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.
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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.
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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 (4)

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, 0667
%1 = 1.9985
w,
Q1] c)calculate R 45 (4)
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Solution:-




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
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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:-

v=Vp,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; = —jXc

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

S AT L=z on T x
1 JjX R+XL Zy jXc Xc

Admittance of the circuit Y =Y, + 1,

Y=R—jXL+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}
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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.
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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
0

b) SERIES WOUND MACHINES

Rp
Ra
B

c) COMPOUND WOUND MACHINES
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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
61 = _N1 E

d ,
e, = —N; oy (pmSinwt)

e, = —N;pwcoswt = —Nyppwsin(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)




Solution:-
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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

Q2] c) Determine the potential difference V 45 for the given network (4)
P 2A
3Q 10
5 20 4Q
8V
Solution:-

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,
V=2 +8—-5L—=V;=0
Vy—225)+8—-52)-V;=0
Vy—=Vg =7

Vg = 7V




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:-

{20 |-
CoilA :V, =100V [, =8A P,=120W

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

\0A

\:

For coil A, Z, = == 12.5Q
A

Py = I,ETA
120=82 x 1,

r, = 1.875Q

X, =V12.52—1.8752 = 12.36Q

For coil B, Z = ‘I’—BB = % =10Q
Py = I21g

500 =102 X rp

rg = 5Q

Xz = V102 — 52 = 8.66 Q

(8)
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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
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Solution:-

(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

—o0 Ry o——

200 2300
(_’o n Yoo
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20x30
30

=70Q

R, =20+30+

Ry = 30 +30 + =22 = 1050

—° Rm o——f

= ,
qoq
Y
o )0531

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

806190
1S 43V
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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.
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Q4] a) Find V; using super position theorem (8)
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Solution:-




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

[ =2 x—>858 _ _ 9255314
3.6585+25

(3) when 100V is active




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.

Solution:-

Ie

To calculate the source current according to phasor diagram,

(4)




I =15+ (I, —Ic)*
I2 = 202 + (15 — 40)?
I2 = 1025

I =32.01A

82.0\n

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,

VEZ + 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, 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 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
_ _ -1 Wi+W,
Pf = cosp = cos {tan (\/§—W1_Wz)}

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

-
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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

Y R TE

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

400 _
200

o _Re_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) ",
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 B0
666.67

o 317.46 z,'
f —

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 = 2= 2= = 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:-







