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Unit| - ELECTRICAL CIRCUITS
PART A

1. State Ohm’s law. (DEC 14)
Ohm’s law states that the voltage (v) across a resistor is directly proportional to the  current (i) flowing
through the resistor, at constant temperature. ie, v a i ,v = iR, where R is the resistance (Q).

2. State Kirchoff’s Current law. (MAY 13)

KCL (Kirchoff’s Current Law) states that the algebraic sum of currents entering a node
(or a closed boundary) is zero. (or)The sum of the currents entering a node is equal to the sum of the
currents leaving the node.

3. State Kirchoff’s VVoltage law. (MAY 13)
KVL (Kirchoff’s Voltage Law) states that the algebraic sum of al voltages around a closed path (or
loop) is zero. (or) Sum of voltage drop = Sum of voltagerise.

4. An Electriciron israted 1000W, 240V. Find the current drawn & resistance of the heating element.
P=V?R; R=240%1000=57.6Q and |=V/R =240/57.6 = 4.166 A

5. Definei) chargeii) electric current iii) power iv) network & V) circuit.

i) Charge: Chargeisan electrica property of the atomic particles of which matter consists, measured in
coulombs(C ).

i) Electric current isthetimerate of change of charge, measured in amperes(A). i = dg/dt

A direct current (DC) is acurrent that remains constant with time.

An alternating current (AC) is acurrent that varies sinusoidally with time

iii) Power isthe time rate of expending or absorbing energy, measured in watts(w). p = dw/dt p- Power
in watts(w); w- energy in joules (J); t - timein seconds (S); (or) p=vi,V - Voltagein volts(V); i - current
in amperes(A);

iv) Network: The inter connection of two or more simple circuit elements forms an electrical  network .
v) Circuit : If the network contains at |east one closed path, it is an electric circuit.

6. Define: Node (OR) Junction, Tree & branch
A Nodeis apoint in the network where two or more circuit el ements are connected.
Tree
A Treeisacomplete path including all the nodes.
Branch
A branch is apart of the circuit which lies between two junction points.

7. Write down the expression of equivalent resistance for ‘n’ — number of resistorsin series connection.
For ‘n’ resistors connected in series, the equivalent resistance is given by,
Reg=R1+R>+Rs+........... +Rn,

8. Write down the expression of equivalent resistance for ‘n’- number of resistorsin parallel connection.
For ‘n’ resistors connected in parallel, the equivalent resistance is given by,
1 1 1 1 1

=t —+—+ +
Req RL R2 R3 Rn

9. Writethe Algorithm for Nodal Analysis.
Select a node as the reference node. Assign voltages V1,Vs,... V1 to the remaining  n-1 nodes. Apply
KCL to each of the n-1 nodes. Solve the resulting simultaneous equations to obtain the unknown node
voltages.



10. Writethe Algorithm for Mesh Analysis. (DEC, ’12)
Assign mesh currentSis,iy,....In to the n meshes. Apply KVL to each of the n meshes. Solve the resulting n
simultaneous equations to get the mesh currents.

11. Apply KVL and solve (ans. 1=3.54)

Ans: 7|1 - 2'2 =10

2'1'12|2=0

13. Distinguish between a Loop & Mesh of a circuit (DEC, ’10)
The closed path of a network is called a Loop. An elementary form of a loop which cannot be further
divided is called amesh. In other words Mesh is closed path does not contain an other loop within it.

14. State Theveninstheorem. (NOV 14)
It states that any linear bilateral network can be replaced by a single current source VTH, in series with
single impedance Zth

15. State Norton’s theorem
It states that any linear bilateral network can be replaced by a single current source, in parallel with
single impedance Zth.

16. State maximum power transfer theorem.
Max power istransferred to load impedance if the load impedance is the complex conjugate of the source
impedance.

17. Sate super position theorem.
It states that the response of alinear circuit with multiple sourcesis given by algebraic sum of response
due to individual sources acting alone.

18. State the stepsto solve the super position theorem.
» Take only one independent voltage or current source.
» Obtain the branch currents.
> Repeat the above for other sources.
» To determine the net branch current just add the current obtained above.

19. State the steps to solve the Thevenin’s Theorem
» Remove the load resistance and find the open circuit voltage Voc
> Deactivate the constant sources (fro voltage source remove it by internal resistance & for current source
delete the source by OC) and find the internal resistance (RTH) of the source side looking through the
open circuited load terminals
» Obtain the thevenin’s equivalent circuit by connecting VOC in series with RTh
» Reconnect the load resistance across the load terminals.



20. State the steps to solve the Norton’s theorem.
» Removetheload resistor and find the internal resistance of the source N/W by deactivating the constant
source.
» Short the load terminals and find the short circuit current
> Norton’s equivalent circuit is drawn by keeping Ry in paralel with Isc
L = (| sc-Rth) / (Rth+R|_)

21. Write some applications of maximum power transfer theorem.
> Power amplifiers
» Communication system
» Microwave transmission

PART B

1. Determinecurrent in 5ohm resistor by any one method.
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Soltuion.

Matrix-method for M esh analysis can be used. Mark three loops as shown, in Fig. Resistance-matrix
should be evaluated for current in 5-ohm resistor. Only, i3 isto be found.

R,=3R,=6,R;=9 R,=1,R;=2,R ;=2

Voltage-source will be a column matrix with entries serially as : — 8 Volts, + 10 Volts, + 12 Volts.

3 -1 -2
A=|=-1 6 =2|=3X(54-4+1(-9-4)-2(2+12)=10Y
-2 -2 9
3 -1 B
A, = | =1 6 10|=39
’ -2 -2 12

Ay/A—396/109 — 2,633 amp.



2. Determinethe voltages 1 and 2 of the network in Fig. by nodal analysis.

Solution. Wnie the conductance matrix for the network. with nodes numbered as 1. 2. 4 as
shown.

g, = 1 +05+05=2mho, g,,=1+05= 1.5 mho,

gy, = | mho, g, =0.5 mho, g,,=0,g,,=1 mho

2 =05 -1 0 -05 -1
A=|-05 L3 0|=125 A=]2 15 0|=25
=] 0 L0 I 0 1
2 0 -1
A=1-05 2 0|=%5
' =f ¥ 18

This gives F, = A /A=2.50/1.25 =2 Volis
And ¥, = AJ/A=250/1.25 = 2 Volts

It means that the 2-ohm resistor between nodes | and 2 does not carry current.

3. For thecircuit shown in Fig, find Vce and VAG

-'T fl E E H ;_-
4 Nov
= 20N 5 g S 55 40V =
9 s 7
p W—p g

Consider the two battery circuits of Fig. separately. Current in the 20 V battery circuit ABCD is20 (6 + 5+ 9)
=1A. Similarly, current in the 40 V battery circuit EFGH is=40/(5 + 8 + 7) = 2A. Voltage drops over
different resistors can be found by using Ohm’s law.



i.e. voltage of point C with respect to point E, we will start from point E and go to C viapointsH and B. We
will find the algebraic sum of the voltage drops met on the way from point E to C. Sign convention of the
voltage drops and battery e.m.fs. would be the same as discussed in Art. 2.3. For finding Vce

Fee = £5%x2)+ (10) {5 % 1) =-5Y¥
The negative sign shows that point C is negative with respect lo point £.

Vig = (Tx2)+(10) +(6 x 1)=30V.

The positive sign shows that point A is at a positive potential of 30 V with respect to point G.

4. State and explain Kirchhoff’s laws. Determine the current supplied by the battery in the circuit shown in
Fig.

Solution. Let the current distribution be as shown in the figure. Considering the close circuit
ABCA and applying Kirchhoff's Second Law, we have

—100x —300z + 500y = 0 3
or x=Sy+3z =10 (] : :is.—r" _ -zf_é_lﬂ
Similarly, considering the closed loop BCDE, we — : -
have .'l.","h-_q. LV N =P -.‘E:—:J
. A, =19 =
=3z 10y + ) + 500(x —=z) = 0 - = -
3 8 S e - = rr = -.5-
or | o Sx =y 9z 0 i) 1 E-f‘-"—fq_ _T-TT:E o
Taking the circuit ABDEA. we get - ey
—r, I D'D.I __-_"““'[l ___' -+ IlH] e “}[}'lf T _5‘} oF “ hr_.:. +_|.'J }-'_} . ,r-'_,'-. e an L I
or lxtySz =1 -..lﬁh. A £ Jov
The value n.:-i'.x_. v and = may be I'n::-.u.nd by solving Fig. 2.12 A
the above three simultaneous equations or by the
method of determinants as given below :
Putting the above three equations in the matrix form, we have
(1 =5 3[=x 0
5 =1 =91|lyv|=]0
| 7 1 —5]|=z !
1 =5 3] 8 =% 3
A=15 -1 -9 |1=240A, =0 -] -9|=48
|7 I =3} | I =5
(1 0 3 1 -5 0
A, = |5 0 -9|=24A,=|5 -1 0|=24
i L =5 7 L
48 1 24 1 24 1
X = — & Yy — —AE =
YT 240 577 240 10 240 10
Current supplied by the battery 1isx +v=1/5+ I/10=3/10 A.



5. Use nodal analysisto determine the voltage across 5 ohm resistance and the current in the 12 V source.
9A

Selution. Transform the 12-volt and 4-ohm resistor into current-source and parallel resistor.

Mark the nodes O, 4, B and C on the diagram. Self-and mutual conductance terms are to be
wirtten down next.

AA G, =14+ 12+ /4= ] mho

AtB. G, = 12+ 1/5+ 1/100=0.71 mho

AtC. G = 14+ /5 + 1720 = V50 mho

Between 4 and B, G, = 0.5 mho,

Between B and C, G, = 0.2 mho,

Between A and C, G, = 0.25 mho.

Current Source matrix : At node 4, 3 amp incoming and 9 amp oulgoing currents give a net
outgoing current of 6 amp. At node C, incoming current =9 amp. Al node B. no current source 15

—6
connected. Hence, the current-source matnx is ; 0
)
The potentials of three nodes to be found are : V', V' V-
1 =05 ~025||F, -6

-05 071 -020|(Fz|=| O
-0.25 -0.20 0.5]]| F- 9
For evaluating V", V. V- following steps are required.

1 -05 —0325
A=| =05 071 —020|=1x%(0.710.5—0.04) + 0.5 (- 0.25— 0.05) — 0.25 (0.1 + 0.71 x 0.25)

—-025% -020 0.5
= 0.315 —0.15 —-0.069375 = 0.095625

-6 —-05 -025
& = |=035 071 —020 )=+ 06075
9 —020 +05
Il =6 —0.25
A, =1 =05 0 —020|=L12%
=025 9 050
I =05 <6
A =] —-03 0.71 | =2.2475
—025 —-020 9

V,=A (A=+Wa075/0.095625 = 6353 volts

Vy=A A= 1.125/0.095625 = 11.765 volts

V=40 A=2475/M0.95625 = 25.882 volis

Hence, voltage across S-ohm resistor = V-7, = 14,18 volts. Obviously. B is positive w.r. tod,
From these node potentials, current through 100-ohm resistor is 0.118 amp: (/) current through 20
ohm resistor 15 1.294 amp.



6. State Thevenin’s theorem and give a proof. Apply this theorem to calculate the current through the 4 &
resistor of the circuit of Fig.

Solution.

Asshown in Fig. 2.130 (b), 4ohm resistance has been removed thereby open-circuiting the terminals A and B.
We will now find Vas and Ras which will give us Vih and Rrespectively. The potential drop across 5 é- resistor
can be found with the help of voltage-divider rule. Itsvalueis=15 * 5/(5+ 10) =5 Vth

A B w4 g
|
il e i+
(Oisv - 535v gv() 52
| | c.
fihy fer

For finding VaB, we will go from point B to point A in the clockwise direction and find the algebraic sum of the voltages
met on the way.
Vi = =0+ 5 ==1W,
It means that point 4 is negative with respect to point £, or point
8 is at a higher potential than point 4 by one volt.

In Fig. 2.130 (¢}, the two voltage source have been short-
cirenited. The resistance of the network as viewed from points 4 and
B is the same as viewed from points 4 and C.

Ry =R,=5|10=1035

Thevenin’s equivalent source is shown in Fig. 2.131 in which 4

Fig. 2.131

£} resistor has been joined back across terminals .4 and 8. Polarity of the voliage source is worth
nothing.

—=0.136 A From Eto A




7. For the circuit shown in Fig. 2.135 (a), calculate the current in the 10 ohm resistance. Use Thevenin’s
theorem only.

o i 5{
W
J- = mé

2ol

il

Solution. When the 10 & resistance is removed, the circuit becomes as shown in Fig. 2.135 (b).

]
L

5

Al

TV L
..... + ]

B

iy fiel

Mow, we will find the open-circuit voltage 1, = V. For this purpose, we will go from point &
to point 4 and find the algebraic sum of the voltages met on the way. e oA

It should be noted that with terminals .4 and B open, there is no volt-

age drop on the B £ resistance. However the two resistances of 5 (3 943

and 2  are connected in series across the 20-V battery. As per volt- ; 00

age-divider rule, drop on 2 £2 resistance =20% 22+ 5)=5.71 V el B

with the polarity as shown in figure. As per the sign convention of 10V} )

Art. = !
Fii=¥a=+5T1 -12=-629 V =

Fig. 2.136 ()

The negative sign shows that point 4 is negative with respect to
point B or which is the same thing, point B is positive with respect to
point .

For finding R ,, = R,,. we replace the batteries by short-circuits as shown in Fig. 2.128 {c).

R, =R,=8+2[|5=9430

Henee, the equivalent Thevenin's source with respect to terminals 4 and & is as shown in Fig.
2.136. When 10 £2 resistance is reconnected across . and 8, current through it is /= 6.24/{2.43 + 10)
=032 A,

i

8. State Norton’s theorem and find current using Norton’s theorem through a load of 8 & in the circuit
shown in Fig. 2.191(a)

&
AhhA

oy B¢ W] eE

1] {81l

fetd



Solution.
In Fig. 2.191 (b), load impedance has replaced by a short-circuit. Isc = IN =200/2 =100 A

2
A,
| . %
0
LIRS %4 7 & oy
i1 10
i
i

Morton's resistance R, con be found by looking into the open terminals of Fig. 2.191 (a). For this
purpose A ABC has been i'f:plau:ed by ils equivalent Star. As seen, R, is equal to 877 £}

Hence, Norton’s equivalent circuit consists of a 100 A source having a parallel resistance of
8/7€2 as shown in Fig. 2.192 (¢). The load current [, can be found by using the Current Divider rule.
(B/7)
B+(8/T)

I, = 100= =125A

1

e
Y

fay : i lied
Fia. 2.192

o [ | ad
] Iy
5
% ?5" 1004

9. In the network shown in Fig. 2.231 (a), find the value of R such that maximum possible power will be

transferred to RLL. Find also the value of the maximum power and the power supplied by source under these
conditions.

fa)

Solutlon. We will remove R, and find the equivalent Thevenin's source for the circuit lo the left
of terminals 4 and B. As seen from Fig. 2.231 () I, equals the drop across the vertical resistor of 302
because no current flows through 2 Qand | {3resistors. Since 15 V drops across two series resistors
of 3 £each, I, = 15/2 = 7/5 V. Thevenin's resistance can be found by replacing 15 V source witha
short-circuit. As seen from Fig. 2.231 (b). R, =2 +(3 || 3)+ 1 =4.5 Q Maximum power transfer o
the load will take place when R, =R, =4.50}

S | | 4
453
iﬂ:}l’iv =3 l R,
7SV (W
I I



Maximum power drawn by R, = ¥, > /4 x R, =7.57/4 = 45=3.125 W,

Since same power in developed in R, power supplied by the source =2 x 3,125 = 6.250'W,

10. In the circuit shown in Fig. 2.232 (a) obtain the condition from maximum power transfer to theload R.. Hence
determine the maximum power transferred.

10 B w—‘—
L1 %3 RLL |
[ |

i
fa)

S
AR

Solution

0.5A A | 1.5A

==y
=Y
Y
=
AR
fad
e
L
+
AR
-

(- [x]

(b} R

{=~L=]

Solution., We will find Thevenin's equivalent circuit o the left of od
trminals 4 and B for which purpose we will convert the battery source
into @ current source as shown in Fig. 2.232 (b). By combining the two 71
current sources, weé get the circuit of Fig. 2.232 (¢). It would be seen that »
open circuit voltage V', ; equals the drop over 3 (Qresistance because there = L ‘
is no drop on the 5 resistance connected to terminal 4. Now, there are - 225N
two parallel path across the current source each of resistance 5 €1 Hence, F
current through 3 £} resistance equals 1.52 =075 A, Therefore, V ;= |—l_"|.ﬂ
V,=3% 0.75=2.25 V with point 4 positive with respect to point 8. Fig. 2.233

For finding R ;. current source is replaced by an nfinite resistance.

. Ry = Ry=5+3||2+5)=710Q

The Thevenin's equivalent circuit alongwith R, is shown in Fig. 2.233. As per Art. 2.30, the
condition for MPT is that £, =7.1 £1

Maximum power transferred = Lr; ! 4R, = 22554 % 7.1=0.178 W= 178 mW.

11. Use Superposition theorem to find the voltage V in the network shown in Fig

ooy Vv YL )



Solution. When the voltage source is killed, the circuit becomes as shown in the Fig. 15.27 (b) Using current-divider
rule,

—j4 —j
+ -||.- ” 3 ": I_
,L 1{—‘ 3 J'
wea (4w | Voo | sikar(~)
i %14 %i-‘ T
2 &
Fh [
I = 10490 % G+ —j4° Now, 17 =[{3+j4)
po= 10 L28HD 533 549

3

Mow, when current source is killed. the circuit becomes as shown in Fig. 15.27 (¢}, Using the
voltage-divider rule, we have
{3+ j4)
3+ j)—j4
drop V=F + ¥ =533 40 (-66.7+j50) =134+ 10=16T £ 1433* F

o= 50290 x =—66.7 + j50




AC CIRCUITS
PART A

1. Define Impedance.
Impedance is defined as the opposition of circuit to flow of aternating current. It is denoted by Z and its unit
is ohms.
2. Define Resonance.
Resonance is defined as a phenomenon in which applied voltage and resulting current are in-phase. In other
words, an AC circuit is said to be in resonance if it exhibits unity power factor condition, that means applied
voltage and resulting current are in phase.
3. What isa Resonant frequency?
The frequency at which resonance occursis called resonant frequency. i.e. X | =Xc.
4. What isthe seriesresonance?
The inductive reactance increases as the frequency increases (X =wl) but the capacitive reactances decreases
with frequency(Xc=1/wc). Thus inductive and capacitive reactances have opposite properties. So, for any LC
combination there must be one frequency at which XI=Xc. This case of equal and opposite reactance is
called series resonance.
5. What isa parallel resonance?
The paralél circuit is said to be in resonance, when the power factor is unity. Thisis true when the imaginary
part of the total admittance is zero.
6. Deter minethe power factor of a RLC series circuit with R=50hm, X =8ohm and Xc=120hm.
(JUNE,’12)
Cosy = E = 2 = 0.8
7. What arethethreetypes of power used in AC circuits?
i) Real or Active or True power P=EI cos8 ii) Reactive power Q=EI sin@ iii)Apparent power S=El
8. Define Real power .
The actual power consumed in an AC circuits is called real power. And P=EI cos6
9. Define Reactive power .
The power consumed by the pure reactance (XI or Xc) in an AC circuit is called reactive power. The unit is
VAR. and Q=El sin6
10. Define Apparent power and Power factor.
The Apparent power (in VA) isthe product of the rms values of voltage and current. S =V g lims
The Power factor is the cosine of the phase difference between voltage and current. It is also the cosine of the
load impedance. And Power factor = cos @
The pf is lagging if the current lags voltage (inductive load) and is leading when the current leads voltage
(capacitive load).
11. What is meant by Complex power ?
Complex power (in VA) is the product of the rms voltage phasor and the complex conjugate of the rms
current phasor. As a complex quantity, its real part is real power, P and its imaginary part is reactive power,
Q.andS=P+jQ
12. What are the advantages of 3 phase circuitsover single phase circuits?
1. Generation, transmission and distribution of 3 phase power is cheaper 2. More efficient 3. Uniform torque
production occurs
13. State the relationship between line voltage & phase voltage and line current & phase current of a 3
phase delta connected system.
Vph =V, ; Iph: ||_/\/3
14. State the relationship between line voltage & phase voltage and line current & phase current of a 3
phase star connected system.
Ven=VL/\3; ln=1t
15. Writethe expression for the instantaneous values of emfsin a 3 phase cir cuit.




VR =Vnsinwt; Vy = Vi, sin (Wt-120%): Vg = Vi, sin (wt-240°)
16.Give some method available for measuring three-phase power.
i. Single wattmeter method. 2. Two-wattmeter method. 3. Three-wattmeter method.
17.A star connected load has 6+j8 ohm impedance per phase. Determine theline current if it isconnected
to 400V, three phase, and S0Hz supply. Ans:  Z;=10Q/ph, In= 23.094A=I_. (JUNE,’12)
18. Define power factor.
Power factor is defined as the cosine of angle between voltage and current. If ¢ is the angle between voltage
and current then cos @ is called as the power factor.

s

19. Explain the concept of balanced load.
The load is said to be balanced when magnitudes of al impedances Zyn, Zpne and Zpns are equal and the
phase angles of all of them are equal and of same nature either all inductive or all capacitive or al resistive.
20. What is phase sequence?
The order in which the voltage in the three phases reach their maximum positive values is called the phase
sequence.
21. Define Phasor and Phase angle.
A sinusoidal wave form can be represented or in terms of a Phasor. A Phasor is a vector with definite
magnitude and direction. From the Phasor the sinusoidal wave form can be reconstructed.
Phase angle is the angular measurement that specifies the position of the alternating quantity relative to a
reference.

"




Part B

1. An alternating voltage is given by V=230sin314t.Calculate i)frequency,ii)maximum value,iii)average
value,iv)RM Svalue.(N/D-2016)

Solution:

Frequency F=1/T =43.5Hz

Maximum value Vm =Vrmg/2 =230/2 =115V

Average value:35.6V

RMS value = Avg value / form factor =35.6/ 1.11 = 32.07 V

2. Explain about Single Phase Cir cuit with relevant diagrams.
Single phase cir cuit components:

|
b
- Voltage or current sources -_{
— Impedances (res stance, inductance, and capacitance) v (v L;;, N
g

[

— The components are connected in series or in parallel. >
* The figure shows a simple circuit where a voltage source

(generator)

supplies aload (resistance and inductance in series).

-]

g 50 1z 150 240 300 3ew
ﬂ ez

+  The voltage source produces a sinusoidalvoltage wave
[ ]
v(t)=+2V_ sin(mt)
where: 'V is the vms value of the voltage (volls)

o s the angular frequency of the sinusoidal function (rad/sec)

2

rad/sec f Hz

1

w—27f— .

T

Fis the Irequency (60 1 in USA, S0 Iz in Barope).
I' is the ime periml (secomds).

* The peak value (max value) of the voltage is ' —./2 V

ms3



‘I 'he 1ms value is calculated by

W= |
iG] ‘\,

*  The voliage direclion is indicated by an arvaw Trom g (o w. This means
during the positive hall cycle 1he polential of point 2 is larger than g,

'11' [ vy dt

a I 1]
A
- c ".'I‘
v f[:‘k.\? |
3 by
SO
R <; ‘.'3
4

«  The curent 1s also stmsoidal

: = ‘ .
1(B)=~v21_ sin(®r-0)

where: 1 15 the rms value of the current.

& 15 the phasc-shidt between ¢urrent and voltage.

I'he rms current 1s calenlated by the Ohm’s Law:

where:  Z 15 lhe nupedance.
* The impedances (in Ohms) are :
a) Fesiztance (K.

— D) Tiednehive reactance
X —-oL

— ¢) Capacitive reactance

|
X -
]

o



3. Explain about Star and Delta connected three phase balanced cir cuits

Wrye-Connected System

+  The neutral pomt 1z groundad i
e :I
+  The three-phase veltages have L ) g
crual magnitude. Vg ‘i.f I‘»"
; i als L
+ 'The phase-chift betwean the o { EL ) | el
voltages is 120 degrees. 3 e
7 ; ; -z V,
V=V Z0%=3% f-*”\} B i
e
W= V] £-120°= V| 10e
_|1||."| ju-" jﬂ“u _|'|h‘_.'| E—j:-l-':"irg i
£
Wrye-Connected Svstem
_— v e ; H::-"\“;\
= Limc-to-hne voltages are (he v L %
difference of the phase voltages e i ah
1i"'I"- 1i
g
r " ’ I"\ r oL j0des @ ol TF-_j\ I, v
‘}ﬁh A am v bn IVe L x';_,,.e’\\i ——
i / i
v
‘_! 1_'." 1‘? ;-:\1 1\; a joUd=g =
be™ Yhn = Yen — VS i
V b
1';-.1: ‘rm £ 1‘_." - 'u" Er IL50 deg [
Wrye-Connected Loaded System
Theloadis 7, 7, 7.,
: ‘rﬁl
Each phase voltage drives current through B ;
the load, R i
The phase currenl expressions are: Vi Vi 7,
b | v f‘»—u—x_
. . - n _@
[ 1“IH:I:I. I . ‘fl‘lﬂ I = I'm v 111
a— 7 b B 7 Va I
a E':. I 7.
__{j il R EATAY AN
! a - T
I'he system has ground corrent defined as:
= T =

I—1I,+I, +1,



Wyve-Connected Loaded Svystem

* I'the load is balanced (£,= 24, = £,)
Lhen:

-l
1

|t

Z,
—{ B_rﬂ VYA

1
I=1 +1,+1 =0 e

* This case single phase equivalent
circuil can be used (phase a, lor
instance, only)

=

=

* Phase b and ¢ are eliminated

LH

Wye-Conpecled Svslem with balanced load

» A smigle-phase sgquivalenl cireoil 15 used

Only phase a 18 drawn, boeanse the magninide of carrents and voltages
ars the same in each phass. Only the phase anglec are different (-120°
phase slnll)

13

The cupply voltage 15 1he line lo pentral voltape

The single phase leads are econnected to neutral or gromed.

Balanced DNelta-Connected Svstem

* The system has only ane voltage :
the line-to-line voltage (v, )

* The system has two currenls ; " L e fa,r«,rf'_,-x:a._,n._
— line currcnt Va = 3
phase current V., b_—s | % Tu\f}/\_‘
" he
= The phase currenls are: . ‘l‘ ; £,
Ve Y V. “—_WHA.A_
ab 'an b Ilu: b Zk in



Delta-Connected Svstein

The line currents are:

].'t= I'Ab_ ]L":I 1 2
Ih Ib: ]?J:l 4 ’h‘\_f
- I -
1'= Irn_ Ihn.' IV ?'Z; b Kﬂ'_i""'
\

= Ina balanced case the hine
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¥ aid
currenls Are: Vi v L, e — o & 3
= e e & ALY
! —h ey b c
I: W J' lai:l ¢ v Ii. Z'h-[‘
o
or ¢
1 i 30dez
[ ]
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Power Calculation

* The three phase power is equal the sum of the phase powers
LS o S L

» II the load is balanced:

P=3P,. =3Vl . cos ()

= Wyesystem: V-V, L. L ¥, = N3V,
P =3V Lo (@)= V3 V. I, cos(a)

* Deltasystem: I, =~/30,  V, =V

P=3V, 1, cosi#)=+3V,1 cos(p)

phe = pliage

4, Write short noteson RM S Value of AC waveforms.

Ther.m.s. value of an alternating current is given by that steady (d.c.) current which when flowing through a given
circuit for a given time produces the same heat as produced by the alternating current when flowing through the same
circuit for the sametime.

It is also known as the effective or virtual value of the aternating current, the former term being used more extensively.
For computing the r.m.s. value of symmetrical sinusoidal alternating currents, either mid-ordinate method or analytical
method may be used, although for symmetrical but non sinusoidal waves, the midordinate method would be found more
convenient
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A simple experimental arrangement for measuring the equivalent d.c. value of a sinusoidal current is shown in Fig.11.15.

The two circuits have identical resistances but one is connected to battery and the other to a sinusoidal generator. Watt
meters are used to measure heat power in each circuit. The voltage applied to each circuit is so adjusted that heat power

production in each circuit isthe same. In that case, the direct current will equal Inv 2 which iscaled r.m.s. value of the
sinusoidal current.

5. Calculate ther.m.s. value, the form factor and peak factor of a periodic voltage having the following
valuesfor equal time intervals changing suddenly from one valueto thenext : 0, 5, 10, 20, 50, 60, 50, 20, 10,
5,0, -5,-10 V etc. What would be the r.m.s value of sine wave having the same peak value ?

Solution. The waveform of the alternating voltage is shownin Fig. 11.19.

a1

il

Obviousdly, it isnot sinusoidal but it is symmetrical. Hence, though r.m.s value may be full one cycle, the average value
has necessarily to be considered for half-cycle only, otherwise the symmetrical negative and positive half-cycles will
cancel each
other out.
k) 2 7 r 7 ? 3 2 3 3
, . TS0 200 £ 50+ 0+ 500+ 200+ 107 + 5 o
Meaan value of ¥ = ik ;_[_I =063V

h

r.m.s. value = +f965 =31V (approx.)

04+54+10+20+504+604+350+20+104+35

Average value (half-cycle) = 10 3V
5 raws, value 3 S .
Form factor — — 2L — .35, Peak factor — 60/31 —2 (apprax.)
average valus 23

E.M.S. value ol a sie wave ol (he smue peak value —0.707 < 60 —41.2 'V,

6. In a seriescircuit containing pure resistance and a pure inductance, the current and the voltage are
expressed as:

iy — Ssm(3l4i+2n3)Yand v () — 15sm (314 1+ 5 o)

(a) What isthe impedance of the circuit ? (b) What isthe value of theresistance ? (c) What is the inductance
in henrys ? (d) What isthe average power drawn by the circuit ? (e) What is the power factor ?

Solution. Phase angle of current =2 w3 =2 180%/3 = 120° and phasze angle of volrags =
Sme=5x 180%6=150° Also.Z=VF /I =3(L

Hence. curent /ags behind voltage by 30°. It means that it is an R-L circuit, Also 314=27 for
J=350Hz. Now.R/Z=cos 30°=0.866. R=2.6 Q. X;/Z=5in30°=10.5



Ar—135L 3144 — 1.5, L—474 mH
() Z=30 (o). 26Q ()L =478 mll

(wy F -FR= q’;'uh\p‘?];1 #26=323W (¢)pf =cos 30°=0.866 (lag).



UnitIl - ELECTRICAL MACHINES
PART-A

1.Draw the circuit for various types of d.c motor.(N/D-2016)

Separately Excited DC Motor

Separately Excited DC Motor

o—
DC Shunt Motor

Armature Field / '

Supply IArmcturel [Load ]

DC

Field Supplv Supply Field w

Shunt Excited DC Motor

DC Series Motor

DC

Field
Supply w

Series Excited DC Moftor

DC Compound Motor

DC

Field Field
e

Cumulatively Compound Excited DC Motor

2.Define voltage regulation of transformer.(N/D-2016,M/J-2016)

The voltage regulation of the transformer is the percentage change in the output voltage from no-load to
full-load.



3.Sketch the O.C.C of dc shunt generator.(M/J-2016)
Critical Load Resistance of Shunt Wound DC Generator

This is the minimum external load resistance which is required to excite the shunt wound generator
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Magnetic or Open Circuit Characteristic
4.Write down the EMF equation of a transformer..(M/J-2016)
.E1 =4.44*N1* f* Bm*A and E2 =4.44*N2*f*Bm*A
5.list out the types of induction motor.(N/D-2015)

Induction motor types:
e Polyphase cage rotor.
¢ Polyphase wound rotor.

e Two-phase servo motor.

¢ Single-phase induction motor.

e Polyphase synchronous motor.

o Single-phase synchronous motor.

¢ Hysteresis synchronous motor.

6.Give some application of D.C motor.(A/M-2015,N/D-2016)
Shunt :driving constant speed, lathes, centrifugal pumps, machine tools, blowers and

fans, reciprocating pumps
Series :electric locomotives, rapid transit systems, trolley cars, cranes and hoists,

conveyors
Compound :elevators, air compressors, rolling mills, heavy planners

7.Why a single phase induction motor does not self start?(A/M-2015,A/M-2017,N/D-2016)

When a single phase supply is fed to the single phase induction motor. Its stator
winding produces a flux which only alternates along one space axis. It is not a
synchronously revolving field, as in the case of a 2 or 3phase stator winding, fed from 2
or 3 phase supply.
8.Mention the application of DC generator?(A/M-2017)

] general lighting.



1 Used to charge battery because they can be made to give constant output voltage.
71 They are used for giving the excitation to the alternators.
] used for small power supply.

9.What is the significance of back EMF?(A/M-2017)

e  When the motor is running on no load, small torque is required to overcome the friction and
windage losses. Therefore, the armature current Ia is small and the back emf is nearly equal to
the applied voltage.

e If the motor is suddenly loaded, the first effect is to cause the armature to slow down. Therefore,
the speed at which the armature conductors move through the field is reduced and hence the back
emfEb falls. The decreased back emf allows a larger current to flow through the armature and
larger current means increased driving torque. Thus, the driving torque increases as the motor
slows down. The motor will stop slowing down when the armature current is just sufficient to
produce the increased torque required by the load.

e If the load on the motor is decreased, the driving torque is momentarily in excess of the
requirement so that armature is accelerated. As the armature speed increases, the back emf Eb
also increases and causes the armature current la to decrease. The motor will stop accelerating
when the armature current is just sufficient to produce the reduced torque required by the load.

10.Write the principle of DC Motor?(N/D-2015)

Fleming’s left hand rule to determine the direction of force acting on the armature conductors of DC motor. If a
current carrying conductor is placed in a magnetic field perpendicularly, then the conductor experiences a force
in the direction mutually perpendicular to both the direction of field and the current carrying conductor.
Fleming’s left hand rule says that if we extend the index finger, middle finger and thumb of our left hand
perpendicular to each other, in such a way that the middle finger is along the direction of current in the
conductor, and index finger is along the direction of magnetic field i.e. north to south pole, then thumb indicates
the direction of created

11. What is the main purpose of commutator and brushes?

Commutator:

The commutator converts the alternating emf into unidirectional or direct emf.
Brushes:

The brushes collect the current from the commutator

12. State the principle of operation of a transformer.

Transformer operates on the principle of mutual induction between inductively coupled

coils. When A.C source is connected to one coil flux is produced in the core which links both the coils.
As per the Faraday’s laws of electromagnetic induction EMF is induced in the secondary coil also. if the
external circuit is closed power is supplied.

13. Write down the EMF equation of a single phase transformer.
EMF induced in primary, E1=4.44 @ £ N1 volts where
f = Frequency of supply main
O = Flux linking both the primary and secondary winding

14. Write any two differences between single phase and three phase transformers.
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1. Single phase transformer has two windings. Three phase transformer has six windings. ii. Single phase
supply is directly connected across the single primary winding where as the 3-phase transformer
windings are connected in star or delta according to the design.

15. Distinguish between induction motor and synchronous motor? (A/M 2015)

e A three phase Synchronous motor is a doubly excited machine, whereas an induction motor is a single excited
machine.

e The armature winding of the Synchronous motor is energized from an AC source and its field winding from a
DC source. The stator winding of Induction Motor is energized from an AC source.

e Synchronous Motor always runs at synchronous speed, and the speed of the motor is independent of load, but
an induction motor always runs less than the synchronous speed. If the load increased the speed of the
induction motor decreases.

e The induction motor has self-starting torque whereas the synchronous motor is not self starting. It has to be run

up to synchronous speed by any means before it can be synchronized to AC supply.
16. What is the working principle of Synchronous generator?

The principle of operation of synchronous generator is electromagnetic induction. If there exits a relative motion

between the flux and conductors, then an emf is induced in the conductors.
17. Write the EMF equation of an alternator? (N/D-2016)

E=4.44 xf® T,, volts

This is the basic e.m.f. equation for an induced e.m.f. per phase for full pitch, concentrated type of winding.
Where T, = Number of turns per phase
Tph = th /2
Total flux cut in one revolution is @ x P
Time taken for one revolution is 60/N;seconds.
€ave per conductor = OP / (60/N;)
=® (PNJ/60) . (1)
But f=PNy/6120
PNy/60=2f

18. Define voltage regulation of the alternator?

It is defined as the increase in terminal voltage when full load is thrown off, assuming field current and

speed remaining the same.
% reg = [(E — V)/V] x100
Where E = no terminal voltage V = full load rated terminal voltage

19. What is meant by armature reaction in Alternators?
The interaction between flux set up by the current carrying armature and the main
is defined as the armature reaction.

20. Why a synchronous motor is a constant speed motor?
Synchronous motor work on the principle of force developed due to the magnetic
attraction established between the rotating magnetic field and the main pole feed. Since the speed of
rotating magnetic field is directly proportional to frequency the motor operates at constant speed.

21. Name any two methods of starting synchronous motors
By an extra 3 phase cage induction motor
By providing damper winding in pole phases
By operating the pilot excitor as a dc motor

22. State the principle of 3 phase IM?
While starting, rotor conductors are stationary and they cut the revolving magnetic field



and so an emf is induced in them by electromagnetic induction. This induced emf produces a current if
the circuit is closed. This current opposes the cause by Lenz’s law and hence the rotor starts revolving in
the same direction as that of the magnetic field.

23. What type of single phase induction motor would you use for the following
applications? (i) Ceiling fan (ii) Wet grinder
Ceiling fan — capacitor start and run motor Wet
Grinder — capacitor start motor

PART-B
1. With a neat circuit diagram Explain the construction and principle of operation of DC Motor.
(N/D-2016,N/D-2015,M/J-2017)

DC MOTOR - INTRODUCTION:
A machine that converts dc power into mechanical energy is known as dc motor. Its operation is based

on the principle that when a current carrying conductor is placed in a magnetic field, the conductor experiences
a mechanical force. The direction of the force is given by Fleming’s left hand rule.

WORKING OF DC MOTOR:
There are different kinds of D.C. motors, but they all work on the same principles.When a permanent

magnet is positioned around a loop of wire that is hooked up to a D.C.power source, we have the basics of a
D.C. motor. In order to make the loop of wire spin, we have to connect a battery or DC power supply between
its ends, and support it so it can spin about its axis.

To allow the rotor to turn without twisting the wires, the ends of the wire loop are connected to a set of
contacts called the commutator, which rubs against a set of conductors called the brushes. The brushes make
electrical contact with the commutator as it spins, and are connected to the positive and negative leads of the
power source, allowing electricity to flow through the loop. The electricity flowing through the loop creates a
magnetic field that interacts with the magnetic field of the permanent magnet to make the loop spin
PRINCIPLES OF OPERATION:

It is based on the principle that when a current-carrying conductor is placed in a magnetic field, it
experiences a mechanical force whose direction is given by Fleming's Left- hand rule and whose magnitude is
given by

Force, F =B I | newton

Where,

B is the magnetic field in weber/m2
I is the current in amperes and

1 is the length of the coil in meter
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The force, current and the magnpetic field are all in differgpt directions. If an Electric current flows through two



copper wires that are between the poles of a magnet, an upward force will move one wire up and a downward
force will move the other wire down.

2. Explain the construction, working principle of single phase Induction motor.(N/D-2016)

Single phase motors are very widely used in home, offices, workshops etc. as power delivered to most of the
houses and offices is single phase. In addition to this, single phase motors are reliable, cheap in cost, simple in
construction and easy to repair.

Single phase electric motors can be classified as:

1. Single phase induction motor (Split phase, Capacitor and shaded pole etc)
2. Single phase synchronous motor
3. Repulsion motor etc.

Single Phase Induction Motor
CONSTRUCTION:

Construction of a single phase induction motor is similar to the construction of three phase induction
motor having squirrel cage rotor, except that the stator is wound for single phase supply. Stator is also
provided with a 'starting winding' which is used only for starting purpose. This can be understood from
the schematic of single phase induction motor at the left.

Main

Winding

Starting
Winding

Working Principle Of Single Phase Induction Motor:

When the stator of a single phase motor is fed with single phase supply, it produces alternating flux in
the stator winding. The alternating current flowing through stator winding causes induced current in the rotor

bars (of the squirrel cage rotor ) according to Faraday's law of electromagnetic induction.

This induced current in the rotor will also produce alternating flux. Even after both alternating fluxes are
set up, the motor fails to start (the reason is explained below). However, if the rotor is given a initial start by
external force in either direction, then motor accelerates to its final speed and keeps running with its rated
speed. This behavior of a single phase motor can be explained by double-field revolving theory.

3. Describe various types self excited of DC generator with their circuit layout.(M/J-2016)
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DC generators are classified based on their method of excitation. So on this basis there are two types of DC

generators:-

Self excited DC generator can again be classified as 1) DC Series generator 2) DC Shunt generator and 3) DC
Compound generator.
1. Separately excited DC generator

As you can guess from the name itself , this dc generator has a field magnet winding which is excited
using a separate voltage source (like battery). You can see the representation in the below image. The output
voltage depends on the speed of rotation of armature and field current. The higher the speed of rotation and
current — the higher the output e.m.f
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2.Self Excited DC Generator

These are generators in which the field winding is excited by the output of the generator itself. As
described before — there are three types of self excited dc generators — they are 1) Series 2) Shunt and 3)
Compound.

A series DC generator is shown below in fig (a) — in which the armature winding is connected in series with
the field winding so that the field current flows through the load as well as the field winding.Field winding is a

low resistance,thick wire of few turns. Series generators are also rarely used!

A shunt DC generator is shown in figure (b), in which the field winding is wired parallel to armature winding
so that the voltage across both are same. The field winding has high resistance and more number of turns so that

only a part of armature current passes through field winding and the rest passes through load.
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Series Shunt

A compound generator is shown in figure below. It has two field findings namely Rsh and Rse. They are
basically shunt winding (Rsh) and series winding (Rse). Compound generator is of two types — 1) Short shunt
and 2) Long shunt

Short shunt:- Here the shunt field winding is wired parallel to armature and series field winding is connected in
series to the load. It is shown in fig (1)

Long shunt:- Here the shunt field winding is parallel to both armature and series field winding (Rse is wired in
series to the armature). It is shown in figure (2)
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Short Shunt Compound Long Shunt Compound

4. Explain the characteristics of dc shunt motor.(M/J-2016)

Characteristics of DC Shunt Motor:

The three important shunt characteristic curves are

1. Torque Vs Armature current characteristic (T./I.)
2. Speed V; Armature current characteristic (N/I,)
3. Speed V, Torque characteristic (N/T,)



!

The fig above shows the circuit diagram of shunt motor. In this circuit the field winding is directly connected
to the source voltage, so the field current Iy, and the flux in a shunt motor are constant.

L 3
L

1. Torque Vs Armature current characteristic (T./I.)
We know that in a DC Motor T, x®lI,. In this the flux ® is continuous by ignoring the armature reaction, since

the motor is working from a continual source voltage.
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Therefore the curve drawn between torque V, armature current is a straight line transitory through the
origin which is shown in fig. The shaft torque(Tg) is a smaller amount than armature torque and is shown in
the fig by a dotted line. From this curve it is proved that to start a heavy load very large current is requisite.

Hence the shunt DC motor should not be started at full load.

2. Speed V; Armature current characteristic (N/I.)
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http://www.mytech-info.com/2014/12/armature-reaction-in-dc-motor.html

At normal condition the back EMF E, and Flux @ both are constant in a DC Shunt motor. Hence the armature
current differs and the speed of a DC Shunt motor will continue constant which is shown in the fig (dotted

Line AB). Whenever the shunt motor load is increased
Ew=V-I.R, and flux reduces as a result drop in the armature resistance and armature reaction. On the other

hand, back EMF reduces marginally more than that the speed of the shunt motor decreases to some extent
with load.

3. Speed V, Torque characteristic (N/T,)

A
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This curve is drawn between the speed of the motor and armature current with various amps as shown in the fig.
From the curve it is understood that the speed reduces when the load torque increases.

With the above three characteristic it is clearly understood that when the shunt motor runs from no load to full
load there is slight change in speed. Thus, it is essentially a constant speed motor. Since the armature torque is
directly proportional to the armature current, the starting torque is not high

5. Explain the tests on a single phase transformer and develop an equivalent from the above tests.
(M/J-2016)

1.0pen Circuit Test on Transformer
The connection diagram for open circuit test on transformer is shown in the figure. A voltmeter, wattmeter, and

an ammeter are connected in LV side of the transformer as shown. The voltage at rated frequency is applied to
that LV side with the help of a variac of variable ratio auto transformer.

The HV side of the transformer is kept open. Now with the help of variac, applied voltage gets slowly increased
until the voltmeter gives reading equal to the rated voltage of the LV side. After reaching at rated LV side
voltage, all three instruments reading (Voltmeter, Ammeter and Wattmeter readings) are recorded.
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The ammeter reading gives the no load current I.. As no load current I.is quite small compared to
rated current of the transformer, the voltage drops due to this current that can be taken as negligible.
Since, voltmeter reading V, can be considered equal to secondary induced voltage of the transformer, the input
power during test is indicated by watt-meter reading. As the transformer is open circuited, there is no output,
hence the input power here consists of core losses in transformer and copper loss in transformer during no load
condition. But as said earlier, the no load current in the transformer is quite small compared to full load current,
so copper loss due to the small no load current can be neglected. Hence, the wattmeter reading can be taken as

equal to core losses in transformer. Let us consider wattmeter reading is P,.
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2. Short Circuit Test on Transformer:

The connection diagram for short circuit test on transformer is shown in the figure. A voltmeter,
wattmeter, and an ammeter are connected in HV side of the transformer as shown. The voltage at rated
frequency is applied to that HV side with the help of a variac of variable ratio auto transformer.

The LV side of the transformer is short circuited. Now with the help of variac applied voltage is slowly
increased until the ammeter gives reading equal to the rated current of the HV side. After reaching at rated
current of HV side, all three instruments reading (Voltmeter, Ammeter and Watt-meter readings) are recorded.
The ammeter reading gives the primary equivalent of full load current I;. As the voltage applied for full load
current in short circuit test on transformer is quite small compared to the rated primary voltage of the
transformer, the core losses in transformer can be taken as negligible here.
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Let’s say, voltmeter reading is V.. The input power during test is indicated by watt-meter reading. As the
transformer is short circuited, there is no output; hence the input power here consists of copper losses in
transformer. Since, the applied voltage Vi is short circuit voltage in the transformer and hence it is quite small
compared to rated voltage, so core loss due to the small applied voltage can be neglected. Hence the wattmeter

reading can be taken as equal to copper losses in transformer. Let us consider wattmeter reading is Ps..
2
P's[' =N r-';r L

These values are referred to the HV side of transformer as because the test is conduced on HV side of
transformer. These values could easily be referred to LV side by dividing these values with square of
transformation ratio.

Therefore it is seen that the short circuit test on transformer is used to determine copper loss in
transformer at full load and parameters of approximate equivalent circuit of transformer

6. Describe the construction details of single phase transformer.(A/M-2017,M/J-2017,N/D-
2015,A/M-2015)

TRANSFORMER - INTRODUCTION

A TRANSFORMER is a device that transfers electrical energy from one circuit to another by
electromagnetic induction (transformer action). The electrical energy is always transferred without a change in
frequency, but may involve changes in magnitudes of voltage and current. Because a transformer works on the
principle of electromagnetic induction, it must be used with an input source voltage that varies in amplitude.
There are many types of power that fit this description; for ease of explanation and understanding, transformer

action will be explained using an ac voltage as the input source.
» BASIC OPERATION OF A TRANSFORMER:
Its most basic form a transformer consists of: A primary

e Coil or winding.

e A secondary coil or winding.
e A core that supports the coils or windings

The primary winding is connected to a 60 hertz ac voltage source. The magnetic field (flux) builds up (expands)
and collapses (contracts) about the primary winding. The expanding and contracting magnetic field around the
primary winding cuts the secondary winding and induces an alternating voltage into the winding. This voltage
causes alternating current to flow through the load. The voltage may be stepped up or down depending on the

design of the primary and secondary windings.
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BASIC WORKING PRINCIPLE OF TRANSFORMER
A transformer can be defined as a static device which helps in the transformation of electric power in one circuit

to electric power of the same frequency in another circuit. The voltage can be raised or lowered in a circuit, but
with a proportional increase or decrease in the current ratings.

The main principle of operation of a transformer is mutual inductance between two circuits which is linked by a
common magnetic flux. A basic transformer consists of two coils that are electrically separate and inductive, but
are magnetically linked through a path of reluctance. The working principle of the transformer can be
understood from the figure below

Laminated Core

T Secondary

Primary

W

—— i ——— —————— i —

As shown above the transformer has primary and secondary windings. The core laminations are joined
in the form of strips in between the strips you can see that there are some narrow gaps right through the cross-
section of the core. These staggered joints are said to be ‘imbricated’. Both the coils have high mutual
inductance

Faraday’s laws of Electromagnetic Induction as

e=M*dl/dt
TRANSFORMER CONSTRUCTION:

Two coils of wire (called windings) are wound on some type of core material. In some cases the coils of
wire are wound on a cylindrical or rectangular cardboard form. In effect, the core material is air and the
transformer is called an air-core transformer. Transformers used at low frequencies, such as 60 hertz and 400
hertz, require a core of low- reluctance magnetic material, usually iron. This type of transformer is called an
iron-core transformer. Most power transformers are of the iron-core type.



The principle parts of a transformer and their functions are:
oThe core, which provides a path for the magnetic lines of flux.
oThe primary winding, which receives energy from the ac source.
*The secondary winding, which receives energy from the primary winding and delivers it

to the load.
*The enclosure, which protects the above components from dirt, moisture

T\ LAMIMATED CORE

< SIMNGLE LAMI PRATICOMN

CORE

There are two main shapes of cores used in laminated-steel-core transformers. One is the
HOLLOWCORE, so named because the core is shaped with a hollow square through the center. This shape of
core. Notice that the core is made up of many laminations of steel it shows how the transformer windings are
wrapped around both sides of the core.
WINDINGS

As stated above, the transformer consists of two coils called WINDINGS which are wrapped around a
core. The transformer operates when a source of ac voltage is connected to one of the windings and a load
device is connected to the other. The winding that is connected to the source is called the PRIMARY
WINDING. The winding that is connected to the load is called the secondary winding. The primary is wound in

layers directly on a rectangular cardboard form.
7. Explain the different types of dc motor with neat sketch.(N/D-2016)

< DC MOTOR TYPES
e Shunt Wound
e Series Wound

¢ Compound wound
1.Shunt Motor
In shunt wound motor the field winding is connected in parallel with armature. The current through the
shunt field winding is not the same as the armature current. Shunt field windings are designed to produce the
necessary m.m.f. by means of a relatively large number of turns of wire having high resistance. Therefore, shunt
field current is relatively small compared with the armature current
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2.Series Motor:
In series wound motor the field winding is connected in series with the armature. Therefore, series field winding

carries the armature current. Since the current passing through a series field winding is the same as the armature
current, series field windings must be designed with much fewer turns than shunt field windings for the same
mmf. Therefore, a series field winding has a relatively small number of turns of thick wire and, therefore, will
possess a low resistance.

Serigs field
wirnding

X

T

3.Compound Wound Motor:Compound wound motor has two field windings; one connected in parallel with
the armature and the other in series with it. There are two types of compound motor connections

1. Short-shunt connection

2. Long shunt connection

When the shunt field winding is directly connected across the armature terminals it is called short-shunt
connection.

e —

Short-shunt connection

When the shunt winding is so connected that it shunts the series combination of armature and series field it is
called long-shunt connection.
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Long-shunt conneclion

8. Explain the working principle of various types of single phase induction motor with neat circuit
diagram.(M/J-2016)

The single phase induction motors are made self starting by providing an additional flux by some additional
means. Now depending upon these additional means the single phase induction motors are classified as:

1. Split phase induction motor.
Capacitor startinductor motor.

3. Capacitor start capacitor runinduction motor (two value capacitor method).

4. Permanent split capacitor (PSC) motor .

5. Shaded pole induction motor.

1.Split Phase Induction Motor In addition to the main winding or running winding, the stator of single
phase induction motor carries another winding called auxiliary winding or starting winding. A centrifugal
switch is connected in series with auxiliary winding. The purpose of this switch is to disconnect the
auxiliary winding from the main circuit when the motor attains a speed up to 75 to 80% of the synchronous
speed.

We know that the running winding is inductive in nature. Our aim is to create the phase difference
between the two winding and this is possible if the starting winding carries high resistance.
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2.Capacitor Start IM and Capacitor Start Capacitor Run IM

The working principle and construction of Capacitor start inductor motors and capacitor start capacitor
run induction motors are almost the same. We already know that single phase induction motor is not self starting
because the magnetic field produced is not rotating type. In order to produce rotating magnetic field there must
be some phase difference. In case of split phase induction motor we use resistance for creating phase difference
but here we use capacitor for this purpose. We are familiar with this fact that the current flowing through the
capacitor leads the voltage. So, in capacitor start inductor motor and capacitor start capacitor run

induction motor
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(a) Schematic representaion

3. Shaded Pole Single Phase Induction Motors

T ) ~.Shading band
- - Hy_/
O //‘/ e //.x \,
5t SN
A NN
’f.-' I.'ll. i Ill_" . -."II l", i
Stator” | 1 \ ﬁa:lent
Winding | | ‘ S Ay A v J | II ole
--|----1---|--g1--f.a g - ------1--
I|II [ | I.“ ;‘.‘\:\\_\_\_ )f ‘ III|
II"\. 'TI.'._I':";___ 4 i (Eayi |I|'l |
".__1 \,,-."-._ , i . : - - _.'I .’;_r .r,n': 'II
\‘\ Yi"iﬂ T | pd e Shading band
\\ .f;’ - Y - _*{_-_5-"' / § 3 N
o ' " |b) Salient pole with shading band
Squirrel'cage~___ -

rotor

(a) 4-pole shaded pole construction

The stator of the shaded pole single phase induction motor has salient or projected poles. These poles are
shaded by copper band or ring which is inductive in nature. The poles are divided into two unequal halves. The

smaller portion carries the copper band and is called as shaded portion of the pole.

ACTION: When a single phase supply is given to the stator of shaded pole induction motor an alternating flux
is produced. This change of flux induces emf in the shaded coil. Since this shaded portion is short circuited, the
current is produced in it in such a direction to oppose the main flux. The flux in shaded pole lags behind the flux

in the unshaded pole.
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The phase difference between these two fluxes produces resultant rotating  flux.
We know that the stator winding current is alternating in nature and so is the flux produced by the stator current.
In order to clearly understand the working of shaded pole induction motor consider three regions-

1. When the flux changes its value from zero to nearly maximum positive value.
2. When the flux remains almost constant at its maximum value.

3. When the flux decreases from maximum positive value to zero.

9. Write shorts notes on the types of dc machines.(N/D-2015)
TYPES OF DC MACHINES:
1) DC generator
11)DC motor

i) DC generator

An electrical generator is a rotating machine which usually converts mechanical energy into electrical
energy for doing work. The energy changing is based on the principle of electromagnetic induction. According
to Faraday's laws of electromagnetic induction, Whenever a conductor is feel motion in a magnetic field, emf
induced dynamically in the conductor. When an external load is connected to the conductor this induced

emfmake a current flow in the load.
Thus the mechanical energy which is given in the form of movement to the conductor is converted into

electrical energy.

Dc generators can be classified as per their methods of field excitation. There are two types of dc generators
on the basis of excitation.

Power delivered to the source is V*I(a).Separately excited Dc generators:-

If the field winding is excited by a separate dc supply from the external source, then the generator is called
separately excited dc generators.

Self excited Dc generators:-

If the field winding energy is supplied from the armature of the generator it self, then it is called self excited dc
generators. Self excited dc generators are further classified as

Series generator:-

In series generator field winding is connected series to the armatureit self.

The voltage generated in series field generator is E(generated)=V(terminal voltage)+I(a)*R(a)+I(se)*R(se)
+V(brush).

Power generated is E(g)*I(a).

Shunt generator:

In shunt generator field winding is connected across the armature or parallel to the armature.
The generated emf in shunt field generator is E(generated)=V(terminal voltage)+I(a)*R(a).
Power generated is E(g)*I(a).

Power delivered to the source is V*I(a).

Compound generator



The compound generator consists of both shunt field and series field winding on its structure. One winding is
series and other is in parallel with the armature of the generator.

ii)DC Motor:

electric motors are everywhere around us. Almost all the electro-mechanical movements we see around us are
caused either by a AC or a DC motor. Here we will be exploring DC motors. This is a device that converts DC
electrical energy to a mechanical energy.

Principle of DC Motor

This DC or direct current motor works on the principal, when a current carrying conductor is placed in a
magnetic field, it experiences a torque and has a tendency to move.

This is known as motoring action. If the direction of current in the wire is reversed, the direction of
rotation also reverses. When magnetic field and electric field interact they produce a mechanical force, and
based on that the working principle of DC motor is established.

The direction of rotation of a this motor is given by Fleming’s left hand rule, which states that if the index
finger, middle finger and thumb of your left hand are extended mutually perpendicular to each other and if the
index finger represents the direction of magnetic field, middle finger indicates the direction of current, then the
thumb represents the direction in which force is experienced by the shaft of the DC motor.

Structurally and construction wise a direct current motor is exactly similar to a DC generator, but electrically it
is just the opposite. Here we unlike a generator we supply electrical energy to the input port and derive
mechanical energy from the output port. We can represent it by the block diagram shown below.

Electrical Port Mechanical Port

K

Here in a DC motor, the supply voltage E and current I is given to the electrical port or the input port and we
derive the mechanical output i.e. torque T and speed ® from the mechanical port or output port.

The input and output port variables of the direct current motor are related by the parameter K.

T=KIand E = Kw

So from the picture above we can well understand that motor is just the opposite phenomena of a DC generator,
and we can derive both motoring and generating operation from the same machine by simply reversing the
ports.


https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/principle-of-dc-generator/
https://www.electrical4u.com/fleming-left-hand-rule-and-fleming-right-hand-rule/
http://www.electrical4u.com/what-is-electric-field/
https://www.electrical4u.com/what-is-magnetic-field/

Detailed Description of a DC Motor

The direct current motor is represented by the circle in the center, on which is mounted the brushes,
where we connect the external terminals, from where supply voltage is given. On the mechanical terminal we
have a shaft coming out of the Motor, and connected to the armature, and the armature-shaft is coupled to the
mechanical load. On the supply terminals we represent the armature resistance R, in series.
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10.With a neat circuit diagram Explain the construction and principle of operation of DC Generator.
(N/D-2015)

DC Generator:

A dc generator is an 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.

Construction of a DC generator:

A DC generator can be used as a DC motor without any constructional changes and vice versa is also possible.
Thus, a DC generator or a DC motor can be broadly termed as a DC machine. These basic constructional details
are also valid for the construction of a DC motor. Hence, let's call this point as construction of a DC machine
instead of just 'construction of a dc generator'.
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The above figure shows the constructional details of a simple 4-pole DC machine. A DC machine consists two
basic parts; stator and rotor. Basic constructional parts of a DC machine are described below.

1. Yoke: The outer frame of a dc machine is called as yoke. It is made up of cast iron or steel. It not only
provides mechanical strength to the whole assembly but also carries the magnetic flux produced by the
field winding.

2. Poles and pole shoes: Poles are joined to the yoke with the help of bolts or welding. They carry field
winding and pole shoes are fastened to them. Pole shoes serve two purposes; (i) they support field coils
and (ii) spread out the flux in air gap uniformly.

3. Field winding: They are usually made of copper. Field coils are former wound and placed on each pole
and are connected in series. They are wound in such a way that, when energized, they form alternate
North and South poles.

4. Armature core: Armature core is the rotor of the machine. It is cylindrical in shape with slots to carry
armature winding. The armature is built up of thin laminated circular steel disks for reducing eddy
current losses. It may be provided with air ducts for the axial air flow for cooling purposes. Armature is

keyed to the shaft.
5. Armature winding: It is usually a former wound copper coil which rests in armature slots. The

armature conductors are insulated from each other and also from the armature core. Armature winding
can be wound by one of the two methods; lap winding or wave winding. Double layer lap or wave
windings are generally used. A double layer winding means that each armature slot will carry two

different coils.
6. Commutator and brushes: Physical connection to the armature winding is made through a

commutator-brush arrangement. The function of a commutator, in a dc generator, is to collect the current
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generated in armature conductors. Whereas, in case of a dc motor, commutator helps in providing
current to the armature conductors. A commutator consists of a set of copper segments which are
insulated from each other. The number of segments is equal to the number of armature coils. Each
segment is connected to an armature coil and the commutator is keyed to the shaft. Brushes are usually
made from carbon or graphite. They rest on commutator segments and slide on the segments when the
commutator rotates keeping the physical contact to collect or supply the current.

Working principle of a DC generator:

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 the 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.

according to Fleming’s right hand rule, the direction of induced current changes whenever the direction of
motion of the conductor changes. Let’s consider an armature rotating clockwise and a conductor at the left is
moving upward. When the armature completes a half rotation, the direction of motion of that particular
conductor will be reversed to downward.

Hence, the direction of current in every armature conductor will be alternating. If you look at the above figure,
you will know how the direction of the induced current is alternating in an armature conductor. But with a split
ring commutator, connections of the armature conductors also gets reversed when the current reversal occurs.
And therefore, we get unidirectional current at the terminals.

11. Describe the construction of an induction motor with neat diagrams. (M/J 2016)
Explain the construction of three phase induction motor with neat diagram? (A/M 2017)
Construction of Induction Motor
The three phase induction motor is a preferable type of motor. It is mostly used in industrial drives

because it is very reasonable and vigorous, economical and reliable. It is also called asynchronous motor because
it does not run at a synchronous speed. The induction motor requires very little maintenance and also it has high
overloading capacity.

e Construction of Stator

e Construction of Rotor
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A three phase Induction motor mainly consists of two parts called as the Stator and the Rotor. The
stator is the stationary part of the induction motor, and the rotor is the rotating part. The construction of the stator
is similar to the three-phase synchronous motor, and the construction of rotor is different for the different
machine. The construction of the induction motor is explained below in detail.

Construction of Stator
The stator is built up of high-grade alloy steel laminations to reduce eddy current losses. It has three main

parts, namely outer frame, the stator core and a stator winding.
Outer frame
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The stator core is built of high-grade silicon steel stampings. Its main function is to carry the alternating
magnetic field which produces hysteresis and eddy current losses. The stampings are fixed to the stator frame. Each
stamping are insulated from the other with a thin varnish layer. The thickness of the stamping usually varies from 0.3
to 0.5 mm. Slots are punched on the inner side of the stampings as shown in the figure below.
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Stator windings

The core of the stator carries three phase windings which are usually supplied from a three-phase supply
system. The six terminals of the windings (two of each phase) are connected in the terminal box of the machine. The
stator of the motor is wound for a definite number of poles, depending on the speed of the motor. If the number of
poles is greater, the speed of the motor will be less and if the number of poles is less than the speed will be high.

As the relationship between the speed and the pole of the motor is given as

4 1 . 120f
X — = —
S P or S P

The windings may be connected in start and delta.

Construction of Rotor
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The rotor is also built of thin laminations of the same material as the stator. The laminated cylindrical core is
mounted directly on the shaft. These laminations are slotted on the outer side to receive the conductors. There are two
types of rotor.

Squirrel Cage Rotor
A squirrel cage rotor consists of a laminated cylindrical core. The circular slots at the outer periphery are semi-

closed. Each slot contains uninsulated bar conductor of aluminium or copper. At the end of the rotor the conductors the
short-circuited by a heavy ring of copper or aluminium. The diagram of the cage rotor is shown below.

Rotor Bars
(slightly skewed)

The rotor slots are usually not parallel to the shaft but are skewed. The skewing of the rotor conductors has the
following advantages given below.

It reduces humming and provide smooth and noise free operation.

It results in a uniform torque curve for different positions of the rotor.

The locking tendency of the rotor is reduced. As the teeth of the rotor and the stator attract each other and lock.
It increases the rotor resistance due to the increased length of the rotor bar conductors.

Advantages of Squirrel Cage Rotor

The following advantages of the cage rotor are given below.

The cage rotor is cheaper, and the construction is robust.

The absence of the brushes reduces the risk of sparking.

Its Maintenance is less.

The power factor is higher

The efficiency of the cage rotor is higher.

Phase Wound Rotor

The Phase wound rotor is also called as Slip Ring Rotor. It consists of a cylindrical core which is laminated.
The outer periphery of the rotor has a semi-closed slot which carries a 3 phase insulated windings. The rotor windings
are connected in star.
The slip ring induction motor is shown in the figure below.

Skewed =
rotor slots =

The slip rings are mounted on the shaft with brushes resting on them. The brushes are connected to the variable
resistor. The function of the slip rings and the brushes is to provide a means of connecting external resistors in the rotor
circuit. The resistor enables the variation of each rotor phase resistance to serve the following purposes given below.

It increases the starting torque and decreases the starting current.

It is used to control the speed of the motor.
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In this type also, the rotor is skewed. A mild steel shaft is passed through the center of the rotor and is fixed to it. The
purpose of the shaft is to transfer mechanical power.

Advantages of Phase Wound Rotor

Following are the advantages of the Phase Wound Rotor.

High starting torque and low starting current.

For controlling the speed of the motor, an external resistance can be added in the circuit.

12. Derive the EMF equation for the alternator? (A/M 2017)
EMF Equation of a Synchronous Generator
The generator which runs at a synchronous speed is known as the synchronous generator. The synchronous
generator converts the mechanical power into electrical energy for the grid. The Derivation of EMF Equation of a
synchronous generator is given below.

Let,

. P be the number of poles

o ¢ is Flux per pole in Webers

. N is the speed in revolution per minute (r.p.m)

o f be the frequency in Hertz

. Zyn 1s the number of conductors connected in series per phase

. Tpn is the number of turns connected in series per phase

o K. is the coil span factor

o K is the distribution factor

Flux cut by each conductor during one revolution is given as P¢p Weber. Time taken to complete one revolution is
given by 60/N sec

Average EMF induced per conductor will be given by the equation shown below
Po PN
60/N 60

Average EMF induced per phase will be given by the equation shown below

volts

PopN PN
0 = Zon = 0 = 2T,y and
Z
— ph
Ton — >
PN
Average EMF = 4 x ¢ x T, x e 4pfTyn

The average EMF equation is derived with the following assumptions given below.

e  (Coils have got the full pitch.

e All the conductors are concentrated in one stator slot.

Root mean square (R.M.S) value of the EMF induced per phase is given by the equation shown below.
E,n = Average value x form factor

Therefore,

Epn = 40fTy, x1.11 = 444 @ T, volts

If the coil span factor K. and the distribution factor K4 are taken into consideration than the Actual EMF induced per
phase is given as

Epp = 444K K@ fT,, volts .......(1)

Equation (1) shown above is the EMF equation of the Synchronous Generator.
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UNIT-5 MEASUREMENTS AND INSTRUMENTATION
1.Mention 2 disadvantages of capacitive transducer ? (May-11)

Output impedance of capacitive transducer is very high. So its measuring
circuit becomes very complicated.

The capacitance of capacitive transducer change with change in temperature
or account of Presence of small external matter.

Example: dust particles, moisture.

2.Writethefunction of transducer (May-11)
It converts one type of energy into another.
3..Defineinversetransducer with example (M ay-10)

< Aninversetransducer is defined as device which converts an electrical quantity into a
non electrical quantity.

= |tisaprecision actuator which has an electrical input and alow power non electrical
output. ]

4.Mention any 4 types of analog to digital convertor? (May-10)
= Flash type of convertor
= Staircase convertor

= Tracking convertor
= Successive approximation type
5.What isthe need of sample and hold circuit in A/D convertor? (Dec-10)

Sample and hold circuits are the devices that store analog information and reduce the
aperture time of an A/D convertor

= A sample hold isasimply avoltage memory device in which an input voltage is
acquired and then stored on a high quality capacitor. [

6.Definethe primary and secondary transducers? (May
2010) Primary Transducer:

When the input signal is directly sensed by the transducer and physical
phenomenon is converted into electrical form directly then such a transducer is called the
primary transducer.

Secondary Transducer:

When the input signal is sensed first by some detector or sensor and then its
output being of some from other than input signals is given as input to a transducer for
conversion into electrical form, then such a transducer falls in the category of secondary
transducers.

7..State the performance parameters of ADC (May 2010)
< Resolution.

< Quantization error.
= Conversiontime.

8..How do you classify transducers? (Dec 20;3)
< Onthebasis of transduction form used.

= Asprimary and secondary transducers.



= Asactive and passive transducers.

= Asand g(? and digital transducers.
= Astransducers and inverse transducers.

9..What is piezo-electric effect? (Dec 2010)

A piezoelectric material is one in which an electric potential appears across certain
surfaces of the crystal if the dimensions of the crystals are changed by the application of a

mechanical force this potential is produced by the displacement of charges.
This effect isreversible.

This phenomenon is known as piezoel ectric effect.
10.Explain the working principle of capacitive transducers? (Dec 2010)

The principle of capacitive transducer is based on the familiar equation of capacitance of
paralel plate capacitor.

C=¢A/d

11.What arethe selection criteriafor the transducer ? (Jun 2009)
= QOperating range.
1 Sensitivity. o
= Environmental conditions
= Errors.
= Accuracy.

12.What ismeant by strain gauge? What for it isused? (Jun 2009)

It is an example of a passive transducer that uses the variation in electrical resistance in
wires to sense the strain produced by a force on the wires.

13.What isPOT? It isactive or passive transducer? (Dec 20062 o
= POT isaresistive potentiometer used for the purpose of voltage division.

= |t consists for aresistive element provided with a diding contact called as wiper.
< The POT isapassive transducer since it requires an external power source for its
operation.

14.Namethe transducer that uses sensing acceleration? (Jun 2006, May
2005) Piezo-€lectric transducer.

15.Writeany four basic requirementsof transducer ? (Dec 2004)
= RUGGEDNESS: It should be capable for withstanding overload.

= LINEARITY: Theinput-output characteristics should be linear.

= NOHYSTERISIS: It should not give any hysteresis during measurement while input
signal is
varied from low to high value and vice versa.

« RESIDUAL DEFORMATION: There should be no deformations on removal of load
after long period of time

16. Define current transformer & Potential transformer ?



A current transformer (CT) is a type of transformer that is used to measure alternating
current (AC). It produces a current in its secondary which is proportional to the current in its
primary. ... The current transformer presents a negligible load to the primary circuit

Potential transformer

Voltage transformers (VT), also called potential transformers (PT), are a parallel
connected type of instrument transformer. They are designed to present negligible load to the
supply being measured and have an accurate voltage ratio and phase relationship to enable
accurate secondary connected metering.

PART-B

1. Explain in detail about classifications of transducer.
TRANSDUCERS
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@Whentransducergivesoutputinel ectricalformitisknownasel ectrical trans

ducer.Actually,el ectricaltransducerconsi stsoftwopartswhichareveryc
losel yrel atedtoEachother.

@Thesetwopartsaresens ngor detectingel ementandtransducti onel ement. Thesensi ngordetectingel
ementiscommonl yknownassensor.

%)

Definitionstatesthatsensorisadevi cethatproducesameasurabl eresponsetoaCha
ngeina physical condition.

@ Thetransducti onelementtransformstheoutputofthesensortoanel ectrica output,as

shownintheFig.

Mon-electrical ; Sensor ) Elsctrical
& o] Sensing = Transduction

e
quanitity elamant respanse slement signal

Classfication of Electrical Transducers
Transducersmaybeclassifiedaccording totheirstructure,methodofenergy
conversionandapplication. Thuswecansaythattransducersareclassified
=Asactiveand passive transducer
<A ccordingtotransductionprinciple
=Asanal oganddigital transducer
<Asprimaryand secondarytransducer
=Astransducerandinverse transducer



ActiveandPassiveT
ransducer Active
Transducers

@ Active transducersaresel f-generatingtypeoftransducers.

@ These transducers devel opanel ectrica parameter(i.e.voltage or current)whichis
proportional tothequantityundermeasurement.
@ Thesetransducers donotrequireanyexternal sourceorpowerfortheiroperation.

@ Theycanbesubdividedintothefollowingcommonlyused types

Aclive Transducers

—T——

Fhaomeolele Tharmoelsctns Plezcalacric Ekaclromagrel o

Passive Transducers
@ Passivetransducersdonotgenerateanyel ectrical signal bythemsel ves.
@ Toobtainanelectricalsignal fromsuchtransducers,anexterna sourceof poweris essential .
@ Passive transducers
dependuponthechangei nanel ectrical parameter(R,L,orC).
@ Theyareal soknownasexternallypowerdriventransducers.
@ Theycan besubdividedintothe foll owingcommonlyusedtypes.

Passive Transdoeers

l | ,

Variable resistance Cipto elsclonic Variable reactance
! el
" " { i
Prrala Slraie Thenmistar Inductive Capacitiva
conductors gauge

Yadiable  Wardahle Variable

¥— *. HrEm separation permittivity
Phato Frolo
ermissive Junstions
[ =
Yariakzle  ‘ariable LWDT Ediey
reluctance parmeability current

According to TransductionPrinciple
Thetransducerscan beclassifiedaccordingto principleusedin transduction.
=Capacitivetransduction
=Electromagnetictransduction
=|nductive transduction



=Piezod ectrictransduction
<Photovoltaictransduction
=Photoconductivetransduction
Analog and Digital Transducers
The transducers can beclassifiedonthe basisofthe
outputwhichmaybeaconti nuousf unctionoftimeortheoutputmaybei ndiscretes
teps.
AnalogTransducers

@ Thesetransducersconvertthe nputquantityi ntoananal ogoutputwhi chisa continuousfunction
@ Astraingauge,LV DT ,thermocouplesorthermistorsarecall edanal ogtransducersas
theyproduceanoutp

whichis aconti nuousfunctionoftime.

Digital Transducers

@ Digitaltransducersproduceanel ectrical outputinthe formofpul ses
whichformsanuniquecode.

@ Unigue code sgeneratedforeachdiscreteval uesensed.

Primary or Secondary

@ Sometransducers consistof mechanica devicea ongwiththeel ectrical device.

@ Insuchtransducersmechanical deviceacts
asaprimarytransducerandconvertsphysi cal quantityintomechanical signal.

@ Theel ectricaldevicethenconverts mechanicalsignal produced

byprimarytransducerintoanel ectricalsignal .

@ Therefore,el ectrical deviceactsasasecondarytransducer.

@ Foranexampl e,inpressuremeasurementBourdonstubeacts as
aprimarytransducerwhichconverts a pressureintodisplacementandLV DTacts as
asecondarytransducer whichconvertsthis
displacementintoanequival entelectricalsignal .
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Pr essure M easur ement

Transducer and Inverse Transducer
@ Transducersconvertnon-
el ectrical quantityintoel ectri cal quantitywhereasi nversetransducerconvertsel ectrical quantit

oftin



yintonon-el ectrical quantity.
@ Forexample,microphones atransducerwhichconvertssoundsignalintoan
el ectrical signa whereasl oudspeakerisaninversetransducerwhichconvertsel ectricalsignalin
tosoundsignal.
2. Explain in detail about merits, demerits and characteristics of transducer.
Advantages Transducers
1. Electricalsignal obtainedfromel ectricaltransducer canbe easilyprocessed(mainly
amplified)andbroughttoalevel suitablefor outputdevice whichmaybeanindicatororrecorder.
2. The e ectrical systemscan be controlledwithaverysmall levelof power
3. The electrical outputcan beeasilyused,transmitted,andprocessedforthepurposeof
measurement.
4. Withtheadventof1C technology,
theel ectroni csystemshavebecomeextremel ysmallinsize,requiring
smallspacefortheiroperation.
5. Nomovingmechani cal partsareinvol vedin theel ectrical
systems. T hereforetherei snoquestionof mechani calwear
andtearandnopossibilityofmechanicafailure.
Electricaltransducerisalmostamustin
thismodemworld.A partfromthemeritsdescribedabove,some disadvantages doexistin el ectrical
SEeNnsors.

Disadvantagesof Electrical Transducers
@ Theel ectricaltransducerissometimesl essreliable
thanmechani cal typebecauseoftheagei nganddriftofthe active components.
@ Also,thesensingel ementsandtheassociated signal processing circuitryare
com
parativel yexpensive.
@ Withtheuseofbettermaterial s,improved technol ogyandcircuitry,the
rangeof accuracyandstabilityhavebeenincreasedforel ectricaltransducers.

@Us ngnegativefeedbacktechnique theaccuracyof ~ measurementandthe  stabilityofthe
systemarei mproved,butall attheexpenseofincreasedci rcuitcompl exity, morespace,andobv
iously,morecost.

Char acteristicsof

Transducer

1. Accuracy:ltis defined as the closenesswithwhich the readingapproaches
anacceptedstandardval ueorideal val ueortrueval ue,of thevari abl ebel ngmeasured.

2. Ruggedness. Thetransducershoul doemechani call yruggedto
withstandoverl oads.Itshoul dhave overl oadprotection.

3. Linearity:Theoutput ofthetransducershoul dbelinearlyproportionatothe
inputquantityundermeasurement.ltshoul dhavelineari nput-outputcharacteristic.-

4. Repeatability: Theoutputofthetransducermustbeexactl ythesame,undersameenvironment
al conditions,whenthesamequantityisapplied attheinputrepeatedly.

5. Highoutput:
Thetransducershoul dgivereasonabl yhi ghoutputsignal sothatitcanbeeasil yprocessed
andmeasured.The outputmustbemuchlargerthannoise.Now-a-
days,digital outputispreferredinmanyapplications;

6. High Stabilityand Reliability: The output ofthe transducer shouldbehighly



stableandreliableso that therewillbeminimumerror inmeasurement. Theoutput
m
ustremai nunaffectedbyenvironmental conditionssuchaschangeintemperature,
pressure, etc.
7. Sensitivity: The sensitivityof the
el ectricaltransducerisdefinedastheel ectri cal outputobtai nedperunitchangein
thephysical parameter ofthel nputquantity.Forexample,foratransducer
usedfortemperaturemeasurement,sensitivitywillbe expressedinmV/’C.
Ahighsensitivityisalways desirabl eforagiventransducer.
8. DynamicRange: Foratransducer theoperatingrangeshoul doewi de,sothatitcanbeusedo
vera wide rangeof measurementconditions.
9. Size: Thetransducer
shoul dhavesmal | estpossi bl esi zeandshapewi thmi nimal wei ghtandvolume. Thiswill
makethemeasurementsystem verycompact.
Speed of Response: Itis therapi ditywithwhichthe transducerresponds tochanges
inthemeasuredquantity. The speedofresponse ofthe transducershoul dbeashighas practicable.

3. Explain the selection criteria of transducer in detail.

Nature of measurement
Loading effect

Environmental considerations
Measuring system

Cost &Availahility

agrwbdE

* |n a measurement system the transducer (or a combination of transducers) is the input
element with the critical function of transforming some physical quantity to a proportional
electrica signal. So selection of an appropriate transducer is most important for having

accurate results.

e The first step in the selection procedure is to clearly define the nature of quantity under
measurement (measurand) and know the range of magnitudes and frequencies that the
measurand is expected to exhibit. Next step will be to examine the available transducer
principles for measurement of desired quantity. The type of transducer selected must be
compatible with the type and range of the quantity to be measured and the output device.

® |n case one or more transducer principles are capable of generating a satisfactory signd,
decision is to be taken whether to employ a commercialy available transducer or build a
suitable transducer. If the transducers are available in the market at a suitable price, the
choice will probably be to purchase one of them, otherwise own transducer will have to be

designed, built and calibrated.

® The pointsto be considered in determining atransducer suitable for a specific measurement

are asfollows:;



Range. The range of the transducer should be large enough to encompass all the expected
magnitudes of the measurand.

Sengitivity. The transducer should give a sufficient output signal per unit of measured input
in order to yield meaningful data.

Electrical Output Characteristics. The eectrica characteristics-the output impedance, the
frequency response, and the response time of the transducer output signal should be
compatible with the recording device and the rest of the measuring system equipment.
Physical Environment. The transducer selected should be able to withstand the
environmental conditions to which it is likely to be subjected while carrying out
measurements and tests.

Such parameters are temperature, acceleration, shock and vibration, moisture, and
corrosive chemicas might damage some transducers but not others.

Errors. The errors inherent in the operation of the transducer itself, or those errors caused
by environmenta conditions of the measurement, should be small enough or controllable
enough that they alow meaningful datato be taken.

However the total measurement error in a transducer-activated system may be reduced to
fall within the required accuracy range by adopting the following techniques.

4. Draw and explain resistive transducer in detail.

ResistanceT ransducers

Temperature Sensors

Temperatureisone ofthef undamental parametersindicatingthephysi cal conditionof
matter,i.e.expressingitsdegree of hotnessorcol dness.Wheneverabodyisheat’variouseffectsare

observed.Theyinclude

=Changeinthephysicalorchemica state,(freezing,melting,boilingetc.)
=Changeinphysicaldimensions,

=Changesinel ectrical properties,mainlythechangei nresistance,
=Generationofan emfatthejunctionoftwodissmilarmetals.

Oneoftheseeffectscanbeempl oyedfortemperaturemeasurementpurposes. El ectricalmet

hodsarethemostconveni entandaccuratemethodsof temperaturemeasurement. Thesemethods
arebasedonchangei nresi stancewithtemperatureandgenerati onofthermale.m.f. Thechangeinr
esi stancewithtemperaturemaybepositiveornegative.Accordingtothatthereare twotypes
=ResistanceThermometers —Positi vetemperaturecoeffi cient
=Thermistors—Negative temperaturecoefficient

Constructionof ResistanceT hermometers
@ The wireresi stancethermometer usuallyconsi stsof acoilwound
onamicaorceramicformer,  asshowninthe Fig.

%)

Thecoiliswoundinbifilarf ormsoastomakei tnoi nductive. Suchcoil sareavail abl el ndifferentsizes
andwithdifferentres stanceval uesrangingfrom10ohms t025,0000hms.

Mica slro




ResistanceT hermometers
1. Themeasurementis accurate.
2. Indicators,recorderscanbe directlyoperated.
3. Thetemperature sensorcanbeeasilyinstalledandreplaced.
4. Measurementofdifferentialtemperaturei spossible.
5. Resistancethermometerscanwork overawide rangeoftemperaturefrom
-20’Cto+650°C.
Theyare suitableforremote indication.
Theyaresmallerinsize
. They have stabilityoverlongperiodsoftime.

0N

5. Draw and explain capacitive transducer in detail. Also mention itsapplications.
= Capacitive sensor is of non-contact type sensor and is primarily used to measure the linear

displacements from few millimeters to hundreds of millimeters. It comprises of three
plates, with the upper pair forming one capacitor and the lower pair another. The linear
displacement might take in two forms:

one of the platesis moved by the displacement so that the plate
separation changes

area of overlap changes due to the displacement.
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(a) Three-plates capacitive element sensor (b) Displacement measurement
thru change in plate separation

Plate 1 | | Connected
i An i tor egerment
Plate 2 [ | |
i a
Plate 5 [ - 1

i

{c) Displacement measurement
thru change in area of overlap

= The capacitance C of apardlé plate capacitor is given by,
- C=¢re0A/d
where r is the relative permittivity of the dielectric between the plates, €o permittivity of free
space, A areaof overlap between two plates and d the plate separation.

= Asthe centra plate moves near to top plate or bottom one due to the movement of the
element/workpiece of which displacement is to be measured, separation in between the
plate changes. This can be given as,

e Cl=(ereoA)/(d+x)

e C2=(ereoA)/(d-x)

= When C1 and C2 are connected to a Wheatstone’s bridge, then the resulting out-of-balance
voltage would be in proportional to displacement x.

APPLICATIONS

<= Feed hopper level monitoring

< Small vessal pump control

= Greaselevel monitoring

= Levd control of liquids

= Metrology applications

6. Draw and explain Piezo electric transducer in detail.
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Compressed Quartz
underthe application of
external force/pressure

= Piezoelectric sensor is used for the measurement of pressure, acceleration and dynamic-
forces such as oscillation, impact, or high speed compression or tension.

= |t contains piezoelectric ionic crystal materials such as Quartz.On application of force or
pressure these materials get stretched or compressed.

= During this process, the charge over the material changes and redistributes.

= Oneface of the material becomes positively charged and the other negatively charged. The
net charge q on the surface is proportional to the amount x by which the charges have been
displaced. The displacement is proportion to force. Therefore we can write,

7. Draw and explain digital storage oscilloscope.

Digital StorageOscilloscope

BlockDiagram

Theblock diagram of digital storage oscilloscopeis shownintheFig.
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| Horizontal (digital) D.AAV.

@ Theinput signalisappliedto the amplifierand attenuatorsection.

@ The oscilloscope uses sametype ofamplifier and attenuatorcircuitry asused in
theconventional oscilloscopes.

@ Theattenuatedsignalisthen appliedtothe verticalamplifier.

@ To digitizetheanal ogsignal ,ana ogtodigital (A/D) converteris used.

@Theoutputof the verticalamplifierisappliedtothe
A/Dconvertersection.

@ Thesuccess veapproximationtypeof A/Dconverterismostoftenly
usedi nthedigital storageoscill oscopes.
@ Thesampling rateandmemorysi zeare sel ecteddependingupontheduration
& thewaveformto be recorded.
@ Once theinput
signalissampled,theA/Dconverterdigitizesit.@ Thesigna
isthen capturedin the memory.

%]
Onceiti sstoredi nthememory,manymani pul ati onsarepossi bl easmemorycanbereadoutwit
houtbeingerased.

@ Thedigital storageoscill oscopehasthree modes:

1. Rollmode

2. Storemode
3. Hold or savemode.

Advantages



1) Itiseasierto operate and has more capability.ii) The

storage timeisinfinite.

1i1) Thedisplayflexibilityisavailable. Thenumberoftracesthatcanbestoredandrecal leddep

ends on thesizeofthememory.

iv) The cursor measurementispossible.

V) The characterscanbe displayed onscreenalong withthe waveformwhich
can
indicatewaveforminformation such as minimum, maximum,frequency,amplitude

etc.

vi) TheX-Y plots,B-Hcurve,P-Vdiagramscanbe displayed.

vii) The pretriggerviewingfeature allows todisplaythewaveformbeforetriggerpul se.

viii) Keepingthe recordsi spossible bytransmittingthedatato computersystemwherethe
furtherprocessingispossible

iX) Signal processingi spossi bl ewhi chincludestrand atingtherawdatai ntofi nishedinformati
on

e.g.computingparametersof acaptured signallike r.m.s.vaue, energystored etc.

8. Draw and explain CRT display in detail.

Thedevicewhichallows, the

amplitudeof suchsignal s,tobedi splayedprimaril yasaf unctionoftime,iscalledcathoderayoscill osco
pe.Thecathoderaytube(CRT)istheheartoftheC.R.O.TheCRTgeneratestheel ectronbeam,accel erat
esthebeam,def| ectsthebeamandal sohasascreenwherebeambecomesvisibleasaspot. Themainparts
of the CRT are

)] Electron gun

i) Deflection system

iii)  Fluorescent screen

1v) Glasstubeorenvel ope
V) Base
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Theel ectrongunsecti onofthecathoderaytubeprovidesasharpl yf ocused, el ectronbeamdirected
towardsthefluorescent-coated screen.

@ Thissectionstarts fromthermal lyheated cathode, emittingthe

electrons.d Thecontrol gridisgivennegative

potentia withrespecttocathode.

@ Thisgrid controlsthenumberof electronsin tbeam,goingto thescreen.

%]
Themomentumoftheel ectrons(theirnumberxthei rspeed) determinesthel ntensity, orbrightness
,ofthelightemittedfromthe fluorescentscreen dueto the el ectronbombardment.



@ Thelight emittedi susuallyofthegreencol our.
DeflectionSystem
@ Whentheel ectronbeami saccel erateditpassesthroughthedef | ectionsystem,
withwhichbeamcanbeposi tionedanywhereonthe screen.
FluorescentScreen
1]
Thelightproducedbythescreendoesnotdi sappearimmedi atel ywhenbombardment
byelectronsceases, i.e., when the signal becomes zero.
/]
Thetimeperi odf orwhichthetraceremai nsonthescreenafterthesignal becomeszeroi
sknown as“parggenceor fluorescence’.
@ Thepersistencemaybeasshortasa
fewmi crosecond,orasl ongastensof secondsorevenminutes.
@ Medium persi stence tracesaremostlyusedforgeneral purposeapplications.
@ L ongpersistencetraces are usedin thestudyoftransients.
/]
L ongpersi stencehel psinthestudyoftransi entssi ncethetracei sstill seenonthescreena
fterthetrans enthasdi sappeared.
GlassTube
@ Allthe components ofaCRTare enclosedin an evacuatedglasstubecalledenvel ope.
@ Thisallowstreemittedel ectronstomoveaboutfreel yfromoneendofthetubetothe
otherend.

Base
@ Thebasei sprovidedto the CRT throughwhich the connections
9.Explain in detail about current transformer transfor mer?
Instrument Transformers
Instrument Transformers

e Itisatransformer that is used in conjunction with any measuring instrument (i.e., Ammeter,
Voltmeter, Wattmeter, Watt-hour-meter, ...etc.)or protective equipment (i.e., Relays).

» It utilizes the current-transformation and voltage transformation properties to measure high ac
current and voltage.

Types of instrument transformers:
These instrument transformers are of two types.-

1. Current transformers

2. Potential transformers

Applications of Instrument Transformers:

»  For measurement of high ac current, it is usual to use low range ac ammeter with suitable shunt.

»  For measurement of high ac voltage, low range ac voltmeters are used with high resistances
connected in series.

» For measurement of very high ac current and voltage, we cannot use these methods. Instead, we
use specially constructed HV instrument transformers to insulate the high voltage circuit from the
measuring circuit in order to protect the measuring instruments from burning.

e Application of Instrumentation Transformers In dc circuits for current and voltage measurement,
we use low range dc ammeters and voltmeters with rectifiers connected in their secondary
circuits.

e Thevast primary application of Instrument Transformersis for the protection and control of




power system and power equipment of high and very high ratings.
»  Theworking of these instrument transformers are similar to those of the ordinary transformers.
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Current Transformers

What iscurrent Transformer (CT)
e A current transformer is atransformer, which produces in its secondary winding low current,

which is proportional to the high current flowing in its primary winding.
e The secondary current is usually much smaller in magnitude than the primary current.
e Thedesign of CT depends on which type of instrument is connected to its secondary winding.
M easuring instrument OR Protective instrument.
-Measuring instrument CT is expected to give accurate results up to a maximum of 125% of its
normal full-load rated current.
-Protectiveinstrument CT is expected to be accurate for up to 20 times of its normal full-load rated
current (about 2000% of its full-load rated current!!..??).
» Based on the type of equipment for which the Ct isused for, its saturation point will vary. At the
same time it is expected to be linear in the entire working range.

Construction of C.T.:



e C.T. hasaprimary coil of one or more turns made of thick wire connected in series with the line
whose current isto be measured.

»  The secondary consists of alarge number of turns made of fine wire and is connected across an
ammeter or a relay’s terminals.

Function of CT:

e Theprincipa function of aCT isto produce a proportional current at alevel of magnitude, which
is suitable for the operation of low-range measuring or protective devices such as indicating or
recording instruments and relays.

* The primary and secondary currents are expressed as a ratio such as 100/5 or 1000/5 .

With a 100/5 ratio CT, 100A flowing in the primary winding will result in 5A flowing in the
secondary winding, provided that the correct rated burden is connected to the secondary winding

10. Explain in detail about potential transfor mer?
Potential Transformers:
What isa Potential Transformer (PT) or (VT)?:

e A PT or sometimes called VT is a step-down transformer having many primary turns but few
secondary turns.

* Inastep-down transformer the voltage decreases and the current increases, thus voltage can be
easily measured by using a low-range voltmeter instrument.

* Thevoltage is stepped-down in a known ratio called the voltage ratio.
Construction and working of P.T.:
Construction

* A potential transformer has many primary winding turns but few number of secondary winding
turns that makes it a step-down transformer.

e A Voltmeter is connected to the secondary winding is usually a voltmeter of 150 V.
Working (M easur ement):
e Primary terminals are connected in parallel across the line to which the voltage is to be measured.
» Thevoltmeter reading gives the transformed value of the voltage across the secondary terminals.
»  The deflection of the voltmeter when divided by the transformed ratio gives the actual voltage
across the primary winding as:
The Line voltage = deflection / transformation-Ratio
Where transformation ratio = V2/V1
Precaution for P.T.:
» Sincethe secondary of ap.t. is connected to relays, their ratings are usually 40 to 100 Watts.




For safety purpose the secondary should be completely insulated from the high voltage primary
and should be in addition grounded.

Typesof P.T.:
Some types of p.t. are:
e Shdll type
* Drytype
e Oil type
Rating Type
1. Below 5000 v Shell type
2. 5000-13800v Dry type and oil type
3. Above 13800 v only ail type
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