,[-2sin(30) sin(—¢)]
Wy = W, =V, I (sing)

Q (reactive power) = W; — W, =V, I, (sing)




Q2] b) A circuit has L = 0.2H and inductive resistance 20Q is connected in
parallel with 20uF capacitor with variable frequency , 230V supply. Find the
resonant frequency and impedance at which the total current taken from the
supply is in phase with supply voltage. Draw the diagram and derive the
formula used(both impedance and frequency). Also the value of the supply
current and the capacitor current. (10)

Solution:-

L=0.2H X, =20Q C=200x 10"°F V=230V

RESONANT FREQUENCY :-
N ! = 25.16H

fo= VL 2m(0.2 % 200 x 10-6)05 _ <>1072

IMPEDANCE :-

Z; = jX, Z, = —jX¢

X; = ! _ 10° = 15.9150Q
CT2mfC T 2mx50x200

7= 22 o QOXC1S913) _ 77919, — 90

2=77.91922—-90°
SUPPLY CURRENT:-

v 230
=

7~ 7791929 ~ 29%Am

I =2.95Am

CAPACITOR CURRENT:-

vV 230
~ X, 15.915

I = 14.454Am

Ic = 14.45Am




Q3] a) Two impedances 14+j5 and 18+j10 are connected in parallel across
200V, 50Hz single phase supply. Determine, (10)

1) Admittance of each branch in polar form.
2) Current in each branch.

3) Power factor in each branch.

4) Active power in each branch and,

5) Reactive power in each branch.

Solution:-
Given:-Z; =14+ 5j Q Z, =18+ 10j Q connected in parallel across V = 200V
f =50Hz.
1) Admittance of each branch in polar form
=2 = - =2_25;= 006722-19.65°
Z; 14+5j 221 221

Y; = 0.06722£ —19.65° O

Lo 1 - % _ 3 - 0.048229.05°
Z, 18410 212 212

Yz S

Y, = 0.048£29.05° U

2) Currentin each branch in polar form

T= L= 220 _1345,-19.65° Am

Z;  14+5)

— 17 200 504106

12= = = - = Z — 29.05° Am
Z, 18+10j 53

3) Pf of each branch.
cos@, = cos(—19.65°) = 0.9417
cosp, = cos(—29.054°) = 0.8741

4) Active power in each branch
P; = VI,cosp; = 200 X 13.45 x 0.9417 = 2533.173w




P, = VI,cosp, = 200 X 9.7128 x 0.8741 = 1697.99w

5) Reactive power in each branch
Q, = VI sing, = 200 x 13.45 X sin(19.65) = 904.575w

Q, = VI,sing, = 200 x 9.7128 X sin(29.054) = 943.37w

Q3] b) Derive the emf equation of a single phase transformer. Find the value
of the maximum flux in a 25KVA, 3000/240V single phase transformer with
500 turns on the primary. The primary winding is connected to 3000V, 50Hz
supply. Find primary and secondary currents. Neglect all voltage drops.(6)

Solution:-

As the primary winding is excited by a sinusoidal alternating voltage, an alternating current
flows in the winding sinusoidal varying flux ¢ in the core.

@ = QuSinwt

As per faradays laws of electromagnetic induction, an emf e; is induced in the primary
winding

d d
e, =—N; d—(f = —Nla (pmsinwt) = —N; @, wcoswt = N;@,,sin(wt — 90°)

e, = 2nf ¢, N;sin(wt — 90°)
Maximum value of induced emf = 21t f ¢,,, N;

Hence rms value of induced emf in primary winding is given by

Emax A Zﬂf(ple
V2 V2

E, = 444fp,,N;

E1 = = 4.4‘4‘f(pmN1

Similarly rms value of induced emf in the secondary winding is given by,
E2 = 4‘.44f(pmN2
E, E

= — =444




Thus emf per turn is same in primary and secondary winding and an equal emf | induced in

each turn of the primary and secondary winding.

E; =3000 E, =240 KVA rating = 25KVA N; =500
El = 4.44f(pmN1
3000 =4.44%x 50 X 500 X ¢,

= 00 027
¥m = 4a4x50x500
@, = 0.027Wb
PRIMARY CURRENT AND SECONDARY CURRENT.
| _ KVAratingx1000 _ 25x 1000 _ .
1= v, = T 3000 _oohAm
I; = 8.33Am

KVA rating x 1000 25 x 1000
= = = 104.16Am

L2 = v, 240

I, = 104.16Am

Q3] c) Compare core type and shell type transformer (any four point).(4)

Solution:-

CORE-TYPE TRANSFORMER

SHELL-TYPE TRANSFORMER

It consists of a magnetic frame with two
limbs

It consists of a magnetic frame with three
limbs

It has a single magnetic current.

It has a two magnetic current.

The winding encircles the core.

The core encircles most part of the winding.

It consists of cylindrical winding.

It consists of sandwich type winding.

It is easy to repair.

It is not easy to repair.

It provides better cooling since windings are
uniformly distributed on two limbs.

It does not provides better cooling as the
windings are surrounded by the core.

It is preferred for low-voltage transform.

It is preferred for high-voltage transform.




Q4] a) An alternating voltage is represented by v(t) = 141.4sin(377t)V. Derive

the RMS value of this voltage. Find:-

1) Instantaneous value at t=3ms and

2) The time taken for the voltage to reach 70.7V for the first time.

Solution:-

To calculate RMS value of this voltage
V(t) = 141.4sin(377t)

V=V,sinf 0<0 <2m

V, =141.4 0 =377t

2 _ 1 c2moo . o _ 1 c2m 2 .2 _ 1414% 2m . 5
Vins = - J; Viasin?0dg = — [ 141.4%sin0d0 = —— [ sin’0d0
_ 14142 27 (1-cosH) _ 14147 2m 0 sin26 o4 _ 14142 2@, _

T T om Jo ;a0 = — Js [;——16"d0 = ——[5] = 9996.98

Vims = V9996.98 = 99.98
Vims = 99.98V

1) Instantaneous value att = 3ms.
t=3x 1073 = 0.003sec
V=V.,,sind
V =141.4sin(337 x 0.003)
V = 2.4949V
Instantaneous voltage at t =3ms is v = 2.494V.

2) Time taken to reach till 70.7V for first time
V=V,.,ssinf
V=707V

70.7 = 141.4sin(377t)
0.5 =sin(337t)
sin~1(0.5) = 337t
30 =337t

t =0.089sec.

Time required to reach till 70.7V is 0.089sec

(8)




Q4] b) State Superposition theorem. Find I, using Superposition theorem

without using source transformation technique. (12)
\0-2- (e
'7;
Ix 20V
40 . —
250 20A 45 [0
Solution:-

a. When 20V is acting alone other all sources are inactive.
4Q) is redundant, circuit becomes
Applying KVL to mesh 1

_1011 — 2(11 - 12) = O

-12,+ 2, =0
6l +1, =0 ... (1)
Applying KVL to mesh 2 Applying KVL to mesh 3
—2(,—-1,)—1,-10(I, - I3) =0 —10I; = =20
-2, + 21, -1, — 10, + 105 =0 I3 =24 ... (3)

211 —_ 1312 + 10]3 = 0 ......... (2)
From (1), (2) and (3) we get, Ix(1) = 0.26Am(!)

When 20A is active and other all sources are inactive




2
4 o8 ?

Ix
ﬁo_n— {o <™
Q0RA

10Q is redundant hence the circuit will get modified. As shown above.

O T,

O0-66-<2-
y-a

Resistor with 2Q and 1Q resistance are in parallel with each other
Hence total resistance we get, 0.66Q

Current division rule,

Iy = 20 =0.90

o
14 + 0.66
I,(2) = —0.904Am

c. 25A active source and other all the inactive.

(0<% \ jo->
AN

| 250 %
- ha Ha o5

0L

2. [ [

10Q is redundant hence to get,

VO <L o ) 10+0.66 = 10.66Q

256 Current division rule,

0-b6s2

4

| L2




Total current Iy = 6.821 + 0.26 — 0.90 = 6.1814Am

Iy = 6.1814m

Q5] a) State and prove maximum power transform theorem and find the value

of RL' (10)

220

Solution:-

—A

Power delivered to load

V2R,

— — 72 —
R, =P = I°R; = (R; +R,)?

To determine the value of R; of maximum power to be transferred to the load,

dp _ 0 - dp _ d vz - VZ[(Rs+RL)*~(Rs+RL)*(2RL)]
dR;, - dR,  dR; (Rs+Ry)%2 L ~ (Rs+Rp)*

L = (Rs+R,)? — 2R, (Rs + R)* = 0
L

R2 + R? + 2RgR;, — 2RsR, — 2R? =0
RL = RS

Hence the maximum power will be transferred to the load when load resistance is equal to the source

resistance.
e Applying KVL to mesh 1
7 é"n";\/.)\l’f |2
goov | (] f e a&% —181, — 6(1, — I,) — 121, = 0
=/ Tz - ~




—-36l+6,=0 ... (1)

Applying KVL to mesh 2
220—-6(,—1,)—18(,—1L)—6I,=0

241, — 301, = =220 .. (2)

From (1) and (2) we get, I; = 1.410Am and [, = 8.461Am
For calculation of Vyy

Vey — 181 — 61, =0

Vry = 61, + 181

Vg = 76.146V

For calculation of Ryy

|32
62 2.0
|2 <% A
(8 o é 6
L4 o (of 8y
3
6Q resistor is parallel with 12Q) gives resultant
resistance 4Q
4Q) resistor is in series with 8Q and is in parallel AN
< 2
with 6 Q gives resultant resistance 4Q g‘\% F7\A
uo % &=
[(4+8) || 6]=4Q [ Qv
RTH = 4’Q (G
Calculation of P, V2 76.146)2
max Ppay = —2 = ( ) 36238w
4Ry 16
- P, = 362.38




Q5] b) A balanced load of phase impedance 100Q and power factor 0.8(lag) is connected
in delta to a 400V, 3- phase supply . calculate :- (10)

(1) Phase current and line current.

(2) Active power and reactive power. If the load is reconnected in star across the same
supply, find

(3) Phase voltage and line voltage .

(4) Phase current and line current. What will be the wattmeter readings if the power is
measured by two wattmeter method(either star or delta).

Solution:-

1) Phase current and line current.

L, = @ = @ = 4Am

PR Zon 100

Lp = 4AM e ( Phase current in delta connection)
V3L, =1,

I, = V3 x4

I; = 6.928AmM  ....ceeevvceneee (Line current in delta connection)

2) Active power and reactive power
Active power(P) =+/3 X V, X I,cos¢p

Pf=0.8

0.8 = cosgp

@ =cos™10.8
® = 36.86°

P = V3 X 400 X 6.928 X c0536.86°

P=3840.38 watts.  ....cccevrrnrnenienes (Active power in delta connection)

Reactive power(Q) =+/3 X V, X I, sing
Q=3 X 400 X 6.928sin36.86°

Q=2879.2521 watts  ....ccccrvreereennnens (Reactive power in delta connection)

FOR STAR CONNECTION

1) Vpp=? And V, =?

VL=\/§XVph




Vo = 400V
V, = V3 x 400 = 692.820V

Von =400V And V, =692.820V

2) L= And I =?

IL = Iph

Von 400
Lp = 222 = 220 = 4Am
Zpn 100

I, = 4Am And I,, = 4Am

WATTMETER READING

w; =V, 1;,cos(30 — @)
w; = 692.820 X 4 X cos(30 — 36.86)

w; = 2751.44w

w, =V I;,cos(30 + ¢)
w, = 692.820 X 4 X cos(30 + 36.86)

w, = 1089.055w

Wattmeter readings for star connection are as follows:-
w,; = 2751.44w

w, = 1089.055w

Q6] a) The reading when open circuit and short circuit tests are connected on a 4KVA,
200/400V, 50Hz, single phase transformer are given below:-

1) Find the equivalent circuit parameters and draw the equivalent circuit referred to
primary.

2) Also find the transform efficiency and regulation at full load and half load for 0.8pf
lagging. (12)




OC test on LV side 200V 0.7A 70w

SC test on HV 15v 10A 85w

Solution:- 1) Equivalent circuit of the transform and parameters
From OC test(meters are connected on LV side i.e. primary)

W, = 70w V, = 200V I, = 0.7Am

w; 70
cosQ, = = =0.5
Po Vilp  200%0.7

sing, = (1 — 0.52)%° = 0.866
I, = Ipcosp, = 0.7x0.5=0.35

vV, 200
Ry = — = ——=571.4280Q
°7I1, 035

I, = I,sing, = 0.7 X 0.866 = 0.6062Am

vV, 200

X = — =
N 0.6062

n

= 329.9240

From SC test (meters are connected on HV side i.e. secondary)

W, = 85w Ve = 15V I, = 104
Vee 15

Zo, = — = = =150

27 1. 10

R,, = We _ 85 = 0.850

027z, 102

Xoz = (Zg2% — Ryp22)%° = (1.5% — 0.85%)%5 = 1.2350

400
200
R Rop _ 0 5—021259
01~ k2 4 K
Xoq = Xop _ 1385 1 0.30870Q
01 = Jz = g g
021260  O-303FL
= AN N——TTO
i 329. 2.0 z'




2)Efficiency and regulation at full and half load for 0.8pf lagging
x=0.5 pf =0.8 W; =70w = 0.70kw  W,_, = 85w = 0.85kw

Yo = x X full load KVA X pf % 100
o= (x x full load KVA X pf) + W; + x2W,,

o — 0.5 X 4 % 0.8 100
M= 0.5% 4 x 0.8) + (0.7) + (0.5)2(0.85)

%N = 63.681%

On primary side

I, (Ry,c05¢ + Xy, Sing) N

% regulation = 7 100
2
_ 4x1000 104
Y400
cosp = 0.8 sing = 0.6

10(0.85 x 0.8 + 1.235 x 0.6) y

400 100

% regulation =

% regulation = 3.55%

Efficiency at full load;
x=1

Yor = x X full load KVA X pf % 100
o= (x X full load KVA X pf) + W; + x2W,,

1 x4x0.8

(A x4x08) 1 (0.7) + (05)2(0.85) < °°

%mn =

%mn = 67.36%

Q6] b) With neat diagram explain the main parts of a DC machine? Mention the functions
of each part. (8)

Solution:-

A DC Generator is an electrical device which converts mechanical energy into electrical energy. It mainly
consists of three main parts, i.e. Magnetic field system, Armature and Commutator and Brush gear. The




other parts of a DC Generator are Magnetic frame and Yoke, Pole Core and Pole Shoes, Field or Exciting
coils, Armature Core and Windings, Brushes, End housings, Bearings and Shafts.

The diagram of the main parts of a 4 pole DC Generator or DC Machine is shown below.

- Field windings

Commntator

Segments — Commutator

Armature
conductors

a"
> ¥ ' —_—
=G, Interpole
; 3
Pole shoe - v
A

Magnetic Field System of DC Generator

The Magnetic Field System is the stationary or fixed part of the machine. It produces the main magnetic
flux. The magnetic field system consists of Mainframe or Yoke, Pole core and Pole shoes and Field or
Exciting coils. These various parts of DC Generator are described below in detail.

Magnetic Frame and Yoke

The outer hollow cylindrical frame to which main poles and inter-poles are fixed and by means of which
the machine is fixed to the foundation is known as Yoke. It is made of cast steel or rolled steel for the large
machines and for the smaller size machine the yoke is generally made of cast iron.

The two main purposes of the yoke are as follows:-

e It supports the pole cores and provides mechanical protection to the inner parts of the machines.
e It provides a low reluctance path for the magnetic flux.
Field or Exciting Coils

Each pole core has one or more field coils (windings) placed over it to produce a magnetic field. The
enamelled copper wire is used for the construction of field or exciting coils. The coils are wound on the
former and then placed around the pole core.

When direct current passes through the field winding, it magnetizes the poles, which in turns produces the
flux. The field coils of all the poles are connected in series in such a way that when current flows through
them, the adjacent poles attain opposite polarity.

WIRE W
- J' ‘/’ e Z
FIELD

WINDING _




Armature Core

The armature core of DC Generator is cylindrical in shape and keyed to the rotating shaft. At the outer
periphery of the armature has grooves or slots which accommodate the armature winding as shown in the
figure below.

ARMATURE CORE

ARMATURE /SLOTS

The armature core of a DC generator or machine serves the following purposes.

e It houses the conductors in the slots.

e It provides an easy path for the magnetic flux.
As the armature is a rotating part of the DC Generator or machine, the reversal of flux takes place in the
core, hence hysteresis losses are produced. The silicon steel material is used for the construction of the
core to reduce the hysteresis losses.

The rotating armature cuts the magnetic field, due to which an emf is induced in it. This emf circulates the
eddy current which results in Eddy Current loss. Thus to reduce the loss the armature core is laminated
with a stamping of about 0.3 to 0.5 mm thickness. Each lamination is insulated from the other by a coating
of varnish.




BEE QUESTION PAPER SOLUTION

MAY 2018(CBCGS)

Q1] a) What is the difference ideal source and actual source? lllustrate the concept using
the V-I characteristics of voltage and current source. (4)

Solution:-

A voltage source is a two terminal device whose voltage at any instant of time is constant and is
independent of the current drawn from it.

Ideal voltage source have zero internal resistance practically an ideal voltage source cannot be obtained.

A
N \/rng
~
\\-’ng -
ideal \oHeage

SOUPCe

—> Tz TiMe Houws

Source having some amount of internal resistance are known as practical voltage source due to this
internal resistance voltage drop takes place and it causes the terminal voltage to reduce.

A
+ I
\ \hhg
\pm

\\ Poocdical sovece

S~

T o TWme (o MHovos




Q1] b) In a balanced three phase circuit the power factor is 0.866. what will be the ratio

of two wattmeter reading if the power is measured using two wattmeter

Solution:-

Pf =0.866

cosp = 0.866

¢ = cos~10.866
¢ = 30.00

tan ¢ = tan(30.00) = 0.57735

(Wy=W5)
(W1+wy)

tang = /3

0.57735 _ (Wy—-W,)
V3 (W1+w3)

0.333((W, + W) = (W, — W)

w; _ 1333
W,  0.667

M1 _ 1.9985
W-

2

(4)

Q1] c)calculate R 45

Solution:-
A
1< oL
~ 20
=l 1,

<r
e
GO ﬂl\L_r Q0 -

F Ho -

oB

(g ¢ =
¢ A 1L So.a-
&
Yoo
~
6o o

(4)




15+60 = 75Q) .............. ( resistors are in series)
30+30=60Q ...cccveerenene. (resistors are in series)
Now, resistor 75Q and 60Q are in parallel,

75 || 60 = 33.33Q

A
FoTL 6O S
f

Yo
o33
Now 33.33Q and 40Q are in series.

33.33+40=73.33Q

R=73.33Q

Q1] d) Derive the equation for resonance frequency for a parallel circuit in which a
capacitor is connected in parallel with a coil having resistance R and inductive reactance

X;. What is the resonance frequency if inductor is ideal? (4)
Solution:-
Xe
i}
Q-

v=V,sin wt

Consider a parallel circuit consisting of a coil and a capacitor as shown below. The impedances of two
branches are:-

Z; =R +jX, Z; = —jXc

v 1 _ 1 _ RjXi = 1 _ 1 _ j

W= 5T oo T e R il
1 JjX R +XL Zy jXc Xc

Admittance of the circuit Y =Y, + 1,

7=R—ij+L' _ _R —j( Xr 1)

R2+X? ' Xc RZ+X? RZ+X?  Xc




At resonance the circuit is purely resistive. Therefore, the condition for resonance is.

Xy, 1 _p
R2+X?  Xc

X, _ 1
R2+X?  Xc

X, Xc = R? + X}

1 p2 272
wOLwoc_R + wy“L

wOZLZ — E _ RZ
_ |1 R
RGNV
f 1 1 RZ2
0™ 2mlLc 12

Where f, is called as the resonant frequency of the circuit.
If R is very small as compared to L then

1

(1)0 = E
fo= 1
0™ 2qVIC

DYNAMIC IMPEDANCE OF A PARALLEL CIRCUIT.

At resonance the circuit is purely resistive the real part of admittance is ﬁ . Hence the dynamic
L

impedance at resonance is given by,

_R2+XL2
b= R

At resonance,

R*+ X2 = X, X = %

Q1] e) What are the classification of DC motor? Specify one application for each one. (4)

Solution:-

Depending upon the method of excitation of field winding ,DC machine are classified into two classes:-

1) Separately excited machines.
2) Self excited machines.




SEPARATELY EXCITED MACHINES

In separately excited machines the field winding is provided with a separate DC source to supply the field
current as shown in figure.

-0

SELF EXCITED MACHINES

In case of self excited machines no, separate source is provided to drive the field current, but the field
current is driven by its own emf generated across the armature terminals when the machine works as a
generator self excited machine are further classified into the three types, depending upon the method in
which the field winding is connected to the armature:

a) SHUNT WOUND MACHINES

Re Ra
o

b) SERIES WOUND MACHINES

re
Ro
-0

c) COMPOUND WOUND MACHINES

Rs

Ra




Q1] f) Derive emf equation of a single phase transformer (4)

Solution:-

EMF EQUATION.

As the primary winding is excited by a sinusoidal alternating voltage, an alternating current flows in the
winding producing a sinusoidally varying flux ¢ in the core.

@ = @,Sinwt
As per Faraday’s law of electromagnetic induction an emf e; is induced in the primary winding.

de
81 = _N1 E

d ,
e, = —N; oy (pmSinwt)

e, = —N;pwcoswt = —N,pwsin(wt—90°) = 2rnfN;@p,wsin(wt —90°)
Maximum value of induced emf = 21t f ¢,,, N;

Hence, rms value of induced emf in primary winding is given by,

Emax — 27TfN1(Pm
V2 V2

Similarly rms value of induced emf in the secondary winding is given by,

E1:

= 4.44f N, @,

EZ = 4’.44fN2(pm

B _E _
Also, NN, 4.44fp,,

Thus emf per turn is same in primary and secondary winding and an equal emf is induced in each turn of
the primary and secondary winding.

Q2] a)Using mesh analysis find current through 5Q (8)
5a 12V SR
/\N\,_\ AN
QL)L
\mj 6.0 69

a\
{




Solution:-

X2 |2V 3
ﬁvN/\____l VaVAY

mi()\f”%

26V |

QL

4 TOIV

()

AN
-

Applying KVL to mesh 1
—36—-12(I;)+6(l;—1,) =0
—12I; + 61, — 61, = 36

—6I, — 61, = 36

6l; + 6, = =36 oo (2)
Applying KVL to mesh 2

-6(l, =) +5L,+12=0

—6l, + 6, +5I,+12=0

6l; — 1, = =12 e, (3)
From (1), (2) and (3)

I, = —257A ,I, = —3.4284 and [; = 2.571A

Current through 5Q = 3.428(«<)A

Q2] b) An emf of 250V is applied to an impedance Z; = (12.5 + j20){). An impedance
Z, is added in series with Z,, the current become half of the origin and lead the supply
voltage by 20°. Determine Z, (8)

Solution:-

V=250£0° Z; = 12.5 + 20j

[ = V _ 25020° _ 250£0°
17 77 125+20j  23.5849257.99

I; =10.6002 —57.99

250420°

I, =
2 Z,




I; _ 250220°
==

5004£20°
ZZ =
Iy

500£20°

2 7 10.6002-57.99

Z, = 47.1698277.99

Z, = 9.815 + 46.131j

Solution:-

—
\ +

SV

l+50 F 40
= \"z

|

The resistor of 3Q is connected across a short circuit. Hence it gets shorted.

11 = ;: 2.5A

I, =2A

Potential difference, Vg = V, — V3
Writing KVL equation for the path A to B,
Vy—2+8—-5L—=V;=0
Vy—225)+8—-52)-V;=0
Vy—=Vg =7

Vg = 7V

(4)




Q3] a) When a voltage of 100V, 50Hz is applied to an impedance A current taken is 8A
lagging and power is 120W. When it is connected to an impedance B the current is 10A

leading and power is 500W. what current and power will be taken if it is applied to the

two impedances connected in series.

Solution:-

CoilA :V, =100V I,=8A P,=120W

Coil B :V3 =100V I; =104 Py =500W

— — — — -— —_

.
) (De XB [
NSNS e
col\
\OA

> .‘i)(’(;”)‘\

For coil A, Z, =4 = % = 12.50
A

Py = I,ETA
120=82 x 1,

r, = 1.875Q

X, =V12.52—1.8752 = 12.36 Q

For coil B, Z = ‘I’—BB = % =10Q
Py = I271g

500 =102 X rp

rg = 5Q

Xz = V102 — 52 = 8.66 Q

(8)




When coils A and B are connected in series,

Z=rA+jXA+TB+jXB

7 =1875+j12.36 + 5 + j8.66
7 = 6.875 + j21.02

Z =22.11271.89°

7=22.110Q

o =71.89°

[=Y=29 _ 4524
Z 22.11

P=1%(ry + 15) = 4.25% X 6.875% = 140.64W

Q3] b) Find current through 10Q using Thevenin’s theorem

101
200 305
o
Yo 200 =
SO\
joou l T

Solution:-

4+ NTH —

P 7 |

(1) Calculation of Vg

(8)




Applying KVL to mesh 1

—100 + 401, + 201, +30(; - I,) =0
401, + 20I; + 301, — 301, = 100
90I; — 301, = 100 ..o (1)
Applying KVL to mesh 2

30(l, —I;) + 301, + 40, +50 =0
30/, — 30I; + 301, + 401, = =50
-30I; + 1001, = =50

301; — 1001 = 50 i (2)
From (1) and (2) we get

[, =1.049 and [, = —0.185

Vry equation:-

Vryg — 301, — 201, =0

Vg —30(—0.185) — 20(1.049) =0

VTH == 15.4‘3V

(2) Calculation of Ry

20X30
30

Ry =20+30+ =70Q

—o Ry o——

YN
Jo 30

Qosn Yoo

e

g0

Ko

fBO.SL




Ra

L) Rs

20x30
30

=70Q

R, =20+30+

Ry = 30 +30 + =22 = 1050

—0 Rty o0——

= !
Yoo
90.(1 E VQQ }QS.:Q

40 || 70 = 25.4545

105 | | 40 = 28.9655
25.4545+28.9655 = 54.420)

(3) Calculation of I},

15.43

I = 30.617+10
I, = 0.37984

80.6190_
1$Y3V

] .




Q3] c) With the help of equivalent circuit of a single phase transformer show how total
copper loss can be represented in primary of a transformer. (4)

Solution:-

Copper Loss:- This loss is due to the resistances of primary and secondary windings.
Wey = IRy + 3R,

Where, R,= Primary winding resistance

R, = secondary winding resistance.

Copper loss depends upon the load on the transformer and its proportional to square of load current of
kVA rating of the transformer.

1dea] power twanstormes’
T = | XbPz

R Xf2

Rz

secondasy
windi
“+eosminals

y o N—
g NE oL
_— 250
joov
2oV ! Pelaes -(

Solution:-

Fﬁ;_;wj
“E/J e ; 0.

25q "




1) When 80V is active

Mesh analysis to mesh 1

—80 + 51, + 251, + 25(l; —I,) =0
551, — 251, = 80 coevvvvennee (1)
Mesh analysis to mesh 2

—25(, - 1,) + 301, =0

250 + 50, =0 e (2)

From (1) and (2) we get,

I' =0.444A

(2) when 2A is active

(25 || 30) = 13.6363Q
(13.6363 || 5) = 3.6585Q

Hence we get

Qs 0 365850
[ =2 x2858 _ _ 255314
3.6585+25

(3) when 100V is active




joovV,

55[1 - 2512 = 0 ..................... (1)

2511 + 512 = =100 .ovvrrrrrneen. (2)

From (1) and (2)

"= =277A

current through V; is:
=0.444 + 0.25531 -2.77
=-2.07069A

I =2.070694

Q4] b) In an R-L-C parallel circuit the current through resistor, inductor(pure) and
capacitor are 20A, 15A and 40A respectively. What is the current taken from the supply?
Draw phasor diagram. (4)

Solution:-

Ie

To calculate the source current according to phasor diagram,




I =15+ (I, —Ic)*

I2 = 20% + (15 — 40)2

12 =1025
Ig = 32.01A

\ 20A
>
!
|
l
r

Q5A

Q4] c) Two sinusoidal source of emf have rms value E;and E,. When connected in series,
with a phase displacement a the resultant voltage read on an electrodynamometer
voltmeter 41.1V and with one source reserved 17.52V. When the phase displacement
made zero a reading of 42.5V is observed. Calculate E;, E,and « (8)

Solution:-
1= EILOO
E_Z = EZL(XO

When two sources are connected in series,

VE% + E? + 2E,E,cosa = 41.1
E? + EZ + 2E,E,cosa = 1689.21 ... (1)

When one of the source is reversed,

VE% + E? — 2E,E,cosa = 17.52
E? + E? — 2E;Eycosa = 306.95 ... (2)

When phase displacement is made zero,

VEZ + E? + 2E,E,cos0 = 42.5
E1 + E2 = 42.5
Adding eqn (1) and (2) we get,

2(E? + E2) = 1996.16




E? + EZ = 998.08

(42.5 — E;)? + E2 = 998.08
1806.25—85E, + EZ + EZ = 998.08
EZ — 42.5E% + 404.09 = 0

Solving eq (2) from eq (1),

E, = 28.14V or E, =14.36V
E, =1436V or E;, =28.14V
Subtracting eqn (2) from eqgn (1),
4E,E,cosa = 1382.26

4 x 14.37 X 28.14cosa = 1382.26
cosa = 0.855

a = 31.24°

Q5] a) Prove that the power in a balanced three phase delta connected circuit can be
deduced from the reading of two wattmeter. Draw relevant connections and vector
diagrams. Draw a table to show the effect of power on wattmeter. (8)

Solution:-

Given figure shows a balanced star-connected load, the load may be assumed to be inductive. Let Viy, Vyn,
Vg be the three phase voltages. I, Iy, Iz be the phase currents. The phase currents will lag behind their
respective phase voltages by angle ¢. Current through current coil of W; = I

Voltages across voltage coil of Wy = Vg = Viey + Vg = Vany — Vi

From the phasor diagram, it is clear that the phase angle between V5 and I is (30° — ¢)
W, = Vgzglzrcos(30° — @)

Current through current coil of W, = I,

Voltage across voltage coil of W, = Vyg = Vyy + Vyg = Vyy — Vin




From phasor diagram, it is clear that phase angle between Vy 5 and Iy is (30° + @)
W, = Vyglycos(30° + ¢)
But Ig, =1y, =1,
Ve = VWyp =V},
W, = V. I,cos(30°— ¢)
W, = V,I,cos(30° + @)
Wi+ W, = VI, cos(30° — @) + V,I,cos(30° + ¢)
Wy + W, = V,1;,(2cos30°cosq)
P(active power) = W, + W, = /3 V,I,(cos¢p)
Thus the sum of two wattmeter reading gives three phase power
MEASUREMENT OF POWER FACTOR BY TWO-WATTMETER METHOD

(1) Lagging power factor

Pf = cosp = cos {ta“_l (‘E%)}

(2) Leading power factor
(3) Pf=cosp = cos {tan‘1 (—\/§—W1+W2)}

W1—W;

Vi,




Q5] b) A 5kVA 200/400, 50Hz single phase transformer gave the following test results.

OC test on LV side 200V 0.7A 60 W

SC test on HVside 22V 16 A 120 W

1. Draw the equivalent circuit of the transformer and insert all parameter values.
2. Efficiency at 0.9 pf lead and rated load.
3. Current at which efficiency is maximum. (8)

Solution:- 1) Equivalent circuit of the transform and parameters

From OC test(meters are connected on LV side i.e. primary)

W, = 60w V, = 200V I, = 0.7Am

W, 60

= =043
Vil 200%0.7

cosQ, =

singy = (1 —0.43%)%5=0.9
I, = Ipcosp, = 0.7x0.43 =0.34

200 666.670
°~r, 03

I, = I,sing, = 0.7 % 0.9 = 0.63Am

V, 200
X, = —=—— =317.46Q
°~ 1, 063

From SC test (meters are connected on HV side i.e. secondary)

W, = 120w Ve = 22V I, = 164
Z —VSC—22—13759

2 I 16

R,, = Wee _ 120—0479

027 2. 162

Xoz = (Zoa® — Rp2)%% = (1.375%2 — 0.472)%° = 1.290

400 _
200

o R _047_ o

Xoy = 22 = =2 =0.320

2)Efficiency at rated load and 0.9 pf leading

W; = 60w = 0.60kw




Since meters are connected on secondary in SC test,

5x1000
12 =
400

= 12.54

Wey = IZRy, = 12.52 X 0.47 = 73.43W = 0.073kW
x=1 pf=0

x X full load KVA X pf

X1
(x x full load KVA X pf) + W; + x2W_, 00

%m =

1 x5x09

T x5x09+006+1x0073 ~ 100

%m =
%n =97.13%

Regulation at rated load and 0.9 pf load,
cosp = 0.9

sinp = 0.44

I, (Ryc05¢p — Xy, Sing) o

100
E;

% regulation =

12.5(0.47 x 0.9 — 1.29 x 0.44) o
400

% regulation =

% regulation = —0.45%

Current at maximum efficiency,

W, = 122R02
I, = /ﬂ= /ﬂ= 11.3A
Roz 0.47
0.120 0.32 1

& AN 00
666.67

o 317.46 0 2,
|

00

Q5] c) Prove that if the phase impedance are same, power drawn by a balanced delta

connected load is three times the power drawn by the balanced star connected load. (4)

Solution:-




Let a balanced load be connected in star having impedance per phase as Zp,.

For a star-connected load

|47

Vo = —

ph = 3
Vph vy Vi
L, =-£&= => L,=1 =——
ph L \/§th

ph — th - \/§th

2

Now, Py = V3V, I,cos¢ = 3 xV, x L cosp = V—Lcosq)
\/§th th
For a delta-connected load
Von =V,
—Yoh _ Vi = = /3
on = Zpn  Zpn = lpn = V3l = Sth

2
Now, P, = V3V, I,cosp = 3 xV, X \/§ZV—L X cosp = BZV—Lcosgo = 3Py
ph ph

1
PY=§PA

Thus, power consumed by a balanced star-connected load is one third of that in the case of delta-
connected load.

Q6] a) Three identical coils each having a reactance of 20Q and resistance of 10Q are
connected in star across a 440V three phase line. Calculate for each method:

1. Line current and phase current.
2. Active, reactive and apparent power.
3. Reading of each wattmeter connected to measure the power. (8)

Solution:- X; = 20Q R=10Q V, =400V

1. LINE CURRENT AND PHASE CURRENT.

_ Vi a0
Vpn = T2 = “% = 230,94V

Zon = R+ jX, = 10 +j20

Zyp = 22.3606£63.4349°

@ = 63.4349°

Power factor = cos ¢ = cos(63.4349°) = 0.44721

Ly = 22t = 239% _ 10 3279A

Zpn  22.3606

Iop = I, = 10.3279 A




2. Active, Reactive and apparent power.
Reactive power(Q) = V31, V;sing =+/3 x 400 x 10.3279 X sin(63.4349)
= 6399.962W

Active power(P) = v/3I,V,cosp = /3 x 400 x 10.3279 x cos(63.4349)
=3199.957 W

Apparent power(S) =3IV, = /3 x 400 x 10.3279

= 7155.3790 W

3. Readings of 2 wattmeter
Active power(P) = v/3I,V,cosp = /3 x 400 x 10.3279 x cos(63.4349)

=3199.957 W
w; +w, = 31999570 ... (1)
_ wWq1—WwW;
Also, tang = \/§—W1+W2
_ Wq1—W;
tan(63.4349) =/3 Toess

w; —w, = 3694.9841 ... (2)
From (1) and (2) we get,

w; = 3447.47055 w

w, = 247.51355w

Q6] b) A series resonant circuit has an impedance of 500Q at resonance frequency. The
cut of frequency observed are 10kHz and 100Hz, Determine:

1. Resonant frequency
2. Value of R,L and C.
3. Qfactor at resonance (6)

Solution:- R = 500Q f1 = 100Hz f> = 10kHz
1. RESONANCE FREQUENCY.
BW=f, —f; =10,000 — 10 = 9900Hz

R

fi="fo— prE (1)

f2=fo+% ................... (2)

Adding (1) and (2),




fit =2/

£, = fl;uf2 _ 10+120000 — c050H2

2. ValuesofR,L andC

R =500Q

9900 = 2%°
271L

L =28.038mH
X., = 2nfyLl = 2m X 5050 x 8.038 x 1073 = 255.050

Atresonance, X; = X, = 255.050Q

_ 1
Co ™ 27Tf0C

1
2mX5050xC

255.05 =

C = 0.12uF

3. QUALITY FACTOR.

1 |L 1 8.038x103
QO == |=-= = |——= 0.5176
RA/C 5004 0.12x10~6

Q, = 0.5176

Q6] c) Draw and illustrate transformer phasor diagram for lagging power factor. (6)

Solution:-







BEE SOLUTION OF QUESTION PAPER

(CBCGS DEC 2018)

Q1] 1) Find the RMS value of the waveform given below:-

T

-

Solution:-

The rms value of the alternating current is given by,

1 .2
[ = [—(5"(t)dt
rms t -t J.t ( )

1

21

t, =T t,=2T i=Isin6t

— 1 2T . 2 _ ’ 2T . 2
Irms - \/mIT (ImSIUCPt) (T)dt = Im -‘.T sin Otdt

2T sindT T sin2T
[ =1 [[—=- -——+
rms m 2 4 2 4

Q_sinZG
2 4

2T
I

Lo |l

]

T sin4dT sin2T
[ =1 |—-—/——+———
rms m 2 4 4

(4)

Q1]2) State Norton’s theorem and draw the Norton’s equivalent circuit.

Solution:-

(4)

It states that ‘Any two terminals of a network can be replaced by an equivalent current source and

an equivalent parallel resistance.’ The constant current is equal to the current which would flow in

a short circuit placed across the terminals. The parallel resistance is the resistance of the network

when viewed from these open-circuited terminals after all voltage and current have been removed

and replaced by internal resistance.




Y .‘7 Ra § R, § -
' B
(@) (b)
A
’L
oB B
() (d)

Diagram (d) from above shows the Norton’s equivalent circuit.

Q1] 3) In an R-L-C parallel circuit the current through the resistor, inductor(pure), and
capacitor (pure) are 20A, 15A and 40A respectively. What is the current from the
supply ?draw the phasor diagram. (4)

Solution:-
IR = 20A IL = 15A IC = 40A
IS be the source current.

2 2 2
IS = IR + (IL-IC)

I = /1§+(1L-1C)2

I = [20°+(15-40)" = ([207+(-25)’

I, = 32.015A

TL—Te




Q1] 4) A balanced 3 phase star connected load consists of three coils each consisting
of R=6Q and X = 8Q . Determine the line current, power factor when the load is

connected across 400V, 50Hz, supply (4)
Solution:-
R=6Q X =8Q V=400V f=50Hz

1) Power factor

Z,=R+jX =6+j8 = 10£53.13°
Z, =100
@ =53.13°

Pf=cos @ = cos(53.13) = 0.600

Power factor = 0.600

2) Line current.

V. 400
V., = —k= == =23094V
ph 3 ﬁ
Vin _ 230.94
I,=-"= o - 23.094A
ph
I, =1,=23.09A
Q1] 5) Briefly explain the classification of DC machine. (4)

Solution:-

Depending upon the method of excitation of field winding ,DC machine are classified into two
classes:-

1) Separately excited machines.

2) Self excited machines.




SEPARATELY EXCITED MACHINES

In separately excited machines the field winding is provided with a separate DC source to supply
the field current as shown in figure.

Re Ro

SELF EXCITED MACHINES

In case of self excited machines no, separate source is provided to drive the field current, but the
field current is driven by its own emf generated across the armature terminals when the machine
works as a generator self excited machine are further classified into the three types, depending
upon the method in which the field winding is connected to the armature:

a) SHUNT WOUND MACHINES

{
é); Ra

b) SERIES WOUND MACHINES

Rf
Eo
ro)

c) COMPOUND WOUND MACHINES

Ks
Rs

Re Ra

-0




Q1]6) Draw the phasor diagram of a single phase transformer when it is loaded with
a lagging power factor load. (4)

Solution:-

Q2] a) Prove that the average power taking by a pure capacitor fed with a sinusoidal
ac supply in a circuit is zero. (10)

Solution:-

PHASE DIFFERENCE

It is the angle between the voltage and current phasors.

@ =90°

POWER FACTOR

It is defined as the cosine of the angle between the voltage and current phasors.

Pf = cose = cos(90°) =0




POWER
Instantaneous power P is given by,

p=vi

p = V_I_sinwtcoswt

PA

(=]

yA— vzfc Bl
2 \2

VI |
p= %stwt

The average power for one complete cycle, P =0

Hence, power consumed by a purely capacitive circuit is zero.

Q2] b) Using the mesh analysis find the mesh current in the direction shown and also
find the voltage across A and B terminals . (10)

Solution:-

Applying KVL to mesh a
-31,-21,-4(1-1,) + 10 =0
-31,-21,-41, + 41 +10=0
91,-41, =10 ......... (1)

b
Q-

.o B




6

aa 20

>
N

Applying KVL to mesh b
-10+6l, + 8 -4(L-1) =0
6l + 8l -4 +4I =10
41, + 181 =10 ... (2)
From (1) and (2) we get,

[, =1.5068A and I, = 0.890A
For voltage:-

Apply KVL to mesh

-v+3[, + 8 =0

V=3I +8l

V =3x1.5068 + 0.89x8

V =11.640V

Q3] a) A single phase transformer has 1000 turns on the primary and 200 turns on
the secondary. The no load current is 3A at a power factor of 0.2 lag and the
secondary current is 280A at a power factor of 0.8 lag. Neglect R, and X calculate (1)
Magnetizing component and loss component of no load current. (2) primary current
(3) input power factor .Draw phasor diagram showing all the currents.(10)

Solution:-

I, N

- s

N

P

o

et

wv




[ = 200

= = =-x280 = 56A
1000

Therefore, I, = N—Sx
P

cosp, = 0.8 cos@, = 0.2 sing, = 0.6  sing, = 0.98

solve for horizontal and vertical components

I,cosg, = Lcosp, + [ cosp, = (56x0.8) + (3x0.2) = 45.4A

Ising, = Lsing, + I sing, = (56x0.6) + (3x0.98) = 36.54A

I, = [45.4°+36.54° = 58.3A

I, =1sing, = (3x0.6) = 1.8A

eu. ,’IO

STS

T2

v
\'2 ' EQ_.

_ 36.54

=0.805
1 454

tan ¢

¢, =38°

Power factor cos@, = cos38° = 0.78 lagging.

Q3] b)Derive the formula for resonant frequency of the circuit with a pure capacitor
in parallel with a coil having resistance and inductance. Find the expression for

dynamic resistance of this parallel resonant circuit.

Solution:-




iA

v =V, sin ot

Consider a parallel circuit consisting of a coil and a capacitor as shown below. The impedances of
two branches are:-

Z,=R+jX, Z,= -jX

2 C
yoLlo 1 _RX yolo1_J
1 R+jX  R™+X 2 -jiX X
Z1 L L ZZ C C
Admittance of the circuit Y = Y1 + Y2
Y — ﬂ + L = R _j XL _l
R+X, X, R+X; “|R*+X X,

At resonance the circuit is purely resistive. Therefore, the condition for resonance is.

L o = 0
2 2
R +XL XC
X, _1
2 2 -
R +XL XC

wosz _ L R2
C

o - |[LE
o [LC L?

_ 1|1 R
0" 21 |LC L2

Where f is called as the resonant frequency of the circuit.

If R is very small as compared to L then




“ = e
f = 1
°" 2n/LC

DYNAMIC IMPEDANCE OF A PARALLEL CIRCUIT.

At resonance the circuit is purely resistive the real part of admittance is RZRXZ . Hence the dynamic
+
L
impedance at resonance is given by,

R*+X?
Z, = L
b R
At resonance,
2 2 L
R+ X = XX = C
L
7 = —
b CR
Q4] a) Find current [, using Superposition theorem (10)
SRe™ V251
MA——GED
(Gal
36V Ty
102
5
Solution:-
(1) 36V is active other all are inactive.
B
—_—
36V Ix

feXe) 50




50 +
3N
/2 3:33.0
Tx(y).

10Q || 50 =3.33Q
Applying KCL to the circuit.
-36V + 51+ 3.33[, =0
8.331l, = 36

I, = 4.321Am

(2) 12V is active other all are inactive.

Applying KVL at mesh 1

-51 +10(1-1,) = 0
-51, + 101 -10L, =0 ........ (1)
Applying KVL at mesh 2

12-51,-10(L-1) = 0

12 =-101 + 151, ........(2)
From (1) and (2) we get,
[, =2.142A and 1, = 1.0714A

1(2) = 2.142 Am

5

— Q
Ix 0 of




5

Ix 3.33
L)

(3) 6Ais active and other all are inactive.
10Q || 5Q = 3.33Q

3.33

= 2.398 Am
3.33+5

1(3) = 6x

1(3) =-2.398 Am

[, = -2.398 + 2.142 + 4.32 = 4.065

X

I, = 4.065 Am

Q4] b) A resistance and a capacitor connected in series across a 250V supply draws
5A at 50Hz. When frequency is increased to 60Hz, it draws 5.8A. Find the values of R
& C. Also find active power and power factor in both cases. (10)

Solution:-
[ = 5A V=250V f1 = 50Hz f2 = 60Hz L= 5.8A

(1) Values of R and C.

FOrf1=50HZ 7. = I = ?=50.Q

2 _ |p2y e > _ 2, 1 2
Z: = (R (—anlc)) (R*+ (=)

1

2
——)"=2500 .. 1
1001TC) W

R2+(




250N
Forf,=60Hz 7= Y= 220 _4319
[~ 58
1 2 2 1 2
ZZ = R2+ = R"+ (——
2 ( (anlc) ) R+ (Zomc))
R? + (—-—)? = 1857.90 (2)
120mC

From (1) and (2) we get,

R=19.96Q C=69.4puF

(2) Power draw in the both cases.

P, = ['R = 5"x19.96 = 499w

P, =499w and P,6=671.45w

(3) Power factor in both cases:-

P, = VI cosp,

499 = 250%5x%cos@, =>
¢, =66471°

P, = VL coso,

671.45 = 250x5.8xcos@,

¢, = 62.4146°

P,= LR =5.8°x19.96 = 671.45w

cos@, = 0.3992

=>  cos@, = 0.463

Q5] a) Find the node voltages V ,V,and V. and current through 0.5Q

(10)




Solution:-
Assume that the currents are moving away from the nodes applying KCL at node 1,

0- 5

0-33 L -
g aarAn 2 ST Na

ua@ 02
[ AArAA_

(-2

IS U W SR S
0.33 05/ ' 033 %2 053

5.03V, -3.03V,-2V, =4

Nodes 2 and 3 will form a supernode.
Writing voltage equation for the supernode,
V,-V,=5

Applying KCL at the supernode,

AR AU A A 2 A

Y3
0.33 0.2 1 0.5

_L_FLV.F L.FLV.F 1+LV :0
0.33 05/ ' 033 0.2) ? 0.5) 3

-5.03V, +8.03V, + 3V, =0

0

Solving egs (1), (2) and (3)
V, =262V
V.= -0.17V

2

V, = 4.83V




Q5] b) Describe the basic principle of operation of a single phase transformer and
derive the emf equation. (20)

Solution:-

When an alternating voltage V_ is applied to a primary winding, an alternating current I flows in it
producing an alternating flux in the core. As per Faraday’s laws of electromagnetic induction, an
emf e_ isinduced in the primary winding.

Iy

/;
=
—tmr - L bt
I~ T~
N -~ l
O Y
Ny N
() (b)

Fig. 6.5 Working principle of a transformer
d
e, =-N 1_d(f

Where N_is the number of turns in the primary winding. The induced emf in the primary winding is

nearly equal and opposite to the applied voltage V.

Assuming leakage flux to be negligible, almost the flux produced in primary winding links with the
secondary winding. Hence, an emf e, is induced in the secondary winding.

_ .y do
ez = -NZE

Where N_is the number of turns in the secondary winding. If the secondary circuit is closed through
the load, a current I, flows in he secondary winding. Thus energy is transferred from the primary

winding to the secondary winding.

EMF_EQUATION.

As the primary winding is excited by a sinusoidal alternating voltage, an alternating current flows in
the winding producing a sinusoidally varying flux ¢ in the core.

¢ = @_sinwt

As per Faraday'’s law of electromagnetic induction an emf e is induced in the primary winding.




_ .y do
el = -Nla

e = -Nli(cpmsinoot)

Maximum value of induced emf = 2mtf@ N,
Hence, rms value of induced emf in primary winding is given by,

B _%_anNlcpm
22

Similarly rms value of induced emf in the secondary winding is given by,

= 4.44fN @

E, = 4.44fN o
E E

Also, —t = —2 = 4.44f¢
Nl NZ

Thus emf per turn is same in primary and secondary winding and an equal emf is induced in each
turn of the primary and secondary winding.

Q6] a) Determine the value of R for maximum power transfer and find the value of
maximum transfer. (10)

2 50 bhar
:[ oV
sz R uA T

Removing the variable resistor R from the network

Solution:-

(1) Calculation of V_




|- 5 5

L’%

+
2\ -ll TH T,

Mesh 1 and 2 will form A loop.

Writing current equation for the loop.

Applying KVL to the loop,
8-1-51-51,-10=0

-6l -51,=2 ......(2)

From (1) and (2) we get,

[[=-2A and I, =2A

Writing V... equation,

8-1-v,,=0 = 8+2-V_ =0

V., =10V
(2) Calculation of R
50

| Rery 50
? B

Replacing the voltage source by short circuits and current sources by an open circuit

R, =10Q || 10 =0.91Q
For maximum power transfer

(3) Calculationof P__




v 10°

P = = = 2747w
mx T 4R 4x0.91
A
0-a1
o 02
mxr-[
B.

Q6] b) The OC and SC test data are given below for a single phase, 5KVA, 200V/400V,
50Hz transformer

OC test from LV 200V 1.25A 150w

side

SC test from HV 20V 12.5A 175w

side

Determine the following :- (10)

1) Draw the equivalent circuit of the transformer referred to LV side .
2) At what load or KVA the transformer is to be operated for maximum efficiency?
3) Calculate the value of maximum efficiency.

4) Regulation of the transformer at full load 0.8power factor lagging.

Solution:-
(1) Approximate equivalent circuit.
From OC test (meters are connected on LV side i.e. secondary)

w, _ 150 _
VI, 200x1.25

coscp'0 = 0.6 sincp;) =0.8

<

I, = I cosg, = 1.25%0.6 = 0.75A R, = = % = 266.6()




I, = Ising, = 1.25x0.8 = 1A X, = 2= 5= = 2000

From SC test (meters are connected on the HV side i.e. primary)

W, =175w V. =20V I =125A

Vv w
7 =Ysco 20 _q¢q R = —sc= 175 _ 4499
“T L, 125 “T P 125

2 2 2 2
Xy = [ZeyRE = [16%112° = 1.14260

400 _
200

K= 2

R,=KR, = 2°x1.12 = 4.48Q

02

X,, = K'X,, = 2°x1.1426 = 4.570Q

02

Y482 4590

266 6
n

y—

(2) Maximum efficiency and load at which it occurs.

2
WCU = IZROZ
= 2x1000_ 455
27400

W, = 12.5°x4.48 = 700

w
Load KVA = Full-load KVAx |—L = 5x 150 = 2.314KVA
W 700

FOR MAXIMUM EFFICIENCY:-

W =W_ = 150W = 0.150KW

Pf=1




% _ load KVA xpf
Mo load KVA xpf+W +W.

x100

%n = 5x1

x100
max 5 x1+0.15+0.15

%n, . =94.33%

(3) Regulation of transform at full load 0.8power factor lag.

L(R,,cos@+X sing) <10
E

2

0

%regulation =

12.5(4.48x0.8+4.57x0.6) «100 =
400

19.76%

%regulation =

%regulation = 19.76%
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Q1.
(a) Explain the working principle of Single Phase Transformer. (4)

Ans: When an alternating voltage V1 is applied to a primary winding, an alternating current I1 flows in
it producing an alternating flux in the core. As per Faraday’s laws of electromagnetic induction, an emf

elisinduced in the primary winding.
dm
e e _:
I
| i——0
N L1
Vi Elg N1 Nz j: Ee
| |4 i
' |
T

Fig.(a)
do
1=-N1 —
€ dt

Where N1 is the number of turns in the primary winding. The induced emf in the primary winding is
nearly equal and opposite to the applied voltage V1.

Assuming leakage flux to be negligible, almost the flux produced in primary winding links with the
secondary winding. Hence, an emf e2 is induced in the secondary winding.

de
2=-N2—
€ dt

Where N2 is the number of turns in the secondary winding. If the secondary circuit is closed through
the load, a current 12 flows in the secondary winding. Thus energy is transferred from the primary
winding to the secondary winding.




(b) Derive the formulas to convert a Star circuit into equivalent
Delta. (4)

Ans:

[5¢)

a . AN C
Ry :
Fig(a) Fig(b)

From the delta network shown,

The resistance between terminal 1 and 2=RC || (RA + RB)

RC(RA+RB)
RA+RB+RC

From the star network shown above,

The resistance between terminalsl1and2=R1+R2 ................ (2)

Since the two networks are electrically equivalent.

RC(RA+RB)
R1+ R2-=
RA+RB+RC

Similarly,

RA(RB+RC)

Rz + R3 o i iiiereines (4)
RA+RB+RC

And




RB(RA+RC)

R1 + R3= e
RA+RB+RC

Subtracting Eq. (4) from Eq. (3)

R1-R3 (RB-RC_RA'RB) (6)
RA+RB+RC

Adding Eq.(6) and Eq. (5)

_ RB*RC
" RA+RB+RC

RAx*RC

Similarly, R2= ———
RA+RB+RC

_ RA*xRB
" RA+RB+RC

Thus, star resistor connected to a terminal is equal to the product of the two delta resistors connected
to the same terminal divided by the sum of the delta resistor.




(c) Explain the principle of operation of DC motor. (4)
Ans:

A machine that converts DC electrical power into mechanical power is known as a Direct Current

motor.

DC motor working is based on the principle that when a current carrying conductor is placed in a

magnetic field, the conductor experiences a mechanical force.

South Pole North Pole
Armature

Conmutator Segment Commutator Segment

The direction of this force is given by Fleming's left-hand rule and its magnitude is given by
F=BIL
Where, B = magnetic flux density,

| = current
L = length of the conductor within the magnetic field.

(d) What is the necessary condition for resonance in series

circuit? Derive the expression for resonance frequency. (4)
Ans:

A circuit containing reactance is said to be resonance if the voltage across the circuit is in phase with the

current through it. At resonance the circuit thus behaves as a pure resistor and et reactance is zero.




Expression for Resonance is,

yA

R + jXL— jXc

R+ij—ji

) 1
R+j(wL- &)

At resonance,

1
wL-—=0
wcC
w=Wwo=—-—
VLC
f=foz——
T 2mVLe

Where fo= resonant frequency

(e) Find the value of R in the following circuit.

1050

—AW

1)=34
ho 2R

]OO\T
Ans:
By KClI,

Assume Voltage across Ris V,

(4)




V-100 V
+—+3=0
10 14

By LCM and shifting,
Sy=7

35

V=40.33v

SovalueRis

40.833
R = 3 = 13.611Q

(f) Find the current through 4Q resistor by source transformation in

the following circuit. (4)
6V
\ %
Sh A 2 ho

Ans:
By Source Transformation,

Q9 |
N
uﬁE ol e

»— .

Again trasnforming 4V and 2Q,




Adding 2A with 2A as they are in parallel,

lmé)_ .w RS
L

By Current Division Rule,

ha=4X ——= = A
Q.2
(a) Determine the current through 8Q resistor in the following
network by superposition theorem: (8)
59 v (25,
—W—
L{—V—jYL» 1550 89 ]‘ 8v
Ans:

When 4V is active and 6V is inactive




Applying KCl we get,

V1_4+ V1—V2+ Vi
5 10 15

And

V2—V1+ V2+ V2
10 8 12

By solving eq (1),

11 V2

781 _ 2
- 5 EEE EEE EEE EEE EEE EES EEE EEE RN RN EEE EEE RN

30 10

By soving eq (2),

Solving eq (3) and (4) we get,

V1=24v V2 =0.7763v

1= % — 0.0974

Similarly, when 6v is active,

- (3)

L4

(D

(2




S‘g—\l \Oj)_\){, 1.0

Sa SRe o7

By KCL,

V3 V3-V4 V3

? + 1—0 + E —_— 0 MEn EEs o EEE mEn o wEs mEE EEs EEE mEE wEs www waw (5)

V4—V3+V4—6+V4_O 6
T T g =0 e (6)

By solving eq (5) ,

11

1
3gV3= TgV4 e (7)

By solving eq. (6),

1
—— V34 ——VAd == oo (8)

Solving (7) and (8), we get

V3 = 0.485v V4 =1.78v
12 = ve_ 178 _ 0.225A4
8 8

By Superposition Theorem,

lsgo =11+12=0.097 + 0.225=0.322 A




(b) An inductive coil having inductance of 0.04H and resistance
25 Q has been connected in series with another inductive coil of
inductance 0.2H and resistance 15 Q. The whole circuit is powered
with 230V, 50Hz mains. Calculate the power dissipation in each coil

and total power factor. (8)
Ans:
Coil 1: Ry=250

Coil 2:

X =2mfL =2 xmt x50 x 0.04 = 12.566 Q

Z1 =/ R12 + )(|_12 =27.98Q

R1 25
Cosds = 1 2798 0.8935
V1=230x— =230 x —228 _ — 69511V
Z1+Z2 27.98+64.6

Vllem x cos¢pl = 1523 W

Power Dissipated = V1 | cos¢s =

R2=15Q
X2=2nfL=2xmx50x0.2=62.83Q
Zz =/ R22 + X|_22 =64.6 Q

Cosdr =2 = 15 = 02387

Z2 62.83
V2 =230 x—22_ =230 x —2° __ _160.5V
Z1+Z2 27.98+64.6

xV2
Z2

Power Dissipated = V2 | cosd; = L x cos¢p2 =95.2W

And Total PF,

Req=R1+R2=25+15=400Q
XLeq =XL1+XL2=12.566 +62.83=75.4Q

Z =4/ Req + XLeq = 85.35 Q




_ _Req _ 40 _
Power Factor(total) = cosdrot = Zeq — 8535 0.468

(c) What are the losses in transformer? Explain why the ratings of
transformer in KVA not in KW? (4)

Ans: There are two types of losses in a transformer:
1. Iron or core loss
2. Copper loss

IRON LOSS:

This loss is due to the reversal of flux in the core. The flux set-up in the core is nearly constant.
Hence, iron loss is practically constant at all the loads, from no load to full load. The losses occurring
under no-load condition are the iron losses because the copper losses in the primary winding due to no-
load current are negligible. Iron losses can be subdivided into two losses:

1. Hysteresis loss

2. Eddy current loss

COPPER LOSS: This loss is due to the resistance of primary and secondary windings

Wcu=112R1+1,2R2

Where, R1 = primary winding resistance
R2 = secondary winding resistance

Copper loss depends upon the load on the transformer and is proportional to square of load current of
kVA rating of the transformer.
So this is why, the ratings of transformer is in KVA and not in KW.




Q.3

(a) With necessary diagrams prove that three phase power can
be measured by only two wattmeter. Also prove that reactive power
can be measured from the wattmeter reading. (10)

Ans:

Given figure shows a balanced star-connected load, the load may be assumed to be inductive.
Let Vrn, Vv, Ven be the three phase voltages. Ig, Iy, Iz be the phase currents. The phase currents
will lag behind their respective phase voltages by angle ¢. Current through current coil of W1 =

Ir.
Voltages across voltage coil of W1 =Vgrg =Van+ Ve =Van—Van
From the phasor diagram, it is clear that the phase angle between Vrg and Ir is (30° - ).

W1 =Vre Ircos(30° - @) Current through current coil of W2 = Iy Voltage across voltage coil of
W2=Vyw=Vy+Vns=Vyn—Ven

From phasor diagram, it is clear that phase angle between Vyg and Iy is (30° + ¢)
W2 =Vyg Iy cos(30° + )
Butlg, =ly=1IL

Vee=Vve =V}




W1=V_ILcos(30° - )

W2 =V, ILcos(30° + ¢)

W1+W2=V_Icos(30° - @)+ VI cos(30° + ¢)
W1+ W2=V_I. (2cos30°cosg)

P(active power) = W1+ W2=v3V_ I (cosp)

Thus the sum of two wattmeter reading gives three phase power

For calculating reactive power :-

W1-W2=V_lcos(30°-¢@)—V,IL cos(30° + @)

30—@+30+¢@
2

30—@—-30-¢

W1-W2=V_ I [-2sin| >

] sin [ 1l
W1-W2=V_I [-25sin(30) sin(-¢)]
W1-W2=V_I (sing)

Q (reactive power) = W1 -W2 =V I (sing)

(b) An alternating voltage is represented by v(t)=141.4sin(377t) V.
Derive the RMS value of the voltage.

Find:
1) Instantaneous voltage value at t=3ms
2) The time taken for voltage to reach 70.7 V for first time (10)

Ans:

To calculate RMS value of this voltage




V(t) = 141.4sin(377t)

V=Vnsind for 0<0<2m

Vm=141.4 for 6 =377t

Vimd= = [7"Vn?sin0d0 = — [*"141.425in%d6 = === [ sin’0de
14-21:2 fOZT[ 1—62‘056 dG - 14-21:2 (g_sir;ZS) 21.[0 - 14-211-.[4-2 [22_1'[] - 999698

Vrms =v9996.98 = 99.98
Vrms = 99. 98V

1) Instantaneous value at t = 3ms

t=3x102=0.003sec

V =Vims Sin6

V = 141.4sin(337 x 0.003)
V =2.4949V

Instantaneous voltage at t = 3ms is v = 2.494V
2) Time taken to reach till 70.7V for first time

V =Vms Sin6
V=707V

70.7 = 141.4sin(3771)
0.5 =sin(337t)

Sint (0.5) =337t

30 =337t

t =0.089sec.

Time required to reach till 70.7V is 0.089sec




Q.4

(a)State and Prove Maximum Power Transfer Theorem. (8)
Ans:

It states that “The maximum power is delivered from a source to a load when the load resistance is
equal to the source resistance”.

Fig: (a)
The maximum power will be transferred to the load when load resistance is equal to the source
resistance.

Proof:

From the fig.(a)

v
" Rs+RL

Vv

Power delivered to the load Ru=P =1? R = ( T

)’Ru

To determine the value of R, for maximum power to be transferred to the load,

dpP
dRl

ar_4d AV W

dRl ~ dRI ((Rs+ R )) Re
_ V[(Rs+R)? = (2R)(Rs+R1)]
. (Rs +R0.)*

(Rs + R|_)2 - 2R|_(R5+R|_)=O
R52+ RL2 + 2R|_ Rs - 2R|_ Rs - 2R|_2 =0
Rs=R.




Hence, the maximum power will be transferred to the load when load resistance is
equal to the source resistance.

Hence Proved.

(b)
A 5KVA 1000/200V, 50 Hz Single phase transformer gave the
following test result
OC TEST( hv side): 1000V 0.24A 90W

SC TEST(hv side) : 50V 5A 110 W

Calculate :
1) Equivalent circuit for transformer with circuit constant
2) Regulation at full load at 0.8 lagging

3) kVA load for maximum efficiency (12)
Ans:

1) Egquivalent circuit of the transform and parameters

From OC test(meters are connected on LV side i.e. primary)

Wi=90w V1=1000V lo=0.24Am
_ Wi _ 90 _
Cospo = Vilo  1000x024 &

sing0o= (1 - 0.382)°5 = 0.732

Iw =g cos@po =0.24 x 0.38 = 0.09124

_V1_ 1000
T Iw 0.0912

RO = 10.96KQ

Iy =losingo =0.24 x 0.732 = 0.176Am

- V1_ 1000 _ 5 eeoKkn

Xo=—=
In  0.176

From SC test (meters are connected on HV side i.e. secondary)




Wsc=110w  Vsc=50v Isc=5A

Zoy=25¢- 30_ 100
Isc 5
Wsc 110
Roz—g— s - 4.40)

Xoz2= (Zo2® - Ro2® )°5= (100 - 19.36)%5 = 8.980

1000 _
- 100
Rou=—2-0.1760Q
01_ka_ '
X01=XK%2 = 0.360
.00
01765 036
\0“6_\&_

2) Efficiency at rated load and 0.8 pf lagging

Wi=90w =0.09kw

Since meters are connected on secondary in SC test,
12 = (5x1000)/400 = 12.54

WCu =12 Rop = 12.5%* x 4.4 = 687.5W = 0.687kW

x=1 pf=0.8

x X full load KVA x pf
(x x full load KVA x pf) + Wi + x2 Wcu

%n = x 100

1x5x0.8
%n = x 100
1X5x0.8+0.09+1x0.687




%m = 83.73%

3) Regulation at full load at 0.8 lagging is

12(Roz2 cosd+Xo2 sind) y
E»

%regulation = 100

_ 12.5(4.4X0.8+8.98x0.38)
B 400

x100= 21.66 %

Q.5
(a) Three similar coils having a resistance of 10Q and inductance of
0.04H are connected in star across 3-phase 50Hz, 200v supply.
Calculate the line current, total power absorbed, reactive volt

amperes and total volt amperes. (8)
Ans:

R=10Q
L= 0.04H
Vi =200V
F=50Hz

For a star connected load,

VL o 4 115.47

Vph:% 3

XL = 2nfL = 2nx50x0.04 =12.6 Q
Zoh =R + jX1

= 10+j12.6
= 16.08 < 51.56° Q




Power Factor = cos(51.56) = 0.273( lagging)

_Vph _ 11547

=—-= =7.2A
Zph  16.08

Iph
IL=1lph =7.2A
P =v3Vil, cos¢ =1.73x200x7.2x0.273 =680 W

Q =3Vl sing =1.73 x 200 x 7.2 x sin(51.56) = 2.4 KVAR
S=+/3UL1L.=1.73 x 200 x 7.2 = 2.5KVA

(b) In the following circuit find R for maximum power
delivered to it. Also find maximum power delivered Pmax. (8)

Ans:

Calculate Vth,

S
N 151‘
RN
%m 29 s
5 95y y
m
—3

As 5A current of flowing through 2Q branch, by applying KVL at outer loop,




Vth-5x2-5=0
Vth = 15V

Now to Calculate Rth, Short all voltage sources and open all current sources,

2
N\~ Y
5 K 2 P
25 Poui.

Solving above, we get

Rth =1Q

Now according to Maximum Power Transfer Theorem,
Rth=R
Thus, R=1Q

And maximum power transferred is,

Vth? 15x 15 255
= — —W
4 x Rth 4x1 4

Pmax =

(c)Two impedance 12 + j16 Q and 10-j20 Q are connected in parallel
across 230V, 50Hz. Single phase ac supply. Find kW, kVA and
kVAR and power factor. (4)

Ans:
Z21=12+j16 Q Z2 =10-j20Q

Admittance in each branch,

Yl=—= — = 0.03 — j0.04 = 0.052 — 53.13°
Z1 12 +j16 Q




— = —1 =002 + 004, =0.0452 63.43°
Z2 10—-j20Q

Y2 =

Current in each branch,

L=VxY1l= 200xY1=10s2— 53.13°
lLb=VxY2 = 200xY2 =92 63.43°
Power Factor,

cos@l = cos(-53.13°) = 0.6

cosp2 = cos(63.43°) =0.45

Active Power =P; =V x1;=200x 10 = 2KW
P,=VxI1,=200x9 =1.8KW

Reactive Power = Q; =V x I1x cos¢l =200 x 10 x 0.6 = 1.2KVAR
Q2 =V xIxxcosp2 =200x9 x 0.45 = 0.81KVAR

Apparent Power = S; = V(P1%+ Qi%) =2.33 KVA
S; = V(P2%+ Q%) =1.97 KVA

(a)Draw and explain the phasor diagram for the practical
transformer connected to lagging power factor.

Ans :

When the transformer secondary is connected to an inductive load, the current flowing in the
secondary winding is lagging w.r.t secondary terminal voltage. Let us assume that the current is

lagging by an angle of e.
Let, R1 = Primary winding Resistance
X1 = Primary winding leakage Reactance

Rz = Secondary winding Resistance




X2 = Secondary winding leakage Reactance

The Phasor Diagram is as follows :

(b) Find 1) average value 2) rms value

(10)

Ans:

1) Average Value:

Vm m .
Voc  =—— [ sinotdot




— Vm _ Tt

= o [ = coswt]o

== [- cosmt + cos0]
2T

Vm
_E E/l'l'l]
2T
_ym

T

2) RMS Value

The RMS voltage is
Vm? (T,
Vevs =V — [ sin2wt dwt
2t Y0
V_m2 T (1-cos2wt)

2n Y0
Vm? sin2wt

) dwt

I
<
|

Jo"
(sinTr) (sin0)
o ln——— - (00—

I
<

(c)State and explain Thevenins theorem and Nortons theorem.

(4)
Ans:

Thevenin’s Theorem states that “Any linear circuit containing several voltages and
resistances can be replaced by just one single voltage in series with a single resistance or
impedance connected across the load”.




\ Nexwork

Fig (b) Thevenins Equivalent

Norton’s Theorem states that — A linear active network consisting of independent or
dependent voltage source and current sources and the various circuit elements can be
substituted by an equivalent circuit consisting of a current source in parallel with a
resistance. The current source being the short-circuited current across the load terminal
and the resistance being the internal resistance of the source network.

N4 oIk

|

Fig (b) Norton Equivalent Circuit




Q.P Code: 81620

BEE SOLUTION OF QUESTION PAPER
CBCGS (DEC-2019 Rev)

Q1. Answer any Five.

(i) Find the value of Rz in the figure given below by applying Kirchhoff’s
Laws. (4)

10A ~+60v—

> M

—+
20vS5q 200

SOLUTION: Apply Kirchhoff’s current law (KCL)

Il

,_[__ SO0V —
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Q.P Code: 81620

(ii) Briefly describe the operation of any one type of stepper motor.

SOLUTION: Permanent magnet stepper motor: 4)

The stepper motor rotor is a permanent magnet when the current flows through the
stator winding, the stator winding to produce a vector magnetic field. The magnetic
field drives the rotor to rotate by an angle so that the pair of magnetic fields of the
rotor and the magnetic field direction of the stator are consistent. When the stator's
vector magnetic field is rotated by an angle, the rotor also rotates with the
magnetic field at an angle. Each time an electrical pulse is an input, the motor
rotates one degree further. The angular displacement it outputs is proportional to
the number of pulses input and the speed is proportional to the pulse frequency.
Change the order of winding power, the motor will reverse. Therefore, it can
control the rotation of the stepping motor by controlling the number of pulses, the
frequency and the electrical sequence of each phase winding of the motor.

stator

(iif) Two pure circuits elements in a series connection have the following
current and applied voltage: V(t)=150sin(500t+10)v, i(t)=13.42sin(500t-53.3)A.
Find the supply frequency(in Hz) and value of circuit elements. (4)

MUQuestionPapers.com




Q.P Code: 81620

SOLUTION: Given V(t)=150sin(500t+10)v and , i(t)=13.42sin(500t-53.4)A

W=500=2nf therefore frequency is fzszo—; =79.577THz

We can see that the current lagging the voltage,
V(t) =150£10 i(t) =13.42£-53.4

V(t) 150210
Impedance Z =(R+IX0) =3 = 1342.-534

= (5+j10)
Resistance = R =50

And X =10 wL =10, therefore Inductance L :% = 20mH.

(iv) Athree phase, three wire, 100V system supplies a balanced delta-
connected load with per phase impedance of 20245 ohms. Determine the line
current drawn and active power taken by the load. 4)

SOLUTION: Given Z=20£45

Since it is a delta connected load therefore,
Von = VL = 100V

Vvph _ 100
Z  20.45

Line Current 1L =+/3 X lph = 6.122 — 45A

=3.5352-45 A

Iph:

Active Power P =3 VL I cos(—45) = 749.54W

(v) Draw the phasor diagram of a single phase non ideal transformer feeding
resistive load. (4)

MUQuestionPapers.com




Q.P Code: 81620

SOLUTION:

(vi) Single phase induction motor is not self-starting . State true or false and
justify your answer. 4)

SOLUTION: In induction machine a rotating magnetic field is required to produce torque.

A rotating magnetic field can produced if we have balanced three phase supply and each phase
is electrically spaced 120 to each other OR we have required minimum two phase

BUT in single phase induction motor there is single phase supply to the stator of motor , A
SINGLE PHASE SUPPLY CANNOT PRODUCE A ROTATING MAGNETIC FIELD
BUT IT PRODUCE A PULSATING MAGNETIC FIELD WHICH DOES NOT ROTATE.

Due to this pulsating magnetic field torque cannot produce so motor is not self-start.

we can make single phase induction motor self-start by split single phase supply into two phase
supply with the help of auxilliary winding.

MUQuestionPapers.com
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Q2. (A) Find the current through 5Q (Ix) using superposition theorem without
using source transformation . (10)

2X6
Solving parallel resistors(2//6) .2 1.5Q

=1.176A

Iz ————
T 245+15

(i) Only 10A current source acting alone:

Usi t divisi I'I_M—Z%ZA
sing current division rule: 12 = 2+15+5) 2

(i) Only 20v voltage source acting alone:
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20
I5

T 1.545+2 = 2.352A

By superposition theorem the total current through 5Q resistor by 10v, 10A & 20v
source will be,

Ix=1l1+ 1+ 13=1.176+2.352+2.352 = 5.88A

(B) State and prove Maximum Power Transfer Theorem. (5)

SOLUTION: The maximum power transfer theorem states that, to
obtain maximum external power from a source with a finite internal resistance,
the resistance of the load must equal the resistance of the source as viewed from

its output terminals.
Vin
T -

Proof: Power delivered to the load resistance,
P, =1"xR,

N L
Ry +R, g

To find the maximum power, differentiate the above expression with
respect to resistance R and equate it to zero. Thus,
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dP(R,) _, - (R, +R,)" 2R, x(R,, +R,) x>
dr, " (R, +R,)’

=(Ry, +R,)-2R, =0

= R, =R,

The maximum power delivered to the load is,

Vo

4]

AR,

Thus in this case, the maximum power will be transferred to the load when load
resistance is just equal to internal resistance of the battery.

(C) Plot the variation of current, impedance, resistance, inductive reactance
and capacitive reactance when supply frequency is varied in R-L-C series
circuit. 5)

SOLUTION:

(i) Variation of current with frequency:

1<

Circuit Current

AL N —— Y

({ Fry Frequency. [

Series Resonance
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(if) Variation of impedance with frequency:

Capacitive Inductive
Zin Ke= X K= Ko

Impedance

(Fr) Frequency, F
impedance Series Resonance

(iii) Variation of resistance with frequency:

Resistance is independent of frequency, so it remains constant with change in frequency.

L Liment

o Mery small B

Medaum R

(iv) Variation of inductive reactance with frequency:

Xy
A

Reactance

Frequency, f

(v) Variation of capacitive reactance with frequency:

Frequency, f
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Q3. (A) The open Circuit(OC) and Short Circuit(SC) tests on a 5KVA, 200/400 V, 50 Hz
single phase transformer gave the following results:

OC: 200V, 1A, 100W(lv side), SC: 15V, 10A, 85W/(hv side). Draw the equivalent circuit
referred to primary and put all values. (10)

SOLUTION:
From OC test,

100

No load(or OC) power factor cosg, = e 0.5

@,=cos~1(0.5) =60°
Hence, sing, = 0.866
Magnetizing component, Im1 =( lo Xsing,) =1 X 0.866=0.866A

Core Loss component, lc1= (lo X cosgo) = 1 x 0.5 =0.5A

VO 200

Therefore Magnetizing Reactance Xm1 = Kt~ 0866 230.94Q)

VO _ 200

Resistance representing core 10ss Rc1= Y 4000

From SC test,
Wse =( |sc)2 le2

Wsc 15

= (Isc)2= 1D 0.15Q

Fe2

Now SC Impedance Zsc = % = i—i =1.5Q

Thus Xep=+/(Zsc)2 — (re2)2 =,/(1.5)2 — (0.15)2=+/2.25—0.0225=1.49Q

Now equivalent circuit referred to primary side,
Turns ratio, a =200/400=0.5

et = a2 re2 = 0.52%0.15= 0.0375Q
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Xe1= @2 Xe2 = 0.52%1.49=0.3725Q)

rei=0.03750 Xe1=0.37250)
AMN— o+

[

K= 230.940)

1

— ¥

Equivalent circuit referred to primary side

Q.P Code: 81620

(B) Derive the EMF equation of DC motor.
SOLUTION:
Let
@ - flux/ pole in weber
Z — Total number of armature conductors.
P - Number of poles
A - Number of parallel paths in armature
N - Speed of armature in r.p.m
Flux cut by one conductor = d® = P®
Time taken to complete one revolution = dt = 60/N seconds
Average induced E.M.F in one conductor = e = P®/dt
e = PON/60 Volt

Number of conductors connected in series in each parallel path = Z/A

Average induced EMF across each parallel path that is across armature

terminals,
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E=e*ZIA

= (PON/60) *Z/A

E = (®PZN/60)* P/A

For awave wound machine A =2
E = ®ZNP/120 Volt

Lap wound machine A =P

E = ®ZN/60 Volt

Q.P Code: 81620

(C) Find the Root Mean Square Value (RMS) value of the following

waveform.

12| t (sec)

SOLUTION:

V()

2,2)
A/
(0,0 >

)

_iJ‘-\ 5_1 t(;ec)

. - 2
For triangular waveform slope of line m= 5= 1

From o<t<2
Y=mx+c, V=1t + 0=t

From 2<t<4
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V=-1

t3 8
f04 vza):fo2 tdt + [ (—1)%dt= [?](2) +[1]5 =( ST 2)=467

Vims = \/Area of Waveform over full cycle _ |4.67 _ 1167 = 1.08V

Period of the waveform B 4

Q4. (A)With a neat circuit diagram and phasor diagram, prove that by two
wattmeter method active power and reactive power of a three phase load can
be measured. (10)

SOLUTION:

The connection diagram of a 3 phase balanced load connected as Star Connection
Is shown below.

The load is considered as an inductive load, and thus, the phasor diagram of the
inductive load is drawn below.
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The three voltages Vrn, Vyn and Vagy, are displaced by an angle of 120 degrees
electrical as shown in the phasor diagram. The phase current lag behind their
respective phase voltages by an angle ¢.

Now, the current flowing through the current coil of the Wattmeter, W; will be
given as

Wi1=1Ir

Potential difference across the pressure or potential coil of the Wattmeter, W, will
be

W1 =VRre = Vrn - VBN

To obtain the value of Vg, reverse the phasor Vgy and add it to the phasor Vyy as
shown in the phasor diagram above. The phase difference between Vgg and Ig is

(30°—¢)

Therefore, the power measured by the Wattmeter, W is

W1 = Vgelr cos (300 - ¢)
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Current through the current coil of the Wattmeter, W5 is given as
W2 = ly

Potential difference across the Wattmeter, W5 is

W2 = Vvys = VRN - VBN

The phase difference Vyg and ly is (30° + ¢).

Therefore, the power measured by the Wattmeter, W is given by the equation
shown below.

W2 = Vysgly cos (30° + ¢)

Since, the load is in balanced condition, hence,
IrR=Iv=Ig=I_and

Vry = Vve = VBr = VL

Therefore, the wattmeter readings will be

W1 = VoI cos (30° - ¢) and

W = V_IL cos (30° + ¢)

Now, the sum of two Wattmeter readings will be given as
W1+ W2 = [Vl cos (30° - ¢) + Vil cos (30° + ¢)]

W1+ W2 = VLI [cos30° cos ¢ +sin30° sin ¢
+ c0s30° cos ¢ - sin30° sin ¢ |

Wi+ W2 = ViIL(2 cos30° cos ¢ )
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3
Wi+ W: = VLlL(Zg cos ¢)

Wi+ W2 =+v/3VLiILcos ¢ =P

The above equation (1) gives the Active power absorbed by a 3 phase balanced
load.

As we know that,
W:+W, = \/§V|_||_COS (I)

Now,
W1 - W2 =[VLIL cos (30° - ¢) - ViIL cos (30° + )]

W1 - W2 = VLI [cos30° cos ¢ + sin30° sin ¢
- ¢0s30° cos ¢ + sin30° sin ¢ |

W1 -W: =2V_I.sin30° sin ¢
Wi1-W: =VLILsin ¢

Determination of Reactive Power by Two Wattmeter Method

To get the reactive power, multiply equation (2) by V3
V3 (W1 -W2) =3Vl sin ¢ =P
Therefore, the Reactive Power is given by the equation shown below.

Pr=+/3 (W1 - W>)
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(B) A sinusoidal voltage v(t)=200sin(wt) is applied to a series R-L-C circuit
with R=20Q), 1=100mH, and C=10uF. Find (i) the resonant frequency, (ii)
RMS value of current at resonance (iii) Quality factor of the circuit, (iv)
voltage across the inductor at resonance frequency and (v) phasor diagram at
resonance. (10)

SOLUTION: L=100mH = 100x10°=0.1H

C=10pF=10x 108=10"

- N U IV U U
(i) The resonant frequency fo—Zn\/;— P 159.15Hz

(i) Atresonance (XL —Xc)?=0, Z:\/R2 + (X;- Xc)? =R

V _ 200
Irms = = =——=10A
ms =2 =50
WXL _2mx159.15x0.1 _

20

5

(iii) Q factor =

(iv) At resonance, the voltage across the inductor is,
V= ImeXL = (10) X (2 X 159.15) X (0.1) = 999.96V

(v) At resonance X_=Xc¢ and V. =Vc=999.96V And circuit becomes
Resistive . And phase difference between voltage and current will be zero i.e

(,0 = O) such that V(t) =V1=Vr=200V.
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Vi, =999.96V

P ]

@=0

b 4
Ve =999.96V

Q5. (A) Derive the transformation formula to convert a delta network of
resistors to an equivalent star network and star network of resistors to an
equivalent delta network. (10)

SOLUTION: Delta To Star Conversion:

The replacement of delta or mesh by equivalent star connection is known as delta
— star transformation. The two connections are equivalent or identical to each
other if the impedance is measured between any pair of lines. That means, the
value of impedance will be the same if it is measured between any pair of lines
irrespective of whether the delta is connected between the lines or its equivalent

MUQuestionPapers.com




Q.P Code: 81620

star is connected between that lines.

DELTA AND STAR CONNECTED RESISTORS

7 R1
L;/-

Fy
5\

L%

"'r—h ._,-"'l -."‘.'-;!,-' '-._"-f "'-,Ill‘l.-" ."‘-v-"f ] Y

C B

R2

Consider a delta system that’s three corner points are A, B and C as shown in the
figure. Electrical resistance of the branch between points A and B, B and C and C
and A are Rj, Rz and R3 respectively.

Ry (Rz + R3)
R1+ R2+ R3

Rag = R1|| (R2 + R3) =

Now, one star system is connected to these points A, B, and C as shown in the
figure. Three arms Ra, Rg and R¢ of the star system are connected with A, B and C

respectively. Now if we measure the resistance value between points A and B, we
will get,

Rae=Ra +Rs

Since the two systems are identical, resistance measured between terminals A and
B in both systems must be equal.

R1.(R2+R
R+ Re = 1.(R2+R3)
R1+R2+R3
Similarly, resistance between points B and C being equal in the two systems,
R>.(R3+R
Re+ Re = 22 (R3+Rq)
R1+R2+R3
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And resistance between points C and A being equal in the two systems,
R3.(R1+R

Re + Ra = 13 (R1+R2)
R1+R>+R3

Adding equations (1), (1) and (I11) we get,
2.(R1.R2+ R2.R3+ R3.R
2(Ra+Re + R¢) = (R1.R2+ Rz.R3+ R3.R1)
R1+ Ry+Rj3
R1.R2+ R2.R3+ R3.Rq
R1+ R2+R3

Ra+ R+ Rc=

Subtracting equations (1), (11) and (I11) from equation (IV) we get,

_ R3Ry
B R1+ R2+R3

Ra

R{.R;

Rs =
R1+ R2+R3

Ry.R3
R1+ Ry+R3

Rc=

For star — delta transformation we just multiply equations (v), (VI) and (VI),
(V1) and (VII), (V) that is by doing (v) x (V1) + (V1) x (VII) + (VII) x (V) we get,

R1R3R3+ R{R;R5+R% RyR3

+ + =
RaRB + ReRc + RcRa (Ri+ Ry+R3)?

R1R5R3+ R{RyR5+R% RyR;

RaRB + ReRc + RcRa =
ARB BRC CRA (R1+ Ry +R3)2
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_Rq{R2R3(R1+ R2+R3)
~ (R1+ Ry+R3)?

_ R1R3R3
- R1+ R2+R3

Now dividing equation (VII1) by equations (V), (V1) and equations (V1)
separately we get,

_ RiRp+ RgRc+ RcRy
= R,

2

_ RoRp+ RpRc+ RcRy
= Ry

3

_ RoRp+ RpRc+ RcRy
= Ry

1

(B) In the parallel circuit, voltmeter across 3 Q resistor reads 45V. What is the
indication on the ammeter? Also find input power factor. (10)
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SOLUTION:

Z,=5+j2=53852+21.8, Z;=5— j3=5.832—-30.96
Applying Current Division rule,

o
L= (Zl+ ZZ) !

Therefore | =

Z1+ 72 _ .5.385221.8+ 5.83 2-30.96 _
1= ( S5 S8 )x 9 =1.8662 — 27.5A

Ammeter reading is 1.866A
And input power factor is cos(-27.5) = 0.887 lagging

Q6. (A) Find current through 5(Q from A to B using Thevenin’s theorem.(10)

MUQuestionPapers.com




Q.P Code: 81620

100

100V éDlZA gwn

SOLUTION: Using source transformation the equivalent circuit is,

V2 10Q I i A B

r] A

N‘i ! \ et
“J’T + Vm
l[lﬂ -"

o

To find VtH
Now using nodal analysis at V1

V2=100v

Vi-vz  V1-120 _ V1-100  V1-120
10 10 10 10

V1-100+ V1-120=2V1-220=0
Vi1=110v
V1H =110 - 24 = 86v

To find R,

100

AR AN
'?.'if'l Ly

=0

Rr = (10/10)= 1 20 = 50)
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The Thevenin’s equivalent circuit,

R = 54} A

Y.
L '|'I'|I|II-

The current through 5Q Resistor will be,

_ 86 _
Isq = i 8.6A

(B) A 20KVA Transformer has iron loss of 450W and full load copper loss of
900W. Assume power factor of load as 0.8 lagging. Find full load and half
load efficiency of the transformer. (5)

SOLUTION: Given W;=450W, W, =900W
At full load x=1

(xxfull-load KVAXpf)
(xxfull-load KVAXpf)+W+x2[W ]

. (1x20x0.8)
"~ (1%20x%0.8)+0.45+12%0.9

X 100

%n =

x 100 =92.21%

At half load x = 0.5,

(0.5x20x0.8)
%n = >
(0.5%20x0.8)+0.45+0.52%0.9

X 100 = 83.33%
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(C) Briefly explain the principle of operation of three phase induction motor.

What are the types of three phase induction motor? (5)

SOLUTION:

The motor which works on the principle of electromagnetic induction is known as
the induction motor. The electromagnetic induction is the phenomenon in which
the electromotive force induces across the electrical conductor when it is placed in
a rotating magnetic field.

The stator and rotor are two essential parts of the motor. The stator is the stationary
part, and it carries the overlapping windings while the rotor carries the main or
field winding. The windings of the stator are equally displaced from each other by
an angle of 120°.

The induction motor is the single excited motor, i.e., the supply is applied only to
the one part, i.e., stator. The term excitation means the process of inducing the

magnetic field on the parts of the motor.

When the three phase supply is given to the stator, the rotating magnetic field
produced on it. The figure below shows the rotating magnetic field set up in the
stator.

MUQuestionPapers.com




Q.P Code: 81620

Resultant
Field

; Stator
Electromagnetic

Torque

Rotor

Main Field

Interaction of
rotor

Rotating
and stator

Magnetic
Field

R

Three Phase Induction Motor

Consider that the rotating magnetic field induces in the anticlockwise direction.
The rotating magnetic field has the moving polarities. The polarities of the
magnetic field vary by concerning the positive and negative half cycle of the
supply. The change in polarities makes the magnetic field rotates.

The conductors of the rotor are stationary. This stationary conductor cut the
rotating magnetic field of the stator, and because of the electromagnetic induction,
the EMF induces in the rotor. This EMF is known as the rotor induced EMF, and
it is because of the electromagnetic induction phenomenon.

The conductors of the rotor are short-circuited either by the end rings or by the
help of the external resistance. The relative motion between the rotating magnetic
field and the rotor conductor induces the current in the rotor conductors. As the
current flows through the conductor, the flux induces on it. The direction of rotor
flux is same as that of the rotor current. Now we have two fluxes one because of
the rotor and another because of the stator. These fluxes interact each other. On
one end of the conductor the fluxes cancel each other, and on the other end, the
density of the flux is very high. Thus, the high-density flux tries to push the
conductor of rotor towards the low-density flux region. This phenomenon induces
the torque on the conductor, and this torque is known as the electromagnetic
torque.
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The direction of electromagnetic torque and rotating magnetic field is same. Thus,
the rotor starts rotating in the same direction as that of the rotating magnetic field.

There are two types of 3 phase Induction motors,

Squirrel Cage Induction Motor.

Slip Ring Induction Motor or Wound Rotor Induction
Motor or Phase Wound Induction Motor.
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