B.Tech.
Firgd Semeder Examination, December-2009
Electrical Technology (EE-101-F)

Note : Attempt any five questions. -
Q. 1. (a) State Kirchoff's laws of current and voltage.

Ans. For complex circuit computations, the following two laws first stated by Gustav R. Kirchoff
are indispensable :

(i) First Law (Point or Current Law) : "The sum of currents entering ]4

a junction is equal to the sum of the currents leaving the junction.” 5
' A

If the currents towards a junction are considered positive and those
away from the same junction negative then this law states that the algebraic
sura of all currents mecting at a rommon junction is zero.

. . i ]
T current entering = I current leaving { 52

7 7
Junction
Iyl =0+ T+ T

Of l‘+l'3-‘12""l4"‘15=0
(ii) Second Law (Mesh or Voltage I.aw) : The sum of the emf around any clo$ed loop of a circuit
cqual the sum of potential drops in thatloop. Considering a rise of potential as positive (+) and a drop of

potential as negative (-) the algebraic.sum of potential difference around a closcd[ loop of a circuit is
ZETO-—

TE - XIR drops = 0 (around closed loop)
ZE=ZIR

% Potential rises = X Potential drops

In tracing through any single circuit whether it is by itself or a part of a network, the following
rules must be-applied :

(i) A voltage drop exists when tracing through a resistance with or in the s‘pme direction as the
current or through a battery or generator against their voltage the is from (+ve) ta (—ve), refer figure

L + Vo M
MWW
—

Fall in voltage (--V)
E .
. +} = N

Fall in voltage (-E)

{11) A voltage rise exist when tracing through a resistance against or in opé)osite direction to the
current or through a battery or a generator with their voltage that is from (—ve) tb (+ve).
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Q. 1. (b) State maximum power transfer theorem.

Ans. Maximum Power Transfer Theorem : This theorem is particularly useful for analyzing
communication networks. ‘

“Maximum power output is obtained from a network when the load resistance is equal to the
output resistance of the network as'seen from the terminals of the load." ;

Any network can be converted into a single voltage source by the use Thevenin's theorem. The
maximum power transfer theorem axis at finding R, such that the power dissipated in R; is maximum.

P=I'R, Ry i
: —MAMA
~( En__ Vg L e (0)
(Ru +R
For P to be maximum :—-——;—- By, Ry
4Py
- dR;

Differentiating equation, we have

P _E[(Ry +R. ) “2R (Ry +R, )]

([RL (Rrh +R, )4
Eql(Ry +R, ) =2R, (Ry +R)] _
(Ry +Ry )
From which R, =R,

It is worth noting that uncer these conditions the voltage across the load is half the open circuit
voltage at the terminals L & M

2 2

E F

Maximum power Prax = v | R, ="
R, +R, | 4R,

Q. 1. (¢) "Vhat are crest and peak factor?

Ans. Crest & Yeak Factor : The a.c. voltage and current wavelength completes a certain no. of
cycles in one second, each cycle comprising an identical positive and negative half cycle. The value of
the quantities varies from instant to instant peaking at a certain instant only. The rms voltage of the a.c
volage or current is often used in practice to specify the quantity. It is also called effective or virtual
value of alternative quantity. General expression for calculating of rms val-

% [i12+f22+ ....... il
Iﬂ,ff:Irms: avgl (’)=V ’_'——;“‘—-—-

General expression 10r the average value of current wave T,
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Consider an alterating current of sinusoidal waveform flowing through resistance R

. cos 2n
i=[,coswt=1, ——¢

Instantaneous power dissipation p = i’R

Average power dissipation over one cycle

{1 Fa Y
P-(—f_[:, dr)R-l R
12
RN
Where, I—[? El dt] X
172
[( ‘(l,,, cos -—~t)4 ]

/

n

1]

=

2
]m'g =T

Sy

E

I Al
The form factor = ()

I

avg

< _4¥1for sinusoidal current and voltage

2

/ | N
Peak factor =~ "— =+/2 for sinusoidal current/voltage
trms)

This is also called crest factor or amplitude factor.

Q. 1. (d) What are cut-off frequencies?

Ans. Cut-off Frequency : The frequency response of an amplifier is mainly presented in the form
of a graph that shows output amplitude plotted Vs frequency. Phase angle variation is spmetime plotted
on the same graphsFigure shows a typical plot of voltage gain of an a.c. amplifier Vs frequency. Notice

that the gain is 0 at.dc then rises as frequency increases levels off for further increases i
then begins to drop again at high frequency.

frequency. and

The frequency range over which the gain is more or less constant is called midband range and the
gain in that range is designated Am. As shown in figure the low frequency at which the gain equals
(\2/2)Am =707 Am s called lower cut off frequency and designated £;. The high frequéncy at which the

gain once again drop to 0.707 Am is called upper cut off frequency and designated f;. The bandwidth of
the amplifier is defined to be the difference between the upper and lower cut-off frequencies

Bandwidth=BW = f, ~ f,

. The points on the graph in figure where the gain is 0.707Am are called half power points and cut
oft frequencies is called half power frequercies.
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Voltage gain
Y

Midband range

Amp-=-m-—- =
JOTAmME ;1________—-_-__._-3

- —> Frequenc
0  f,=Lowercutoff fy = Upper cut.off aueney

frequency frequency

Q. 1. () What are unbalanced circuits?

Ans, Unbalanced Circuit : Much of the simplifying svmmetry goes out the window when a three
phase circuit 1s unbalanced. A circuit sometimes become unhalanced because the gencrater voltages do
not form a svmmetrical three phase set. But the unbalanced stats often results from lcads with unequal
impedances. »

An upbalance exist in a circuit when the impedances in one or more phases differ from the
impedances of the other phases. In such a case, line or phasc current are different and are displaced from
one anpther by unequal cycles. We have considered balance loads connected to balanced systems. It is
enough to solve problems, considering one phase only cn balarce loads, the conditiens on other two
plune being similiar. Problems ontnhalanced three phase loads are difficult to handle bezause
conditions in the threc phases are different

Q. L. () What are eddy currents?

Ans. Eddy Current:*»hen a magnetic core carries @ ime varying {lux, veltage is induced in all
nossible paths enclosing the flux. The result 1s the production of circulating currents 1 the core (ail
, B . 2
nragnetic material are conductors). These currents are known as eddy current and have power loss (/°R)
associated with them called eddy current less
Tron corc

Iron core

3
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Flux direction Laminations

——> Eddy currents
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The eddy current loss depend upon the resistivity of the material and lengths of the
circulating currents for a given cross section.

Applications of Utilization of Eddy Current :

(i) In induction energy meters eddy current bracking is used.

(1i) Eddy current heating is used for heating materials.

(ii1) Eddy current damping is used in PMMC instruments.

Q. 1. (g) Explain, what is slip?

Ans. Slip : The rotor speed must always remain less than the synchronous speed. The difference
between the synchronous speed and the rotor speed is known as slip. It usually expressedasa fyaction of

the synchronous speed. N i N
N,-N
Thus. skip is §=s T
NS
N=N(1-5)

N =Synchronous speed (r.p.m)

N =Motor speed (r.p.m)
In practice the value of slip is very small. At no load slip is around 1% or so and at full load it is
around 3%. For large efficient machines the slip at full load may be around 1% only. Thej induction
motor is therefore a motor with substantly constant speed-and fills the same role as d.c. shunt motor :
(1) When the rotor 1s stationary its speed.is zero and S =1 The rotor cannot run at synchronous
speed because then there will be no rotor emf and no rotor current and torque. If the rotor is to run at
synchronous speed an external torque is necessary. If the rotor is driven such that N > N, the slip
become negative, the rotor *orque opposes externai driving torque and the machine acts as induction
generator.
- (ii) The induction motor derives, its name from the fact that the current in the rotdr circuit is
snduced from the stator. There isino external connection to the rotor except for some special purposes.
Q. 2. (a) Derive expressions for converting Delta circuit to star circuit.
Ans. Derive Expression for Converting Delta to Star (A to ¥) : Consider the two networks, if

these are to be identical. then the resistance between any pair of lines should be the same when the third
line is kept open.

In Case of A Connection : In Case of ¥ Connection :
Therefore

Rap =Rap H(Rpe + Ry ) - =R Ry

Rpc =RpcW(Ray +R) =R, +R,

Reg =Rl Rye + Ry ) =R, +R,

E_ub(Rbc +Rm )
Rab +Rbt +ch

Or R, +Ry =

a
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Fig. Delta to Star conversion

On solving parallel combination of (R, {[(R),. + Rm ) N (i)
R R
Rh + Rc — 1)1.( u/v 2
a/) + Rlzc + R e th)y—
R(. +Ra _ m(Rlu +'Rub)
R(fb Rb( 3 R(u ..... (Hi)

Solving these three equations for R, R,, Rointermsof R, , R, R, , we get

= Rnb‘Rm :Rab‘Rm
o,
Rab + RIJ(‘ + Rm z:Rab weve (R)
p = Rub'Rbc :__Eub'R[Jc °
Ra/\ + Rbc + Rcu }:Rab e (D)
= Rbc'Rm _+Rbc’Rca
¢
Rab + Rb(- + R(‘a ERaI) e {€)

Equations (a), (b) & (c) are the reguired solution.
Q. 2. (b) Differentiate between :

(i) Lumped parameter & distributed parameters
(ii) Mesh & Loop

(iii) Acme and passive components & sources

Ans. (i) Lumped Parameter ¢ "The parameters in the network which are physucally separable one
known as lumped parameters.”

R L
o— MWW °—"666666 —o & b————{C}——«»

Example :
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Distributed Parameters : "The parameters in the network like R, L etc. equation not be
physically scparable for analysing purpose.”

Example : Transmission line

(ii) Mesh & Loop ¢

Mesh : It is the most elementary form of loop i.e., which cannot be further divided is other loops.
(Mesh 1s the smallest close path).

Example : In figure, only ABEFA & BCDEB qualify the criteria of mesh. But ABCDEFA cannot
because it encloses the ABEFA & BCDEB loops.

Note : All the meshes are loops but all the loops are not meshes.

Loop : It is any closed path of the network,
Example : In figure, there are thiee (3) possible closed path in loop—ABEFA, BCDEA &
ABCDEFA.

A AAAARAAAA B AAAAAAAAA

Tryeveey mwyivyvey I‘
4 E, 1
D

F

d
1
N~
AAAAAAAA
YYVYVYYVYYY

r

(iii) Active & Passive Component : "The components which supplies the electrical energy to the
circuit, arc known as active components or elements.”

Example : Current force, voltage forces, battery, cell etc.

“The components which receives electrical energy and then either converts it into heat (resistance)
or stores in magnetic field (inductance) or electric field (capacitance).”

Example : R(resistance), L(inductance), C(capacitance).
Q. 3. (a) State and explain Thevenin's theorem.

Ans. Thevenin's Theorem : It states that for the purpose of determining the current in a resistor,
R, connected across two terminals of a network which contains sources of e.m.f. and resistors, the
network can be replaced by a single source of e.m.f. and a series resistor R, . This e.m.f} E,; is equal to
potential difference between the terminals of the network when the resistor, R is removed : the resistance
of series resistor, R, is equal to the equivalent resistance of the network with the resistdr, R removed C
or it is sometimes called, "the resistance of the network when viewed from the terminals under
consideration.”

E

Hence ——
Rl, + th

e (i)

Explanation : Let us consider the circuit
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AN — Aﬂhh”hﬁ___ _Ahhh”hﬁ o
YYVyyv AAAAAL) A

4 -, 4

E—— = R = — R. = Eun
T Ry = == T 12
= = =
- -~ <>

—0

i3

The following steps are required to find current theref ire the load resistance R, :

(1) Remove R; from the circuit terminals A & B and redraw the circuit obviously the terminals
have been open circuited. )

(ii) Calculate the open circuit voltage (V. = £, ) which appears across terminals 4 & B, when they are

open i.e., when R, is removed. This voltage is £,,. A'little thought will reveal that

ER
Ey = -
Ry+ R e (i)
) . ER
( 1=t & E, =IR, = 2
R, +R R{+R, |

(111} Short circuit the battery and find the thevemn resistance R,, of the network as scen from the

terminals 4 & B.

R\R .
h =i+ Ry
Ri+ R o (i)
(iv) Connect R, back across the terminals 4 & B from where it was temporarily removed earlier.
L ‘ E
Current through R, is givenby J= th
Ry +R, e (iV)

Q. 3. (b) State and explain Mililman's theorem.
Ans. Millman's theorem states that in any network, if the voltage sources ¥, V,...... V, in series

with internal resistances Ry, R,........ R, respectively, are in parallel then these sources may be replaced
by a single voltage source ¥ in series with R as shown in figure.

Download all btech stuff from StudentSuvidha.com



http://studentsuvidha.com/
http://studentsuvidha.com

Where.

& R= coeee—eeee
G

As similar theorem can be stated for n-current sources having internal conductances which can be
replaced by a single current source /' in parallel with an equivalent conductance.

ll 12 In
.) _______ <
W
G, G, G, r
VAVAVAV"V‘VL
Where. _hR + 1R+ I,R,
Ry +Ry+....... R,
& Ga b
, j Ry +Ry+...... R,

Q. 4. (a) Explain the behaviour of R-C circuits to step response.
Ans, Response (Step response) of R.C. Circuit : The figure shows
a series RC circuit. [t is assumed that the initial energy in the network is
zero, and the step input is shown by u(z).
If the excitation is a step voltage, the physical analogy is that of a
switch-closing at time ¢ =0, which connects a low voltage battery to the
circuit. \l(t)q
Consider the circuit of figure (i). The voltage equation can be

written as
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b 1 opr.
_ u(t)-Rz(t)+—EI01(l)dt

v ()

By lapiace transform method equation (i) can be written in S-domain as

n(t) or i(t)

Changing above equation to time domain

1
—t

I
i(t)y=—ec
) R

The time 1esponse of equation (ii) is drawn here under

—>(1)

e (i)

Q. 4. (b) Explain the concept of voltage and current in RL;RC & RLC circuits with the help
) |

of phasor diagrams.
Ans. Series R-L Circuit :
Let ¥ =Supply voltage
/1 = Circuit current

V'p =Voltage drop across R

Vp=1.R
¥, =Voltage drop across L
VI :l"\’l.
X =2nfL
VI. =I.27IfL
V=yV}+v}
=JIPR? + 12 x2
this
v=1JR? + X}
Yo R+ x}
I
Y 2
Let ZL =yR +/\’L

The quantity Z, is called the impedance of a series R-L circuit
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Vv
B s
. X,
From impedance A, tan ¢; = 7?_
cos ¢, =—
~ Series R-C Circuit :
. Let V" =Supply voltage

"I =Supply current
V, =Voltage across R
Ve =ILR

Ve = Voltage across C

V(j =]'XC
1
g
Ve =J-."
2nfc
7=VR ”7(?
Vz,/ RZ+VC2
=I?R? +17 X ¢
V=1yR*+ X}
V 2 2
— =R+ X
] C
A
Let Ze =|R? + X¢

14
=7
;- “c
- . - X c
From impedance A, tan ¢, = =
R
cos ¢, = >

1 is common to takes as a reference
I leads V by anlangle 90°

I.X
L.Z S
R\L y
e
AN

Fig. Impedance triangle
of seriﬁ:s R-C circuit
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Series R-L-C Circuit : There are four voltages in the circuit,
Vy, in phase with /
¥, leads I by 90°
Ve lags I by 90°
V in the phasor sumof Vi, ¥V, & V-
V=V, +7, +7,

Thus, ¥, & V- are in opposite directions. The resultant of V;, & ¥V is C:[" Ve
therefore the arithmetical difference between them. _ ——-\L

There are three possible cases of the series RLC circuit v
ANV
@V, >V e, X, > X ™
7, <V e X, <
b))V, <V, re. X, <X, R . v
(C) VL = V(' 1e.. /"L = X(' ) / :
. {
Casel:V, >V, - : o
. ¢ L N [
When X', > X, the circuit is predominantly inductive {/R -
v2i=view, Ve )
= (LR)? +{(IX )= (X )
=I'RY + I [(Xp—Xe )P
N (X, - X)F===""""=> V=12
V=R (X =X )] :
]
|
V=IJRY+(X, -X()? b | g
. IR
’7=1/R2 +(X, ~Xc)
, 5 —— -
Let Z=yR?+(X, -X()
Z is the impedance of series RLC circuit ) S
|
v 2
L=z
I | (XL -Xo)
o '
From impedance A $ ’rg >1
tan (|>=(————~—XL ~Xc)
R Fig. Impedance A

of series RLC circuit
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R
cos b="~
¢ 2 Vg
T
Casell:V; <V, :
V.-V
When X, > X, the circuit is predominantly capacitive ' c L
' 5 V-V - !
I"'Z ._V,%. + (VC __VL )2 C [ DI A R, v
- 252 . 2 \L
=l R +[I‘XC “'1/\L] o VC
=R+ [I(Xp =X, )
. IR
P22 RY 4 (X -A )] 3 >,: >1
r 3 i
l;—_-_/\/R2+(/\’(.—-XL ) L i
!
VST X~ X, f—mtmmee e
Let Zz\[l?7+()(€ -X, G (Xc-X) _
The quannty 7 is calied the impedance of series RLC cirecit. R
o >1
From impedance A, :
i
ta d) (X( ‘_‘/Y,' ) Z :(XC-X[)
n = —— i !
R K- XD o LoD !

- ;

\1—_‘-——5;\#
. : . ¢ =

Q. 5. (2) Derive results of resonant frequency, bandwidth and impedange in case of series

RLC circuits,

Ans, Consider a ¢ircuit containing a resistance R, and inductance L and a capakitance C connected

in seites as shown_ in the {igure.

\4 F—ﬂ
—> Vi . 90
—>1 20 1 vy
I
R L C
e— Vi —>¢— V| Ve
Yoo\
O/

I’y = Voltage drop across R & / & V are in phase

V', =Voltage drop across L & ¥ leads / by an angle 90° -
/¢ = Voltage drop across C & /leads V by an angle 90°
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(Under the condition of resonance, the inductive reaction (X ; ) and the capacitive reactance (X )
should be made equal and voltage and the current are in phase i.e., the power factor becomes wnity and
network is purely resistive) and the frequency at which it occurs is known as resonant frequency for

X, =X¢

(1) Netreactance X =X, -X, =0

1y Impedance of the circuit

Z=JR7+(X, -X¢ )

Z=VR*+0 :

It resonant frequency is denoted by f,.. then

&

For resonance

Resonant Frequencies in Series :

1

X, =ol=21fL
R
we  2nf.C
=\,
1
Zﬂer=M'
2nf,.C
f, 0N, or o, =y YLC
e '

Phasor diagrams for series RLC circuitshown 1n figure at three different frequencies with L and C kept

constant.
W f<f,
VL A
X< Xe

v("‘VL

Vev

() f=f,
VL
X, = Xc
Vi
vVe

_ (i) f> f,
A

V| - Ve

\IVC

Note : Since in this resonance the voltages is maximum. It is called voltage resonance. The series
resonance is also called acceptor circuit. Such a circuit accepts current at one particular frequency but

rejects current of other frequencies.
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Bandwidth Determination : The bands of frequencies while lie between points onj; either side of

the resonant frequency where current is l/w/i times of max current / .

Bandwidth Af = f, - f; and f; & f; atthe limits of the bandwidth are called half p
the frequency scale. .

bwer points on

The impedance of the tuned circuit must be /2 times its impedance at resonance so that the current

18 /\/5 But the impedance at resonance Z = R so at half power points the impedanc

F is \/ER since

Z =N R2 + )(2 therefore V2R =vVR? + X2 or X = R. Now this information cannot be use¢d to obtain an

expression for the bandwidth.

U Py

i S

-~
%
;‘5

Bandwidth Af
Freguency ———>

The reactance at linear half power frequency Xy

/\'] =(01L-—-——1~ =-R
o, C

(Minus sign appears.on the right hand side of the equation bec ause below resonance

reactance exceeds the X;)

, R ]

OF + =0 —— =

AT I
e camole - oo Ry (_@)Z;
xample : T aL) T Ie

the capacitance

=—0 i\/az«#m?
Where, a =—§: & o, =,/VLC

On solving, we get
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Lower halfrpower frequency 0 =~ +4a 24 o)f e ()
Similaily the upper half power frequency

1
Xy =0sL———=+R
: 2 ®,C

Or w; ——w, ~—— =0

Or Wy =a+,(q2+wf

So the equation for the bandwidth becomes

Il 2 Y
W, =My —@) =a+q/0” +(1),2. —li—(x-h/oc‘ +m,2,

& bandwidth A= fy- f; =T
21
R
Af =— Hz
2L
' A
Lower half power frequency L=/ -—'57: = f, _4£2_ Hz
b
' . A
Upper half power frequency o=+ —5[ = f, +:1£Z Hz
2 n

Q. 5. (b) Derive relation between I, & Ip,, V. & Vp, in case of star connected three phase

circuit. R
. o A
Ans,
VR i
Vry
Neutral wire
. Var
3 oY
L ~
o3 Yy
(a) Connection diagram (b) Phase diagram of line & phase voltage

Fig. Three phase star connected svstem
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The three phase 4 wire star connected system is shown in figure (a). The voltage between any line

and the ncutral point i.e., voltage across the phase winding is called phase voltage (Vp,) w
between two line is called the line voltage (V; ).

The neutral peint is usually earth connected.

hile the voltage

In figure (a) the three phase are numbered as usually done R, Y & B indicate the |three neutral

columns red, yellow and blue respectively.
In figure (b), the einf induced in 3 phase are shown by the phases.

From the phasors, _potential difference between line R & Y.

Vay =Vp =¥y (phasor difference)

Or " Vey =Vg +(¥y )(phasor sum)

Since angle between ¥, j’"d (+y )is 60°

.. From phasor diagramu Ver = \/VRZ +V} + WV, cos 60°

Let Vr =Vy =Vg =Vp (all are phase voltage)
Then from eéuation (a) Vay = \/V,g +E+ Wplpx ;_ =3 «BV,,,,

. ()

In balanced star connected system ¥y . Vyp, Vpp are equal in magnitude and are known line voltage

Fry =Fyg =¥pp =)
Similarly potential difference between line'¥Yand B & B, R
Ot Vig <V <V =¥y,

Vi =V —Vr =V¥p,

IS VL = \/SV,)/‘

w (i)

Since in star connected system each line conductor is connected to separate phase, so current

through the Vines and phase are same i.e., line current = phase current

IC ‘—'1,;,1

Q. 6. (a) Explain how three phase power can be measured by two wattmeter

method?

Ans. Two Wattmeter Method : Balanced or unbalanced load figure show connection diagram
for star connected and delta connected loads respectively. In this method the current doils of the two

wattmeters are inserted in any two lines and the pressure coil of earth joined to the this

It can be proved that the sum of the instantaneous powers indicated by W, 4
instantancous power absorbed by the three loads L;, L, & L;. Let us consider a star cg

d line.

% W, gives the
nnected load.
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Fig. Star connected joad

Keeping in mind that it is important to take the dirrction nf the voltage theugh the circuit the same
as thar taken for the current which establishing the reading of the two wattmeters.

W,

&)

Fig. Delta connected load
Instantaneous current through W, =i,
Instantaneous potential difference across
W, =epg
=eép ~¢p
Instantaneous powerread by By =iplep —¢p)

Instantancous current through W, =iy
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Instantancous potential difference across
W, =cyp =ey —cp
Instantancous powerread by W, =iy (ey —ep)
Wy + W,y =ig(ep —ep }+iy ey —eg)

:i_peR +i)'€’y ~CR(iR +iy)

‘Now according to'Kirchoff law

ip+iy +ip =0
in iy =—ig
Wy, +W, =igey +iyey +igep
=P +P+ P
Where, P, =Power absorbed by load L,
P, =Power absorbed by load L,
 =Power absorbed by load L,
I, + W, =Total power absorbed
This proof is truc whether the load is balanced or unbalanced.

In case, the load is star-connected thenit should'have no neutral connection and if {t has a neutral
conncction that it should be exactly balance so that in each case there is no neutral current in otherwise
Kirchoff law will give.

ip+iy +ig+iy =0

In the above derivation we have considered the instantaneous reading. In fact the moving system
watltmeter due to its inertia, cannot quickly follow the variations taking place in cycle, hence it indicates
the avcrage power.

Total power =W, + 1,

A 1 ¢,

=7 L ipeppdt + 7 L Iy eydt
Q. 6. (b) Draw and explain the construction of transformer and derive emf. equation.
Ans. Transformer Construction : All transformer have the following essential lements :

(1) Two or more electrical windings insulated from each other and from the core|

(i1} A core which in case of a single phase distribution transformers usually comprises cold rolled
silicon stecl strip.
Other Necessary Parts : (i) A suitable container for the assembled core and wﬁilbding.
(i) A suitable medium for insulating the core and its winding from each other and f+om container,
(1i1) Suitable bushing for insuiating and bringing the terminals of the windings oiut of case.
!

The twe types of transformers are : (

J
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(i) Core Type Transformer : The complete magnetic circuit of the core type transformer is in the
slope of the hollow rectangle as shown in which /, is the no load current and ¢is the fiux produced by it.
N, & N, be the no. of turns on primary and secondary sides respectively.

Ky
o

—_— 9 ,

O- T /Pn'mavy <
AC Secondary v
supply ’1( —

% —
O O

N, N,

S

The core is made up of silicon steel laminations which are either rectangular or I-shaped. In order
to pravide maximum linkage between windings, the grour on each’leg is made up of both high tensicn
and low tension coils.

By placing the high voltage winding around the Jow voitage winding. only ore layer of high
voltrze insulation is required, that between the two coils. If high voltage coils were adracent to the core,
an additional high voltage insulation layer would be recessary between the coil and iron core.

(ii) Shell Type Transformer :

¢ / meulation
|

—

!

YV N

Low L High
voltage = valtage
winding . wirding
r : w
N g
[
Shell tvpe

In the shell type construction the iron almost entirely surrounds the copper. The corc is made up of
E-shaped or F-shaped laminations which are stacked to give a rectangular figure eight. All the windings
are placed on the central leg and in order to reduce leakage, each high side coil is adjacent to a low coil.
‘The coif actually occupy the entire space of both windows are flat or pencake ‘- shape and are auxiliary
constructed of strip copper again to reduce the account the high voltage insulation required, the low
voltage coils are placed adjacent to the iron core.

Emf Equation of a Transformer :
N, =No. of turns in primary
N, =No. of turns in secondary

¢,, =Maximum flux in the core
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=8, x A

=Maximum flux testing

"

A =Arca

B

f =Frequency of ac input

Refer figure since the flux increase from its zero value to maximum value ¢,, in one quarter of the cycle

in T/4sec.

_n

Average rate of change of flux =4 fp,, Wb/s or vol:

If flux of varies sinusoidally then r.m.s. value of emf is obtained by multiplying the

-

verage value

|

witi1 form factor. A
But torm fuctoi =L _rg.j._vgl_u_g_ =111 T b
Average value m
r.m.s. value of emf =111x 4/}, =444 /o § T\ >t
Now r.m.s. value of induced emf in the whole of primary & \\ b
winding < One cycle N
) =1
El 24'44f¢'le T= f
Sirailarly r.m.s. value of induced emf in the secondary is
E"Z = 4'44f¢mN2
In an idea! transformer on no load
V) = E} & VZ =E2
Q. 7. (a) Explain how S.C. test is performed and why? |
Ans. SC Test or Immpedance Test : In the SC test, usually the low voltage side is sh*:rt circuited by
a tiick conductor. ;
Iisc P i[
A ’ ) |
Variable L
low voltage V) Shared
supply circuit
l ‘ VSC '
i
h.v. Lv.
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An ammeter, a voltmeter and a wattmeter are connected on the high voltage (h.v.) side.

The reasons for short circuiting the 1.v. side and taking measurement on the hv side are as follows :

(1) The rated current on hv side is lower than that on lv sidé, this current can be safely measured
with the available laboratory ammeter.

(i1} Since the applied voltage is less than 5% of the rated voltage of the winding, greater accuracy
in the reading of the voltmeter is possible when the hv side is used as a primary.

The high voltage winding is supplied at the reduced voltage from a variable supply. The supply
voltage is gradually increased until full load primary current flows, when the rated full load current
flows in the primary winding rated full load current will flow in the secondary winding by transformer
action.

Readings of the ammeter, voltmeter and wattmeter are noted.

The readings of the instruments in a SC test are as follows :

(1) Ammeter reading = Full load primary current, /g

(11) Volumeter reading = Short circuit voliage V) .-

Wattmeter Reading : Full Joad copper loss of the transformer page (since the applied voltage is
low (usually 5 to 10% of normal rated supply voltage). The tlux ¢ producet is low, also, core loss is
nearly proportional to flux’, the core loss is so small that it can be neglected. However, the windings are
carrying normal full load currents and therefore input is supplying the normal full load copper losses.
Thus, the wattmetzr gives the full load copper loss. P, . the output voltage V', is zero because of is short
circuit. '

Consequently whole of the primary voltageis used in supplying the voliage drop in the total
impedance Z,, referred to the primary.

Vise =liscZy.

From this test, the following calculation can be made :

P,

(1) Equivalent resistance, Rt,,, = ;"1
lisc:

. . Y Vise

(i) Equivalent impedance, Loy =
lsc

(i) Equivalent reactance, KXoy v Zeg —Reg
R

& Cos (bs( = "_L’-(I_

eq

The above values are referred to the hv side in above case, if desired, the values could be easily
calculated referred to other side also.

The purpose of this test is to determine full load copper loss and equivalent resistance and
cquivalent reactance referred to metering side (hv side).
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Q. 7. (b) Draw and explain the phasor diagram of transformer with no load anfd full load.

s.ns. Transformer on No Load : A transformer is said to be on no load when tlie secondary
winding is open circuited. The secondary current is thus zero. (Thee is no !oad on secondary).

When an alternating voltage is applied to the primary, a small current {, i.e., no load éurrcnt of the
transformer flows in the primary. It is made up of two components /; & /,,. The componedt /,, is called
the magnetizing component which magnetizes the core. In other words, it set up a flux h#the core and

therefore /, is in the phase with ¢, . The current /, is also called reactive or wettless com

load current.

Hi———
\ l\l th%/N‘ N2\§E
2l BN

i '“—i——

Primary LT d

winding

T3

2 (V2

Secondary
winding

onents of no
|
|
J
|
|
r
]
f

|

The component /,, supplies the hysteresis and eddy current losses in the core and the negligible
/%R loss in the primary winding. The current [, is called active component or wattful coTnponent of no

load current and it is in phase with the applied voltage ). A
For a transformer on no load, we have
=4¢,, sl !

ep= Ey,, sin(of —n/2)

L, £

ey =E,, sin(wf -7n/2)

Since E, & £, are induced by the same flux ¢, they will be

vy

in phase with each other. £, differs in magnitude from E; because
n _E

E,=E 2 =21
.

If the voltage-drops in the primary winding are neglected, JVE

£, will be equal and opposite to the applied voltage V.

i
1, is in phase with V;

The phasor sumof [/, &/, is /.

!, is in phase with ¢,, and v E,

|
I' (Phaser diagram at no load)

l

Angle ¢, is called the no load power factor angle. So that the power factor on nb load is cos ¢y.

From the Phasor Diagram :
T ueus g

l“ =[osin¢0

v (i)
v (i)
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2.2 -
[0'“ Iw+lu | . (iii)

I i

cos g = —Ii- ‘ eene (i)
Also core loss =b /g cos ¢y =¥/, ' ; e (V)
Magnetizing (reactive) voltmeters =V, lgsin¢, =V, V,, ‘ e (Vi)

Transformer On Load : When there is a load connected to secondary side of transformer, then
transformer is said to be.on load.

Vi Load
b

Primary ; ntaiaiaiieininininints. 0 Secondary

winding winding

%

When the transformer is on load (i.e., an impedance or load is connected across the secondary
terminals). ‘

Current /, flows through the secondary windings, the secondary current /, set up its own mmf and
hence creates a secondary flux ¢,, the secondary flux ¢, vpposes the main flux ¢set up by the exciting
current. /) the opposing secondary flux ¢, weakers the main flux ¢ momentarily.

So primary back emf E; tends to reduced, so difference of applied voltage ¥, & E; increases.

Therefore, more current is drawn from the source of supply flowing through the primary winding
until original value of flux ¢is obtained and it again causes increase in back emf £,. :

Let the additional primary current be /4. ;
The /] is in phase opposition with secondary current /, and is called the counter balancing current.

The additional current /] set up an mmf N,/ producing flux ¢ in the same direction as that of the
main flux ¢and cancels the flux ¢, produced by secondary mmf N,/,.

N .
So NlI{ =N212 0!‘_[{=-—llz
‘ Ny . i e (8)

The total primary current /, is therefore, phasor sum of primary counter balancing current /] and no

load current /. ‘

!, is very small so o =1

[l =I; =N2/N|.Iz or !‘!—:&:K
i B o 1
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Since the secondary flux ¢, produced in secondary mmf N,/, is neutralized by the flux 4
produced by mmf N, /| set up counter balancing current /. The flux in the transformer core remains
constant from no load to full load.

i
Since the voltage drop in both of the winding of the transformer are assumed to bé negligible.

Tbe_rgforel V) =E7 & Vl ="E| f
Resistive Load Inductive Load Capacitive lfoad
T
Current /, will be in phase with ¥, the| The secondary current /, lags behind| The secondary currejt /, loads the
current /] will be in phase with ¥, and] the secondary terminal voltage ¥, by| secondary terminal voltage ¥, by an
equal to /, in magnitude. The current| an angle-¢,. angle ¢,.
Iy madc up of /, and I{ so lags| The induced primary current I is| The current £, is the \$ctor sum of the
behind ¥, by an angle ¢;. always in opposition of /. current /g and /| whlch will be lagging
behind | by an anglc 1},.
V,=E 1 i
MY 1 _ 1 Avl =l El
Sl NN
4 \ ‘
I i \ i
S N\
N
\\
N
o'y \\\
v ¢ ) IO
L 5
[ &
v L3 )
vy E, ? .
| 2
|
vV, =E,
2 ) v V2 =E, VVZ % EZ

__Phasor diagram for the ideal transformer on load

Q. 8. (a) Explain the construction and working of synchroneus motor.
Ans. Construction of Synchronous Motor : It consist of following essential paits

(i) A laminated stator core with three phase armature winding. |
f

i

(ii) Revolving field complete with amortiseur inding and slip rings.

(ii1) Brushes and brush holders.

{iv) Two end shields to house the bearings that support the shaft.

The stator core and windings of a synchronous motor are similiar to those of3-phaj$e squirrel cage
induction motor. The rotor is generally a salient pole rotor. In order to eliminate hunting and to develop
the necessary starting torque when a.c. voltage is applied to stator, the rotor poles conftain pole phase
conductors which are short circuited at their ends as shown. The field circuit leads are erught out of two
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slip rings mounted on the rotor shaft. Carbon brushes mounted in brush holders make centact with the
two slip rings the terminal of the field circuit are brought out from the brush holders to a second terminal
box mounted on the rotor frame.

Rotor
bars

Shorting strips Shorting
N ‘ S strips
1
N
s
N
-~
Pl ofan AC d.c. field winding

synchronous motor

Damper winding

Principle of Operation : Where the stator winding of a 3-phase synchronous motor arc supplied
with rated 3-phase. Voltage a rotating field travelling at synchronous field is set up. The synchronous

speed is found from the relation Ny = lg;—)i where N _(rpm), fand P are synchronous P speed, frequency
and no. of poles respectively. This rotating magnetic-field cuts across the squirrel cage winding of rotor
and induces voltage and current in the bass of this winding. The resultant magnetic field of squirrel cage
windmg embedded in the rotor field poles reacts with the rotor field in such a manner as to cause the
rotation of motor. The rotor will increase its'speed to a point slightly below the synchronous speed of the
stator field. The field circuit is now existed from an outside source of d.c. and magnetic poles of fixed
polarity are set up in the rotor field cores. The fixed magnetic poles of the rotor are attracted to unlike
poles of the rotating magnetic field set up by the stator winding. i

Application : Power houses and substations, factories, 18/13 industries, constant speed
equipment (fans, blowers, centrifugal pumps, motor generator sets) etc. \
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Q. 8. (b) Explain the working principle of D.C. machine and derive emf. equation for it.

Ans. Working Principle : It i1s a machine which convert electrical power into mechanical power.
It is used to operate pumps, lathe etc.

When a current carrying conductor is placed in a 1nagnetic fieid then it experiences a mechanical
force tending to rotate and the direction of the force experienced is given by the flowing ieft hand rule.
The magnitude of this mechanical force (F) is experienced by the conductor is given by

F =Bil newion
! = Length of conductor (in meter)
i =Current in the conductor (in arap)
B =Magnetic flux density (in wb/m?)

(i} Suppose a conductor is placed in a magnetic field as shown and here magnervic ficid passes the
arrgap from N-pole to S-pole. v

(ii) Now the figure, conductor carries the current but no magneuic eftect of the main right hand, S
thumb 1ule or work screw rule, @

(iii) Again in figure, the current carrying conductor is placed in a magnetic field. Here magnetic
ficld of conductor supporis main field upon the conductor and opposes main field under the conductor in
other words the flux density increased in one side and decrease in other side. Here a force is developed
on the conductor for high density flux to low density flux.

(iv) If we change the direction of current in conductor, the direction of force is also changed as
shown.

A—————]
1
N W) S N % S
Wy

. e
N S N S
O e oo
v
F

E.M.F Equation : Let in a d.c. machine
P =No. of poles
¢ =Flux generated per pole (in wb/m)
Z =Total conductor in armature

N =Speed of armature (r.p.m.)
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A =Parallel paths (in armature)
According to Faraday's law,

In cne conductor

Induced average e.m.f. E= Z—‘b volt ‘
Flux cut in one revolution dd =No. of poles x Flux/pole
=px¢

. . . 6
Time taken in one revolution dt =Wsec

Here induced average emf in one conductor . 4 1

|
E—il¢~ Pj_:fi‘xvon
dt 64N 60 |
‘ I
When conductor are Z, total induced e.m.f. 1
E= PN x Z volt . 1
60

But conductor in one parallel path = j— ) :

GZNP
60x A

So induced e.m.f. E= volt
_|Z for wave winding
P for loop winding

Q. 9. Write short notes on.

(a) Induction type voltmeter

(b) Energy meter :

Ans. (a) Induction Type voltmeter : Here the deflecting torque is produced duje to the reaction
between the flux of an a.c. magnet and the eddy currents induced by this flux.

Principle of Operation : It consist of thin aluminium disc D free to rotate about an axis passing
through its centre. Two a.c. magnetic poles P & P, produce alternating fluxes ¢, & ¢, respectively
which cut this disc. Consider any annular portion of the disc around P, with centre on the axis of A, this
portion will be linked by flux ¢, and so on alternating emf e, be induced in it. This emtlwill circulate an
eddy current P, which will pass under P,. Similarly ¢, will induced an emf e, which will further induce
an eddy current /; in an annular portion of the disc around P,.

This eddy current i/, flows under pole P,. |
The portion of the disc which is traversed by flux ¢, and carries eddy current i, experience a force
F, along the direction as indicated. As F = Bil, force F| « ¢;i;. Similarly the portion of the disg are

leging in flux ¢, and carrying eddy current i experiences a force £, < ¢,i) or F, =K,
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Y

L Byl Py I
£ S
¢‘: ¢’2
'\f v
ANERONENKO) QD
i i, F|(F i, i
(a) (»)
" Fy o« §yiy = Koy iy

Lct R be the effective radius at which these force act. The torque Tacting on the disc bemg equal to
the difference of the two torgque. A given by

T = R(Kd, iy —Kbyip )
=K1(¢yiz—d’zi1) K!:RK 1

The value of eddv current iy = il =[j—dl—J

a {dsinmr)

fp =

7
0y, cos ot
ll = ——k‘—_
1
- . ¢y, (cos 0f —0) ‘
Similarly i = ¢7"’—(—E——~

Where. ¢; =¢,,sin o?

$, =0,, sin(ot —o)
After putting the value of i, & i, in equation (i), we have

K

|

!

10 |
_ sin o

R ¢l m ¢2m |

From above it is clear that : (i) If « =0, if two fluxes are in plane the net torque is zero. !
(1) If sin a =1, o = 90° the net torque is max. for given values of §y,, & ¢y, ‘;
(i11) The net torque is in such a direction so as to rotate the disc from the pole with, leading flux.

towards the pole with lagging flux. |
(iv) The value of T does not depend upon ¢. So we can say that it has a steady value at all times
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(b) Energy Mcter : An instrument which measures electrical energy is called an energ: meteror
watthours (wh) meter. Since the electrical energy consumed by a load adds up as the time goes on, an
energy meter is an integrating meter. There are several types of energy meters. Single phase ‘nduction
typc energy meters are very commonly used to measure electrical energy consumed in domestic,
commercial, and industnal installation.

Covstruction : A singl= phase induction type erergy meter consists of the follewing parts :

(1) Driving system (1) Moving system
(111) Braking system (iv) Registering system
Revolution counter
calibrated in kWh
Gears
. 211141312 i i
Spindle: Recording mechanism
O—
] %ﬂt 1
ws Y t
Supply voltage HIT vV magnetio
v QF ¢ A
Fe Fe 2 D
—a 1
PFC :ﬂ brake
ALdisc U, magnet
o —
— N =~ Fo & F_— Friction compensators
_ —~ CC 1 2 -
~—— = PFC — Power factor compensator

C¢ — Current coil
V. — Voltage coil
Fig. Single phase energy meter

(i) Driving System : The driving system of the energy meter consists of tye silicon steel
laminated electromagnets M, & M, The magnet M, is called the series magnet and the magnet M, is
called the shunt magnet. The series magnet M, carries a coil consisting of few turns of thick wire and
carries the load current. This coil 1s called the curreat coil (CC) and is connected in series with the
circuit. The shunt magnet A/, carries a coil consisting of many turns of thin wire.

This coil is called the voltage coit (VC) and is connected acress the supply. The voltage coil
carries a current proportional to the supply voltage. ‘ :

_Short-circuited (copper shading bands) are provided on the lower part of the ccntral limb of the
shunt magnet. These barids are also called power factor compensators. ‘

(ii) Moving System : The moving system censists of a thin aluminium disc (rotor) mounted on a
spindlc. The disc is placed in the air gap between the series znd shunt magnets so that it acts *he fluxes of
both the magrets.
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(iii) Braking System :_The braking system consists of a permanent magnet known as brake
magnet. It is placed near the edge of the aluminium disc. When the disc rotates in the field of the brake
magnet, eddy currents are induced in it. These eddy currents react with the flux and exert a braking or
retarding torque. _ ‘

(iv) Registering System : The disc spindle is connected, through a set of gears to a counting
mechanism. This mechanism records a number wlich is proportional to the number of revolutions of the
disc and indicates the energy consumed directly in kilowattheurs (kWh).

Theory : When the energy meter is connected in the circuit, the current coil carries a current equal
to the load current / and the voltage coil carries a current p-oportional to the supply voltage.
Let, V' =Supply voltage
I = Load current lagging behind V by ¢
. cos ¢ =L oad power factor
!4, =Current through the shunt coil VC

! .. = Current through the series coils CC.

The fiux ¢, of the shunt coit (VC)-is made to lag behind V by 90° with the adjustment of copper
shadmg bards, The flux &, of the series coil /CC) is *aken tobe in phase with current /. Letr,, and ¢, be
the ndrce” emfs in the disc due to fluxes ¢, and ¢,,. The emfs ¢, lags behind 4., by 90° and e,, lags
behind 4, by 90°. Eddy currents i, and 7, are set up in the disc by e, and e, respectively: Since the
irdnctance of the eddy current path in the disc is negligible, i, is in pkase with e, and i, is in phase

wvith ~. The phasor diagram is shown below.

sh

sh

vV
The ns*antane~us torque acting upon the disc will be due to the two i\

oppositely directed torques proportional to.d , 7., and $..7 ;.

Tin © Goige =7 2 Let supplyvoltage be,

o ¢
v=b,sinct
Then the load currentis i=1, sin(nr—¢)
. I
The fluxes are o, =K1, sinfor-¢) I sh
’ shY
Where, K= Constant
E
¢.va = KZ J.th Shw E
S¢
1 dby " ,
Where, v = T being in phase opposition to the induced voltage
,2 at
V <
b,y =-K,-Lcosor ¢

0]
Where, K, is another constant.

The eddy emf induced by the flux &, is
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_~dd,, |

e, - =-K, I, ocos(w! —d) ‘
If the eddy current path is assumed to be purely resistance of value R. ‘
: e _—Kyl,0
[o=——= ————cos(w? — ;
= p R 1)
_d(bsh ; /
ey = =-K,¥,, sin ot
“sh dr 2"m
~-K,oV,, . !
" =Esh TR0 i o :
) R R

The instantaneous torque in the disc is then

Tins/. a ¢slz ise —¢se i:h

Ky, Kl,o K\I,KV
q =2 .—'—f—cos wr.cos{@f — )+ ——2 M cin( o1 - $)sin w1
o
KK
o2y 1, [cos @rcos(mr— ) +sin of sin(of - §)]

KK,

ol . Vol nlcosor=ot —¢)

KK, !
a ‘R Ly .1, cosd ,

The average deflecting torque upon the disc is
T, <Vlcosd

Thus, the average deflecting torque on the disc is proportional to the active power in the circuit.

Neglecting friction in the meter, and assuming that the shunt magnet flux lags behind the supply voltage
by exactly 90°, the driving torque is proportional to the power consumed in the circuit, that is,

T, «P, T;=K;P |

The braking torque is due to eddy currents induced in the disc. Since the magnitude of cddy currents is
proportional to the disc speed. , _ '
Ty «N, Ty =K4N y

The disc will prove with steady speed when
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