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E!-_:‘..E 101/201 BASIC ELECTRICAL ENGIN :

UNIT-1 : DC CIRCUITS (1-1 D to 1-32 D)i
j »tElpctncal' ireuit éleﬁgnts (R, L and C), Concept of aétwe and’ passwe ‘‘‘‘‘‘‘ !1
elements, v”oltage and current sources, concept of lmeanty and linear -

weeesnetwork, . unilateral and_bilateral. elements, Kirchhoff's laws, Loop. L T
nodal methods of analysis, Star-delta transformation, SUP“POS“‘O“

(Ga- réf’n "Thevenm theorem; Norton.theorem... RSO - 19
UNIT-2 : STEADY-STATE ANALYSIS OF l-fD AC CIRC!.JI!'TS % Moo ;_:‘:l |
(21 D io 2-48D)

{ is W\ Ir-_ YUY T
t Representation of Sinusoidal wa{:efonns Average and effecbve valdes,\ 5 e I
: Form and peak factors, Concept of phasors, phasor representathn of " 5:I
| sinusoidally varying voltage and’ Current.’’ 100 LI W 30 399500 |
.k_ _Analysis of single phasé' AC Circuits consisting of R; L; C; RL, RC; RLG‘ *i\} y
~ combinations (Series and Parallel), Apparent, active & reactive power,” —
(11— [ Power factor, power factor improvement. Concept of Resonance in s?nes Yy A
(¢ 1 & parallel circuits, bandw:dth and. quahty factor. Three phase balanced .
circuits, voltage and current relanqns in star and delta connections.” = " a

UNIT:3 : TRANSFORMERS - - . oo coooivvc oo (3-1D.t0.3-24:D)

. .Magnetic materials, BH characteristics, ideal and practical transformer,
; equivalent circuit, losses in transformers, regulation and efhcuency Auto .. o
;- transformer and three-phase transformer connections. ; '

S S TR '\h..
| BT ERYRLIN Y }

‘UNIT-4 : ELECTRICALMACHINES = '~ "' (4-1 ‘D'to"MS'D)

(17 DC machines: Principle & Constmctmn, Types, EMF equation of generator

4&- 1 and torque equation of motor, apphcahons of DC motors (sunple numerical'

1.1(_4 problems).. I ) e, iy ;."‘_ q.
Three Phase Induction Motor' I’nncnple & Constructmn Types Shp torque

{{¥K ;- characteristics; Applications (Numerical problems related to slip only) . 4

Smgle Phase Induction motor: Principle of operatlon and introduction to"

~~~~ methods of starting, applications. :

| Three Phase Synchronous Machines: Principle of operahon of altemator and

i synchronous motor and their applications. . iyl o

UNIT-5 : ELECTRICAL INSTALLATIONS -~ - "(5'-1' Db "siié*t;)
{J¢ 1 - Components of LT Smtchgear Switch Fuse Umt(SFU),eMCB ELCB MCCB,
T . Types of Wires and Cables, lmPortance of earthmg Types of Batteries, '_‘

A5 Ok | el s s e e Tves 3 i BT

‘Important characteristics for Batteries. Elementary ‘calculations for ‘energy * R
consumption and savings, battery backup.

SHORT QUESTIONS (SQ-1D to SQ-20D)
SOLVED PAPERS (2013-14TO 2018-19) (SP-1D to SP-59D)

A Jereag2) 8 5

|
a
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DC Circuits

(1-2D to 1-5D)

A. Concept Outline : Part-1 .......cccvunivnisssssssmsnsnins R
B. Long and Medium Answer Type QUestions ......ceeeussnisiiaia,

Part-2 (1-5D to 1-18D)
*Kirchhoff’s Laww 1 -
Loop and Nodal Method of Analys

A. Concept Outline : Part-2 ...
B. Long and Medium Answer Type onmu:.oau.

is

e e

...........................

-

Part-3
ﬂaﬁé_ A T

Thevenin’s Theorem -
Norton’s Theorem -

M. MM;%E Outline : Part-3
- Long and Medium Answer Type ennmmm._.._.m. o i

1-1D (Sem-1 & 2)

1-2D (Sem-1 & 2) DC Circuits

' Blectrical Circuit Blements (R, L and C), Concept of Activeand
. Passive Elements, Voltage and Current Sources, Conceptof
Linear Network, Unilateral Networkand -

" Bilateral Network . || [SlEiriniss

wv_-. Y 2y
. Linearity and

CONCEPT OUTLINE : PART-1

« Active and passive elements :A network that contains energy
sources together with the circuit elements are known as active
elements whereas network that does not contain energy sources
together with circuit elements are known as passive elements.

e  An electric circuit whose characteristics are same in either
directionis called bilateral circuit e.g., resistors, inductors etc.

s Anelectriccircuit whose characteristics change with the direction
of its operation is called the unilateral eircuit e.g., diode,

transistors etc.

| Define following :

acitance (C) Eﬁsﬁg@ (L).

1 Resistance (R) : A resistor is an electrical component that limits the
current in circuit,
R~ m L1
9. Capacitance (C) : Capacitance is the ability to store energy. A capacitor
| converts the input electrical energy (V) into electrostatic energy (Q)as
output.

Q

A
3. Inductance (L) :Itisthe property of an electrical conductor by which
a change in electric current through it induces the electromotive voltage
in conductor. An inductor converts electrical energy (i) into magnetic

_ energy (¢).
_ o

<|e
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Basic Electrical Engineering

Definie following i1 2= |
ements T § .

S ctive g P imaas liuita’ ™ 012 1t

3 Unilateral and bilateral elements ' ot

l A=eanudd breinhidd

‘L ‘Active and passiveelements:~ =
.1 The elémehts whith'supply erefy o the network are known as actiy,

T oelements, ., oy fvowrion Aredinmeals auizeng bres aviind g
", 2.4, The valtage sources like batteries, DC-generator, AC generator and
" = current sources like photoelectric cells, metadyne generators fall unde,
< :he category of active elements.; .:; 1 i i ol
8.1>The components whicl: .ssipate or stare energy are known as passiye
| -“components. Resistors, inductors and capacitors fall under the category
.| noofpassiveelements. -uci-iruns Loy iunesithnlont W
| i,/ Linear circuits and non-linear circuits : 115150 -1 1, .
L __ Resistive elements for which the volt-ampere characteristic is a straighy
~— -line are called linear, and the electric circuits containing only linear
resistances are called linear circuits. S =%
2, » Resistive elements for which the volt-ampere characteristic is other
"~ thanastraight line are termed as non-linear; dnd so the electric circujtg
| containing them are called non-linear circuits.” + v wc/. iy
“.F. .Mbﬂggmvmhsan—eﬂgﬁn:...w. B
- Anelectric circuit, whose characteristics or properties are same'in e
direction is called the hilateral %&..d%ﬁ%m mﬁmhmﬂﬂwﬁmwﬁ
[ mﬂmgmﬂmuﬂasn&amnﬁm_u”wm can be’'made’to perform its function’ wm...i.:w. mﬁ: in

2. - i ! G
il An electric circuit whose characteristics or properties change with'the

m—I_.P.. - - .4.- 3 »~ . .4 345
aﬁgﬁﬂg of its operation Ao.m_.\w diode rectifier), is omEmn. n_._..m unilateral

. _
" __”4.. | Passive network and active network :
- Anetwork is said to be passive if it containe no source of emfin it.

.“..M._.‘.. g@ﬂ.w ﬂ@golh b o i, ® &
/o, contains one ormq urees of :
= ".__Enams.vmm&«.m._ i 0 c:w__cwmma ,mmommamm#&ﬁ.o:ﬂmar:

GorTbeala Jui i ol

Q1N it

_ V-Icharacteristics cueo—nwnc and current sources.
__.m: PRI |......_l‘.,__ T | ' - ;
L __H.r.m .Hn...&&-.man—nm U&d_n_._nﬂ_ﬂﬁgﬂ.—.dmu 3o sk L
volt-ampere characte ed i

(1-4D (Sem:1 & 2) : .. DCCircuits

# 2 .
f=e= .% T T UL
! h m = Fg e .,u....ﬁ.r.,r_.uJ...”.‘.. iy

2 VI Characteristics Onnﬂgﬂuaﬁdu. Gt

" Vocb— | isiba 4 -
| oL
[ * \ TN,
) % ’ ) " L -
Voltage, V \.B “ “
Val - DBL N == Incident radiation
S ¢ constant

DR Y e os.:.on...u 2

= V-Icharacteristic of a practical current source is compared with that of

' ideal current source (dotted vertical lines). The limit V, upto which a
current source maintains the current is drawn by horizontal dotted line.

A Conversion of voltage source into current source : -
1. Let us consider a practical voltage source V, with a source or internal
resistance R as shown in Fig. 1.4.1. & g

2. The voltage source can be converted into equivalent current source by
short circuiting the terminal xy and then find the nch.a:.w through xy

short circuit path. -
- M-‘
I=-%
sht .mw atpclans fet
—O : —ox
V.=LB.[rod X !
Y mu -y
m.m = - mmﬁn
7 v h ~0.¥
b e S| [
e )
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1-5D (Sem-1 & 2)

BasicEloctrical Engineering 7

B. Conversion of current source into voltage source :
L Let us consider a practica 1 current source I, with a source or interng)

2

resistance R, as shown in Fig. 14.2.

This current source can be converted into equivalent voltage source by
open circuited the terminal voltage and then find the open circuiteq
voltage.

O
X
_o% R, | B8
= =
L un_f y
du
—oy N m

CONCEPT OUTLINE : PART-2

L] za'.._. EHWDmU : In this

Kirchhoff’s voltage law (KVL i
. ) : This law states that
algebraic sum of voltage around any closed path is zero e

N
Y Va=0
n=1

where, V_is the voltage in n®
element. wiagsin s

EE 8 curr gﬂ H'a A.Nnc H Hg _m._.-._ m,ﬁﬂﬁﬂm ﬁﬁ-ﬁ.ﬂ ﬁT_G
%&HEG sum Om cur Hgﬂ W.H—EEN _ﬁ—.-_ﬂ H-.Omm 18 Qﬂ.ﬁa ﬂo Zero.

: N
ie, Yin=0
n=1

where, i_is the current in n* branch,

element of a closed loop having n

it analysis independent
e i r.“‘po__uﬁg A.“m assumed at these namm“. mqm_m.mﬂ M.MM
oy - 1he equations are then framed according

1-6D (Sem-1 &2) DC Circuits

r&.—o 1.5, | State and explain Kirchhoff’s law. What are the
limitations and applications of Kirchhoff's law in circuit theory?
Explain. [ARTU 2016-17(Sem-1), Marks 07 |

A Kirchhoff’s law : Refer Concept Outline : Part-2, Page 1-5D, Unit-1.

B. Limitations of Kirchhoff’s law :

1. If more number of variables are present, then using these methods can
be quite time consuming due to more number of equations.

9. KVLand KCL are not applied to distributed networks. Because in that
case capacitance, inductance have their own internal resistances and
are distributed over the long network line.

C. Applications of Kirchhoff’s law :
1. The current distribution in various branches of the circuit is made with
directions of their flow complying with first law of Kirchhoff (KCL).

2. Kirchhoff's second law (KVL) is applied to each mesh (one by one)
separately and algebraic equations are obtained by equating the algebraic
sum of emfs acting in each mesh equal to the algebraic sum of respective
drop in same mesh.

O.mn:r Use source transformation method to compute the
current through 6 Q resistor of Fig. 1.6.1.

2A

h-hq--..- w
20
5 DW 50 6Q

.ﬂ:...d B

(Fig.181.
[AKTU 2014-15(Sem-2), Marks 510 |

1 murubmw_m the current source of 2 A to voltage source and voltage
source of 10V to current source.
9. Changing the voltage source of 10 V to current source,
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o 1=7D (Sem-1 & 3)
Koo I atas

s 4 r 3
i | ol apgy

oy srs AW ol TIERT G 1949 01"

T w10t fipyrio niseal Fitod t_“,_h_w. apoiinailge m,.n.m.: LTS THITRT]
—2A(d) 250 250
L-gnsliTH iUt U ._w..h

8.y faFalis combinatie ofresistors, 41 : Wil # Toridioriz

K, n.-.—. v ..._...J_;:_.m_....”__.—:_..m 51

.Nm_ _._. ...... LT 97 ¥

10" | e

A -+ b s

4. Changing current source of 2 A to voltage source, .
. v A W Enongotige \

m.. Applying mesh law, 5-2.5i +4-2i —6i =0
yil} stugings .__.-Wr.._u...ub-ﬂﬂw.".o._..__ e

g Hrioieoeat 9oruoe o2 | .0, L. s i
3 - o~ ' )
i=i=—=0 R

HO.U .gﬂb.»__ ¥t (2O _.T........::L.. begovepgye

Determine a..:.-._.mn« in 4

: urrent in 4 ohm resistor b i

in . | Y using mesh
) he cir o mu._u.o.aa.ﬁ. L in u_n..u.q..w below.

1.

L0 2ot e 4 T

50 ign |

-20 2A

Ol sl 7o n
L ~ SRILH (Rarrao)E

_—'m [XI7% : ] + 3 .

A& _gﬁmeﬂﬁr uﬁ.om...#ma.ul_

Oauq.w_..mmb . )
pi g M > curre AL
equivalent vt Nt source with 5

age source of 4 y i moumwmzau resi

arallel resistance of
ries witha 2 0 Hmwwwumhﬂ._eo -

——— %ﬁwﬁﬂwm. - .| ..I|.

2. Applying Kirchhoff's 4c=.nm% w to mesh 1 and II, we have
v .From meshl: = TR

Bl AU+ =0 R
9l +4I,=8 P «(L7.1)
From mesh I : ¢ siroia TrEslEvinps or
4-8[ -4, +1)=0 )
12, +41,=4 — M —
1,+3L,=1 4 W ..(1.7.2)
3. Solving eq.(1.7.1) and (1.7.2), we get
. I,=004A .
I;=087A
4, Current across 4 Q) resistor,
I=1+1, ,
= 0.87 ._..o.ah =091A

Que 1.8. _ Find current in 2 ohm resistance in the following
Fig. 1.8.1 using loop analysis method.

40 20 3Q
+ + +
40V 20V L OV s i
Fig. 1.8.1;

[AKTU 2015-16(Sem-2), Marks 10 |

ﬂnul.— RETS

The procedure is same as Q. Hq‘_ﬁmwm 1-7D, Unit-1. |
(Ans. Currentin2Q resistor = 0.77 A)

Que 19,

ANy AY B

the following circuit of Fig. 1.9.1.

Using mesh analysis, find the currents I, I, and Ij in
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1-9D (Sem-1 & 2)

Basic Electrical Engineering
200 40Q
—
1 1Ba I,
- + =
3 w3 (H)O06A
0540 Ze00 e ®
(s
{Fig.19.1.
_bﬁﬂd 2016-17(Sem-1), Mavrks 07 _
s .Eum ._wM...u?Embﬁ circuit is
20 Q 400
.-_bi.--l -Ibﬂllbﬂ
) 150G
05A(d) Ze00 100 03 ng»

2. Inmeshl

D 10 _q\.v

I

Fig. 192

200, + 15 (i~ i,) ~ 10 + 60 (i, ~0.5) = 0

In mesh 2

95i, - 15i, = 40
19i, - 3i, = 8

40i, + 100 (i, + 0.6) + 10 + 15 (i;~i,)=0

Fromeq. (

155i, - 15i, = ~70
3Li,-3i,=-14
1.9.1)and (1.9.2),

Now, the current flowing through 20 Q is I, hence

=i 108

li=iy= 50 =0355A

Current flowing through 40 0 is 1,, hence
_. 121

L=i,=- 250 =-04127A
and current flowing through 15 O is I

AT ﬁoulzm& -

290

-.(1.9.1)

..(1.9.2)

224
290 - 0.772A

1-10D (Sem-1 & 2) DC Circuits
Que 1.10. | Find current in each branch by using nodal analysis.
e w-m:._us total power loss.
e A 100 B 20Q ¢
4 p._-..».-_.._ . +
05A
1A 50 200 100
m "
Fig 1101,

[AKTU 2013-14(Sem-1), Marks 05 |

A 100 B 200 ¢

1A 05A

G
Fig. 1102,
1. AtnodeA, 1=1+I,
v VA=NE Y8
10 5
3V,-Vy=10 .(110.)
2. AtnodeB, I=14+1,
Va-Ve _Ve-Vc Vs
10 20 20 -
2V, -4V + V=0 (1.10.
3. AtnodeC, I;+05=k
Ve-Vc +05= NW
Mo_< V.= uuo ..(1.10.3)
- s

(1.10.1), (1.10.2) and (1.10.3), we get

4, Solvingeq.
V, = 444;Vp =333, Vo= 4.44
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1=11 D (Sem<1
Basic Eloctfical Engineering o : &2)

—

5. curre . - " —
iar \f__.__n...m“ﬂ m-ﬂ_u:: lﬂﬂn“.—.—dw& IanmGad _&k.n: STO ] b i ] ﬂ::w ML T ...:na

I,= I.Pnlul.u...c._m.@m\f; 5103 9isluslgy ol

-lew...cs; >

[ _n. |
| gafcte .5_ su L-0055A
Ato @) i1 20 < : ..u @) ar
[ r-2 -0i685A M |
| 20 m
1 | | |
T /S b
I;= —— =0444A
510,

6. _ Total power loss = (0.111)2 « 5+a B88)2 x 5 + (- 0.055)% x 20
LS8 sttt (L moz)} LETDE +(0.1665)2 x 20 + (0.444)2 x 1
s e W - —_—

.whn.... Using Nodal -hw_w.w-u find =_5 current :-.e:nr 1 ,_D
resistance shown in Fig. L11.1. :

10
13 3 MW ..4» — _
| 7 1
rea@ng,zl = L4 4
T u" ﬁMH U..HH u" L DU NS Al
vl | ' I 24 |
v ._
ﬂ .
TV 2016-17(Sem-2), Marks 07 |
X LETN
_H_wmvnanmnﬁmmwgﬂmmm

Q:1.10, Page 1 ?Su Unit-1.
(Ans. Current R_H.Enw p Q resistor = 1.22 A)

.m... d-?un&&ggnbagnn through 80
3n 10V <

L.\:_

resistor.
el mn

=N
<wd-‘ 50

SO0t !

anuzww

T...... briseg :T ::_,.

@—q Sﬁoﬂbr Marks ei

4

1-12D (Sem-1 &2) neeranninnd ey DC Cireuits

< g 220 driioq nominos & 1 odiago) balsnnus 2asas zizan ool T
wguio-. ¥ Datan :cl {) 1otz od ot higz one (&0 B1.T wid
an 1 IRTIG)] .Iu.c :< c__.{‘_ hlo tnemelga odT
1. AtnodeA, Vi +Huo M + _m Tt P aert edz vl salst
buu ﬂﬂ. t_.wcf:n..-m#‘.rmd\ =0 b e 2ol s v ocd e aen (YR (1
r_::::_ M:__u:vwwaw_umﬂ, o ooz s anmd Intieag o yir b

A ; (112)
4 33
2. AtnodeB, |L.m< <|le c+<lm.IMnm =0 /
15V, - 15V, + 40V, + 24V, + 600=0 Ly Lo
9V, - 16V, = - 600 i 0 La1122)
3. Putting 4&..5 of V,ineq. S 12.2), we wmﬁ i

75
mé -2V, =-600
B

V,=-1782V
4 mcwﬂﬁm<&=wom< in eq. (1.12.1), H 94
Lirh eI
V,= iy qmwlluwmd
5. Current through 8 Q resistor

V-V, -118+7.82

= =0.83A
8« 8
Quel.l Deduce delta connected system from star connected
system. | AKTU 20183-14(Sem-1), Marks 05 |
“OR

Derive an expression of star to delta transformation and vice-versa.

| AETU 2013-14(Sem-2), Marks 10 |

.OR
Derive the delta to nnn.—. a-.whuncﬂﬂwﬁ-cu.

| AKTU EFEEE..B. Marks 05|
OR, =
Derive the relation for star to &m:b sb_w delta to star ﬂ.s.umm._u....uuﬁnmoﬂ.

2017-18(Sem-1), Marks 07 |

X

?. .50:5 to star Hﬁ.ﬂmnoﬂu-w:._..n =

‘L - [Three resistances connected as mroiu in Fig. 1.13.1(a), are w:ﬁ to be
delta connected.
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i ical Engineeri 1-13D (Sem-1 &

Basic Electrical Engineering II....u.w

2 g%ﬁﬁi:ﬁnwﬁ:nsggim&o_ﬁ&agmu
Fig. 1.13.1(3) are said to be star (Y) connected. .

3 ?%ﬂ;&&?ﬂﬂ!&&.ﬁ&c&ﬁ:ﬁ&usas_ﬂsﬂu-
delta to star transformation.

4 The twosystems will be equivalent or identical if the resistance meas
F?qﬁév&an:ﬁ.wﬂanFgomcﬁnﬁﬂ.ﬂris:-ranzz_
line is open.

Delta to star

[, _—ﬂb
-
Star todelta

(a) )
Fig. _._Pr%_nlﬂwﬁf.jm?? .
5. :0_.-2 _-ﬂhmv_.h._.-s_- Tu—’.—-ﬂ_.- pﬁamﬂﬁ-_.”.w mu&.ml.. 1, |
x...n mu — s—..#mu.—

= .M.wamhw. indelta system
. Mbr“.nn e WI.- Ry o._m.n.:... star uv.w»n:..
terminals B and i bt af the sytem e e Beteen
So Ry+R.= M.Mw_ﬁ. N w_. ~A1.13.1)
g wwr..!#_“-zu resistances between terminals Cand A being equal in the two

%ﬂﬁ.#h“mn J.x_

A 1
o ) R+R<R, -A1.13.2)
Similarly resistance between terminals A and B

-ﬂho.ﬁhl ( +R,)

. e H. - ..1.13.3)
8 E&s.:.;.:.:._u.n_..&:.H..E.SE
gbohh...zﬁ.l 2R, maq_mu.x. +R, R)
R +R +R,
_a.__ + Nﬁ + xn.l E&M_‘%E
o s : 5 W— ..{1.13.4)
r-...”:ﬂ.bn._a-._—.wu.:.:..u.s.:._u

.3) from (1.13.9) respectively, we

—_—

1-14 D (Sem-1 & 2) DC Circuits
R.= DR .(1135)
A" R+R+R, |
Bym—tith _ (1136)
R+R+R
). - {113.7)
R+R +R,
B. Start to delta transformation :
1. Consider Y - A connections as shown in Fig. 1. 13.2.
1
ﬁ—m mﬂ___a
3
R Ras :
2 Resistance between terminals (1) and (2) in Y-connection is
R, ,Y=R,+R, .(1.13.8)
3. Resistance between terminal 1 and 2 in A-connection is
E " R, .( + )
Ry 2A=Ry, || (R, + R, = IFEI?» oy .(1139)

4. Ifthe Y-connection drawn in Fig. 1.13.2 is equivalent to the A-connection,
eq.(1.13.8) and (1.13.9) must be equal.

(Ry + Ry
RaR, = BulBi+Ry) (113,10
R R v Ry Ry RS
= 3 ( + )
5. Similarly, R, +R, = RyyFyy + Rey) .(1.13.11)
VU Ry + Ry + Ry
(Ry, + Ryy)
and R.+R.= BBy +Ry) (1.13.12)
i Ry + Ry + Ry
4. Solving eqs. (1.13.10),(1.13.11) and (1.13.12)

wﬁﬂm—.—.xn&. wm.
Ry=R,+Ry+ wm.“m.

R Hw...ﬁ.vg
3 1 3 Wn
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! ¥ G hgﬂﬂmg ﬂ.ﬁ.ﬂwﬁn—aﬂﬂmﬂn—‘ nuﬂ. E@ ﬂ‘gﬂ.ﬁ mh- .

the branck: v of the circuit. Consider all the values of n.m&w»sbaa
are in ohms.

10V 7

wgu

[ARTU 201415 (Sem 1), Maris 15

2 a
080 -
a osa 160
c =1 c = e m.mbﬂv
Q 40 20 H _
d

a

2

i d
080
28570
=
20570

A |
m“r .WI*”..

oty gyl

2. 8o

3. Taking be branch open, 2897

Current in section abd = 3.5 _ 6 _ 17
6+6 “0A

1-16DD (Sem-1 &2) DC Circuits

6
6+6

4. Voltage, V,=4x175=7V
V,=2x175=35V

5. Current in branch be I, = H%m =0.875A

Current in section acd = 3.5 x =175A

A-B in the network of Fig. 1.15.1.

 FoE e

Aneyer ¢
1. Converting delta to star,
Bys %Mw_mnmb

Que 1.15. | Determine the effective resistance between terminals
Wos 0
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Basic Electrical Engineering \\\E_
_

2. Solving series circuit,

1-18 D (Sem-1& 2)

10{0.65 + 2.05) _
10+0.65+2.05 139

o . s s gt W =

mﬂh.w“

CONCEPT OUTLINE ¢ PART-3

There are four theorems to solve DC networks :
1. Superposition theorem
9. Thevenin’s theorem
3. Norton's Theorem

A m»w.iﬂz..u« : :
1f a number of voltage or current sources are acting simultaneouslyin a
linear network, the resultant current in any branchis the algebraic sum
of the current that would be produced in it, when each source acts alone
replacing all other independent sources by their internal resistances.

B. Explanation :
1. In Fig. 1.16.1(a), to apply superposition theerem, let us first take the
source V, alone at first replacing V, by short circuit [Fig. 1.16.1(b)).

T r

Ay I OW

@
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Basic Electrical Engineering 1-19D (Sem.] g 2)
— Y8
2. Here, e ——
ﬁu-w +n
r+h

n.n_ & n.__ llml and __”u. = ..Hn. o -.u.
Rt
3. Next, replacing V, by short circuit. Let the circuit be energi
Tk . gized
only [Fig. 1.16. :.u__ by LA

Here, i)'= ||..2_.<u and i, =i;" Iy
1’3 +n nt+n
hth
Also, R L
y hh-_._ = ﬁu.‘_.ln_.-‘

4. As per superposition theorem,

B. Explanation :

1. Letusconsiderasim

by =i+
f =pgf' g "
L=l -l

—“— = h.—.‘ln.u:_

nin’s theorem.

8 ﬂ_H. C g mmu mﬁﬂﬂ Uv— an
Hs_ : ﬁﬁﬂu”— _EGNH uit can T —
BEC”HQH.F circuit ﬂ@g—hﬁg n-h.m. c.ﬂ-ﬂpmd source N.H_.m a Wﬂlﬂm H.N.WH.WHQH

—vmm H—O. . . .
find 7, by Thevenin's ﬁm.mowm“u:..nﬁn as shown in Fig. 1.17.1(a). We are to

In order to find th i
. e equival
[Fig. 1.17.1(6)) and V_is nM—EEMM«
Vs
Now, to find i ﬂ_.+___w
nd the internal resistance of the network (Thevenin's

resistance or equi ; :
€quipment resistance) in series with V.. the voltage source

_maﬂsavwmmroﬂngﬁnnmmroiﬁmzﬁm 1.17.1(c)
, L17.1(c

volta i
ge source, r; is removed

<8"~._1nﬂ n

nn
ht+n

By=r+

As per Thevenin’s theore

Fig. 1.17.1(d). m, the equivalent circuit is shown in

"ll.lh.l.l
.Wn.!*.ﬂh

1-20 D (Sem-1 & 2) DC Circuits

MQ TL

-.-“_. ﬂu
I
n“ ydm Wuu r+ %«r
. . ()
n Ty
_ % Ty ....wﬂz
1 A —0
(c)

| Fig 1471, (0) Asimple DC circuit, () Finding of Ve (e) Fiding of Ry
(d) Finding of I, forming Thevenin's equivalent circuit.

e A e A o e A e BT S

| ﬁ:w..u.;. Explain Norton's theorem.

Answer
A Statement : Any linear circuit containing several energy sources and
resistances can be replaced by a single constant current generator in
parallel with a single resistor.
B. Explanation:
1 Inorder to find the current throughr,, (Fig. 1.18.1), replace r, by short

circuit [Fig. 1.18.2].

_AAAAA AAAAA
Y LLLLL
T Ty
- >
=r L=
Vs =7 r« M“ L

T

nRth

2. Now, the short circuit is removed and the independent source

is deactivated [Fig. 1.18.3(a)l.

Lo
R .= ﬂn.le.
int W_..T_—-u
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Basic Electrical Engineering
3. As per Norton's theorem, the equivalent

circuit s drawnin Fig. 113 3~

\\ Equivalent
Z source network

i

T

__H
Rint ___rk L

I

—0 b -

(a) Finding of Ry (o Ry, (b) Norton's equivalent circuit,
migea]

| Find Vand i he given circuit by using superposit;
on

theorem.
0.1Q 060 0.1Q
Y & ARAAA
Yeryy ‘%’
5Q L
.Hulho \Y%
[Fig L1

[ARTU 201415 (Sem1), Marks 10]

=)

mﬁa.Bu_...hnmqmmb
: 8 60V and deactivatin v
ql'ﬁlu..d“”'llm&lmlmuum_.ﬂﬂm

0.10 10.6 0

60V

Eu (0.1 D —EWF&:..N
Q:Ep

L]

1-22 D (Sem-1 & 2) DC Circuits
4 R,.= (06980 || 10Q)+0.1Q
0.698 x 10
= B quw Q
0698+10 " °
R = 0.752
\'4 60
= —=——— = nw .dm.ﬁ
3 I R, 0 752 9.734T7 A
0.698
’ = T0. =5.20A
4 I,=79.78 x 0698 + 10 5.20
10
5. L="7978x ————=T5.18A
2= .13% 06+ 10)
Step I1: Activating 40 V and deactivating 60 V source
v 01Q 0.6Q n1a
1 A - ARAAA - _LAMAAA i
I N H:m L ALALA m.‘ RALALl m..
]
“ 2 1 ..W “ l—l
1SC 1090 503 | 40V
<1
1 1 \A—.\
L — !
Fig. 1194
40
s - R =0.7132Q, I= =56.085 A
- 0.7132
2 1,' = 56.085 0
5+(0.1]| 10)+0.6]
56.085x5
= ———— =49.206
5.699 * A
0.1
3. I)=49.206x ———= 0.4871 A
0.1+10
4. By superposition theorem current in 0.6 Qresistor

I=1,-I,=175.73-49.206

I=2652A
Voltage in 10 Q resistor = (0.4871 + 5.20) x 10 =56.871V

o,
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Basic Electrical Engineering

1-23 D (Sem.

P et

throu

1 Q resistor of Fig. 1.20.1.

20 a1 b 39

aAAA

L .-qq\“’
60 50

T 4V

{Fig, 230.1;]

pedatont ]

AKTU 2014-15(Sem-2), Marks 05

The procedure ..H_ same as Q. 1.19, Page 1-21D, Unit-1.
[Ans, Current through 1 Q resistor = 0.22A from b t, al

. it.wm.mm.m. Find current in 6 0 using Thevenin’.

120

s theorem.
60

LI

2V

iFig. 1211,

T

Fﬁgguimﬁ.@ﬂzﬁﬁﬂ

| R

lag
—da

T905] Use su osition theorem to compute the Curren,

. 1-24D (Sem-1&2) DC Circuits
|
. 2. Calculation of Rpy :

A B
Rin
| 12Q 40 H 90
“Fig. 1213,
12x4
= =3 =12Q
Ryg= 5,4 +9=3+9=12
3. Thevenin’s equivalent circuit :
Rpy=120Q
A
+
V=12V mrsp
- Fig. 1.21.4.
I 12__oe7a

Ry + R, 12+6

Deduce Thevenin’s equivalent between the terminals

“ a and b from the given circuit.

2Q - 1Q 051
A a

b

[AKTU 2014-15(Sem-1), Marks 10 |
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1-25D (Sem.1 8,5,

Basic Electrical Engineering I\\ll‘)ll

2. Given network is
20 0.51 B

3. Finding for V_, : (Open circuit voltage)

A==k
Using KVL in loop (1)
-5+2I +3(I,-1))=0 £l
or, 5[,-3,=5
(1.2
and, 41,-31,= 0.5(,-1)-V, =
or, 4.6I,-36I,=-V, +.(1.22.9)

Since, a — b terminal is kept opened.
Hence, I, = 0 (no current will flow in loop (2))

Putting 5I,=5
- I=1A=1
; -385x1=-V,
i V, |mm<
. On__u-unﬁcﬂ for uven» circuit current, i.e., I :
20
0.51
.-___mw.____ A AWy @ +
I & v
5V __AU - AU@ H
I, 2=1I
B : -
I=I =L=I e
Using KVL in loop (1)
-5+5I - 3L,=0
; E E. =5
gm.:w in moo.ﬂ HMV ...AH.MM.WV
4, - 3l =05
or, hm.ﬂ nwg O Q Hu
Eﬂnm eq. G mw mv Buac. 22.4) ..(1.22.4)
I,=188A

Huﬂ H&Q}"H‘

1-26 D (Sem-1 & 2)

Calculation for V.
< < =35V

Calculation for w
3.5
By = qflm =340

'<2

Thus, Thevenin’s equivalent circuit is:
240

AMAA -0
YYvY

35V

Theorem. Find current across 15 Q by

%fr & State Norton’s
using Norton’s Theorem.

___ - AN - b.- -_-
___ LAAAl Ty
30 < .ﬁ R, =15Q
ﬁﬁqgﬁxma&ﬁ:ré

._ ...M
A. Norton’s theorem : Refer Q. 1.18, Page 1-20D, Unit-1.

w.Zﬁﬂmﬁnw_.
1. Apply KVLinouter 1oop, [Load terminal is mﬁoﬁ-nwﬂt»om_
30-4f -1xU, -4)=0
30- E +4=0

4q 10 L=0-49
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Basic Electrical Engineering

1-28D (Sem-1 & 2) DC Cireuits
40 10
> Ty ) »,*On. .uw
1 i s 2 S
o 80 - A, Norton’s theorem : Refer Q. 1.18, Page 1-20D, Unit-1.
‘B. Numeérical part :
4A 1. Calculation for I, : Short circuit A and B
LYYy 1
P ] \ 1 % A
ig.1.28.3;) RERTN 5Q 20
| 1
1= _“ 100V ! S20 w In 40V
_ _ i
34 14 i !
umuh_la«ﬂ:huﬂnm.; __ __ .
" h. = H =28A . = = (a)
2. maﬂﬂz i . 8¢ 2 B |
orton’s maEq.m _Ewn H.m_w»mwnm of the ums.acwr. _ Changing this voltage source to current source
3. Thus, Norton's equivalent cire
» equivalent it wi .
shown in Fig. u.ww_.m. S H_...:m:m Tesistor of 15 Q iy oy S T & T AW W
| I
Load curre = R . | | :
ot, r..wzxMImlrun.mxi.mlinoqb _ ' '
E.—.mw_n 5+15 ’ 25 A .__. 4Q ND .—2 40V
{ ]
A | __ __
G . - e
2.8 A 50 &~ 150 | =
. __ Solving parallel combination
= m_ -— ||||||||||||||| - ’4’
B m_ | ' 20
e | ._
Quel24.| State Norton's Phioobum. Olte ' 25A ﬁ.n In 40V
|
1
| 1
| L1
| (c)

b-ﬂ—d d)
—=2V 2013-14(8om-2), Marks 10

Solving series combination
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Basic Electrical Engineering (Sem.

-

. TL 40
I.= = =92526A
L N=19/3) 2

2 Calculation for R, : Shorting all voltage sources,

AAAAA
YYyyYy

4Q 5Q 20

e <+ Ry_
.
Ry=2||(6+(4 | 2)
=2 TKQTHED

4+2
So Norton’s equivalent circuit at terminal AB is
l»
480
HZH.H|0|> \J W?uummn

equivalent circuits.

How Norton’s theo o

iFig. 1251,
Eu?uﬁ (Sem-1), r—alﬁ@

-ﬁy

] Explain the duality between Thevenin’s and Norton's _

1-30D (Sem-1 & 2) DC Circuits
Answer
A. Duality:
1. Thevenin’s and Norton's theorems help in reducing a complex network
as seen from two terminals, into a simple circuit so that their response
is easily determined. °
9. Thevenin and Norton equivalent of N, as seen from ab are shown in
Fig. 1.25.2.
2
N, = N
R, b -
+ I +
Voc ok Ry
b ik
(a) : (b)

| Fig. 1:25.2. (a) Thevenin équivalent, (b) Norton equivalent.
V,. = Open circuit voltage at ab (when N, is disconnected)
R, = Equivalent resistance of N, as seen from ab with voltage sources
short circuited and current sources open circuited.
I, = Short circuit current flowing froma to b when terminals ab are
shorted after disconnecting N,.
3. We can see that the Norton equivalent follows from the Thevenin
equivalent by source conversion and vice versa.
4, For Thevenin equivalent :
* Vo=V, = Thevenin voltage
R, = R, = Thevenin resistance
5. For Norton equivalent :
R, = Ry, Norton resistance

Ry=R,,
R Yoo .V
Ro Rpy

B. Limitations of Thevenin's theorem :

1. Notapplicable to the circuits consisting of non-linear elements.

2. Notapplicable to unilateral networks.

3. There should not be magnetic coupling between the load and circuit to

be replaced by this theorem.

In the load side, there should not be controlled sources, controlled from

some other part of the circuit.

C. Numerical:

1. The equivalent resistance of the network with voltage source w_..o_._.-
circuited and current source open-circuited with reference to terminals

AandB:

L
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= Oﬂ—H.._nb._ mbﬁu.bhﬂl.ﬂﬁ HJ“H U
i ao....:_.g

. —o3B

3x15 45
=3 15= =—_— =
B,=3} 3+15 45 10

2. Converting current source of 12 mA connected across 3 kQ
rting e

into equivalent voltage source of 36 V in series with res; Sistay,
removing the 2 kQ resistor, the circuit is converted g stor of 3 Ssnm
15 kQ
Y —o
_ H%ﬂ
45V
_ ﬂ WMS

3. The current flowi
resistors of 1. maf!”ﬂmﬁcﬁhwﬂ.ogb as “h i .
I= 45+ 36
(1.5+3)x10°
4. Voltage across terminals AandB,
Vi=45-15x18x 10-3 = 44973V

5. Current flowing through resistor of 2 ko - 44.973
1+2

Pue | : E Calculate the current in the 6 Q res
orton’s eorem,

=18 mA

=14.991 mA

istance by using

4 2 4V

A

DC Circuits
1-32D (Sem-1&2)
9. Using KVLin loop (1),
-3+4l +4I,-41,-5=0 .(1.26.1)

oI, —4l,=8

40 20 4V

3. Again using KVL in loop (2),
m+tn+muu+plt._uo
6I,— 4I = - 9
.t_._ -6I,=9
Solving eq. (1.26.1) and (1.26.2), I, =— 5/4A=1I_
ToFind R, : o o
Voltage source is short circuited and Load terminal is open nwnoﬁnma
Ry =Ry=2+(4[|4)=2+2=4Q
40 ° 20

ARA AAAAA J
AW WW OA .

..(1.26.2)

P - e

40

oB

Fig. 1263
C. Norton’s equivalent circuit :

4 40 6Q
mﬂuuzmu

Fig. 1274,
Current through 6 Q (flowing from A to B)

4 .
= 1.25 =05A
x 6+4

©00
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Steady-State Ang
of 1 AC Cjp.

) Cuitg
Part-1 O ANI/
Representation of Sinusoidal Waveforms - Averag, 2D to 2-9D)
_ g = e ;
Form and Peak Factor ' » Concept of wm”m%waas Voliss

Phasor representation of Sinusoidally Varying Voltage ang = _
A. Concept Outline : Part-1 ............... i ren,

B. Long and Medium Answer Type Questions ...~~~ 2-2D)
Part-2 :
ANI@HU to NINEUV

» Single Phase AC Circuits Consisting of R, L,
ﬁ Combinations a&an&»fﬁm&wm &G, RL, RC, RLC

A. Concept Outline : Part-2 ......ueeeeeeo.
B. Long and Medium Answer n_.#cmanmmaoam 24D

-y crsrrnnnnneni.. 2=9)
(2-23D to 2-27D
h%uraﬂ%u.bnaﬁ and Reactive Power ;
actor * Power Factor Improvement
M. Concept Outline : Part-3
- Long and Medium Answer Type Qnmu&c_:m wlwww
w AL L e, i
Eﬁoxgu _ vesenens (2-27D to 2-40D)
W t of Resonance in Seri jreut
Basdaidi Ot m,nnwﬂw and Parallel Circuits q

A. Concept Outline
:Part-4
B ong and Mt sk e semscon i R e 2-28D
um Answer Type Guen: T
BOME cociiiuenrinsisansonsunencnss 2=28D
Part.5..,
e (2-40D to 2-48D)
Mﬂﬂm w . w&aaam Circuits
n . .
- urrent Relations in Star and Delta Connections. L
w. bM:ﬁmE Outline : Part.5
. hﬂ A lll..tiﬁl!ﬁaulillu.—.-u.laI-!ninvninvl-l-tn—.—l-nlﬁc-llnnu -
& and Medium Answer Type Questions .......c.oeoevvveeeeernses thNW

2-1D (Sem-1 & 2)

_%mmm |

2-2D (Sem-1& 2) Steady-State Analysis of 1¢ AC Circuits

.

" Representation of Sinusoidal Waveforms — Average and Effective

Values, Form and Peak Factor, Concept of Phasors, Phasor
" Representation of Sinusoidally Varying Voltage and Current.

CONCEPT OUTLINE @ PART-1

An alternating quantity that varies sinusoidally is called

sinusoidal quantity.
s Average value

1¢T
V. wi f,vat
e -RMS value or effective value
1 (T.,
I - m .ﬁ ° i“ dt
RMS value of current
. Form factor =
Average value of current
- Bl fudieta Maximum value of current
RMS value of current
Dzmmﬁcuu_.bﬁnﬂw..n ;

Long Answer Type and Medium bﬂmﬂnﬂ ﬂwﬂa Questions

jrusoidally varying AC voltage.

Que 2.1. _ Derive expression for average value and rms value of a

[AKTU 2017-18(Sem-2), Marks 07 |

OR

Derive expression for average and rms value of a sinusoidally

varying AC voltage. Also write form factor and peak factor.

Answer _

A. Average value for sinusoidal current or voltage :
L

The average value of a sine wave over a complete cycle is zero. Therefore,

the half cycle average value is intended. 3
9. Instantaneous value of sinusoidal current is given by
i=I__sinot

max
Consider first half cycle, i.e., when ot varies from 0 to n, we get
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Basic Electrical Engineering 2.3p o
e Area of first half cycle. o, &3
I.= e = . 24D (Sem-1&2) Steady-State Analysis of 1¢ AC Circuits
_ 1%. 1} ;
= —lidlet)==[I & i. Maximum value ii. Frequency iii. rms value
a.._. n ._ mar S1D O d(cyg) iv. Average value v. Form factor.

2017-18(Sem-2), Marks 07

| AETU 2(

= —maxj_ ...I 2
= s = gweﬂrlm.ﬁgﬂa.g.ﬂu.ﬁ
E_ =0637E, -

\\m =10y Sin 0t

w__ul.ua.u... e

Py hepeleet S

T .I.(..«.uml....m...,n..lau..fl.nf.r.. T T T

_

ng.- 42 pnabmmﬂ

* ToFind: EE:E‘_,Esaonoﬁﬂoﬂrmlag \.Eﬂr&.u
- , mqo.._.pmwﬁuﬁw. nﬂm _.ouann_.bn.. Pk SR 3l i P
m. \ 0.637 I, H. Instantaneous 4&:» of alternating current
k i i = 42.42 sin 628¢ (22.1)
5 TS 2x 9 _ Standard equation of alternating current
3 _ i=1I_ sin(2xft +4¢) ..(22.2)
- _ Comparing eq. (2.2.1) and (2.2.2), we get
_ I, =4242A
: 628
%ﬁr&.ﬁ 2. Frequency, f= — 100 Hz
B. Effective ...Eamv value for sinusoidal ¢ I, 4242
urrent _ = ==
1. Asinusoidal alternating current is represented by or voltage ; . 3. rms value, - dq =30A
; = Area of first half cycle of ' 4. Average value, r 0.6371__=0.637 x 42.42=27A
I 30
n = m o =111
5. Form factor 1. " 21

S 1r. 33 )
. = ..qm.__..nu R_Henv"ﬂ-___‘.m”:u sin?® Su&ﬁehw i _

23. | Calculate average value, rms value, form factor and

_ %umno-. of the following waveform shown in Fig. 2.3.1.

2 =
7o [A-cos20n0d (o) Vv

I b b
= aw..Lu.._y‘eulmewﬁH }xaﬂp, +54A-I|_
2 " .\/ .
H - I.MMI-.-II-H } a L 1 L + 3 -

2 E 1||||..|||
g—%. N_.E- = qlu&.nl. 10 <4
O qoa = @:ﬂ- m.,r?...rilb...t;w
£ _Ea !uﬁaﬁ.iarﬂL
D Peak factor E_ E R
= —aax T T ey
) ki ARENRl
Que2, Em Eag T — V=10V
s L.. oy .H.H—O _ .. . -.- -
Uonh-.!.mu[o €quation of an &nﬂﬂﬂﬁn—ﬂh current i = 42.42 sin 628¢. 1. Equation oflineab: cuﬁw ||c=..u .
m= =

1-0

Scanned by CamScanner



Basic Electrical Engineering 2-5

D i
\\' .. |
s Y is of 16 AC Circuits
f _ " 9.6D (Sem-1&2) Steady-State Analysis of 1¢ AC Circui
m. 1
g Average value, ﬂ.._um?c&uTE&uEus |
0 0 2 .w...:_ & =

]

3 _H_umﬂbmﬂm- q:p.- - M

. = 2n
1/2 . W 3 ._.s,o sin ot)? dot + — — 0%dwt
3o 1 V2 on 2n
._.c t)dt| = ._.G.cau QL | 0 "
] 0 :

R
2
3 ,_u

—_—
—y
=
(=]
-

s

ulmeh
E@T%e&ﬁu ..«..m:u. su Ten
2n A £ 2

n
I
&l
el
I

| i i 25
v, 10/V3 2 / = 2 qEQ n,?__nlo-?euz
ST e o)) -l
av 1
./ ¥ |~ . | Fi factor and peak factor for given waveform in
5. Peakfactor, K = .@En =V3=173 ._ Que?5. | Find form factor and pe
w0/ . Fig.258.L
Tk BlARR < <
Find average and rms values of ».a:oﬁmﬂ | 30
g 4o—nw |
ge
| |.||.r&
0 sec 3 sec ’ -
 Fig.25.1.

e

| [AKTU 2014-15(Sem-2), Marks 10 |

3
| 1 - w.?o% dt =17.32V
0
13 10[27 1079
2. V. == =—|—| ==—|=| =16V
~ e m_.::& mﬁmw_a wﬁL
: -
3 Vo= V2 V=2 x17.32=2449V
4 Form factor = Yo - 17:32 _ 4 4549
Vog 15
V. 24.49
5. factor = —maX - =1.4139
Peak factor Vo 1782

Que N.@. | Discuss the concept of phasors.

Answer

A phasoris a physical quantity which has a magnitude as well as direction.
Such phasor quantities are completely known when particulars of their
direction, magnitude and the sense in which they act are given. They
are graphically represented by straight lines.

1
2
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| 3 Pasic Electr? 2-7D ﬁoﬂ-.ukﬁ.

W . : 5 rwhich represents maximum qﬂamloﬂ// :
¥ ' mnﬂﬂaawaﬁﬁaﬁ. H. Otageangy, |
E . Smuﬁap_svém&nno OP and y axis at s
4 B .==_ , ;E.ua.a value of voltage (V). any instant givey |
; OM= OP sin of |
y = Vg Sin 0F

v = Vg SiD ot
4

v, = 100 sin 500¢ 4 the v vollage.
vy = 200 sin (500¢ + =/ 3)
vg = - 50 cos 500¢

vy =150 sin (500¢ - ./ 4)

[AETU 2016-17(Sem-2), Marks 07]

Va2

N. g—ﬂvﬁmﬂ Bum Om- k-g

Steady-State Analysis of 19 AC Circuits

150
uuoa+ﬂmcoxo.mv+o+ Izﬂw.. =306V

. cum of Y-components
3. Algebralc®_100sin 0° + 20

_ 0 + (200 x 0.866

0 sin /3 +50 sin(-w/2) + 150 sin (- /4)
)—50—106 = 172V

i, SR angle, ¢, X - component
= tan-? qu.m _3.99° =0.018n
30 ..
6 Resultant voltage, U, = 306.5 sin (500t + 0.018n)

306.5 _ v
qﬂ = li.gIMI - mHm..ﬂw
gram showing the following voltage:

YRS Uﬂﬂﬂwwrnmen&n
2 2.5 /

v ﬂHgmmum.uOn

s = 200 sin (500 £ + 45
vg = COS 500¢
Find rms value of resultant voltage.
[AKTU 2013-14(Sem-2), Marks 10 |
Page 2-7D, Unit-2.

(Ans:V,_,=1982V)

g currents represented by i, =7 sin of

nductor, then find

‘Que 29. | If two alternatin
=10 sin (ot + 1/3) are fed into a common co
for resultant current and its rms value.

[AKTU 2013-14(Sem-1), Marks 05 |

and i,
equation

‘Answer

i i, o o8

1. Resultantcurrent, i, = iy+iy.
= 7 sin ot + 10 sin hen.+ wu

n

= 7 sin ot + 10 sin ot cos M +Hogwaum5m

= 7 sin ot + 10 sin of % 0.5 + 10 cos ot x 0.866
i, =12sin ot + 8.66 cos ot ..(29.1)

= Ja2)? + 866> =148

Hﬁﬂnni

. Multiplying and dividing eq. (2.9.1) by 14.8, we get
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e

: Enqin&m&uﬁmum
. . g

(| = Hﬁ.m_umw—u. e“ X +Ccos n—uﬁ w.mm g O»- H >.O Omﬂﬂﬁwﬁw
% B, _State Analysis of 1¢
' R 14.8 %\Mm&w s e
As i, = 14.8[sin ¢ cos 4, + cos wt sin o) _ Derive phasor relationship between voltage and current phasor for
: 12 o ...S.w.@ EE.&_Q resistive circuit.
cos 9 o e— m.ﬂ_ﬂﬂ wu..H—. 0 = me | -
where r~ 14.8 r Hh..m wEﬂ«GH..
_, 8.66 | ws..oou‘mamu an AC circuit containing resistance of R ohms connected across
. ¢, = tan 1 =0.199 & radians . < sinsoid al voltage _.mﬁwmmo:.ﬁ.& by HAGT
e = ﬂ . ur . .
Thus, eq. (2.9.2) nmu._um written as pm ‘ H_\._E sin ©
k= 14.8 sin (of + ¢,) = 14.8 sin (o 4 0.19¢ 5 Vv
9, Peak value of resultant current, I . =148A m) . i= .Wu%mm:au
14.8
3. rms value of resultant current, I = =1046 A v
mw s,
e A S BT AN s £ - Hu.-hl " A
o..;.- " o T 0 ...-r...u..n. e . ._ w )
v— v = Vg Si0 OF Phasor diagram
d . |I.|||.I-|-|-|.II|-I-|-I-|.| - K - v :
: n n z n m t.ﬂ u C.—-—l_— z m H v» ml—ll M _.Mrmﬂ. .N._H.G.H. ?HOG .—.Wm.mwnmﬂm ﬂm—.nﬂhﬂ.
. |II|.I.|I.||III.|.I.|.I Ky 3 ¥ i ¥ A :
* InseriesRL circuit, 3. Instantaneous current may be expressed as
v 74 i=i_, sinot ..(2.10.2)
e Z j. and § = tan™! . 4. From eq.(2.10.1) and eq. (2. 10.2), it can be said that the applied voltage
: ; il R and current are in phase with each other.
* Snseries RC cirouit; 5. The instantaneous power delivered to the circuit
-V . . _ p=vi=V__ sinotl sinot=V_ I, sin’ ot
I= ~ and ¢ = tan-! | :
u‘m +1/0’C? oRC
* Inseries RLC circuit, \
1 v ; ' = Vooss Lowe _ H..ﬁwlaﬁ... cos 2wt ..(2.10.3)
= —tan-1 OL—-1/0C 2 .
g R? 4+ (oL -1/ oC)> 2nd ¢=tant |h|e| From eq. (2.10.3), it is clear that power consumed in a purely resistive
circuit is not constant, it is fluctuating.
VLot s e L TR TSI, = _ 6. Average power, P=Avg of ﬁ_ﬁmm...: — Avgof m._.u._..-'w.mﬁﬁ cos 2ot
”Mw” s = \.... L5 . ....,i........ .r.,. : -~ o ~ -7 : AN T y et : ..” .1 - — - max _ <H£ﬁ.ﬁﬂm
[ Long Answer Type and Medium Answer Tyne Qubstions T TR 2
—————— = fedium Answer Type Questions where V and I are the rms values of applied voltage and current
. respectively.

%ﬁh,_r m_uoinrb
o ﬂ -
..aar..nﬂo the instantaneo

Que 2.11. | In a purely inductive circuit, prove that the current

lags behind applied voltage by quarter of a cycle and also show that
average power demand is zero.

i : us power consumed i
circuit is not constant by ¢ ed in a pure

o it is fluctuating.
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Basic Elctrical Engineer™ *l1p
\\\.‘l\l“l\l

; : -euit containing inductan,
. th.ﬂm“_ uw%ﬂm%aE B ceof L H Connecteq
ginuso;

v= <l-u sin of moﬁowwa.
9. Selfinduced emfin the ol P @1y,
e = -L M
ok mu
<Em—.ﬂ_ah ||.ﬁ|h &
Vv

di = LHF sin wt dt

_.&.u mmm_maﬁ&

L
E,
Ve <E sin ot
(a) ' ) 1 (b)
3. Integrating both sides, we get o
., ¥V
L= —2% (_coswi) + C
where, Cis a constant Bh i
which is found to be zero from initial condition.
Ml-n = F
ol

u.nNEMm.—H Hehl.mu

P M ...AN-HH.NV
Fromeq. (2.11.1) and (2.11.9) ¢
5 2)1t %
trled otagely o2 i, qarter o pcle T el e
5. Instan )
taneous power, p =y x ; = V. sinotl sin heh _ mu
o X i 2
P |..<E..~Enumn wt cos wt
R |
= — max " may Wmﬂ Mn_vn

2 .(2.11.3)

2-12D (Sem-1 & 2) Steady-State Analysis of 1¢ AC Circuits

6. The power measured by wattmeter is the average value of p which is
" zero since average of a sinusoidal quantity of double frequency over a
complete cycle is zero. Hence ina purely inductive circuit power absorbed

is zero.

Que 2.12. | Explain the concept of phasors. Derive the phasor

S e v, SR
relationship between voltage and current urswo-.u. for purely
inductive, purely capacitive and purely resistive circuits.

[AKTU 2017-18(Sem-1), Marks 07 |

A Concept of phasors : Refer Q. 2.6, Page 2-6D, Unit-2.
B. Purely resistive circuits: Refer Q. 2.10, Page 2-9D, Unit-2.
C. Purely inductive circuits : Refer Q. 2.11, Page 2-10D, Unit-2.
D. Purely capacitive circuits:
1 Let an alternating voltage represented by v = V__ sin ot be applied
across a capacitor of capacitance C farads.
Instantaneous applied voltage,
. v=V_ sin ot -(2.121)

9. The expression for instantaneous charge is given as
g=CV_,_ sin ot

. dg d ;
= ———— \"4
1 F i [CV_,, sin of]
v , h .J
=alCV = —max_ L
o CV_, cos ot :eomﬁ §+u
3. Current is maximum whent =0
. H - ..rdl\E.l
=t 1/eC
4, Instantaneouscurrent, i =I__ sin her.w ..(2.12.2)
v
1=
O - H..BO
i1
11
4 a
o v
VeVngtinet Phasor diagram

‘Fig, 2.12.1. Purely capacitive circuit.
3. From eq. (2.12.1) and (2.12.2), it is observed that current leads the
applied voltage by n/2.
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4. Tostantaneo ! P ﬁ
P = Viax Imax 510 ©2 COS 032 mu

.ﬂhuMthF 2wt

. .u;q
§. Average poWeL T T 3

b2 - 1 v...._ Eﬂs an %wmmg HON- #—Hﬂ ﬂ.ﬁﬂﬁ.ﬂnﬂ i
.._ erin

kﬁﬁxbﬁnmﬁommmﬂmsnoﬁmwooa ) %
p
mvonwamya

a gj

gl

. Consider an AC circut consisting of resistance of R oy
of L henrys connected in series, as shown in Fig.2.13 ﬂmﬂm s &5&5
13.1(q), _

9. Voltage drop across resistance, V; =1 R in phase wit}, th
Voltage drop across F@%SE.P V,=IX =IoLleq Bt ”wgmsr
3. The applied voltage is equal to the phasor sum of %, ok ﬂq.qm Tadiay,
L

.N._T.___
V= VR +(V,) =JURY + (I x ) e .
L
= ,\._m.,n+M.w. =IZ

where, X, =oL=2qfl

Quantity J?»*.Nm is known as impedance, denoteq X _
expressed in ohms. Y Z and is

I
Vep=IR
___(b) Phasor diagram

4. From phage .
Phasor dj . '
f : agram shown in Fj hin
he applied voltage by angle & q“_mzw. HWMMNM__H current lags behind

tang= Yo X.
Vs w R
¢= tan X
R

pnV

where,
6. Instantaneous power:

If the applied voltage
sin wt, then expre
gl

where V and
and ¢ is the phase

‘Que 2.14. | How do you analyse s

Consider an AC circui

2.

4,

Steady-State Analysis of 19 AC Circuits

ssion for the circuit current will be
sin (@t — ¢)
X

V G
I,.= |wu.1.§neng ,lwk
.uncﬂ.ne.a:mwue“x_ﬁu:mmn.,eulev

1 1
==V_.I namelw

M max ~ MmAx

Vo s €08 (2 ot —¢)

Vesr Zmax cos ¢=VIcosd

I
Pl 2

[ are the rms values of voltage and current T
angle between applied voltage V and circuit ¢

urrent respectively
urrent I.

eries RC circuit ? Draw its phasor

et

e

it consisting of resistance of R ohms and capacitance
d in series, as shown in Fig. 2.14.1(a).

4.”. = .—...m.
b

of C farads connecte

!

_(b) Phasor diagram
Voltage drop across resistance,
Vg = I R in phase with current.
cc%wm drop across capacitance, V=1 X lagging behind I by n/ 2 radians
or 90°,
The applied voltage is equal to phasor sum of V of V.

V= JW ) + (V) u,::s" +(IX, )

= ~,‘mw + X2 =12 where Z2=R2+ X?

(a) Circuit diagram

The applied voltage lags behind the current by an angle ¢
where, tan ¢ = wm.nmunn uwhhu 1
J\h I R R wRC
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Basic Electrical Engineering 2-15p
R
¢ = tan™?

e

aRC
R

Power factor, cos¢= =

5 Ifinstantaneous yoltage is represented by
v=V_, sin ot
then instantaneous current will be expressed ag
i=I sin (0t +¢)
6. Power consumed by the circuit is given by
P=Vicosp

Que 2,15, | Derive expression for impedance,
factor for an RLC series circuit when applied with Ac

Also draw vector diagram. AKTU 2017-18(Sem-3).
A. (g N

Marks o7

; g resistance of R :
L H and capacitance of C' F connected in'series, as m_w_.“,w .H%agnm o
; g.2.15.1.

2" .
Let the current flowing through the circuit be of I 5 res ang
Peres an, Supply

frequency be ¢ Hz.
3. Voltage drop across resistance, V, = IR in phase with [,
Volta i .
oltage drop across inductance, Vy=IloL leading I by n/2 radians or 9
: or 90°,

Voltage drop across capacitance, V/, s

/2 HH&NBM or 90°,

4. The circuit cap ¢
: either be effecti : ;
upon whj ively inductive s :
rar,.é_nm.wm. drop (V, or ¥,,)is predom m“_““»mﬁmesﬂm depending

Case I : When V, is greater than Ve

V— =

PE2188, Circiit Diogram,

current, ang .

oC or Hku...un. Hm.wmmbﬂ fm_ﬂ.bmhrw

volt age, |

pp@emisn S

Steady-State Analysis of 1¢ AC Circuits

‘Fig. 2.16.2 Phastr Diagram.

V=V +(V, - Vo) = %Mmuu +(X, - XY =1 %m&» +(X, - XV

1.
The term |[R? + (X, - X)* is known as impedance of the circuit and s
represented by Z. Its unit is ohm.
9. Phase angle ¢ between voltage and current is given by
V.-V --Herhan Luhhluﬂnl JH.HM
=tan! L€ = —L_—==tan =tan
gutans S TR R R

i.e., applied voltage will lead the current ifX; > X and

¢ will be positive, ¢
ied voltage will be behind the current if

¢ will be negative, i.e., appl
X, <X,.

3. Power factor, cos¢= .m. i

4. Power consumed, P=VIcos¢.
5. Magnitude of effective current,

v
?u + ?h . %m%

Case Il : When oL > Pﬁ. , the RLC circuit behaves like inductive circuit
w

and current phasor lags the voltage phasor.

I=

Case Il : When oL < % , the circuit behaves as capacitive circuit and

urrent phasor leads the voltage phasor.

| H. Que 2.16. | A metal filament lamp, rated at 750 W, 100 V, is to be

connected in series with a capacitor across 230 V, 50 Hz supply.
Calculate the value of capacitor. :
[AKTU 2013-14(Sem-1), Marks 05 |
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asic Blectrical EOg12°° 72 Hip g,
T | _ N
capacitor C farads be connected in serjeg v,

- W“__n_ﬂ Fig. 2.16.1. With thy) |
Wy
750 W_lamp C by

100 V —><—V _
230V, 50 Hz

. 2.16.1. |

2 Since in this case voltage n_udm across the capacitor |
current by 90° while that across the lamp will be in u:mmmmmu _..mEE
w0V -

Withjy

m. Q" H w H
2fXo 2xx50x27.6 115.33 uF

e 217, . .
jue 2.17. | A resistance and inductance are connected in series

with voltage v = 283 sin 314 £,
i=4sin(314¢- 45

power factor.

The current e ion i
3sin xpression is found to
). Find the value of resistance, inductance w”M

[AETU 2013-14(Sem-2), Marks 10
v=283sin 314 ¢ (217
i= i L.
L' Fromeq (217.0) and (3173 o - 257 A2172) |

applied volt uq..mv it is seen that ¢ ind the
2 oo nor 5 Lol - o0
€ircult, cos ¢ = cos 45° = 0.707 (lagging)

Steady-State Analysis of 19 AC Circuits

518D (Sem-1&2)
V. 283
3. Circuit impedance, Z = MH!.W .- 70.75Q
4, Circuit resistance, 7 = Z cos $="T0.75x0.707=50 Q@
5. Circuit reactance, X, =Zsin $="170.75 x 5in 45° =50 Q
314
6. Frequency, f= - 50 Hz

p= X .50 _-0159H

7. Inductance, oxf  2nx 50

| A series RLC circuit is composed of 10 Q resistance,

ce and 50 pF capacitance. A voltage )
p(#) = 141.4 cos (100 n#) Vis m.ﬂ_uuauwnn upon the circuit.

Determine )
i. The expression for in

ii. The voltage drops Vs
inductor. )

jii. Draw the phasor diagram using all the voltage relations.
[ARTU 2014-15(Sem-1), Marks 10 |

stantaneous current.
V,and V across resistor, capacitor and

v(t) = 141.4 cos (100nt) V
Fig. 2181,
1 X = oL =100r x 0.1 =31.416 Q

= 63.662 Q

1 1
2. ¥m iam
€~ oC 100xx50x107°

3. Z= _mw+ﬁkhluﬂ0un
= J10% + (31.416 - 63.662)* =33.76 0

4. Instantaneous current, i(f) = %

= 114 cos (1007t + ¢) = 4.188 cos (100 + ()]
33.76

where b=tan
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.nm_onﬂu.nn_mnmu.nma_.mun

2-19p A.mo_ﬂ.._, k
3

10
i(¢) = 4.188 cos (100nt — 72.77°) A
“_u“u.gnh.umm x 10=41.88 \'%
Y 88 x 31.416 = 13157V

v =IX =41
VX = 4188 x 63.662 = 266.62V
c

6 Phasor diagram :

skl O
_,(31.416- mw.mmlu/ l

4V, =266.62V
V-V = 185.06 Sp————y \%

1
!
21 |

<mn = hH.mm Vv

f Vo =131L57V _
Figi2182. |

9.| A non-inductive resistance of 10 ohm is connected i,

series with an inductive coil across 200 V, 50 Hz AC g

2 g Upply, Th
current drawn by the series combination is 10 amp. Th : o
of coil is 2 ohms. Determine : . e Tesistance |
i Inductance of the coil
ii. Power factor

i Voltage across the coil.  [ARTUS017-18(Sema), Marka |

L Totalresistance of the circuit,

R = Non-inductive resistance + Resistance of coil
. 3 =10+2=120
oltage drop across the resistance of whole circuit,

Vi=IR=10x12=120V

Inductive coil
I=10A 100 3% ~"""1" "7

Steady-State Analysis of 1¢ AC Circuits
-1&2)
paomGemi1sd
2
Supply voltage, V5= ,\ﬁw +V;
L ,\e‘m - V2 =[200° - 120" = 160V

Y 100 o

—_— =

4. Inductive reactance of the coil, X, = ks

X, __ 16 _pos1H=51mH
2nf

5. Inductance of coil, L = 2m » 50

: P -1 Hmw = 5
6. Power factor of the coil = cos Tmﬂ 5 | 0.124 (lagging)

R 12 :
i i = —= =0.6 )
Power factor of the circuit, cos o= T T (lagging

7. Voltage across the coil, Vo= 17 22 4+ 16% =10 x V260 =161.245V
Que 2.20. | A 46 mH inductive coil has a resistance of 10 ohm. How
P bt s e

E.Ln# current will it draw, if connected across 100 V, 50 Hz source 7
Also determine the value of capacitance that H..an.wm noubm..uﬁa.w
across the coil to make the power factor of the circuit to be unity.

[AKTU 2016-17(Sem-2), Marks 07 |

Fb.u.ﬂn-... .
1. R and L are connected in series
;i R=10Q L=46 mH

100 £0°V

Fig. 2.20.1.
2. X; =2nfL =2 x nx50x46 x10~3
= 14440
3, Z=R+jX,
= 10 +j14.44 = 17.56 £ 55.30° Q
4 ;o V_ 100400 _sn, 553004
Z ~17.56 £ 55.30°

5. Let Cis connected in series with R and L.
R=100 X, =14440 X,

100 £ c.<mm 7

Fig. 2.20.2.
Z=R +%§F|N0_w
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Basic Blectrial Engiocerns bR . |
Illlllllllllllllllllllll| =,
: 1Z] = R*+(X, - X.)’ ZL

?Egnun...8u+u~ .

R =1
um, +(X, - XV
.NnuHh :
1 ;
1 _1444 :C=220uF
2rfC

yae 291 A series AC .m..n..mngp_dwmnﬁboo a:mbmh.:u
reactance of 10 Q. Calculate the value of a capaciy, n..as:
connected across this series combination so that mww»mn. Whig, )
power factor. The frequencv of AC supply is 50 Hz, m hag g

T
Answer
L

-

The procedure is same as Q. 2.20, Page 2-20D, Unit.2,
232, | Discuss the parallel RLC Ane. C<s1g
TR | Discussthe parallel RLC cireuit with its phasor g;

L Inthe parallel RLC circuit, the supply voltage, V is commont
components, the supply current I_ consists of E.“.mm parts "ol

2. Current flowing through the resistor = I, .

Current flowing through the inductor = J

Current through the capacitor = 1. -

e | *, f-Eo M..
. 3. Impedance ofa Em__aaah%as,_._m.._..
v %
) (IS 4 /
I’k ah.uﬁo.lao
i 1

Steady-State Analysis of 1¢ AC Circuits

9 22D (Sem-1&2)
3D @Eem1&)

4. Current for a parallel RLC circuit .
I'= Iz +(I-Ic)

2
J?w +(IL-1¢)

Phasor diagram :

.—.O Ar un _—
Ig
0 = -
\ v
I-Ic | 1
P S— A
I
I, L
_f Ic>1 Y >

Fig. 2.22.2.

Que 2.23. | In the given parallel RLC circuit, determine i, (#),
uu .:.v. -nS and i, (#). Determine the phasor diagram showing all
currents and voltage.

H . -
H I I, I
500 Q Lu 45 uF
v B

N2 cos 400t V 20
1£0°A H
Fig. 228.1.
[ARTU 2014:15(Sem-1), Marks 10 |
‘Answer
1. Frequency, o, = 400 rad/sec
1
2. Brnhooxmuuob
6
3. A sy e R
’ oC ~ 400 x 250
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; 1 4
= —, wisthe res
oL oC onant mgnsmnow

4 As
o =0,=400 rad/sec
5. Therefore I, =0as], +Ic=0 (at resonance)
H = M = H \I.D_ »P
. Thus R
G i) = J2 cos 400t A
. v = 500 I, = 500 £0°.
a o(t) = 500 /2 cos 400t V
vV -j500
10. Then I= joL 10 50 R.Iwoo>
10 i,(£) = 5042 cos (400 £ - 90°)
12. 1,=joC, V=50£90°A
13, i{t) =502 cos (400¢ + 90°)
4. I,=1,+1,=-j50+j50=0A

Therefore circulating current = 50 A

15. Phasor diagram is shown in Fig. 2.23.2.
4 I =50 £90°

V =500 £0°

——

—uﬂ 1£0°

¥ 1L =50 £-90°
Fig.2352:

CONCEPT OUTLINE : PART-3

P
ower factor: [t may be defined as

Cosine of the
phase angle between voltage and current or

ﬁs..mmoo:vo.
__-mwwmﬂm.ﬂ.o .
The ratiy € to the impedance or,

of true power ¢ the apparent powe
r.

@

Steady-State Analysis of 1§ AC Circuits

e
"" g&ﬂa&ﬁﬂbﬁuﬂo—.ﬂ.«@oﬂﬁ&ﬁﬂa M

L 2-True power
Ia\.WPﬂo.. factor.

roduct of rms values of current and voltage,
power and is measured in volt-amperes or

| g A Puun—dna power
| Retctive power

.—.. Apparent power: The p
VI is called the apparent
kilo-volt amperes (kVA). . -

2. Truepower: The true power in an AC circuit is obtained by H_bﬁwﬂﬁnm
the apparent power by the power factor and is expressed in watts or
Kilo-watts (KW). . .

3. Reactive power: The product of apparent power, VI and ﬂwa sine of
the angle between voltage and current, sin ¢ is called the reactive power.

This is also known as wattless power and is expressed in reactive volt-

amperes or kilo-volt amperes reactive (kVAR).

)

Reactive power (KVAR)

True power (KW)

(a) Power triangle (b)
Fig. 2.24.1.

4. Power factor may be defined as

i

i

Cosine of the phase angle between voltage and current or
The ratio of the resistance to impedance or

_—iii. _The ratio of true power to apparent power.
2 5. Two impedances Z, = 5 +j10 O E—manucl.-.;b are

ected in parallel. If total current is 20 A, then find :
1. Current taken by each branch

2. Power factor

3. Power consumed in each branch.

AKTU 2013-14(Sem-1), Marks 05
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Basic Electrical Engineering

N 5 , | 226D Gem142) Steady-State Analysis of 14 AC Circuits
2
e Zy % . /Answer. ¢
: R=30 L=0.05 C=100uF
Wmﬁ@ﬁ 230V
1. Equivalent impedance of parallel combination , 50 Hz
z- A2 . E Fig.2.26.1.
N— ta D .,..Heu., e J15) 1 Inductive reactance of the circuit, -

z= B2 010 X,=2nfL=27x50x005=157Q
15-57) /

I1=20+j0 et 2. Capacitive reactance of the circuit,
2 Current taken by each branch : | 1 1

=== =3183Q
1z G+ i %= 22fC " 2xx50x100x 10
I= MHGQQSE |
i 15-j5)(5+ J10) . Magnitude of impedance, Z = gwm +(Xg, -Xc)?

20(10- j15) _360.4 /- 56 3¢ |
15-j5 7

15.81 £~ 1843 = J30)% + 15.7 -31.83)? =34.061Q

=22.719£-37.88° A
1Z ; o a(XL-Xc¢)_,. -1(15.7-31.83
.m"m..%f.ighmm | =t (S50 e (BE5
2 (15— j5)(10 = J15) { — _98.96°
= 1 = - .
=20 ﬁ_mm+ ] H.Mu - ._mmwlm..mm@mmwi | Hence impedance, Z = 34.061 £ -28.26° Q.
=J 8ls-18
p ‘ = Hﬁ. HA hmH.go } Hm #W m 4, Current I= M = |E°e| = m4dw hmm.wme A
ea% ?ﬂs : _ . : 0T Z 7 34.061 £-28.26°
1reul curre ﬂ» = 1| | y ¢
Phase Eﬁw h N mo +0 . 5. Power factor, cos ¢ = cos (- 28.26°) = 0.8808 (leading)
Power factor, Sm. b=cos(0)=1 6. Power, VI cos ¢ = 230 x 6.75 x 0.88 = 1367.45 W
% Power consumed i each branch : _m P— e W, 1.
Power consumeq in branch1,P. =7 2 p | 2 7. N2
Power consumed in A = 716.25VA.

") 1=(22.79 x 5=2596.9W | %»
B, o . ranc M— P,= I 2 R, = 1 2 = m N
tpe 2.2 6. b_ coil having a reg b g e uﬁ Que 227. | What are the causes of low power factor in supply

His connecte s istance of 30 2 and inductance o _ mw.mpm_ﬂ.w Discuss its effect and how power factor is improved ?
Mﬂn&» has beep nouh_waﬂﬂmmau Emn_....n capacitor of 100 puF, The whol¢ [AKTU 2015-16(Sem-1), Marks 10 |
culate impedance, nE.-.o”-” a single phase 230 V, 50 Hz supply: OR
POWer of the cireuit, » POwer factor, power and appare! , Define power factor. Discuss reasons for poor power factor. How

@ 2014-15(Sem-2), Mark 9] can power factor be improved ? | AKTU 2016-17(Sem-2), Marks 07
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asic Electrical Engineering

y Deg, |
o pome factor.Tow s, N B2

_H_znnmu..—u OUTLINE @ P

Pry,, |
AT =
term employed for describing the steady state

AKTU NQHQ.-.HQAMGH..HV_

OR -

What are causes and disadvantages of low power factor
[AKTU 2013-14(Sem.j

’ ' ;

bty S

Power factor:

Refer Q. 2.24, Page 2-24D, Unit-2,

power factor:

+ Resonance is the

operation of a cir

resultantre sponse 2
f energy-storing ele )
circuit is said to be in electrical resonance when

X, =Xct
o Aparallel AC circuit is said to

| | resivecument

the presence 0
e« AnRLC series

Steady-State Analysis of 1¢ AC Circuits

ART-4 L

cuit or system at that frequency for which the
is in time phase with the source function despite
ments.

.., the net reactance X=0
be in resonance when it draws no

R g s e -
T L ) ¥ lll. 3 Yo e 3

. ol o SR L
2o ; Sk

A
B. Causes of low
1 AlAC motor and transformers operate at low power factoy . —— —
2. Arc lamps operate at low powcr factor (lagging) dye ; wL | Sy Dmﬁuaou. YRR
characteristic of arc. 0 by A TIRATES ; A . i \... = Type bﬂo&oua_
3 Industrial heating furnaces and induction furnace operates " _ : Lype ; s
factor.
. whw.‘_ Explain resonance in a series RLC circuit with the help
; iy 4 1 J o-.__.ﬁ
’ HEHMMMNM“MMW%NMHW”“WHM HMM““ namy hour, E&_I of impedance v/s frequency diagram and derive an expression for
N cein . . . .
power factor of the plant as whole becomes lower. nmeuEJ_ resonant frequency. Write ﬁgﬁm_ﬂaﬁm of “M“_M.M M.Mmm_‘”u“p”a &.—.n:.—“.ﬁ
AKTU 6-16(>em- ; Marks
OR -

C. Power factor can be improved by :
1. Usinginduction metor with ﬁrm_mm advancers.
2. Connecting the static capacitorsin parallel with th i
; ] e equipm
at lagging power factor such as induction motors, a_.mucnwmﬁ.whh ”_z_s.n
D. Problems (Disadvantages) of low power factor :

1 mnﬂ _xhis. factor results Eanm voltage drop in mmsmn&mh transmissa
. es, nmE*.oan.-. and distributors which results in poor regulatia
ence, extra equipments are required to make voltage permissible. F

transmissi
Bnmsﬂﬂwﬁﬂ M&H __.Hmm to carry more current. Thus it requires mr
rial for cable to deliver the load at low power factot.” |

#

3. Low y
:.EM-HW" Wﬂﬁ increases the capital cost for transformer
on lines, cables and distributors etc. |

Vi, [ . - .
To¥i,

[+5

 Conceptof Resonance in S
oo em @ Aiesonance in Serics uny Parallel Circuits, Banduidh
and .a.mﬁm.w Factor. .

T AP e e i L
. L
ana - SEE

A

K Is PART-4 “ s " w_
. .._*
-

condition for reson

Derive
i {fferent applications of resonance ?
[AETU 2013-14(Sem-2), Marks 10 |

Answer

L

For the sa :
me power to be transmitted at low power factor, it 2. Impedance ofthe nm..nEn.Nu.\mn + (X = Xo) =R+

ance in series RLC circuit. What are

Consider an AC circuit containing a resistance R, inductance L and a
capacitance C connected in series, as shown in Fig. 2.28.

1.

)

3. If resonant frequency is denoted by f, then

X, = wL=2nf L

—_—1
R L [
<w Vo Ve

S
‘Fig. 2.28.1.,
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Basic Electrical m_nm,.bmnmbm 2-29p (
e =

i~ .
and ¢~ 2nf.C j

4 Since for resonance A= X

: 1
2xf L= 2%.C

1
m.n magmm
o, = J1/LC

5. From eq. (2.28.1) it is obvious that the value of re e ~(2%

L -
:

depends on the parameters of the two energy-storing m_msmwmai

<H. L— nm.
Vi A,
H—s.ﬂuﬁ Nﬁ"uﬁﬁ
\
—
|
. 45: Vev
BRI : ®)
Ve
E - (e)
i =g . ’ 4,.“H_:i?\..m..n—w..w... .w.,,:‘...__u
Property : At resonance, e

Net reactance is zero,i.e., X =0,
Impedance of the circuit, Z = R,
The current flowi o
ent tlowing through the circuit i i dinphss®
the circuit is maximum and inp
applied voltage. The magnitude of the current will be 3&&8&

e_u:%mmm&o . &
across amvma:mbmmwﬁomm.?m inductance is equal to the voIi%°

The power factor is unity.

Steady-State Analysis of 1¢ AC Circuits

2-30D (Sem-1 & 2)
mm——00 .
c. Impedance v/s frequency diagram:
Y/
*, Current, 1

Frequency, f —

D. Applications of resonance : -
1. Resonance circuits are used in tuning applications
9. These circuits are also used in oscillators.

for radio and TV.

@ﬂmnhw Derive the expression of half power frequencies in terms

o.m resonant frequency f,-
OR

Derive bandwidth for series resonance.

[AKTU 2013 14(Sem-1), Marks 05 |
OR . :

Derive resonance conditions in series RLC circuit. Also derive the

expression for bandwidth. |AKTU weﬂh..uunw.oml—rnunbmh.u_._wh.wbn_

A Resonance condition : Refer Q. 2.28, Page 2-28D, Unit-2.
B. Derivation of half power frequencies and bandwidth :

1. Consider resonance curve as shown in Fig. 2.29.1.
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Basic Electrical Engineering 2-31D (Sem.; &y
|

2. Cut off frequency or half power frequency is the frequency yy, |
current in the circuit is 1/+/2 times to maximum value of the Currey
- At f,, X, <X, whereas at f,, X <X, .
3. Impedance at resonance (f,) frequency

Z=R= v
In

; \4 |4 |4
At f,impedance, Z,= —= =2 —
! 1o% LI ,.mha

&y V2R -(2.29.1)

Similarly at f,,

4. At f,,impedance .(2.29.9)

Z,= R*+ (X, - X )

Let X, -X,=X

Z,= JR*+ X2

From eq. (2.29.1) and (2.29.3),

VER= [FEiXE
S R=X _
But since X < X, X is negative.
: R=-X
Iu.w =X, -X,
1
o,C
®2LC-1=-RCo,
S-ug +RCo,—1=0

.(2.29.3)

-R=ow,L-

..(2.29.4)

Le., 0y=— —+ ¥

Let =a .(2.29.5)

Steady-State Analysis of 1¢ AC Circuits

- —
; 1
And I_FO e
3 B._,Hlnnﬂ QM;TB&M
g, Similarlyat/fy, Rox
unblumnu R
1
i
SNH. EMQ
EnuhOl 1-RCw,=0
R s T
e A e 7
W, =
0, =

From eq. (2.29.5) and (2.29.6)

W= 0% ,‘Q.u +€_.N .

(&)-1
10. D.SHBHIE_.HMQ.HN |M|HI. =T
: Aw R
s e dwidt - e —
1L . Bandwidth, &= 22=—"
From Fig. 2.29.1 f, = h:bmh
and »—.MHWH.T %

...(2.29.6)

..(2.29.7)

...(2.29.8)

.-(2.29.9)

...(2.29.10)

eq. (2.29.9) and (2.29.10) are the expressions for upper and lower cut

off frequencies, respectively.

wﬁ:ﬁ%&hﬂ. Explain series resonance in RLC circuit. What are the

SR

bandwidth and quality factor of the circuit ? Derive expressions for
lower and upper half power frequencies for a series RLC circuit.

[AKTU 2016-17(Sem-2), Marks 07 |

OR

Derive the expression of Bandwidth of a series RLC circuit. Explain
the relationship between bandwidth and quality factor.

[AKTU 2017-18(Sem-1), Marks 07 |
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Basic Electrical Engineering

||I.|I.|.|-|.|‘,’l

A. Resonance condi
Page 2-28D, Unit-2,

B. Bandwidth of RLC

tion in series RLC circuit : Refer Q. 2,95

Unit-2. serles circuit : Refer Q. 2.29, Page 2-30D,

C. Lower and upper half : : :
pPower ue : "
Refer Q. 2.29, Page 2-30D, Caﬁ?en.u. ncles for series RLC circui :

D. Quality factor :
1. The Q-factor of an RLC series circuit i
-fa is the volt agnificati
the circuit produces at resonance. iy S
Since current at resonance is maximum,

supply voltage, V=1 R
3.  Voltage across inductance or capacitance -

= Nn:i Mh - hn.nauﬁﬁ

4. Voltage magnification = E = Wm%
I R R
o, L

Q factor at resonance,

Ouswh 2nfL 2rL . 1 1 |L

(™75 .
E. Relation between bandwidth and Quality Factor :
Q factor is also defined as the ratio of resonant frequency to bandwidth,

ie.,
1
Q ubnwihouwgw
r=Af " RI2:L _RVC
R
where, = ﬁummb%ﬁmﬂr
%@aﬁﬁﬁ.e Voltages across R, L, C connected in series are 5, 8 and

10 volt a.ow.ﬂeanme&ur Calculate the value of supply voltage at 50 Hz
Also find the frequency at which this circuit would resonate. .

U

1 . The .m.._.m_.E% voltage is equal to the phasor sum of V, V, and V, and i

given by

V= (VB +(v -Vp)?

V=52 +(8-10)

2-34D (Sem-1 & 2) Steady-State Analysis of 1¢ AC Circuits

ll.lllll [l
V= J25+4
V=29 =538V
2. V,=IoL=8 .(2.31.1)
I
Ve=— =10 (2312
3. c= o0 ( )
4. Dividing eq. (2.31.2) by eq. (2.31.1)
1. 1 10
oC oL 8 -
- 19
®2LC 8
1 10
— = — x 2rf?
LC 8
Putting f= 50 Hz, we get
1 123370.05
LC
1
—— =351.240
JLC

1
5. Since resonant frequency, f, = andic’ we get

1 351.240
2nJLC ~  2n

bﬂ;@ﬂh&. Derive as expression for parallel resonance and mention

=55.901 Hz

its salient features.

| AKTU 2017-18(Sem-2), Marks 07 |

Consider a coil in parallel with a condenser, as shown in Fig. 2.32.1.

Let the coil be of resistance R ohms and inductance L henrys and the
condenser of resistance R ohms and capacitance C farads.

A. Derivation :
1
2

I, R L
I
" _ R, C
I p=—="
R-C
- : Vv = -
‘Fig. 2.32.1.

3. Suchacircuit is said to be in electrical resonance when the reactive (or
wattless) component of line current becomes zero. The frequency at
which this happens is known as resonant frequency.
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Basic Electrical Engineering

4, Qamﬁihvmmbmpmnan&gﬂgagaﬁu

current, I, ; sin ¢, ; = Reactive component of R-C branch current 1
Sin ¢ o g

5. Now since I _, = —et
E U.ﬁ» + (o, L)?
and sin &.th = Hh = B.wh
Zg-1 z\m» + (@, L)?

. L - /e, C
R’+(w, L} R:+(1/o,C)P
Ip csin ¢g ¢
i

o L o, C

R+l  &?RIC?+1
L@ B} C* +1) = C(R? + o I?)

2-35D (Sem-1 & 2
—
nent of R-1, brancy

2-36D (Sem-1 & 2) Steady-State Analysis of 1¢ AC Circuits

o?LC(R} C-L) =CR*-L

o = CR*-L
*~ JLC \CR}-L
Resonant frequency, f,. = 1HI o,
2n
= 2
. v (2:32.1)
2nJLC CR; -L
6. If resistance of capacitor is negligible, i.e., R, = 0, as is usually the
case, '
3 ‘_ CR? 1 ‘ 1 R
= - = == ..(2.32.2)
Resonant frequency, f, /LG L “2\IC I (
7. Ifresistance of coil R is zero
1 /1
= — | ...(2.32.3)
Resonant *.umn..__an,nw. f, on VLG
B. Features of current or parallel resonance :
1. Net susceptance is zero. 3
2. The admittance is equal to conductance. )
3. Reactive or wattless component of line current is zero, hence circuit
power factor is unity.
4. Line current is minimum and is equal to hwﬂuh in magnitude and isin

phase with the applied voltage.

) 11 R®
5. Frequencyise to — [———_
q .& qual a\IC 2 Hz.

: ,.a.).w.. TS

Qu. ..#&T. Derive the quality factor of the parallel RLC circuit at

resonance. E‘gn?ﬁa?ﬁﬂ‘?ﬁaﬁﬁ_

Consider a current excited RLC parallel network

Huumc.% M : QI
«o

i
2. Let,i®) = I coswt

3. At resonance condition, the currents in inductance and capacitance
cancel themselves out and the circuit current I flow in the conductance.

G

ARAAA
Yevyy
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Basic Electrical Engineering

4. 'The corresponding voltage is (at resonance)

u(e) = ) _Zo: cos o t

G G :
5. The instantaneous energy stored in the capacitance is

7. Total instantaneous energy stored in C and L is

_ e I:c .
w(t) = welt) + w,6) = 05 cos® w,t + oo S 0t

10. Quality factor, @,=2x

—

Maximum energy stored per cm_.woJ

Total energy lost per period
.mou (2n I2)
=2 Hla. P ol i
% 26%) o, 2G)
o,C
Q,= G =0 RC

‘Que 2.34; | Explain parallel resonance. A circuit of a resistance of

P i TSET Y

20 O, and inductance of 0.3 H and a variable capacitance in series
across a 220 V, 50 Hz supply. Calculate :

A The value of capacitance to produce resonance.

B. The voltage across the capacitance and inductance.

C. The Q-factor of the circuit. __guawﬁﬂmui..e_2&.5__9__

B
P fe P £ R

A Parallel Resonance : Refer Q. 2.32; Page 2-34D, Unit-2.

2-37D (Sem-14&3,

—_—

Steady-State Analysis of 14 AC Circuits

l.lll.llll.ll.ll.l.ll *
X Numerical :
w For resonance, X, =Xc
1
2=fL= 2nfC
2)* L= .w
C=338x10°F
1 _ 1] 03 _47105
2. e m/m - me;m.mmxs.a
\'4
;
3. B
220
=3
I=11A

4. Voltage across inductor (V) =IoL

=11x2x3.14x 50 x 0.3=10362V
I .

5. Voltage across capacitor (Vo) = -5

B 1
= 2x3.14x50x3.38x107°
- 1036.44V

Que 2.35. | What do you understand by “series resonance” and
...u,r.n.n._-& resonance” ? What are the applications of tank circuits ?
. [AKTU 2016-17(Sem-1), Marks 07]

A . Series resonance : Refer Q. 2.28, Page 2-28D, Unit-2.

A Parallel resonance : Refer Q. 2.32, Page 2-34D, Unit-2.

C. Applications of tank circuits :

1. A tank circuit can be used for stabilize the electrical frequency of an AC
oscillator circuit.

9. The frequency set by the tank circuit is solely dependent upon the value

o:_mﬁmngmsﬂouﬂwﬁgmﬂag&mm% ao:mmmounﬁﬂmbevqnmmue mu
the oscillations. ;

Dﬂo»bm Derive the expression of resonant frequency of parallel

RLC circuit. In series-parallel circuit A and B are in series with C.
The impedances are :

Z,=4+j30,Z,= 4-j50,Z =2 +j8Q. If the current I, = (25 +j0),
calculate :
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Basic Electrical Engineering

2-39D (Sem-1 &2) ‘ 2-40D (Sem-1 & 2) Steady-State Analysis of 1¢ AC Circuits
i. Branch voltage o e -
ii. Branch current _ = 6193.75 (cos 53.61° —j sin 53.61°)
iii. Total power = 3674.62-j4985.95
iv. Phasor diagram. L

L? H.EQHE circuit : Nmmma Q. 2.32, Page 2-34D, Unit-2. w
B. Numerical:

1. The circuit is shown in Fig. 2.36.1.
Z,=(4+j3)=5£36.87°

EER w&naﬂm Circuits, Voltage E& 0::6:« wn n
. Starand Delta Connections.  .°

= (4-j5) = 6.4£ - 51.34° CONCEPT OUTLINE : PART-5 |
= (2 +j8)=8.25 £76°
= (25 +j0) = 2520° Star-connected system : It is obtained by joining together
2. o similar ends, either the start or the finish, the other ends are
Ve=12,=206,76 .Lb\\ joined to the line wires. The common point at which similar ends
3. - @+3)4-j5 31 L are connected is called the neutral or star point. )
Z1n (8-52) 8-j2 888 -0.039 ii. Delta-connected system : It is obtained when the starting
4 Ve =12,, =250 x 3.884-0.43° = 97/ - 0.428° end of one coil is joined to the finishing end of another coil.
5. Z= Nn...N..GHHN +78) + 3.88 —j0.02
= 5.88 +7.98 =9.91/53.61° Oﬁomﬁcﬂa..?ﬂnionu 3
6. V=12Z=25.0°x9.91£53.61° - ﬂﬂahﬂgl
= 247.75./53.61° Hbﬂu Answer Type and gﬁﬂ bﬂ-t.on _Hwﬁ-a
s N 97£-0.43°
i/ I, = A8 "= =" =194/-37.3°
“ Z, 5£36.52° Que 2.37. _ Prove the voltage and current relations in Y-connected
8. I = Vip _ 97£-043° =15.152 50.91° system.

B Z, 64/-5134°
9. Various voltages and currents are shown in Fig. 2.36.2. Powers would

be calculated by using voltage conjugates. _. Oaa-amu abalanced load Z , connected in Y-connection. The supply to
g this load is assumed to be balanced.
1, Do i wiwle dhrouil In 2. Phase to neutral voltage, i.e., phase voltages are
P=VI, =247.75.53.61° x 25£0° Vor = Van=Vyy= Van ...(2.37.1)

= 6198.75£53.61°
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Basic Electrical Engin eering

And line to line voltages i.e., line voltages are
Vp=Vrr= Vyz=Var

- =+ -
3. Now, line voltage Vay = Vey = Vv
Ip,

T

w g~

¥ o

4 Magnitude of Vgy
| Vay | = (Viy + Viy +2Vay Vyy c0860° (2379
From eq. (2.37.1), (2.37.2) and (2.37.3)
2
<h = mﬂ.t.r

V=3V,
5. From the Fig. 2.37.1 of star - connected load it is clear thatI; = I,

L] /

Vyn  Figi2sral

b e fae i

L=

3 T e sl

current for delta connected 3-phase load when supplied from 3-phase

[AETU 2017-18(Sem-2), Marks 07|

balanced supply.

HOoummmm_.w_uu._mbnmn%Smnognnnmn_cm&gmgﬁ:?Ew.w.mm.“_..
2. Currents Ip, Iy and I are known as line currents.
And Ipy=Iyp=1Ip, =1, ie., phase currents ..(2.38.1)
V), = V,,; for delta connection. ..(2.38.2)
3. Now, applying KCL at node R

Steady-State Analysis of 1 AC Circuits

..(2.38.3)

4 Magnitude of I, can be found out as

—Ipr .

3-phase, balanced system is constant
S

at every instant is given by 3 VI, cosé, where VI, and ¢ have usual
[AKTU 2013-14(Sem-2), Marks 10 |

Que 239, | Show that power in

meanings.

‘Answer
1. Power for star connection :
V,=\3V,andl; =T,

P= mﬁg.ﬁmnomen 3 ﬁmw I cos¢
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Basic Electrical Engineering

P= 3V, cos¢
2. Power for delta connection :
ﬁh = <3- .WH\“ h.ﬁ..fx <~m

P= mem.,\l cos¢=+3 V, I, cos¢

Thus power is same in both star as well as delta connection.
3. 3-Phasor power : Phase voltages and currents in a balanced 3¢ Q._.QE
(star or delta) may be written in the instantaneous form as, _

Vp= 2 V,; sin ot

Vy= 2 V,sin (ot -120°) g

V=2 V., sin (ot + 120°) ,
And Ip= 2 L, sin (0t -¢) |
Iy= 2 I, sin (0t - ¢ 120°)
Ig= J2r ur sin (of — ¢ + 120°)
where ¢ is the phase angle between phase voltage and phase .E.E.mu,
P= .ﬂa Ip+ VgIg+ Vi I,
.al. [2 sin of sin (ot — ¢)] + ﬁl_ o

mm sin (of - 120°) sin (ot — § — 120°)] + Vor
[2 sin (of + 120°) sin (of - ¢ + 120°)]

= ﬁu...hi [cos ¢ — cos (2wt — ¢) + cos ¢ — cos

(2wt — ¢ —240°) + cos ¢ —cos (2wt — ¢ + 240°)]

Average power, P=3V, I, cos¢
240. | A 3-phase load consisting of resistance 25 Q, inductance

of 0.15 H and capacitor of 100 uF is connected to 400 V, 50 Hz. Calculate
line current, power factor, total power
i. When connected in star

ii.. When connected in delta. [AKTU 2013-14(Sem-1), Marks

Hnnnnﬁcmu.mmnnmbnm annnﬂb 2nx50x0.15=47.120

2rnfC
Net reactance, X=X L =Xc=1529Q
Impedance, Z= ,\mn X2 ,\ﬁmuw +(15.29)2 =29.3050Q
3 X 1 15.29

5. Phase angle ¢ =tan! = =tan-1 2227 _ 31 440
R 25 '

L
2. Om@wﬂﬂqmummnnubnmknl|..:maxmcxuoox_c.& 31.830Q
3
4.

4.
\m.\ Active power,

Steady-State Analysis of 19 AC Circuits

uL.—UAm@E.H#Q
s
A When connected in star :
ﬂhxﬁlﬂw
1 r_.bonnﬁmunuwrmmmnnqmﬂnman Vit i
400/+3 . )
= =788A  [v (Vp=Vi/\3)]
= 29305 ~ o0 p=VL

2 R 25 _ .
2. Power factor, cos ¢ = Z-79.305 0.853 (lagging)

Total power = J3 123
= J3 x400 x 7.88 = 5459.42 W

B. When connected in delta :

v, 400 d
i, Phase current, Ip = INN e 13.65A

2 Line current, I, = 3 I,= 3 x 13.65=23.64 A
J3 x 400 x 23.64 x = 16378.2T W

3. Total power= 3V, I, =

%ﬂ.csml..m.nm. A balanced delta connected load impedance

16 +j12 Q/phase is connected to a three-phase 400 V supply. Find
the phase current, line power factor, active power, reactive power
and total power. Also draw the phasor diagram.

[AETU 2014:15(Sem-1), Marks 10 |

b V.=V, =400V

400 £0°
=20£-36.9°A=20Z-37°
16+ j12

3. Power factor, cos¢= cos36,9°=0.8(lagging)
I,= J3x20=3464A
= /3 x 400 x 34.64 x 0.8 = 19.2 kW

6. - Reactive power, @ = /3 x 400 x 36.64 x sin 36.9° = 14.4 kVAR
- Total power, S ="[P? + @*]V? = 24 kKVA
8. Phasor diagram is shown in Fig. 2.41.1.

2. Phase current, I=
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—

Que 2.42. | Derive the relation between line and phase voltage an{

R WY L -

current for a delta connected 3-phase balanced system. A balance(
.mu:w.neﬂbmnomm load of impedance, Z = 30 £ 60° Q is connected t
line voltage of 440 V. Obtain the current and power supplied to load

[AKTU Emm.._:nmalénin_nf@

A Relation between line and phase voltage and current in mmmn_
connection : Refer Q. 2.38, Page 241D, Unit-2.

B. Numerical :
The procedure is same as Q. 2.41, Page 2-44D, Unit-2.

(Ans. Line current = 25.46 A ; Power = 3241.35W)

Que 243. | Obtain the relation between line and phase voltages in

i hntoh ot S

balanced star connected load system. Alsodraw its phasor diagram.
A 3-phase, star connected balanced load is supplied by 400 V, 50 Hz
. The load takes a leading current of 1003 A and power 20 kW.
Calculate power factor of load and resistance and inductance pef

[AKTU 2015-16(Sem-1), Marks 1§

A Relation between line and phase voltage in balanced star

connected system : Refer Q. 2.37, Page 2—40D, Unit-2.

Steady-State Analysis of 1¢ AC Circuits

D Amﬁﬂ-um h« Nw
liniuuulllllllem
B. Numerical:
g Power, P = J3 VI, cos ¢

3
P 20 x10 - 0.167 (lead)

Power factor, €08 ¢= 73 v.r = J3 x 400 x 1003

5 Phasevoltage, V= v, /\/3=400/3 =230.94V

1,=1I,=100J3A

4. Phase current, ph

V, 23094 _133q

’ = —Bb =
= mrﬁmﬁvmnmanm.ml 1, 10043

=27, cos$=133x0.167=0.220

6. Phase resistance, m_u
7, - B, = 1337 - (0.22) =131Q

7. Phase reactance, X,

X _ 131 _417x10°H
2nf - 2x3.14x50

Que 2.44. _ Derive relation between line and phase values in delta

connected 3-phase balance system. A 3-phase voltage source has a
phase voltage of 120 V and supplies star connected load having
impedance of (24 +j36) Q per phase. Calculate

i. Line voltage

ii. Line current
iii. Total 3-phase power supplied to the load.

[AKTU 2016-17(Sem-1), Marks 07|
Answer _

I

8. Phaseinductance, h!.

A Relation between line and phase values in delta connection :

Refer Q. 2.38, Page 241D, Unit-2.
B. Numerical:
1. Line voltage: V= J3 ¥y
Vp= 3 x120=207.84V

Line current: Z = J(24) +(36)% =43.269Q
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Basic Electrical Engineering :
)

3. Total 3-phase supplied to the load : . R
S=3 V.1, W

S= 3 x207.84x 2.77 _.

S =997.17VA _

“51.0. 248. | Abalanced star connected load of (8 +j6) Q per phase r_
connected to a 3-phase 400 V supply. Find the line current, POWer
factor and total volt-amperes. _bﬁﬂd 2017-18(Sem-2), Eﬂn#@

The procedure is same as Q. 2.40, Page 2—43D, Unit-2.
: (Ans. Line current = 23.1 A; Power factor = 0.8
Total volt-amperes = 16004 VA)

.ﬁ.ﬁ.wuhrﬂ'm A balanced star connected load of (8 +6) 2 per phase is

connected to a 3-phase 400 V supply. Find the line current, power
factor, 3-phase power and 3-phase volt-amperes. Also draw the

| AKTU 2016-17(Sem-2), Marks 07]

phasor diagram.

The procedure is same as Q. 2.40, Page 243D, Unit-2.
(Ans. Line current = 23.09 A, cos ¢ = 0.8 (lagging),
P=12797.7W, S =15997.22 VA)
Phasor diagram :
‘ | 1p=23.094

r
=230.97V]  -V. Vg =400V
Vpp=400v 'B=% = SR

I, =23.09 A .
Vy=230.97V YVyg =400V

Ip=23.09A

Que 247, | Three similar coils each having a resistance of 10 ob®

and an inductance of 0.0318 H in series are connected in delta. The
line voltage is 400 V, 50 Hz. Calculate :
Phase current

948D (Sem-1&2) Steady-State Analysis of 1¢ AC Circuits

\1!\.11
ii. Line current
jii. Power factor | | |
Total power in the circuit [ARTU 2015-16(Sem-2), Marks 10 |

iv.

'Answer - i
e procedure is same as Q. 2.40, Page 2—43D, Unit-2.

The proced (Ans. Phase current = 28.28 A; Line current = 49.98 A;

Power factor = 0.707; Total power = 33.93 kVA)
Three similar coils of impedance Z = (8 +j6) Q are

i ly. Find
ta and supplies from 3¢, 400 V, 50 Hz supp
. nnonw_ﬂ.nm- active power, total reactive power,

[AXTU 2017-18(Sem-1), Marks 35|

Que 2.48.
GQEQO&GQ in
line current, power fa

total volt-amperes.

e o is same as Q. 2.41, Page 244D, Unit-2.
2 ﬁuonmwﬁmﬂﬂw‘mﬂuﬂmw.wm A; cos ¢ = 0.2; Total active power = 38.4kW;

Reactive power = 28.8 kVAR; S =48 kVA)

©00O
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3-2D (Sem-1 & 2) Transformers
4

§ sk g PART-1 i

Enm.lmmn Materials, B-H Characteristics,
Ideal and Practical Transformer.

n_UZﬂN—UJ- OUTLINE : PART-1
I
Transformer is an AC machine that :

1. Ittransfers electrical energy from onz2 e
m.zmommmo s..#wcﬁnmnrmDMmomwamnsmsnw.
w,
h..

leciric circuit to another.

It does so by the principle of electromagnetic induction. )
It has electric circuits that are Jinked by a2 common magnetic

circuit.

Questions-Answers

Long Answer Type and Medium Answer Type Questions |

Que 3.1. _ Write short notes on the following :

t\u“ Diamagnetic

. Paramagnetic
&‘. Ferromagnetic
| D. Antiferromagnetic
E. Ferrimagnetic.

Answer _

A, Diamagnetic : When a diamagne
field, it becomes weakly magneti
direction of external magnetic field.
as diamagnetism.

tic material is placed in a magnetic
zed in a direction opposite te the
This property of material is known

Fig. 3.1.1. Diamagnetic.
Examples : Bismuth, silver, copper and hydrogen.

B. Paramagnetic:

1. Inparamagnetic materials the magnetic dipoles are already present.
These materials are permanently magnetized but dipoles are randomly
oriented and have a low net magnetism.
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2.

When these materials are placed in external magnetic mm_m. the dipole
orient themselves in the direction of external magnetic field. Thig
property is known as paramagnetism.

S —_— —

(Fig, 3.13. Paramsguetic.
Examples : Aluminium, platinum and oxygen.
Ferromagnetic : When a ferromagnetic material is placed in external
magnetic field, it strongly attracts the magnetic lines of force and the

domains orient themselves in the direction of the field to increase the

flux produced by the external field. This property is known as
ferromagnetism.

Examples : Iron, cobalt, nickel.

RIS, Faomagnotic,

A e S G

Antiferromagnetic :
In antiferromagnetic material the atomic magnetic dipoles line up
antiparallel to each other and cancel out exactly.

Therefore, these have no external magnetic field effects. This property
is called antiferromagnetism.

Examples : Chromium, manganese, MnO, MnS and FeO.
Ferrimagnetic : In ferrimagnetic materials the atomic magnetic
dipoles line up antiparallel to each other, but do not cancel out, because
they have different magnetic dipole moments. The resultant magnetic
moment may be quite large. This property is called ferrimagnetism.
Examples : MeO, Fe,O,.

~~ N\ «— ) Para
I S

¥t 4 ¥ Antiferro-

l f

| Transformers
._, 34D (Sem-1& 2)

i
.bll

iscuss the B-H curve for a magnetic material and

- de Ma.mmw the retentivity and the coercive field on the curve.
1ae

" The gr: i tizing force H, drawn for
h between flux density B and magneti i
F - .WHH_WMMMM.Fﬂm and decreasing values of magnetizing force H is known as
B-H curve. o

i ial i i tion field
etic material is placed in a Emmnm.eum 3
m - Mthwmnmwﬂhoﬂwwmmm behind the magnetization field. This phenomenon

| is known as hyste resis. o
3. The B-H curve drawn for one complete cycle of magnetization and

. demagnetization is known as hysteresis loop.

4, Hysteresis curve: . -

i Plotting a graph between Band H fora mmﬁcﬁmmn.umns material is known

" as hysteresis curve or B-H curve as shown in Fig. 3.2.1.

i, Retentivity : According to curve at E.E.; c,H=0 E...nw is not zero and
B — B_is known as remanence or residual magnetism.

Fig. 3.2.1, Hysteresis loop.
iii. Coercivity : According to graph at the point d, B=0and H - H_ s
known as coercivity.

iv. Residual magnetism : It is defined as the magnetic flux density
which still persists in magnetic material even when the magnetising
force is completely removed. In Fig. 3.2.1 on reducing the value of H
from the saturation region to zero there remains a flux density B,
which is residual magnetism.

Coercive force (field) : It is defined as demagnetizing force which is
necessary to neutralize completely the magnetism in an electromagnet
when the value of magnetizing force becomes zero. In Fig. 3.2.1, H,.is
required to reduce flux density to zero and is called coercive force.
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Que 3.3, _ What are soft magnetic materials ? Also, give ity

characteristics.

A. Soft magnetic materials :

1. Soft magnetic materials are those which have thin and narrow By
curves, i.e., the area within the hysteresis loop is small.

2. Hence, soft magnetic materials are used in devices that are subjecteq
to alternating magnetic fields and in which energy losses must be low,

3. A material possessing these properties may reach its saturatigp
magnetization with a relatively low applied field and still hag low
hysteresis energy losses.

The B-H curve for soft magnetic materials is shown in Fig. 3.3.1.

B
g

B,

-H

c

Fig. 3.3.1. Hysteresis curve for soft magnetic materials,
B. Soft magnetic materials have following characteristics :

Magnetically soft materials have high permeability, negligible coercive
force and have low remanence.

Their B-H curve is steep and area under B-H curve is small.
They have high permeability.
They have low remanence.

-

Lol

a

Examples ; Pure iron, castiron, carbon steels, silicon steels, manganese
and nickel steels, and ferrites,

Que 3.4. _ Discuss about magnetically hard materials. Also,
enumerate characteristics of hard materials.

Answer ~

A. Hard magnetic materials :

1. Hard magnetic materials are those which retain a considerable amount
of their magnetic energy after the magnetizing force has been removed
i.e., the materials, which are difficult to demagnetize.

These materials are also called permanent magnetic materials.

2

36D (Sem-1 & 2) Transformers

Illl].lll.lll -
Magnetically hard materials are used for making permanent magnets.
3.

al
b,

-H

C

H, —H

Iww

Fig. 3.4.1. Hysteresis curve for hard magnetic matenals.

Steel containing carbon, tungsten, chromium or cobalt is used for making
permanent magnets. . . o
Magnetically hard materials have following c..aracteristies :

They have large area under hysteresis loop.

High retentivity.
High coercivity. .
Examples : Alnico, tungsten steel, cobalt zieel and chromium steel.

Q © M=o

Equivalent Circuit, Lossess in Transformer,
Regulation and Efficiency.

CONCEPT QUTLINE : PART-2

* Step-up transformer : A transformer in which output
(secondary) voltage is greater than its input (primary) voltage.

* Step-down transformer : A transformer in which output

(secondary) voltage is less than its input (primary) voltage.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

%ﬁf@&.}_ What is transformer ? H.Nﬁ_mmﬂ the constructional

features of different types of transformer.

|AKTU 2014-15(Sem-1), Marks 05|
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e e
A TranEformer : A transformer is a static electrical device transfey
F\ﬂaﬁ“ﬂ& energy between two er more circuits through electromagnetic
induction.
B. Types:

a. Core-type transformer :

1. Inthe core-type transformer, the magnetic circuit consists of two vertical
legs or limbs with two horizontal sections, called yokes.

2. Tokeep the leakage flux to aminimum, half of each winding is placed on
each leg of the core as shown in Fig. 3.5.1.

3. The low-voltage winding is placed next to the core and the high-voltage
windingis placed around the low-voltage winding to reduce the insulating
material required.

4. 'Thus, the two windings are arranged as concentric coils. Such a winding
is, therefore, called concentric winding or cylindrical winding.

- P Flux path _—Yoke

e | _toh
AN
'Y M YA
hvilvi | v fhy hvfiv | v\ﬂ
]
A\ \7H \
S T———
Fig. 3.5.1. Core-type transformer.

b. Shell-type transformer :
In the shell-type transformer (Fig. 3.5.2), both primary and secondary
windings are wound on the central limb, and the two outer limbs complete
the low-reluctance flux paths.

mﬂﬂk vunw_m

p.Y 1
f
I

=

|_Central limb

| &4 Outer limb

3-8D (Sem-1 & 2) Transformers
llllllll-llllllll

2 Each winding is subdivided into sections. Low-voltage (lv) and
" high-voltage (hv) subsections are alternately put in the form of a

sandwich. Such a winding is, therefore, called sandwich or disc winding.

__va Que u.a... Define ideal transformer and practical transformer.

mo.uumwum ideal transformer and practical transformer.

‘Answer _

1 ) Transformer : Atransformer is a static electrical device that transfers
electrical energy between two or more circuits through electromagnetic

induction.
2_~Tdeal transformer : The transformer which is free from all types of
losses is known as ideal transformer. It has no core loss, no ohmic

istance, no leakage flux etc.
;K“nnnnm— transformer : In this types of transformer all types of losses

are present.

Practical transformer
It has below 100 % efficiency.

S.No. Ideal transformer
1 It has 100 % efficiency.

2. it has no losses. It has losses.
3. There is no ohmic resistance There is ohmic resistance
drop. drop.

4, It has no leakage drop. It has leakage drop.

? Que3.7. |Explain working of single phase transformer.

wn

1. Consider two coils 1 and 2 wound an-a-simple-magnetic circuit as shown
in Fig. 3.7.1. These two coils are insulated from each other and there is
no electrical connection between them.

Laminated Core
L (e
| |
}O [ z z
Supply E_M I 1 o Ey Load
% -+ ™
’
Primary b covon s sn. il Secondary
Winding Y voke Winding

Fig, 8.1, Arvangemonts of & ranafortaer.
2 LetN yand N, be the number of turns in coils 1 and 2 respectively.
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3. When asource of alternating voltage V, is applied tocoil 1, an m._nm_:umﬁ:m
" current ] flows in it. This alternating current produces an m“_aaunmg_m
L'

flux ¢,, in the magnetic circuit. .
4. The mean path of this flux is shown in Fig. 3.7.1 by the dotted line.

Basic Electrical Engineering

=

alternating voltage E, by self-induction.
6. Thus, all the flux produced by coil 1 also links N, turns of coil 2 angd
induces in them a voltage E, by mutual induction.

7. 1If coil 2 is connected to a load then an alternating current will flow
through it and energy will be delivered to the load.

8. Thus, electrical energy is transferred from coil 1 to coil 2 by a common
magnetic circuit.

9. Coil 1, which receives energy from the source of AC supply, is called the

primary coil or primary winding or simply the primary.

10. Coil 2, which is connected to load and delivers energy to the load, is -
called the secondary coil or secondary winding or simply the secondary,

Que 3 _ Explain the principle of operation of transformer.
gm

Discuss the principle of operation of a single phase transformer.

emf equation of single-phase transformer.

{AKTU 2015-16(Sem-1), Marks 10|
OR

Derive the induced emf-flux relationship of the transformer.

[AKTU 2014-15(Sem-1), Marks 03|
OR

Derive emf-equation for a single phase transformer.

Answer _

A.  Principle of operation of 1-¢ transformer : Refer Q. 3.7, Page 3-8D,

| AKTU 2017-18(Sem-2), Marks 07|

Unit-2.

B. Derivation :

1.

Let the flux at any instant be given by
¢ = ¢, sin ot ..(3.8.1)

The instantaneous emfinduced in a coil of N turns linked by this flux is
given by Faraday’s law as

e LN = NG _Nd
= R«@ZTI mlnslzmgsm_:ez

= IZS@E cos wt
= No¢,, sin (ot - /2)

This alternating flux links the turns N, of coil 1 and induces in them ap .

310D (Sem-1 & 2)

Transformers

e —

e= K, sin (ut -n/2) .(382)

where E = No¢, = Maximum value of e.
3. Fora sine wave, the rms value of emf is given by
.@32 =E= .m..an / )\m
g Not, _N@ns,
J2 J2
E=444¢ fN .(3.8.3)

eq. (3.8.3)is called the emf equation of a transformer.

4. The emf induced in each winding of the transformer can be calculated
from its emf equation. Let subscripts 1 and 2 be used for primary and
secondary quantities. The primary rms voltage is

E,=4.444¢,fN, ..(3.84)
5. The secondary rms voltage is
E,=4.44¢,fN, ..(3.85)

where ¢, is the maximum of flux in webers (Wh), fis the frequency in
hertz (Hz) and E, and E, are in volts.
Que A single phase, 50 Hz core type transformer has square

s of 20 cm side, permissible maximum flux density is 1 Wh/m?2.
Calculate the number of turns per limb on high and low voltage

sides for a 300/220 V ratio. |AKTU 2017-18(Sem-2), Marks 07|

Answer

Given : Core length = 20 cm, f=50 Hz, B___=1 Wh/m? per limb, N = 300/220
To Find : Number of turns per limb. !

1 Core area = 20 x 20 = 400 cm? = 0.04 m?
Maximum value of permissible flux

Opax = Bax X @=1x0.04=0.04 Wb
Number of turns of low voltage winding

Noo_ B _ 220
27 4.44f¢,,. 4.44x50x0.04

(Number of turns is rounded off to the next higher even number in

order that maximum flux density does not exceed the permissible
maximum flux density).

Number of turns of high voltage winding,

N,= m:znummmxwmumm
2

=24.T7=26
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36 _
4, Number of HV turns on each limb = T 18

. 26
5. Number of LV turns en each limb = — 13

Que 3.10..| Explain why the hysteresis loss and eddy current Jo,
aanE. 5 _m _#.wnmmouﬂ.o... ? Explain how these losses can be reduceq i
[ARTU 2016-17(Sem-1), Marks 3 3

OR
Explain various types of losses occur in transformers.

a transformer ?

A . u.-.ou.— m-. core losses : Iron loss is caused by the alternating flux in the
core and consists of hysteresis and eddy current losses :

a. Hysteresis loss :

1. The core of a transformer is subjected to an alternating magnetizing
force and for each cycle of emf a hysteresis loop is traced out.

2. The hysteresis loss per second,
P, =n'(B__Jfv joules per second or watts ..(3.10.1)
where, f = Supply frequency in Hz Rt
v = Volume of core in cubic metres
1’ = Hysteresis coefficient
B,,..= Peak value of flux density in the core

x = Between 1.5 and 2.5 depending upon the material and is
often taken as 1.6.

Eddy current loss :

If the magnetic circuit is made up of iron and if the flux in the circuitis
variable, currents will be induced by induction in the iron circuit itself.
All such currents are known as eddy currents.

2. Eddy currents result in aloss of power, with consequent heating of the

Ll 2

material.
3. The eddy current loss,
P, = K(B_, Y*f*t* v watts or joules per second ..43.10.2)

4. The hysteresis and eddy current losses depend upon the maximum
flux density in the core and supply frequency.

5. These losses are determined 1. a the open-circuit test.

Minimization : These losses are minimized by using steel of high
silicon content for the core and by using very thin laminations (0.3 m®
to 0.5 mm) insulated from each other either by insulating varnish or by
layer of papers.

3-12D (Sem-1 & 2) Transformers
B

B. Copper or Ohmic losses :

1. These losses occur due to ohmic resistance of the transformer windings

9. IfI,and [, are the primary and secondary currents respectively and R,

and R, are the respective resistances of primary and secondary windings

then copper losses occurring in primary and secondary windings will
be I,°R, and I 2R, respectively. ”

3. Sototal copper losses will be (%R, + L’R,).
4. These losses vary as the square of the load current or kVA.

5. Copper losses are determined on the basis of constant equivalent
resistance mB determined from the short-circuit test.
Minimization :

1. The windings of the transformer are made thick so that the resistances
are minimized.

2 Vacuum Pressure Impregnation (VPI) : In this technique the

transformer is kept in vacuum then high pressure varnish is passed so

that the smallest oi the air gaps are also filled, hence reducing the
copper losses.

Que 3.11. | Derive and explain the equivalent circuit of a
i Aok bt

n—.wn-wwo-.n.mu..

|AKTU 2014-15(Sem-2), Marks 05]

1. "Transformer has 3 main parts :

i  Primary winding

ii. Core

iii. Secondary winding.

2. Primary winding is shown by series combination of resistance R, and
reactance X, ,, whereas secondary winding is shown by series
combination of resistance R, and reactance X Lo

3. The core of transformer is assumed to be parallel combination of

resistance R and reactance X, R, represents the core loss and hence

known as core loss resistance, whereas X, represents magnetising
reactance of the core.

mu o——AW TR
Hﬂn x—.ﬁ A
1,
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N, and N, show number of turns. The voltage levels of primary anq
" mmwaaamdm are different.
5. To bring all the compone

either primary side com

secondary side component
valent circuit as referred to P

. s rcuit to one voltage leve]
f equivalent circul 1
Mﬂnﬂunm are to be shifted on secondary op

s to be shifted on primary.
rimary or secondary

i. Equi J ! g
components shifted to primary : . -
By: s e
o———ANM—— T =y
I L
X Rq
o— <
‘Fig.3.11.2.
1. R, =Secondary resistance transferred to primary.
B
Bi= %2
X L, = Secondary leakage reactance as transferred to primary.
Xj = X,
=z
N, _V,
where = N, = v,

2. Ascompared to primary component of secondary current ] o Iy is much

less, I, << 1. . ‘
3. So, Neglecting I, approximate equivalent circuit as referred to primary

is given by
—w—. un—..u mn- N—..M.

o—WW )k AMN—TTT0—0
o o
‘Fig. 3.11.8.
4. It can be simplified further as,
Ro; X1
o AMN——T0T o
° %)
‘Fig.3.11.4,

314D (Sem-1&2) Transformers
llllllllllll||
where Ry =R, +Ry
ie, Ry = R, + mnw known as equivalent resistance of transformer as
-.mmmﬂu.mm to primary.
X
and Xy, = Xp + X' =X, + ..«nlw_ known as equivalent reactance as
referred to primary.
ii. Equivalent circuit as referred to secondary :
1. Itcanbe obtained by transferring R,, X, R and X, to secondary side.
Ry X1 I i
X' Ry’
o— — o
Fig. 3.11.5.
2. Sincely <<1I,, I i.e. shunt branch parameters R and X, can be skipped.

. Approximate equivalent circuit as referred to secondary is
o AN 000 AMN— TR 0

o —0
Fig.3.11.6.
where R/= Nn.m_ — Primary resistance as referred to secondary.
and X';, = K2X, | — Primary reactance as referred to secondary.

It can be further simplified as,
o b‘b-_-q_-q hﬂgu||°
Roz Xoz |
o 0
Fig. 3117,

Ry, = R'+R,= wufmux__
Xop= X1, + X0 =X, + K2X),

where Ry, = Equivalent resistance of transformer as
referred to secondary.
and X, = Equivalent reactance of transformer as

referred to secondary.

DA e efficiency of transformer. Find condition for

o

maximum efficiency of transformer.

[AETU 2014-15(Sem-2), Marks 03]
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OR
What do you understand by the efficiency of a transformer ? Um&ﬂg
the condition for maximum efficiency.

| AKTU 2016-17(Sem-1), Marks 3§

OR
Explain working of a single phase transformer and also derive the

% for maximum efficiency in the transformer.
|AKTU 2017-18(Sem-1), Marks ﬁu

Answer
A.  Working of transformer : Refer Q. 3.7, Page 3-8D, Unit-3.
B. Transformer efficiency:
L. The ratio of the output power to input power in a transformer is known
as transformer efficiency (n).
Output power
Input power )
Output power
= Pu
Output power + Copper loss + Iron loss
2. Thus, the per unit efficiency at ioad current , and power factor cos ¢, is

._.—l.ll

V,I, cos §,
n= = - pu
V.1, cos §, +1I; R, +P,
where, n = Efficiency
V, = Load voltage
I, = Load current
ha = Equivalent resistance
cos ¢, = Power factor
P, = Iron loss.
C. Condition for maximum efficiency :
" . 7 A
V,I,cos ¢, + I R _+P,
- V, cos ¢,
V,c0s 4, + LR _+(P/1,)
2. At maximum efficiency
dn d’n
—=0and — <0
dl, r: <

3. Since V, and cos ¢, are constants for a given load, the efficiency will be

maximum when the denominator b%u Vycos ¢, + LR -+ ww is
2

minimum.

316D (Sem-1&2) Transformers
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4 Fora minimum value of the denominator D,
. dD d’D
r = Q r
al, " a0
ap, _ d P P
b, %?g;n:»m_,ATiﬂm
5. Fora minimum D,
P
we = m =0
LR, =P, . .(4.12.1)
d*D d h mw 2P
L= 7 Al iy (P et §
6. Also, i " ar\"« ")z >0
2
7. Since R&W is positive, the expression given by eq. (4.12.1) is a condition
2

for the minimum value of D, and therefore the condition for maximum
value of efficiency.

8. The efficiency of a transformer for a given power factor is a maximum
when the variable copper loss is equal to the constant iron (core) loss.

Que 3.13.

Que 3.13. | List the various losses occurring in transformer and

the condition for maximum efficiency. In a 25 kVA, 2000/200 V
transformer the iron and copper losses are 200 W and 400 W
respectively. Calculate the efficiency at half load and 0.8 power factor
lagging. Determine also the maximum efficiency and the

corresponding load. |AETU 2015-16(Sem-1), Marks 10]

In a 25 kVA, 2000 V/200 V transformer the iron and copperlosses are
200 W and 400 W respectively. Calculate the efficiency of half load
.E..._. 0.8 pf lagging. Also determine the maximum efficiency and

corresponding load. | AKTU 2016-17(Sem-2), Marks 07]
Answer
A Losses in transformer : Refer Q. 3.10, Page 3-11D, Unit-3.

B. Condition for maximum efficiency : Refer Q. 3.12, Page 3-14D,
Unit-3.

C. Numerical :
Given : Volt-ampere rating =25 kVA, P, = 200 W, P, = 400 W,
Pf=cos $=0.8
ToFind 21 puys Load for maximum efficiency and Efficiency at halfload.

L Efficiency at half load :
le., x=035
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xx kVA x10° x cos ¢
T = T KVA x10° xcos ¢+ P, + x°F,,
0.5x25x10° x 0.8
= 0525 x10° 0.8+ 200 + 0.5 x 400

= 0.9708 or 97.08 %
2. Load for maximum efficiency : ) )
Let x = Percentage of load at which maximum efficiency occurs

P _ [200
- _ By ‘[na.qs
*= P, V200

. Load for maximum n = Fullload x x =25 x 0.707 = 17.68 kVA
Pgﬂﬂmmmn?unw

xxkVA x10% x cos ¢
xxkVA x10° x cos  + P, + 2P,

0.707 x 25 x 10° x 0.8
~ 0.707 x 25 x 10° x 0.8 + 200 + 0.707Z x 400
= 09725
% Npay = 97.25 %

Nmax

Que u..tn.w | The efficiency of a 400 kVA, single-phase transformeris
98.77 % at full load 0.8 pf and 99.13 % at half load unity pf. Find Iron
and Cu losses at half load. | AKTU 2013-14(Sem-1), Marks 03

._.f =99.13%, pf=1
To Find : Copper loss, Pg,; Iron loss; P...
At full-load and 0.8 power factor :

Output power, P = 400 x 0.8 = 320 kW
Transformer efficiency, n = 98.77 % or 0.9877

 Given : Volt-ampere Fating = 400 kVA, Ty = 98.77 %, pf = 0.8 and

© PR

n  0.9877

Transformer input power = P__320 =323.985 kW

i

Transformer losses, -
(P; + Pg,) = Input - Qutput

nwwm.wmulmmcnw.wmmwﬂ (3141
At half-load and unity power factor :
Output power, P' = W x 400 x 1 =200 kW

Transformer efficiency, N =99.13 % or 0.9913

A B -

Transformer input power = P __200

Ill.l - h W
e Nﬁ.qmmi

1&2)
18D (Sem
o

S

| 1
4 Totallosses=F; @N Pew = Input —Output = 201 755 _gq - 1755 kW
. P, + V4 P,, = 1755 kW |
. Solving eq.(3.14.1)3hd (3.14.2), we have .(3.142)
i Ironloss at full load = Iron loss at halfload = P, = 10177 g
i Copper loss at full-load, P, =2.9733 kw

2
Then, Copper loss at half-load = h.w x2.9733 = 0.743325 kW

Que 3.15. | A single phase 250 kVA transformer has an efficiency of

mm % on full load at 0.8 power factor and 97 9 efficiency at half full
load unit power factor. Calculate on half load :
i. Iron losses

ji. Full load copper losses. _wﬁcusﬁtm»a.nrg 10|

»

The procedure is same as Q. 3,14, Page 3-17D, Unit-3.

(Ans. P,,, =2.33 kW; Pp, 1= 1.49kW: P a=5.36 kW)
Derive the emf equation of a single-phase transformer.
A single phase 100 kVA, 6.6 kV/230 V, 50 Hz transformer has 90 %
efficiency at 0.8 lagging power f:

actor both at full load and also at
halfload. Determine iron and copper loss at full load for transformer.

| AKTU 2014-15(Sem-2), Marks 10|

Answer

Answ er
A. EMF equation : Refer Q. 3.8, Page 3-9D, Unit-3.
B. Numerical : .
The procedure is same as Q. 3.14, Page 3-17D, Unit-3.
(Ans, 1&_ =5925.98 W; m.m =2962.91'W)

A 25 kVA, 2000/200 V transformer has full-]

Que3.17,

oad copper
M.g.i.-wueu losses are 1.8 kW and 1.5 kW respectively.
ind :
_. The efficiency at half the rated kVA and at unity power factor.
L. The effici

ency at full-load and at 0.8 power factor lagging.
d for maximum efficiency and value of maximum
efficiency,

i, kVA 1oa

|AKTU 2017-18(Sem-1), Marks 07|
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——— - bl MG
(i matxs el !
i natx =Yendros§=08 i et o g

i. At half-load, .
mh.. HHHMNgmnOm_@HH
A xxkVA x cos ¢
et WA er¢>xn8++m+au~un_.
1 95x1
_ 2
= - .
%25 x T&.?@ x1.8
» 125 = 0.865 (or 86.5 %)
12.5+1.5+045
ii. At full-load, T
ie, x=1landcos$=0.8
Efficiency, = xxkVA xcosd .
xxkVAxcos ¢+ P, +xFg,
" 1x25%0.8
(1x25x0.8)+1.5+ (1> x18)
20
= 20715+18 = 0.8584 (or 85.84 %)
iii. kVA load for maximum efficiency
P 15
kVA,_,, = Rated kVA x ..m = 25x |75 =22.82kVA
Losses at maximum efficiency,
P,=x*P, = 15 kW
Maximum efficiency,
e kVA_,cos¢  22.82x1
wax” VA _ cos¢+P+P 2282+15+15
= 0.8838 (or 88.38 %)

/\.\V Jue 3.18. | A 50 kVA transformer has a core loss of 400 W and a ful

load copper loss of 800 W. The power factor of the load is 0.9 laggin®
calculate .

1&2

%h« v. Transformers
Full load mmmn-munu..

w. The maximum efficiency uu_._ the load at which maximum
efficiency occurs. | AKTU 2015-16(Som-2), Marks 10]

The v_.anmmcum is same as Q. 3.17, Page 3-18D, Unit-3.
Qabu.. 1.1 =97 %, ii. Nmax = 97.55 % and kVA = 35.35 kVA)

CONCEPT OUTLINE ! PART-3

|

+ Single-phase auto-transformer : It is a single-winding
transformer in which a part of the winding is common to both
high-voltage and low-voltage sides.

e A 3¢ system is used to generate and transmit large amount of
power.

+ 3¢ transformers are required to step up or step down voltages in

various stages of a power system network.

A
Lot

iy R

g

'Long Answer Type and Medium Answer Type Questions

M

Que 3.19, _\MNEEH single-phase auto-transformer and give its two

applications. ﬂEd 2015-16(Sem-2), Marks .m..al_

1 auto-transformer :
A 1¢ auto-transformer is a one winding transfcrmer in which a part of
the winding is common to both high-voltage and low-voltage sides.

2. Atwo-winding transformer when electrically connected is known as
auto transformer.

3. Let the two-winding transformer connected as an auto-transformer
be regarded as ideal. With this assumption all voltages will be in phase
and so will be all currents.

4. - The two winding voltage ratio is

w-._ N .(3.19.1)
Vv, N,

r P.‘

a=
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5. The auto transformer voltage ratio is Vi
W lEIh
a= A\N - fww
Falre y ...nwhm.m.,.
6. Now (VA = (V- Vp I, =0 -V, ~(3.193)
-1 _
% +
. EHE
Y -
Aﬁ\_..‘S?E_ 2
7. But L-1 _
I
mr - % -(3.19.4)
“ H
8. Substituting mgt ineq. (3.19:3) .
_ (VA)rg = leu Vol = leu (VA) 40
(VA)p = FIH :L (VA)ry .(3.195)
(VA)p o> (VA) .(3.19.6)

9. It is easily seen from eq. (3.19.5) that the nearer a' is to unity, the
larger is (VA), ,,, compared to (VA) . ’

10. An auto transformer is applied for voltage ratios close to unity.
B. Applications:

1. It is used as balance coil to give neutral in a 3-wire AC distribution
system.

2. Itis used as boosters to raise the voltage in AC feeders.

Owau .| Draw delta-delta connection for 0° and 180° phase shift.

RS R

3-22D (Sem-1&2) Transformers

e T gt
Apnswer -
L Sk

ge ittt

.P.\ Delta-Delta (A-A) connection for 0° phase shift :

Fig. 3.20.1(a) shows the A— A connection of three identical single-phase

transformers or three identical windings on each of the primary and

secondary sides of the 3¢ transformer.

9. Fig 3.20.1(b) shows the phasor diagrams for lagging power factor cos b.

g, The secondary line-to-line voltage V,,, V, and V__ are in phase with
: primary line-to-line voltage V,,, V, and V., with voltage ratios equal to

the turns ratio:

1

VeA  Primary

(b)

‘Fig. 3.20.1. Delta-Delta contiection of transformer (0° phase shifl.
4. The current ratios when the magnetizing current is neglected are
Inp _Ipc _Ica _Ia_Ip_Ic _1

I ab I be I oca I a I, b I ¢ a
5. Itisto be noted that in Fig. 3.20.1 each winding is drawn along the line
of the phasor of its induced voltage.
6. The primary and secondary line voltages are in phase. This connection
is called 0° — connection.
B. Delta-Delta connection (A= A) for 180° phase shift :
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Transformers
— d on eithey g
dings are reverse er sidg i m——
ions of the phase Wil e primary and Onday
1. The connections Mmmmumpnm of 180 vnnﬂmmwhw_ = wobbmnﬂob e

obtain Emwww% connection is known as 1 Eﬁ%ﬁ.

a e " ifti

2 Nmmww 20.2 delta-delta connection with 180°P '8 showy,

and current ratios are

Iy

.

"
ey ()

g s e o e s

.

Fig. 3.20.2. Delta-Delta connection of transformet (180° phae shif]

el gy

. (®)
Draw and explain the connection diagram of Y-Y Fig. 3.21.1. Star-star connection of transformer -
. (@) 0° phase shift (5) 180° phase shift. -
1. Fig. 3.21.1 shows the ¥ - Y connection of three identical mﬁm_a.%.“ _ ©0O
transformers or the three identical windings on each of the primary
secondary sides of the 3¢ transformer.,
2. The phase current is equal to the line current and they are in phase.
3.

The line voltage is /3 times the phase voltage. There is a phe*
separation of 30° between line and phase voltages.

4. Forideal transformer the voltage ratios are

Vav _ Ven _Ven _
d\na <?.- \'s

cn
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..(4-2D to 4-22D)

Part-1

DC Machines : Principle, noam?:n:oa ‘and Types :
EMF Equation of Generator and Torque Equation of Motor
Applications of DC Motor (Simple Numerical Problems)

cevnremsesnserenens 42D

(4-22D to 4-32D)

A. Concept Outline : Part-1 .
B. Long and Medium bhmsm__. H.Fum Ozmmkoam

Part-2
Three Phase Induction Motor : »ﬂﬁan«ﬁhm Qanma.anﬁoa nam Types
Slip-Torque Characteristics =~
Applications (Numerical Problem .mmﬁnum& to mnﬁ oan.@_
A. Concept Outline : Part-2 ....cssesiisssnisinsssssssssssssssssasassessnas 4-22D
B.Long and Medium Answer Type Questions...........ccccooneesvuner. 4=23D
Part-3 (4-32D to 4-38D)
Single Phase Induction Motor: ?ﬁnﬁ? ox. Oﬁmﬁam«ea
Introduction to Km&wa&m n\..mgﬂaah "
Applications =~ - e NS
A. Concept Outline : Part-3 .........c....... U S ') )
B. Long namam&hzﬂ bhms&_.. Hﬁcm anmm&cam vereeersenenee 4=32D
Part-4. (4-38D to 4-43D)

Three Phase Synchronous Machines : Principle of Operation of
Alternator and Synchronous Motor and their Applications

A. Concept Outline : Part-4 .....o.uvcssssisane, s — 4-38D
B. Long and Medium Answer Type QUestions ..............cc....owvuee 4-39D

4-1D (Sem-1&2)

Electrical Machines

DC Machines _\...: 1 H on, Types, m_?m. mmnn#oa
w..umamﬂnnow n:& u;o__d:m Ho:nn«aa 91. Motor, b.vESnnoau :
 of DC Motor (Simple @»3& cal Problems).. %

i

™ CONCEPT OUTLINE : PART-1 J

¢ DC machine is an alternating current machine, furnished with
a special device called the commutator, which under certain
condition converts into DC and vice versa.

Types of DC generator :
Series generator

Shunt generator

Types of DC motor :

DC series motor

DC shunt motor

Cumulatively compounded motor

o= .

W

bﬁmm—.-nﬂm.bﬁwinn.w :

ﬁaﬂm bﬁwﬂmu gﬂ eﬁﬂ E&EE Eﬂmu .H.w..—uw nwﬂnmn-ebw ,.

% _ Explain the principle of working of DC generator.

1. DC generator works on the principle of Faraday’s law of electromagnetic
induction.

2. Consider elementary generator as shown in Fig. 4.1.1.

3.  When the mechanical input i.e., P, = To (Torque x Angular speed) is
given to generator, armature conductors start rotating. These armature
conductors cut the magnetic field set up by the field poles

electromagnetically.
4. Hence an emf is induced in armature whose direction is decided by

Lenz’s law, i. e., to oppose the cause producing it.

5. This emfis known as generated emf in case of generator. To create the
flux electromagnetically, poles are wound with field coils. When field
current flows through these field coils, flux ¢ is set n~ whose m~nitude
is directly promortional to field current 7.

Differentially compounded motor -

Scanned by CamScanner



; 43D Aman..;»
Basic Electrical Engineernng \

Magnetic (field) poles

conductors

; i i ted which will be ¢g
; ture, alternating emfis genera -
6. Wﬂﬂmﬁ%ﬂﬂmﬂ (DC) with the help of commutator mbm. brushes,

Que 42. | Explain the working principle of DC motor.

=R P

t(_..\b.o motor has two basic coils namely field coil and armature coil as
shown in Fig. 4.2.1. :
I, N -
" G———F Field Cail
2 Armature
' coil/conductors
Y
S
S g

When the DC supply is given to motor, current flows through field cil

as well as armature coil. Due to this field, poles are magnetised and 1%
setsup. _

is
Due to interaction of this field flux and armature current, tord"

generated (T,). The direction of torque is given by Fleming’s _mnwaa
rule.

44D (Sem-1&2) Electrical Machines
1I.I-I1ll||

4.

5.

A

Since armature current is of alternating nature, due to commutation
unidirectional torque (T,) is generated whose magnitude is directly
_vuavo..ﬂoaw_ todand ] .

Thus electrical input P, is converted into mechanical output P, in DC
motor.

To field coil

From field coil m....n*bh.

Give the construction and principle of DC machine.

Construction of DC machine :
Stator

Yoke (or frame) is made of unlaminated ferromagnetic material. Yoke
is made up of cast iron for small machines and of fabricated steel for
larger machines (for higher permeability).

Salient field poles bolted to the inner periphery of the yoke, and bearings,
brush-rigging carrying brush holders, end covers etc.

Field poles are made up of stacks of steel plates, riveted together. The

pole core where the field winding is wound, is usually of smaller cross-
section than the pole shoe, so asto:

Reduce amount of copper used for field winding.
Reduce air gap reluctance.

Provide mechanical strength and support to field winding.

When the field winding is excited with DC, north and south poles are

produced. Both armature core and yoke, carries half of flux per pole.

The brush-rigging as shown in Fig. 4.3.1 consists of a group of brush
holders and their attachment to the yoke or end cover.
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bon brushes are housed in the ”uwucwr owon_mmmwwowﬂ e
6. Stationary (O he commutator surface by o Controley
pressed 0
springs.
Yoke or frame
Concentrated
5 field winding
Air gap 4

. -3 % = Pole core
' _ X |
S
é Pole shoe
Laminated m

armature core Base

[Fig. 43.1. Constructional feafures of a 2-pole DC machine,
b. Rotor:
L. Rotoris the rotating part also called armature.

2. The insulated conductors are put in the slot of the E.,Emoﬁo core,
Armature core consists of a stack of circular steel laminations, about 0.4
to 0.6 mm thick, insulated from each other ¢o avoid eddy current losses.

B. Principle of operation of DC motor : Refer Q. 4.2, Page 4-3D,
Unit-5.

Que4.d. | What are the different types of DC machine ? Also write

Ly il el mal

the u_m_-uﬁowmonm of each.

OR .
Draw and discuss the construction and principle of operation of 8

%ﬁﬁ. and also give some of its applications.

[ARTU 2017-18(Sem-1), Marka ]

A.  Construction : Refer Q. 1.3, Page 44D, Unit-4.
B. Principle : Refer Q. 4 2, Page 4-3D, Unit-4.

C. Types of DC machine: D
machines are classified in

Y

epending on methods of excitation the
to two groups :

4-6D (Sem-1 &2)

—_—
1. Separately excited DC machine (generator/motor)

Electrical Machines

Field

Ay
Armature
F 1 m.w pﬂn
Fig. 4.4.1. Separate excitation.
Self excited DC machine :

Shunt excitation of DC shunt machine : If field winding and

armature windingis connected in parallel, the machine is known as DC
shunt machine.

m.mn. .n.bh. ..UO shunt Hu&ua.

Series excitation of DC series machine : If field winding is connected

in series with the armature winding, the DC machine is known as DC
series machine,

Fig. 4.4.3. DC series machine.
Compound excitation or DC compound Eumrmﬂm : If poth series

and shunt field windings are present, along with the armature winding,
the machine is known as DC compound machine.

=l

m.m m- MM .}.N

0
Fig. 4.44.DC compound machine.

Scanned by CamScanner



Basic Electrical Engineering

machines :

D. Applications of DC

1. | DC shunt generator

2. Series generators

S:No.| Types of DCMachines |

3. | Compound generator

4-7D (Sem-] &)
—Y

. Applications S

For electroplating, wm#ﬂ_.m...f!f

charging, excitation of mwnmﬂbbncwm

Used as boosters, for mﬁg

lamps.

|Il|.|.|.l.l.|l.l.
To supply power DC weldip,
machines, for offices, hostelg angd
lodges, to compensate the voltage
drop in feeders.

—

4. Separately excited generator For the testing purposes.

— |

5. DC shunt motors

In Lathes, Drills, Boring mills,
Shapers, and weaving machineg,

6. DC series motor

In Electric traction, Cranes,
Elevators, Air compressor, Vacuum
cleaner, Hair dryer.

7. DC compound motor

In Presses shears, Reciprocating
.| machine.

equation for each type.

>1. . .mu.,_ruwn.pmmnwﬂou : Refer Q. 4.4, Page 4-5D, Unit-4.
B. Current and voltage equations :
i. Equations for series generators :

Classify DC motors and write currcnt and voltage

[AKTU 2014-15(Sem-2), Marks 05|

i IL=1-=1,
Ey—Vawp=1,R,+ IR + v,

D (Sem-1 & 2)
o h«ﬁ" j.—-ﬂns-.fmwunw.-.ﬁ.&e
. Load power, P = ﬁb\ P
ji. Equations for shunt generators :
—..... 1

R, (&) R, v

Figlase
L -.sn o Hm_____ .mwu....
o i I = I+1,
. ..w.hn V,+ 11+ .__.___..5
i P =V,

Derive the expression for generated emfin DC machine.

lain the term back emf when applied to DC motor. Briefly explain
what role back emf plays in starting aud running of motor ?

_M_Mg.a 2015-16(Sem-1), Marks 10]

Answer
A Derivation :
1. Let P = Number of poles
¢ = Fluxper pole
N = Speed of rotation
Z = Number of conductors around the armature
A = Number of parallel paths
2. The time taken by the armature for one revolution
i min = mm.wmn
"N "N
3, m.nmsg. time taken by each armature conductor to move through one
pole pitch
f= % XW sec
TN P
4,

. During this period, the conductor cuts all the flux ¢, produ *ed by the pole
and the average emf induced per conductor
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NP _ NP its/conductor
= 4% =60

H—mHWnDH . e
5. The mHM .w.. M _H_mmﬁ conductor) (number of conductors per Parally
E = (emi1ndu

_ $ZNP
~ Ax60

4ZPn
A

E

m . ﬁn-mﬁm

where n is rps.

6. Foragiven DC generator P, Zand A are fixed and hence E s proportiong

\g

topandn (ie,Ex bn).
7. In case of motor, this emf is known as back emf E,
_$ZNP

m b e TR

60 A
B. Role of back emf : The presence of back emf makes the DC motora
self regulating machine, i.e., it makes the DC motor to draw as much

armature current as is just sufficient to develop the required load torque.

1¢ 47. | Find torque equation of a DC Motor.

s e e

OR
Write the expression for the induced emf and torque of a DC
machine. What is the value of the constant relating © and n ?

[AKTU 2014-15(Sem-1), Marks 10|

OR
Derive emf equation of DC machine. Also deduce the expression for
toryes of « domushing; [AKTU 2016-17(Sem-2), Marks V]

) ..-.‘.... =g
A. Emf equation: Refer Q. 4.6, Page 4-8D, Unit-4.
B. Torque equation :
1

Voltage equation of a DC motor is V=F + I R

Multiplying both sides by % i
. VI=EL+I?R
where, T VL= Electrical power input to rotor

Path) |

|AKTU 2014-15(Sem-2), Marks 05| -

4-10D (Sem-1&2)

Electrical Machines

IR

2.
3.

I’R, = Copper loss in armature.
We know, Input = Output + Losses
Mechanical power developed by the armature,
P, = o1, = 2mnt,,
P =EI = o1, =2m1,, :

EI_ = Electrical equivalent of gross mechanical power developed by the
armature

t,, = Average electromagnetic torque developed by the armature in
Newton metres (N-m)

nP¢Z
Also, E= =lX_
A
Therefore, ;M.VN I=2mt, .. t,.= m 5
2
A % ,the constant relating to @ and N'is 5. (= 0.10472).

b..,

L

-

.mwmmm..wgwwﬁu current (N-I,) characteristics :

In case of DC motors, N « % ...(4.8.1)
where, N = Speed in rpm
E, = Back emlf,
¢ = Flux/ pole.
Also bl (Since * =I) ...(4.8.2)
And E,=V-I (R,+R) ...(4.8.3)

O=
R T T o N SRR Ty
| §

Fig. 4.8.1. DC series motor.

N i st A i R ek Al

>.n low values of I, flux will be very small. Hence the speed will be very
high, as per eq. (4.8.1) and (4.8.2).

As I_increases, the flux increases and hence the speed decreases as
shown by curve I in Fig. 4.8.2.
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: drop increases, thus E, decreases apy
6. s L ncreases | (8 Do "(8.1) and (489 This decreasey
MMMMQ due to ohmic dropis shown by curve 1l1n g 4.0.4..

N

A.
Curve I :
k \\ Curve I1
>,
roien P}
B. Torque-current (T'-1) characteristics :
In case of DC motor T = ¢ I, -.(484)
In Fig. 4.8.3,
i. Before saturation :
$oc H.‘. ie,pocl, ...(4.85)
From eq. (4.8.4) and (4.8.5)
Txld ...(4.8.6)

The curve will be parabolic in nature.
ii. After saturation: ¢is constant.
i Tl ,
Hence the characteristics will be a straight line.

[ e e e

sFig. 483.,

C. Speed-Torque (N-T) characteristics:

1. Asl, increases, torque increases as per eq. (4.8.4). This will decrea®
the speed as discussed in N-I characteristics.

2. The further development is exactly similar to N-I, characte ristics.

gt

4-12D (Sem-1& 2) . Electrical Machines

' Quedd.

Ni

Fig.484.

_ | Draw and explain the characteristics of DC shunt motor.

L

~-_“_. HD
o—» -
+ L
LY q l
. Hﬂwu 9 mu_u
||
‘Fig. 49.1. DC shunt motor.
For DC shunt motor . .
I =I+1I;, ...(4.9.1)
E,=V-IR, .-(4.9.2)
_ \4
bpocl,and]; = — ..(4.9.3)
mm..—
E
N« Iov (4.9.4)

mmsnmmcuvﬂia:wwm<wnnmv:bnwmanmm.5nmh3 R, is constant, I,
and hence flux is practically constant.

As I increases, ohmic drop IR, increases, which will decrease E,.
Thus speed N will decrease as armature current I . increases.

Torque-current (T-I,) or speed-current (N-I,) characteristics
of DC shunt motor :

In case of DC shunt motor, since I .1 15 constant so flux ¢ is practically
constant.

Tl
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2.

Answer

A.
1.

2.

If § = Constant then T, ie.,as armature current increases, torque

= Constant, a

will also increase. .
uo. all value of armature current Iq, torque of shaf

ﬂmwﬂnﬁm wﬂm_.ﬂa gs current increases, torque will increase Ea&@.
ZET0. o

This is shown by curve I in Fig. 4.9.2.
NorT

A ._

Tl
Fig. 492,
As armature current I_increases, armature reaction will also increase,
This will decrease the total flux ¢.
Actual characteristics will be as shown in curve ITin Fig. 4.9.2
Speed torque (N-T) characteristics of DC shunt motor :

AtI =1I,, i.e., at small values of torque, the speed N will be of rated
value.

As I increases, i.e., as torque increases, since E; decreases duetol R,
drop, speed will slightly decrease.

Fig 493,

R S TR A ]

N-I, characteristics :

Consider N-I, characteristics of shunt motor as shownin Fig. 4.10.2bY
curve L.

As, increases, series flux ¢,, increases whereas shunt flux ¢, remains
practically constant.

4-14D (Sem-1 & 2)

s

4.

B.

L

Electrical Machines
I, R,.
o—>
+ H._. H_-
v S Ry
O~

For cumulatively compounded motor, total n:.wa?, increases as [,
increases.

Since = Avu..- * GR
.. Speed N decreases as N « MHL . This is shown in characteristics by
T

curve II in Fig. 4.10.2.
For differentially compounded motor total flux ¢, = ¢,, — ¢,,

As [, increases, ¢, increases which decreases the total flux ¢,

Speed N will increase, sir

~ases. This is shown by curve
IIT in Fig. 4.10.2.

AN _ Differentially (Curve III)

Shunt (Curve I)

Cumulatively compounded (Curve II)

: - —m
Fig. 4.10.2.
T-1, characteristics :

Consider T-I, characteristics of DC shunt motor. If effect of series

winding flux is added to motor, the characteristics will belong to DC
compound motor,

As I increases, series flux ¢,, increases.

For cumulatively compounded motor, the total flux ¢pincreases since
Op=dg + b,
This increases the torque since T« I_ ¢

The increase in torque is shown by curve II in Fig. 4.10.3 in case of
cumulatively compounded motor.

In case of differentially compounded motor, the total flux ¢pdecreases
with the increase in armature current I_. This is due to ¢,= ¢, —¢,, and
¢,, increases as I_increases.
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1 be less as compared o shunt FIORNES: A8 Ko gy

Torque

curve Il in Fig. 4103
Cumulatively compour
Shunt curve |

Differentially compounded curve 11

ded curve II

T

¥ teristics of DC compound motor : Hre N-T
C. __"Z T nvqlh.a“a“ ”H . y similar to the N-I, characteristics of DC
compound generator.
: N

Differentially
com pounded
Shunt

Cumulatively
compounded
> T

= T

Que 4.11. | How can the speed of DC motor be varied ? Explain the
method by which you can vary speed above and below the base
[AXTU 2013-14(Sem-2), Marks 10]

m_.x.a.ﬁ_ of motor can be varied by varying field flux and armature
A. Field flux control method :

1. Since the flux is produced by the field current, control of speed by this
method is obtained by control of the field current.

2 Inthe shunt motor, this is done by connecting a variable resistor .w\ in

series with the shunt field winding as shown in Fig. 3.11.1. The resistof
R_is shunt field regulator.

3. The shunt field current is given by [, = — ¥
R,+R

4-16D (Sem-1 & 2) Electrical Machines

4. The connectionof R, in the field reduces the field current and hence the
flux ¢ is also reduced.

5. The reduction in flux will result in an increase in the speed.
6. Consequently,'the motor runs at a speed higher than normal speed.

O 2 o—
' Fig.8.11.1. Speed-control of a DC  Fig. 3.11.2. Diverter in parallel
.shunt motor by variation of field flux.  with the series of DC motor.

7. For this reason, this method of speed-control is used to give motor
speeds above normal or to correct for a fall in speed due to load.

8. The variation of field current in a series motor is done by a variable
resistance R, is connected in parallel with the series field windings as
shown in Fig. 3.11.2. The parallel resistor is called the diverter. A portion
of the main current is diverted through R ;.

Thus, the diverter reduces the current flowing through the field winding.
This reduces the flux and increases the speed.

9. Fig. 3.11.3(a) and 3.11.3(b) shows the typical speed/torque curves for

shunt and series motors respectively, whose speed are controlled by the
variation of the field flux.

! . m
——— Y T E
//’zﬁ.ﬂ m ~ “
Re,| § g
T 3 m B )
& = 2 Ry
o w R
o 4,
> mmn—. .
Torque —» . Torque —s»

(a) (b)
‘Fig. 3.11.8. Typical speed-torque curves (a) shunt motor (b) series motor,
B. Armature resistance control method :
L. Inthis method a variable series resistor R_is putin the armature circuit.

2. Inthis case, the field is directly connected across the supply and therefore
the flux ¢ is not affected by variation of R .
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3. Fig. 3.11.5 shows the method of connection of external resistance R, in
the armature circuit of a DC series motor.

4. Inthis case the current and hence the flux are affected by the variation
of the armature circuit resistance.

5. The voltage drop in R reduces the voltage applied to the armature and
therefore the speed is reduced.

6. Fig. 3.11.6(c) and 3.11.6(b) shows typical speed-current characteristicg
for shunt and series motors respectively.

Fig 3.12.4.Speed controlofa DCsHIAT Figi8:11.5.5peed controlofa DCseries
Anotorby armatureresistancecontrol.| |motorbyarmatureresistance control,

—————t e o B e e bt B s

_ﬁ ormal [
ﬂ q Normal
=z \ = | iMn
o o \
g| With g | With
) series v | series
resistor resistor

Armature current I, — Armature current I —»
(a) ()

Fig. 3.11.6. Speed-currént characteristiés (a) shunt motor (b) series motor]
7. Inboth the cases the motor runs at a lower speed as the value of R, is
increased.

8. Since R, carries full armature current, it must be designed to carry
continuously-the full armature current.

Que 4.12. | A 4-pole DC generator with wave connected armature

d it

has 41 slots and 12 conductors/slots. Armature resistance and shunt
field resistance are 0.5 Q and 200 Q. Flux per pole is 125 mWhb. Speed
N = 1000 rpm, calculate the voltage drop across terminals. The load

resistance is 10 Q. |AETU 2013-14(Sem-1), Marks 05

Conductorg

Answer |
** @iven : No. of slots = 41, Conductor/g]
R, =2009, N = 1000 rpm, ¢/pole = 1

ots = E.wuﬁ.mf"o.ub.

25 mWh, .m..h =100
To Find : <&ﬂ.ﬂm. drop, V', - :
1 Generated emf, Mn = &MM_N = P _125x 1079 « 1000 x41x12 4
2 A |.|.|.|.||||.|||I||||||.|.. ¥ et
= 2050 V " 2
2. Letthe voltage across 10 Q) load resistance be Vvolts.
Load current, I L= Mal
10
Shunt field current, I,= .H.,.i = Iﬁh
Ry 200

3. Armature current h_ = mh + m.... = er + H.mn _2 <m

10 200 200
IR, neglecting voltage drop

21V 421
2050= v d P Rt
d+ 200 x0.5 200 Vy

<U—ﬂﬁmﬂ &..—-O-u- H\& - MQUMMXH#CO

4. Asgenerated mh =V,+

=1947.7V

Que 4.13. | A 230 V DC series motor is taking 50 A. Resistance of

armature and series field winding is 0.2 Q and 0.1 O respectively,
Calculate :

L Brush voltage

ii. Backemf. |AKTU 2013-14(Sem-2), Marks 03]

Given:V=230V,R =020, R,=01Q1I=1 =1 =50A"

. ToFind ;: Brush voltage and back emf. o .

For series motor, V= E,+I(R,+R)+V,

Let brush contact drop = 1 V/ brush

Brush voltage, V,=2x1=2V

Back emf, E,=V-I(R,+R,)-V,
=230-50(0.2+0.1)-2=213V

-

i

Que 4.14. | A 6-pole lap wound DC shunt motor has 250 armature

» & flux of 0.04 wh/pole and runs at 1200 rpm. The armature

Scanned by CamScanner



4-19D (Sem-1&3)

Basic Electrical Engineering
asic Electric g nﬁ&nnoo&.ﬂﬂ@mﬁmﬁﬁdﬂ—? It

termine

1
and field winding resistances are
is connected to a 220 VDC supply: De
i. Induced emf in the motor
ii. Armature current
iii. Input supply current oped in the motoF

iv. Mechanical power devel
weu.anuanmg.uu‘ Marks 19 _
v. Torque developed. Hl!

‘Answer, -

P bt

" Given: ¢=0.04whipole, ] ﬁn.&

LRt Nuumo.%uuwsaﬂ.n Hb
.,_.xuwman_nu»n: : _

.?ﬁu._ E,l, ;EH S A L5 e [t
: L L +
- . 4
+ l'
E,( )R, SRy 220V
Fig AT
0Z
E= ——
: 60A
B 1200 x 0.04 x 250
i 60
Inducedemf, E, =200V
2 V=E,+IR,
;. V-E, _220-200
a mﬂ H
Armature current, [ =20A
vV 220
.N = 5 m— “H>
. R, 220

Input current, I=1,+I =21A

4. Mechanical power,

P=E]J =200x20=4kW

I P__ _60x4000 _ gy g3N.m
@ 2tV 2x3.14 x 1200

rn

5. Torque,

Que 4,15, | A 120 V DC shunt motor having an E_.Enn:-.a circuit

LT~ g

resistance of 0.2 Q and field circuit resistance of 60 Q, draw 1in®

m-1& 2)
rent of 40 A at full load. The brush -
_u.w.w speed is 1800 rpm. Calculate voltage drop is3 v and rated
full The mﬁnm& at half load 5 )
wu The speed at 125 % of full load,

:.u...u%a. -5

]

|ARTU 2016-17Sem-1), Marks 7]

“Given:V, =120V, R, =020, R =6001,, = stgp_Esei_

4i|u< full _onmm_&om zmlumnc_.uE

w —
- =1 +
+ : 4
E,(Dr, B % Hg v
LT
V, _ 120
M = Iu B o =
sh hu_a 60 . 2ZA

In=I,-I,=40-2=38A
m..& =V,-IR_ —voltage drop
=120-(38x0.2)-3=109.4V
Athalfload, . I,= M%. =20A
1,=20-2=18A
E,;=V,-I,R, —voltage drop
=120-(18x0.2)-3=1134V
Speed at half load,
N,= Ep xN,
mnu
_ 1134
109.4
Speed at 125 % of full load, N,
I,=40x1.25=50A
h‘nw “.HE'H-.-_
=50-2=48A

x 1800 = 1865.8 = 1866 rpm
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- E.=V,-U. o) _voltage drop
auH wmo..m.hmx o.nvimnwaq.a#«
Es «N :
N,= 2% xi¥y
q : m-aw
_ 1074 , 1800 = 1767.09 = 1767 rpm
1094

tor delivers 50 kW at 250 V whe,

Que 4.16. | A DC shunt geners ;
e ture and field resistances are 0,05
running at 500 rpm. Tt Joct the speed of the same machine nbw

. te
and 125 Q respectively. Ot as a shunt motor and taking 50 kw

developed torque when running
at 250 V @c%—ﬁﬂ?ﬁ.&_ zu@

Given: R, = a..ou QR,= “_.nm.b As mmnoumgn._,wf«n =500 rpm,
* Output power, P, =50 kW, V = 250 V As motor, Input power,
P, = 50 kW, V=250V t

o Find : Speed of motor, N, %@%m.@m&&oﬁﬁ@m g

250
1. Shunt field current, I, = mﬁ B2 =24
"sh

2. As generator:

Load current,

Armature current, I=I,+I,=200+ 2=202A

Generated emf, E =V+I R, = 250 + (202 x 0.05) = 260.1V
'4 a
3. As motor: :
3
Line current, I = Sox10_ 200 A
250

Armature current, I, =I,-I,= 200-2=198 A
Back emf developed, E, = V-I,, R, =250 —(198 x 0.05) =240.1V

i Speedofmotor, N, ==t N = 2401, 500 - 46155 rpm
E, ¢ 260.1

ii. Torque developed, ;= e ke
m XX .

60

Que 4.17. | Give the EMF equation of a DC generator and draw the
characteristics of a DC series motor. A 25 kW, 250 V, DC shunt

A
B.

C.

perat

‘Answer

mg.:nbb gﬁﬂmﬂbﬁ 8

or has armature and field resistances of 0.06
m ndmm.an&qo_%. Determine the total armature power EMWM:“H___.

|AKTU 2017-18(Sem-1), Marks 07

EMF equation of a DC generator : Refer Q.4.6, Page 4-8D, Unit-4.
orﬁwnamummﬁnm of DC series motor : Refer Q. 4.8, Page 4-10D,
Unit-4.

Numerical :

o Given:P=25kW, R, =100Q,R =0.06Q, V=250V
o Find : Power developed, P,.

L

o 2

P 25000
Load current, I = e -100 A

vV 250
Shunt field current, I, = wﬁ =200 = 25A
Armature current, I=1+1,=100+25= 1025 A
Generated emf, ma =V+IR =250+1025x0.06 = 256.15V

Power developed, P, = E, x I, = 256.15 x 1025
= 2626 kW

PART-2 |

Three Phase Induction Motor : ,F_._w._awn.ﬁﬁa:m Qoam“ﬂ:nm.o:u_

Types, Slip-Torque Characteristics, Applications
(Numerical Problems Related to Slip only).

CONCEPT OUTLINE : PART-2

¢ 3.4 Induction motors are of two types :
i Squirrel-cage induction motor
ii. Wound-rotor or slip-ring induction motor.
_N-N,

N

e Slip: s

| f,=,

A P Ty U T S L el
PR TR Y AT S eng U b n

Ly R #im

Long gm&ﬁmﬁavﬁnﬁa&:ﬂbﬂuﬂﬁ.
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1. Itis a stationary part of the

ctional details about three Phag,

Que 4.18 | Give the constru ) .

sduction motor. Which types of rotors are used in 3¢ indueyjo,
fiC on motor.
motor ?

motor. This part is made of silicon stee]
stampings (i.e., thin sheets). The stampings are slotted.

2.  When complete stator is assembled, the slots are formed on the inne;

side of the stator.

3. The slots may be open type, semi-open type or closed type. In these s]q,

a 3¢ winding is accommodated. This winding may be star or ge);,
connected.

The three ends of this winding are brought out into the terming] box
where 3¢ AC supply can be connected.

The stator windings, stator and the AC supply connected to the statgr
winding are shown in Fig. 4.18.1.

Stator
~a< Stator winding

Termiral box _\_1 . .
t t W@

S
Rotor conductor

AC supply

‘iu.-.._l.!.ql[i!....!r; L ol 2“ g no_......u\:..l.un.» .
"_tﬁﬁ%@mﬁﬁ%ﬂ%ﬁuéﬁ

Rotor : There are two types of induction motors nmwmw&wm upon the
construction of the rotor :

Squirrel cage type rotor :

This is the simplest and most rugged construction. The rotor consists of
a cylindrical laminated core with skewed rotor slots.

Rotor Bars (slightly skewed)

Fig. 4.18.2, Squirrel cage rotor.

e S,

" glots and are brazed or welded to epq ri

M—mﬂﬂﬂmﬂ& gﬂgw
The rotor conductors which are thick co

Pper bars,
ngs. Thus, t
fore it ig no :

are permanently short-circuited, There
external resistance in the rotor cireyjt.

Wound type rotor with slip rings ;

In this type of induction motor, the

rotoris
of poles as that on the stator, Wound for the same number

The rotor is made up of laminations v

A ith slot : .
which a 3 Totor winding is placeq 0ts onthe outer periphery in

The three phase are starred internally, the remaining three termj
are brought out and connected to the slip-rings m on%a d MM _UMM” wnmwﬁ_m

The slip-rings are made up of copper or
three brushes resting on them. Exte
resistances are done at the brushes.

phosphor bronze and there are
rnal connections to additional

When running under normal conditions, the slip-rings are short-circui
norT s uited

by a metal QEE.. s&wnv 1s pushed along the shaft and the brushes are

lifted from the slip-rings to reduce the frictional losses and wear,

.ww..._ Explain the principle of operation of a 3-phase induction

o ol

Let us consider that the rotor is stationary and one conductor is on the
rotor as shown in Fig.4.19.1.
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Motion of conductor

Rotor relative to field
conductor
Motion of rotating -
magnetic field Direction of flyy,
@) (b)
Stator
Direction
of flux due
to rotor Rotor
current
alone Motion of rotating
magnetic field
(c) (d)
Force experienced

by conductor

2. Let the rotation of the magnetic field be clockwise.

3. A magnetic field moving clockwise has the same effect as a conductor
moving anti-clockwise in a stationary field.

4. ByFaraday’s law of electromagnetic induction, a voltage will be induced
in the conductor. Due to this induced voltage, a current starts t0 flow
in rotor conductor,

5. By right-hand rule the direction of induced current is downward #
shown in Fig. 4.19.1(b).

sl Electrical Machines
Now the current in the rotor congd

field as shown in Fig. 4.19.1(c) dye ¢, this a f es its own magnetic
rotor conductor. orc

By the left-hand rule the direction of force can be determined
ed,

It is seen that the force acting on the condyctop i« ; irecti
8. as the direction of the rotating magnetic namu. VO Same dirmetion

: tor conductoris in a s
9. Since the e : aslot on the rotor, and the f, .
a Sbm.w.ura direction to the rotor and torque m_m mgo_mummnmmwnﬂ in
torque is produced on all conductors in same direction . Similar

10, Since nr.m rotor is free to move, it starts rotating in the same direction
Thus it is noted that a 3¢ induction motoris a self-starting motor .

%&4& expression of slip speed, slip, percentage slip and

m.manmunw of rotor voltage and current,

Aser |

A Slip speed : The slip speed expresses the speed of the rotor relative to
the field.
If i N, = Synchronous speed in rpm
N, = Actual rotor speed in rpm
Slip speed = N, - N, rpm
B. Slip: The slip speed expressed as a fraction of the synchronous speed is

called the per-unit slip or fractional slip. The per-unit slip i
called the slip. It is denoted by s. p p is usually

N, - .
§= -.|?~PB per unit (p.u.)
C. Percentage slip:
L Let n, = Synchronous speed in rps
n, = Actual rotor speed in rps
ﬁums s= E p.u.
a&
and percentage slip= 2+ "¢ x 100
a.
Also, i L
2 %
+ Theslip at full load varies from about 5 % for small motors to about 2 %
for large motors.
D. m...oa_cmbnw of rotor:
1.

The frequency of current and voltage in the stator must be the same as
the supply frequency given by
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~ 120 — jable and depends
’ indings 18 varia on the
2 The frequency in the 1000 T ' peed and the rotor speed. Heny
W@E«wﬂ”ﬂ%& depends upon the slip. The rotor frequency is give,
e rotor
by
f.= E -(4.20,9)
r 120

3. Division of eq. (4.20.2) by eq. (4.20.1) gives
h — .?ﬂ-lz_.

f N,

f=of |
Rotor frequency  erunit slip x Supply m..mnﬂmjnw

W .mmmnmww Derive the expression for developed torque for a 34

induction motor and obtain the condition for maximum torque, -
OR
Explain the working of 3-phase induction motor. What is meant by
slip ? Explain slip-torque characteristics of 3-phase induction motor,
[AETU 2015-16(Sem-1), Marks 15|
OR
Explain working of 3-phase Induction Motor. Also draw torque-slip
characteristics showing operating regions.
[AKTU 2013-14(Sem-1), Marks 05|
OR

/“anh explain the torque-slip characteristics of a three-phase
induction motor. [AKTU 2014-15(Sem-2), Marks 05|

. A ﬂ_cn.ﬂ:a of an induction motor :

1. Electrical power generated in rotor

= 3E, I, cos §,,
E, R, 3E}R, 3s’E; R,

=3E,, -t =—22 - — 7

Z, 2y, NW R; + (sX,,) .
2. Allthis power is dissipated as IR loss (, copper loss) in the rotor circuit
3. Input power to rotor = 2mn
4. s x Rotor input = Rotor copper loss
3s°E} R,
R} +s°X S

wqusudm.h

e ——

(Sem-1&2) . . )
= ————— Flctrical Madhines
2
U 3 .

2nn, R} + s’X?

2
L Wm@swhn»
- Ry +s°X2 -(421.1)
3 .3
K=_°__3 _
where, 2, o, Constant,
B. Condition for maximum torque :
1. Let KE2, = K, (Constant)

- K sR,
“C Boxg

= Nﬁ_mm _ hﬁ_mﬂ

.ﬂml =

~IMM+mN.Wc ﬁwluﬂshu“'rmﬁks

9. The amﬁ_&.ﬁﬁ_ torque 7, will be maximum when the right-hand side of
eq. (4.21.2) is maximum, which is possible only when

m |Hmo;\muc

.(4.21.2)

. R,=X,,
3. Maximum torque is obtained by putting sX,; = R, in eq. (4.21.1).
z 2
T Hmhumnh _KsEy, _ KsEZ v Nm._mua
: R, + Wn 2R, 25X, 2X,,
C. .H..owaﬂa..w_uﬁ characteristics : The torque-slip characteristics are
divided into three regions :

Torque v 4
.n_H_.DH lllllll g
Maximum
starting
torque
§=0 s=1 mEuw.m
Ry3>Rg;> Ry
Fig. 4.21.1. Torque'slip carves.

Sl S T B s e e St BN i Rl o
a, . & "
u.bi.mrb region : At synchronous speed s = 0, therefore, the torque is

Hum_.o. Mw.rms speed is near to synchronous speed, the slip is very low and
$Xp0)? is negligible in comparison with R,. Therefore,
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IfR,isconstant, * =Kz . :
E&E&o:& to slip. Hence, when slip j

Relation shows that torque .H.m . "
smal, the torque-slip curve is straight lin

incr .nw_moawm_mhm
; i mmmm.?%wavn m.mo»rﬁ
_slip region : As slip 1nCTeas: i
M“MM““H nwm_mnﬁm in comparison with (sX,)* an
= KR, e A
X :
1

T

: m
The torque-slip characteristicis represented by a rectangular hyperhol,

) : beyond the point of maximum
:oh-slip region : The torque decreases

”“.Mﬂmu Hﬂn Buwc: is that the motor slows .wm:cu mb.m m<m=9.~m=w. stops. At
this mn.mmm the overload protection must immediately disconnect the

motor from the supply to prevent damage due to overheating.

? Squirrel cage induction motor : This motor has the compact, simple

L

and robust construction and is very cheap in cost. It runs ﬁaomﬂ constant
at speed and has medium starting torque and high efficiency.
It is used extensively in industries for :

Lathe machine 2. Grinder

Compressor 4. Blowers

Printing machines 6. Textile mills

Wood work lathe 8. Washing machines etc.

Wound rotor (slip-ring induction) motor : This motor has higher
starting torque and it can be further increased by adding external
resistance in the rotor circuit. Its speed can be controlled smoothly. But
its cost is more and maintenance cost is also higher. It is used in:

Electriec Locomotives 2. Cranes

Hoists 4, Lifts

Compressors 6. Winding machines
Rolling mills

ﬁﬂm&&u A 3-phase 4 pole induction motor is supplied fro®

2 A g Ay

3-phase 50 Hz supply. Calculate :

D (Sem-1 &2) Electrical Machines

e

N, . speed when slipisd %

e tor
m__u MM?-. frequency when rotor runs at 600 rpm,
[AKTU 2013-14(Sem-2), Marks 05|
.,.anmmwnf
Bt - _120fF  120x50
: N,= =5~ = =——=1500rpm
" zuz..pulwunumcoﬂlc.o&uHA\»QGE

00 rom - 1500600

Rotor frequency, f, = s f=0.6 x 50 = 30 Hz

ﬁ_wm.w.hw._. A 6.6 kV, 20-poles, 50 Hz, 3-phase star-connected

o LBl i

induction motor has rotor resistance of 0.12 Q and a still reactance
of 1.12 Q. The motor has a speed of 292.5 rpm at full load. Calculate

[AKTU 2014-15(Sem-1), Marks 10]

the slip at maximum torque.

P

4 = Rotor resistance
=axT " Standstill reactance

=35 _012_g1m
X, 112

Dﬁ&nhm- Draw torque-slip characteristics of 3 phase induction

motor. A 12 pole alternator is coupled to an engine running at
500 rpm. It supplies a 3 phase induction motor having full-load speed
at 1440 rpm. Find % slip and number of poles of the motor.

| AKTU 2017-18(Sem-1), Marks 07|

A .H.cn.nzm.mr.._u characteristics : Refer Q. 4.21, Page 4-27D, Unit-4.
B. Z._bﬁ-mn.mn& .

Given 12, <13, < WG FEHS 0P
To Find : Slip, s and number of poles of motor, P, .

Frequency of generated emf,
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Wbﬂ.hmg.n—f T oem——
B,xN, 12x500 5oy,
f=—1o " 120
. Evmnmumgﬁqmmmuﬁrwauoﬁmvm&
2 The Eah“& poles v ¢ motor that the motor must have is
nearest
EWUE“#.HQH*
Pe= N T 1m0

3. Synchronous speed of motor,

N,= 1200 120230 1500 rpm
. .1 ﬁ

N,-N_ 1500-1440 =0.04o0r4
4 SH = N, T r4%

Que 4.26. | A 12-pole, 3-phase alternator is coupled to an engip,

-.nnu-uh. . .Jz.;ﬂn 500 rpm. This alternator supplies an mhmuom.eu motor
running at 1450 rpm. Find slip and number of poles of the inductjop

motor. —E U 2017-18(Sem-2), g

" The procedure is same as Q. 4.25, Page 4-30D, Unit-4.
(Ans. P, =4;5=3.339)

Que 427, _ The induced emf between the slip-ring terminals of

3-phase induction motor, when the rotor is stand still is 100 V., The
rotor windings are star connected and have resistance and stand
still reactance of 0.05 W and 0.1 W per phase respectively. Calculate
the rotor current and phase difference between rotor voltage and

current at 4 % slip. [AETU 2016-17(Sem-1), Marks 07]

Given: mun%%ﬂmuue.ap.bupg.wu.__ano.E

Howmnmumnnhmwg&u.ggnﬂﬂbﬂnbmh

0.04 x 100
i. Rotor current : Iy sE, _ ’ J3
VR +(sX,)? J(0.05)* + (0.04 x 0.1)°

=46.04 A

e ———— Tectrical Machines
" w%%nﬁnugvan#gﬂ Vand]-
cosg= mﬁn - 0.05
L (0057 1005 007
cos ¢ = 0.9568
¢=cos~10.998
= 4.574°

.— Y '
i i

ingle Phase Induction Motor : Principle of Operation
h—:ﬂ.:&d&:&«oa to Methods of hﬁﬁﬁ.&,?a

B Sy

—

CONCEPT OUTLINE : PART-3

+ Single-phase induction motor :

1. A 1¢ motor consists of a single-phase winding mounted on the
stator and a cage winding on the rotor.

2. When a 1o supply is connected to the stator winding a pulsating
magnetic field is produced. By pulsating field we mean that the
field builds up in one directios. falls to zero, and then builds upin
the opposite direction.

3. Under these conditions, the rotor does not rotate due to inertia.
Therefore, a 1¢ induction motor is inherently not self-starting.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 428, _ Using double-revolving field theory, explain the
principle of operation of a single-phase induction motor.

OR
Why sin Phase induction motor is not a self-starting machine ?
ain it. [AETU 2014-15(Sem-2), Marks 05]

A Uo_._r._m.ﬂmﬁ._ibm field theory :

L Itstates that a stationary pulsating magnetic field can ?HQ?»@ into
tWo rotating magnetic fields, each of equal magnitude but rotating in
Opposite directions.
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4-33D (Sem-1 & g,

2.

3.

agnetic field separately, and ¢},
i motorresponds toeach e
MMM MMHMU_ wo% *M,M motor is equal to the sum of the torques dueto each op

the two magnetic fields.

The equation for an alternat
space is given by

ing magnetic field whose axis is fixeq i

B(01) = B gy SID O COS & o (4281
i i alue of the sinusoidally distributed air.
whas Ey e Is ly distributed stator winding npﬁum”m

flux density produced by a proper . .
an mxmuummuvwa:wﬂmun of frequency @ E_._..._ 18 space-displacement anglq
measured from the axis of the stator winding.

1* 1
Since sin A cos B = w sin(4-B)+ 5 sin (A +B)

eq. (4.28.1) can be written as
1 A
b (a) nw B, Sin (0f = a)+ 32 B SiD (0O + a) (4.282)
The first term on the right-hand side of eq. (4.28.2) represents the
equation of a revolving field moving in the positive o direction. It has g

1
maximum value equal to 3 B

The secord term on the right-hand side of eq. (4.28.2) represents the
equation of a revolving field moving in the negative a direction. Its

amplitude is also equal to W Bax
The field moving in the positive a direction is called the forward rotating
field. The field moving in the negative o direction s called the backward

rotating field.
It is to be noted that both the fields rotate at synchronous speed

o, (= 2nf) in opposite directions.

Thus, .w B,.., Sin (0t — a) is the forward field

and 1 p,,,sin (0t a)is the backward field.

Reason (1 ¢ induction motor is not a self-starting machine) :
A 16 motor consists of a single-phase winding mounted on the stator and
a cage winding on the rotor.

When a 1§ supply is connected to the stator winding a pulsating magnetic
field is produced. By pulsating field we mean that the field builds up in
one direction, falls to zero, and then builds up in the opposite direction.
Under these conditions, the rotor does not rotate due to inertia.
Therefore, a 1¢ induction motor is inherently not self-st arting.

IILEE/ Machines

Describe construction and
Wworking of a gh
aded-pole

A shaded-pole motor is a simple type of self-start
It consists of a stator and a cage-type rotor.

The stator is made up of salient poles. Each pole i ;

copper _&wm isfitted on ._&m smaller part a. _H?.Mo vMM. M”M_mw%n sideanda
The ring is usually a single-turn coil and is known as sha &nmmvma&no: pole.
When alternating current flows in the field windin e

s produced in the field core. A portion ofthis flux i udleating nax
which behaves as a short-circuited secondary of transformer e

A voltage is induced in the shading coil and this voltage circulates a
current in it. The induced current produces a flux which
main core flux. ch opposes the

The shading coil, thus, causes the flux in the shaded .
s 4 rt
behind the flux in the unshaded portion of the pole. portion to lag

At the same time, the main flux and the shaded pole flux are displaced in
space. This space displacement is less than 90°.

m._um He EK&OB motor.

Main pole
Shading coil

Stator

1-phase
supply

Main winding

Fig.4.29.1. mwwwmn.?_.m,%wwﬁ two stator poles.
Since, there is time and space &mv_.un.mammw between the two fluxes,
conditions for setting up a rotating magnetic field are produced.
Under the action of the rotating flux a starting torque is developed on
cage rotor, The direction of this rotating field (flux) is from the unshaded
to shaded portion of the pole.

In a shaded-pole motor the reversal of direction of rotation is not possible.
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B. Applications:
L

able fans, exhaust fans, hair drierg

jonsaret ®
R itioning equipments, m_mo_....oam

n applic
The most common app air-cond

fans for refrigeration wﬂm

i ling fans etc. . .

. equipment, c00 EM in record players, tape recorders, slide projectors,
MMM.WN«%“HMMM,MM&EP in starting electric clocks and other single.

phase synchronous timing motors.

Que 4.30. _ Using double revolving field theory explain why single

phase induction motor
start capacitor-run me
motor and give two app

is not self starting 7 Describe capacitor.
thod for starting single phase induction
lications of such motor.

[ARTU 2015-16(Sem-2), EEE_MW_

A Double revolving field theory : Refer Q. 4.28, Page 4-32D, Unit-4,
B. Capacitor-start capacitor-run motor or two value capacitor

1
2.

3.

motor :

Fig. 4.30.1 shows the schematic diagram of a two-value capacitor motor,

It has a cage rotor and its mnwﬁm_. has two windings namely the main

winding anc the auxiliary winding.

The two windings are displaced 90° in space. The motor uses two

capacitors Cg and Cp. The two capacitors are connected in parallel at
s

The capacitor Cjis called the starting capacitor.

'

1-phase
supply

Main winding

Starting (Auxiliary)
winding
[ ...433.]4!!..6.!.4&1... LTI ey TS wa)

wq.van..gm..ﬁ{u% ue capacitor motor or %

L. capacitor start capacitor-run motor. |
In order to obtain a high starting torque, a large current is required. _.....qﬂ__.
this purpose, the capacitive reactance X, in the starting winding shoul

be low. Since X, = 1/(2rfC,), the value of C, should be large.

During normal operation, the rated line current is smaller than th¢
starting current. Hence the capacitive reactance should be large. Sin¢®
X, = 1/(2nfCy), the value of C,, should be small.

D (Sem-1&2) Electrical Mack;
W.mm\\\\\ll hines

e motor approaches synchronous spee i i

e .Hnww:mn»mm by a centrifugal switch S. The nﬂvmﬂawwm. nﬂmﬂuﬁm«aﬁ.@%
connected in the circuit. It is called the run-capacitor. g S
Since one capacitor C; is used only at starting and the other for
continuoUs running, this motor is also called capacitor-start nuvm...mnon-
run motor.

Applications : These are used for loads of higher inertia requiring
frequent starts where _&m. maximum pull-out eo_,n:_m and efficiency
required. They are used in pumping equipment, refrigeration, air
compressors etc.

C.

aua.n_.hm. Single-phase induction motor is not self-starting.
Ques

me_&u. Name various starting methods of single-phase induction
motor and explain capacitor run motor.

|AETU 2016-17(Sem-2), Marks 07]
OR
Explain any one method of starting single-phase induction motor
with neat diagram. | AKTU 2013-14(Sem-1), Marks 05
OR

Explain principle of operation of 1¢ induction motor using two
revolving field theory. List various methods of starting.

|AKTU 2017-18(Sem-2), Marks 07|

1 e.u.?.n. is not self startivg: Refer Q. 4.28, Page 4-32D, Unit-4.

B. Principle of operation of 1¢ induction motor : Refer Q. 4.28,
Page 4-32D, Unit-4.

m:.”.w:uﬁ methods of 14 induction motor (or Types of 1¢ induction
motor) :

a. m_uﬁ?urwma motor :

m,_n.. 4.31.1 shows a split-phase induction motor. It is also called a
resistance-start motor.

1 Centrifugal switch Sg (or relay)
= T ¥

1-phase

Ry, Ry
supply Vv

X, Xy

[, —

WA—00000 ~—
Starting (auxiliary winding)

Fng N oo oy o g s, e e + 8 N R ST Y T .

,En.ﬂ:& Split-phase induction motor &Eﬂﬁﬁ.m.

B T
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—

2.

3.

It has a single-cage rotor and its mﬁmﬁu has two windings - 5 Maip
winding and a starting (auxiliary) e & . o

The main field winding and the starting imu&a.m are E.Ewmmm 90° iy
space. The main winding has very low resistance and high inductjy,
reactance. )

Thus, the current J,, in the main winding lags behind the supply Voltage
V by nearly 90°. . . Wy

The auxiliary winding has a resistor co nnected in series withit. It hag
high resistance and low inductive reactance so .:Sn the current | in the
auxiliary winding is nearly in phase with the line voltage. .

Thus, there is time phase difference between the nEq.mun.m in the ty,
windings. This phase difference is enough to producc arotating magnet;,
field. '

Capacitor-start motor :

Fig. 4.31.2 shows the connections of a capacitor-start motor. It hag 5
cage rotor and its stator has two windings namely, the main winding
and the auxiliary winding (starting winding).

The two windings are displaced 90° in space. A capacitor Cis connected
in series with the starting winding. A centrifugal switch S, is also
connected as shown in Fig. 4.31.2.

By choosing a capacitor of the proper rating the current I,, in the main
winding may be made to lag the current I, in the auxiliary winding by
90°.

Thus, a single-phase supply current is split into two phases tobe applied |
to the stator windings. Thus the windings are displaced 90° apartin time |

phase.

Therefore the motor acts like a balanced two-phase motor. As the motor
approaches its rated speed, the auxiliary winding and the starting
capacitor C; are disconnected automatically by the centrifugal switchS,

mounted on the shaft.

1
o -

-

1-phase
supply

3 L
B oWV 00000~
Auxiliary winding

Fig. 4.31.2. Capacitor start motor. |

Py NN ey

—umnﬂbﬂmﬂn capacitor-run motor :

-

D (Sem-1 &2)

i ﬁmnﬁgmaﬂ-mv:ﬂ capacitor (PSC) motor
It has a cage rotor and its stator has two
winding and the auxiliary winding.

This single-phase induction motor has only o : ;
connected in series with the starting win &Mw.pm capacitor C which s

_H.wmamvmn:a..ommvmgmumszwncuumnnm&uﬂg.. .
and running conditions. circuitboth at starting

mm.mﬂn..a: inFig. 4.31 3.
windings, namely, the mai,

w -

-

1-phase
supply |V

Auxiliary winding
Fig. 4.31.3. Permanent-split capacitor motor.

A permanent-split capacitor motor is also called the single-value
capacitor motor.

Since the capacitor C is always in the circuit, this type of motor has no
starting switch.

The auxiliary winding is always in the circuit, and therefore this motor
operates in the same way as a balanced two-phase motor,

Two value capacitor motor : Refer Q. 4.30, Page 4-35D, Unit-4.
Shaded-pole motor : Refer Q. 4.29, Page 4-34D, Unit-4.

PART-4

Three Phase Synchronous Machines : Principle of Operation of

.. Alternator and Synchronous Motor and their Applications.

L with possibility of low power factor correction. ]

CONCEPT ODUTLINE : PART-4

* Synchronous machine is an AC machine in i.&nw the rotor
moves at a speed which bears a constant relationship to the
frequency of currents in the armature winding.

* Synchronous machine provides constant speed industrial drives

—_—

S

 Questions-Answers

Long Answer Type and Medium Answer Type

Questions

e ——
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ation of an b—nsgﬁa-..

e u.
ae 4.32. | Explain the Bu.—ba_nu_c of ope

il %&E?E&E

S e

Alternators operate op th
3¢ AC generator. £ .
Eﬂmﬁ__umanu “ﬂwwmmswmou principle, m:E_E..g DC m.mao_.mno_.m.
elec nch m:&.m located at the hollow @E&ﬂa& M_M.n_cus Part kngy,
M.MHHBWM& field system is rotated by prime mo a

AA' - Phase A conductorg
—-BB'— Phase B conductrs
CC' — Phase C conductorg

Field system

‘Fig. 4.82.1.
Whe i ; i the stator conductors
field system is rotated by a prime mover, :
are M_._MWM% wuumﬂmﬂn flux and hence an emf is induced in the stator
conductors which is given by .
- e=Blv ¢

where, B = Flux density in Wb/m? or T

[ = Length of stator conductors in meters

v = Speed of the conductor in m/s

ince i is di i ity (ifl and vis
Since induced emfe is directly proportional to flux density (if
made constant, the emf wave will be identical to the flux density wave),

If the flux density produced by the field winding is sinusoidal the emf -

induced in phase coils will be sinusoidal as shown in
Fig. 4.32.2.

: u...n .n.mﬂ.m.,.w&_..mmm iud___o.wwmmmw of 3¢ alternator.

440D (Sem-1 & 2)

5.

Electrical Machines

The frequency of the generated emf de
P and the speed N at which the

E Hz. :
120 N

pends upon the number of poles
alternatoris being run by prime mover,

asf=

Discuss principle of operation of synchronous motor

with diagram. Draw characteristics of DC series motor.

[AKTU 2013-14(Sem-1), Marks 10]
OR

Illustrate the operating principle of synchronous motor with

suitable figures.

|AKTU 2014-15(Sem-1), Marks 10|

OR

Explain working principle of synchronous motor and two

applications.

[AKTU 2014-15(Sem-2), Marks 05]
OR

Explain :

a.

b.

C.

Explain the speed-torque characteristics of DC shunt and serjes
motors.

Explain why a synchronous motor does not develop starting
torque ?

Explain the working principle of three phase induction motor.

[AKTU 2016-17(Sem-1), Marks 07
OR

Explain principle of operation of 3-phase synchronous motor.

Answer _

A. Principle of working of synchronous motor :

1

2

3,

| AKTU 2017-18(Sem-2), Marks 07 |

When the synchronous machine stator is supplied with three-phase
balanced voltages and the rotor field is excited with DC current, then in
the air gap there will be an mmf (magneto motive force) which is
sinusoidally distributed and rotate at synchronous speed defined by the
frequency of the applied voltage.

The rotor field is also sinusoidally distributed in the air gap due to the
shaping of the poles and is statio nary with respect:to rotor. If the rotor

is rotated at synchronaus speed, then the rotor field also rotates at the
same speed.

The interaction of stator mmfand the rotor flux generates unidirectional
torque in the direction of motion of rotor. This is the principle of working
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B.
1

s

b B o

|Il//

of synchronous motor. The motor runs at constant speed defineq by the
stator frequency. .

2-pole synchronous motor :

O...“ME@Q..«.” 2-pole synchronous motor. When a m-_uru”mm AC v
applied to the stator winding, 2 rotating magnetic field is prodye
air gap. The stator field rotates at synchronous speed.

ltage is
ed 5 ﬁ._ua

Salient-pole rotor
Stator

3-phase
supply

DC rotor excitation
& supply

"Fig. 3.33.1. A 2-pole synchronous motor.
The field current of the motor produces a mﬁwmmw-m.mwﬁm magnetic fielq.
Therefore, there are two magnetic fields present in the machine, The
rotor will tend to align with the stator field. .
Since, the stator magnetic field is ucnmﬂbm.. the rotor magnetic field ang
the rotor will tend to rotate with the rotating field of the stator. .
In order to develop a continuous torque, the two fields must be stationary
with respect to each other.
Thisis ﬁﬂmm?—m only when the rotor also rotates at m%ﬂaraobo.cm speed.
Let us assume that the rotor is stationary. When a pair of rotating stator
poles sweeps across the stationary rotor w....u_mm at m.uﬁaﬂuouoﬁ mum&_
the stator poles will tend to rotate the rotor in one direction and thenin
the other direction. . .
However, because of the rotor inertia, the stator field slides by so fast
that the rotor cannot follow it. .
Consequently, the rotor does nct move and we can say that ﬂﬂw starting
torque is zero. Hence, a synchronous motor is not self-starting.
lications: . .
%WMW. are used in power house and substations in parallel ﬁm.“”a,.wwmgvm
to improve the power factor. For this purpose, they are
hanical load and over-excited. . . o
Wmmanoamm having a large number of induction Eowﬁﬂ.m om_. %”ﬂmﬂwaa
apparatus operating at lagging power, they are employ' :
factor. end 0
MW,MMHEOSE are also used to regulate the voltage at the
T :
smission lines. . Refer @49
MWMQQ torque characteristic of DC shunt motor : Re :
: i
e THNUm cEﬂlﬁ. z ! . m*.mu... ﬁ.
MWM@& torque characteristic of DC serie. —~otor : R
Page 4-10D, Unit-4.

4-42D (Sem-1 & 2)

q- ﬂoﬂann ‘H.Fﬂ.munﬂ OH .ﬂg = =
Refer Q. 4.19, Page 4-24D, GMMUN:@ induction motor :

A Three phase sync
Refer Q. 4.33, Page 440D, Unit-4.
. Starting methods of synchronous motor :

hronous motor is not self starting :

Motor starting with an external prime mover :

In this method an external motor drives the synchronous motor and
brings it to synchronous speed.

The synchronous machine is then synchronised with the bus-bar as a
synchronous generator. The prime mover is then disconnected.

Once in parallel, the synchronous machine will work as a motor.

Now the load can be connected to the synchronous motor. Since load is
not connected to the synchronous motor before s

starting motor has to overcome the inertia of the s
no load.

N

ynchronising, the
ynchronous motor at

5. Therefore the rating of the starting motor is much smaller than the

rating of the synchronous motor,
At present most of large synchronous motors are provided with brushless

excitation systems mounted on their shafts. These exciters areused as
starting motors.

ii. Motor starting with damper windings :

A damper winding consists of heavy copper bars inserted in slots of the

pole faces of the rotor.

2. These bars are short-circuited by end rings at both ends of the rotor.
Thus, these short-circuited bars form a squirrel-cage winding.

When a three-phase supply is connected to the stator, the synchronous

motor with damper winding will start as a three-phase induction motor.

4. Asthe motor approaches synchronous speed, the DC excitation is applied
to the field windings.

At a particular instant motor gets pulled into synchronism and starts

rotating at a synchronous speed. As rotor rotates at synchronous mvmm@.

the relative motion between damper winding and rotating magnetic

field is zero.

Que 4.35.| Why is the synchronous motor not self starting ?
Explain the advantages and disadvantages along with applications
[ARTU 2015-16(Sem-1), Marks 10|

of synchronous motor.
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Answer .

A Synchronous motor is not self starting : Refer Q. 4.33
Page 440D, Unit-4.

B. Application of synchronous motor : Refer Q. 4.33, Page 4-40p,
Unit-4.

. Advantages of synchronous motor :

C

1. Constant speed operation. 3 £
2. Higher efficiency, especially in the low speed unity power factor rangg
w

Capability of being operated under a wide range of power factor both

lagging and leading.
D. Disadvantages of synchronous motor : :
1. Cost per kW output is higher than that of Emm_ou_ou motor,
2. Itrequires DC excitation which must be supplied from external source,
3. It has a tendency to hunt. .
4. It cannot be started under load. Its starting torque 1s zero.
5. Collector rings and brushes are required.

synchronous phase modifier.

2. A synchronous condenser is a synchronous motor running without a
mechanical load. It can generate or absorb reactive volt-ampere (VAR)
by varying the excitation of its field winding.

3. Itcanbe made to take a leading current with over-excitation of its field
winding. In such a case it delivers inductive or absorbs capacitive
Volt-ampere reactive.

4. Ifit is in under excited condition, it draws the lagging current and,
therefore, supplies capacitive or absorbs inductive volt-ampere reactive.
Thus, a current drawn by a synchronous capacitor or condenser can be
varied from lagging to leading smoothly by varying its excitation.

5. When the motor power factor is unity, the DC excitation is said to be
normal. Over-excitation causes the motor to operate at a leading power
factor.

6. Under excitation causes it to operate at a lagging power factor. When
the motor is operated at no load with over-excitation, it takes a current
that leads the voltage by nearly 90 degrees.

7. Thus, it behaves like a capacitor and under such operating conditions,
the synchronous motor is called a synchronous capacitor.

8. Since a synchronous condenser behaves like a variable inductor or 8

variable capacitor, it is used in power transmission systems to regulate

line voltage.
OO

LUNIT

Electrical Installation

Part-1....... e (5-2D to 5-7D)

o M%%Wua:ma ts of LT Switchgear : Switch Fuse Unit (SFU) .

ELCB
* MCCB
A. Concept Outline : Part-1 LT P OO DSOS ; A, |
B. Long and Medium Answer Type Questions ... 5-2D
Part-2 (5-7D to 5-13D)
ﬂ Types of Wires and Cables

Importance of Earthing Q
A. Concept Outline : Part-2 s saa e e s esaesessnnecsnns =T L)
B. Long and Medium Answer Type Questions ............n........ 5-TD
Part-3 (5-13D to 5-19D)

Types of Batteries
Important Characteristics for Batteries

-hhm_smﬂnqthniaaoam?ﬁm:mwQoamaiu. 1
* Battery Backup ® i § i e

A. Concept Outline : Part-3 wissesmssasssnsesisnisnrsiinibatsassssstssissianss D=14D
B. Long and Medium Answer Type Questions ..........cocceeervssnenn. 5=14D

5-1D (Sem-1 & 2)
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|
CONCEPT OUTLINE : PART"1 e |
ind of switching device Irl.ulﬁff..f
ical circuit breaker is a kind of swi which ca ‘
\ Nmnmmpo& automatically as well as Ema.Emﬁu. to control and
protect an electrical power system respectively.
e MCBis anelectromechanical device which guards an electricg)
circuit from an over current.

e  The MCCB is used to control electric energy in distribution.
e The ELCB is us- ~ = protect the circuit from the electrica]
leakage.

e A RCCB is curren: sensing equipment used to guard a low
voltage circuit from the f ault.

7 17 Questions-Answers .. .. . ..

Que 5.1. _ Write a short note on switch fuse element (SFU).

“.—. SFU means Switched Fuse Unit. It has one switch unit and one fuse
unit. UL

2.  When we operate the breaker, the contacts will get close through switch _.
and then the supply will pass through the fuse unit to the output.

3. Whereasin Fuse Switch Unit there is no separate switch and fuse c“””
There is only fuse unit which act itself as a switch. When we operai
the fuse unit will close the input and output of the breaker.

. . it
4 SFU has been used to trip the circuit, particularly for high capa 4
tripping.

_ ao ik CB
Que 5.2. | Discuss construction and working principle of M
(Miniature Circuit Breaker).

Basic Electrical Engineering 5-3D (Sem-1 & 2)

—

A . v_—nw : Miniature circuit breakers known as MCBs, ar .
operated switches cum electro-mechanically operated a Mwo Eh”aﬁ“%ﬂ
protection devices. They are used to interrupt a circuit durin,
and short circuits. g overload

B. Construction of MCB :

1. External casing : External casing holds all the internal components

firm and protects them from dust. It is made of insulating materials such
as plastic or ceramics ete.

2. Contacts : A pair of contacts can be found inside an MCB. One of them
is fixed and other is movable.

3. Knob : MCBs can be turned ON and OFF using this knob.,

Latch : Alatch arrangement is made inside MCBs to hold the contacts
under spring tension at ON position.

5. Bimetallic strip : Bimetallic strip offers delayed overload protection by
sensing prolonged flow of current greater than its rated current.

6. Solenoid : Solenoid offers instantaneous protection against short circuit
by releasing the mechanical latch

C. Working principle of MCBs :

In the case of overloads, a current more than the rated current is driven
through the MCB. As the current flows through the bimetallic strip, it

gets heated up and deflects by bending and releases the mechanical
latch.

Magnetic element

=1 | EWE

Trip bar
Latch

Load
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LAY
""}}}A‘v}\\h
-

Tewasmees ine

O ——

PRRAW
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Fig. 5.2.1. Magnetic circuit breaker t ateh |
operation : (2)normal; (b) vercurrent conditon.

Wilaiad i m ficcns
-

ion &i i i i he wlocbn of curr

2 Deflection time of bimetallic strip depends on the a -
mus%um through the strip. Higher the current faster will be the deflection
of bimetallic stip.

3. During short circuits, a transient current mo..i.nm through the solencid
forces the plunger towards the latch. This action Emnmﬁembmcﬁ% releases
the mechanical latch and opens the contacts immediately.

Functions :

1. Switching : Miniature circuit breakers can be switched ON and OFF
manually.

2. Overcurrent protection : When an equipment is overloaded it draws
more current from the source. This current flows through the bimetallic
strip and heats it up. Bimetallic strip that deforms on heating will knock
down the latch, thereby opening the contact and isolate the equipment
from the supply.

B. Applications: MCBs are used in the protection of lights, refrigerators,
air conditioners etc. as an alternative for fuses.

Advantages of MCBs over fuses :
. It can act faster than fuses during short circuits,
MCBs can offer better overload protection than fuses.

MCBs can be reset after the clearance of fault. But fuses needs to be
rewired or replaced.

2

A

L]

Safer interruption of short circuit current and arc quenching.
Knob makes operation of MCBs much easier than a fuse.

o

Basic Electrical Engineering
- —

6. MCBscan vm turned off whenever we want. Therefore, Circuit isolation
during maintenance is much easier compared to fuses,

5-5D (Sem-1&2)

Que 54. _ Discuss working principle of different types of ELCB
h.m._ﬁ.or leakage circuit breaker).

A ELCB : An earth leakage circuit breaker (ELCB) detects the earth
leakage current and makes the power supply OFF by opening the
associated circuit breaker.

B. Types of earth leakage circuit breaker :
i. Voltage earth leakage circuit breaker :

1. Inthis breaker, one terminal of the relay coil is connected to the metal
body of the equipment to be protected against earth leakage and other
terminal is connected to the earth directly.

2. If any insulation failure occurs or live phase wire touches the metal
body, of the equipment, there must be a voltage difference appears
across the terminal of the coil connected to the equipment body and
earth. This voltage difference produces a current to flow through the
relay coil.

ﬂ N

R Aw—
5,0 CB
Q

0 |0

] el |
o lolol

Load 1

h Relay |4_u

¥

Fig. 5.4.1.

3. If the voltage difference crosses a predetermined limit, the current
through the relay becomes sufficient to actuate the relay for tripping
the associated circuit breaker to disconnect the power supply to the
equipment.

ii. Current ELCB or RCCB (Residual Current Circuit Breaker) :

Here one CT core is energized from both phase wire and neutral wire.

In this, the polarity of the phase winding and neutral winding on the

core is so chosen that, in normal condition, mmf of one winding opposes

that of another.,

H=. normal operating conditions the current goes through the phase wire

will be returned via neutral wire if there is no leakage in between.
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mmf produced by these
the resultant two
As both currents are same
: zero-ideally- ird winding wound

currentsis mw_uo connected with another Emsﬂ.m. nm.m e 2” the op
The relay co uMwE.w The terminals of this winding ected to ,
core as 5eco .
relay system. o

In normal operating condition sém s
in the third winding as here isn0 Tt
neutral current.
‘When any earth leakage occurs
phase current passes to the earth

turning via metal wire. . .
Mnnﬁ EM magnitude of the neutral current passing through the Reop

is not equal to phase current passing through it.

Jm._u N
1019 _H.I_om
o Tololo |

Core - A Relay}-

would not be any current circulag;
the core due to equal phase ang

in the equipment, there may be par of
, through the leakage path insteaq of

—

Load

“Fig, 6.4, Threé Phase Residual Current

" Circuit Breaker or Current ELCB.
When this difference crosses a predetermined value, the current in the
third secondary winding of the core becomes sufficiently high to actuate
the electromagnetic relay attached toit.
This relay causes tripping of the associated circuit _.uammrmw to disconnect
the power supply to the equipment under protection.

Que 5.5. | Write a short note on moulded case circuit breaker

(MCCB).

Answer

1.

3.

 MCCB :

Moulded Case Circuit Breakers (MCCB) are electromechanical devices
which protect a circuit from overcurrent and short circuit. .
They provide overcurrent and short circuit protection for circuits ranging
from 63 amps up to 3000 amps. !
Their primary functions are to provide a means to manually ope? y
circuit and automatically open a circuit under overload or short ﬂne_u
conditions. The overcurrent, in an electrical circuit, may result fr0
short circuit, overload or faulty design.

Basic Electrical Engineering

4.

WP -

5-7D (Sem-1 & 2)

MCCB is an alternative to a fuse since it does not require replacement
once an overload is detected. Unlike fuse, an MCCB can be easily reset

after a n.m_._: and offers improved operational safety and convenience
without incurring operating cost.

Characteristics of MCCB :

The range of rated current is up to 1000 amperes.
Trip current may be adjusted.
Thermal magnetic operation.

PART-2

Types of Wires and Cables, Importance of Earthing.

CONCEPT OUTLINE : PART-2

e  Electrical wire is used to carry electrical current from the power
source to the end user device.

e Acableis anassembly of two or more electrical conductor, usually
held together with an overall sheath. The assembly is used for
transmission of electrical power.

Questions-Answers

Long Answer Type and Medium &umﬂoﬂ Type Questions

/1
\

Que 5.6. _ Discuss different typgs of wires.

TP

A

B.
1
i

Electrical wire : Electrical wire is used to carry electrical current from
the power source to the end user device.

Types of wire :
Triplex wires :

Triplex wires are usually used in single-phase service drop conductors,
between the power pole and weather heads.

They are composed of two insulated aluminium wires wrapped with a
third bare wire which is used as a common neutral. The neutral is
usually of a smaller gauge and grounded at both the electric meter and
the transformer.

Main feeder wires : Main power feeder wires are the wires that connect
the service weather head to the house. They are made with stranded or
solid THHN (T = Thermoplastic Insulation, HH = High heat resistance,
N = Nylon coating) wire.
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enerally black ing
e eed cables are gener ! ulagy
3.  Panel feed Ma.wﬂn wﬂwﬂmﬂ to power the main junction boy g, q zh
THHN wire. These
circuit breaker panels. o
-metallic sheathed w : ]
m. ”on -H.”wEn sheath wire is used in v_an_nmm mmmarmm 2-3 conductorg, cagy
s wire.
- awnﬂ plastic insulation, and a bare muac.: b
" individual wires are covered with anot er _ _w T o g.n.EmFEa
g thi Since it is relatively cheaper Ewm avaiiabie In ratings fo, 1
wwﬂ-__”wn%% ru._-wm this type is preferred for in-house wiring, h
5. Single strand wires : Single m:.mbn.ium also uses .E.E.E 53..939
92“ are other variants. Each wire is separate and multiple v €5 cay
be drawn together through a pipe easily. }
Discuss general construction of cable.
..h!nﬂ.@-.. : .
- The Em 5.7.1 shows the general construction of a cable. Jtg Varioyg
parts are :

L

Serving

Armouring

i, Bedding
[ |<— Led sheath

Insulation
Conductor
Fig. 6.7.1. Construction of a cable..

Various parts of cable :
Conductor or core :
This section consists of sin
The conductors are also ¢
called three core cable.
The conductors used are aluminij
are stranded in order to provide
Insulation : Each conducto
thickness. The commonly
cambric, vulcanized bitume ‘mpregnated paper.
Metallic sheath : The insulated conductors are covered by lead sheath
or aluminium sheath. This Pprovid

es the mechanical protection but mainly
restricts moisture and other gases to reach to the insulation.

gle conductor or more than one Sumnnﬁ.
alled cores. A cable with three conductors is

um or annealed copper. The conductors
flexibility to the cable,

T or core is covered by insulation of proper
used insulating materials are varnishel

Basic Electrical Engineering 5-9D (Sem-1 & 2)

4. Bedding:

i.  The metallic sheath is covered by another layer called bedding, The
bedding consists of paper tape compounded with a fibrous material lime
jute strands or hessian tape.

ii. The purpose of bedding is to protect the metallic sheath from corrosion
and from mechanical injury resulting due to armouring,

5. Armouring : This layer consists of the layers of galvanized steel which
provide protection to the cable from the mechanical injury.

6. Serving: The last layer above the armouring is serving. It is a layer of
fibrous material like jute cloth which protects the armouring from the
atmospheric conductions,

Que 5.8, _ Discuss in brief about the different types of cables.

Answer
A Cable:

1,

Acable isan assembly of two or more electrical ¢

together with an overall sheath. The assembly is
of electrical power.

The type of a cable is basicall
manufactured and the mate
cotton; rubber etc.

Types of cable :
Low tension cable (LT cable) :
These are used for the volt

onductors, usually held
used to for transmission

y based on the voltage level for which it is
rial used for the insulation such as Paper

age levels upto 6.6 kV.

ainage.
Medium and high tension cables ;

The three phase medium and HT cables are three core cable, For voltage
upto 66 kV the three core cable, i.e., us

multicore cables are used.
These cables are classified as :

a. Belted cables :
L These are used for the voltage level upto 11kV,
L. The cores are no

t circular in shape. The cores are insulated
from each other

by use of impregnated paper.
b. Screened type cables : These cables are used for the voltage
levels of 22 kV and 33 kV.

Super tension (ST) cables :
The ST awEmm are used for 132 kV

Such cables using; ol
and are of two types:

to 275 kV voltage level.
Or gas under pressure are called pressure cables
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: he channels
: il filled cables, t or dye
are pro !
under pressure is circulated.
" %ﬁm Wﬂ”%%mmwﬂ”m%um cables an inert gas :.w@ J.wﬁonmn at higy
. pressure is introduced. The pressure 1s about 12 ¢, 15
atmospheres. ; . .
; there is a radial compressiqy, d
Due to such a high pressure 218 | "
* s,,HE% the ionizationis totally eliminated. The working poy,
factor of such cables is also high.

Que 5.9. _ What is earthing ? Why is it necessary to have earthing
in electric network?

An
: MHE_H,"\

i ing) i f transferring the immedjag,
1. Earthing (or grounding) is the process o
&mnrﬁ.%o of electricity directly to the earth plate, by means of Joy
resistance electrical cables or wires.

5-10D (Sem-1 & 2)

2.  The earthing is done by connecting the non-current carrying part of the
equipment or neutral of supply system to the ground.

B. Necessity of earthing :
1. It keeps people safe by preventing electric shocks.

2. It prevents damage to electrical appliances mﬁn_ &.w&amm by preventing
excessive current from running through the circuit.

3. It prevents the risk of fire that could otherwise be caused by current
leakage. o =

4. It provides the easiest path to the flow of short circuit current even after
the failure of the insulation.

Que 5.10. | Why proper earthing is necessary ? What is the
Hr:_um.n.gam of earth’s resistance value ?

[ARTU 2014-15(Sem-1), Marks 05|

A T.ﬂ.anummnu‘ of earthing : Refer Q. 5.9, Page 5-10D, Unit-5.
B. Importance of earth’s resistance value :

/1 and the
1. The earth resistance is the resistance offered by the mo__.wﬂa oof
electrode to the flow of earth leakage current which will flow i
earth fault only.

) ; « piosy value
2. Earth resistance value is directly proportional to soil resistivity

Basic Electrical m=w.mbmmmuw 5-11D (Sem.1 &2)

3. Soil resistivity directly mﬁmnﬁg
4. When designing an extensive grounding system it ; .
the area of lowest soil resistivity in order 1s advisable to locate

to achieve the economi
grounding installation, most e
5. The value of soil resistivity should be low, because the earth resistance
value is directly proportional to soil resistivit i

y value,
6. The EE: purpose of keeping the earth resistance to a very low valye

e flow of leakage or fault current as soon as it

occurs.

1. | Explain the need of earthing electri

cal devices. What
are the important safety issues ?

Tﬁc»&fﬁ?&.s.zﬂfﬂ

© Necessity of earthing : Refer Q, 5.9, Page 5-10D, Unit.5,
B. Important safety issues :

Hbmvmaneocnm.ﬁaimn nonmm.mbmmHmnwla& fittings for damage or wear

prior to each use. Repair or replace damaged equipment immediately.

2. Use cords or equipment that is r

ated for the level of amperage or
wattage.

3. Always use the correct size

fuse. Replacing a fuse with one of a larger
size can cause excessive ¢

urrents in the wiring and possibly start a fire.

4. Be aware that unusually warm or hot outlets may be a sign that unsafe
wiring conditions exists.

5. Risk of electric shock is
Ground Fault Circuit
electrical circuit befo
injury occurs.

greater in areas that are wet or damp. Install
Interrupters (GFCls) as they will interrupt the
re a current sufficient to cause death or serious

Do not block access to circuit breakers or fuse bodies.

Ques

12, | Write detailed note on importance of electrical safety

issues. |AKTU 2014-15(Sem-1), Marks 03]

Ennﬂﬂnﬂ hazards are not readily visible. Even a trained eye might not
identify an electrical hazard. An electrical hazard can be detected only
by recognizing and observing indicators.

Similarly, contact with an exposed energized nojacogu or circuit part
¢an cause a major injury or perhaps cause no injury st all.
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5-12D (Sem able to identify such ha,

. : ds and vm:._.m > . ardg
3. Understanding electrical EM with electrical installations. m:oi&wm

. ot .
nﬁrﬂhnm““nﬂ“”“%“h”“” Mm:u everyone to live and work safely .
al
electricity. .
Important safety issues : Refer Q.

Que 5.13.| Why earthingis peeded in an elect

ﬂ..m..-_?? s .u...p H.ﬂ GD.—&E“ %ﬂﬁ@uﬂ.. . s
e various types _Mﬂ,ﬂ_n__u 2013-14(Sem-2), Marks 10

5.11, Page 5-11D, Unit-5,
rical system ? HE:;

w,_ . et \m i,

Fomdrisr ¥ &

A. Necessity of earthing : Refer
B. Types of earthing system :
i. Plate earthing: ; W
i arthin, ither of copper or of G.I. (galvanize
g ”uw_w: mw vﬁmmmmmﬁo the MH.MW”.M Mn a depth of not less than 3 meter m..oh
ground level.

2. The earth plate is embedded in alternative layer of coke and salts for 5
minimum thickness of about 15 cm.

3. The earth wire (copper wire for copper plate and G.I. wire for plate
earthing) is securely bolted to an earth plate with the __.w#..om boit nut
and washer made of copper , in case of copper plate earthing and of
G.L in case of G.IL. plate earthing.

Q. 5.9, Page 5-10D, Unit-5.

Cast iron cover

Copper wire Rl c t chamb
y Water ement chamber
s g \“. A # Funnel with mesh
%1! S v Ground level
S000 G.L. pipe
i
Earthing
iy copper plate
" 900 mm Charcoal and salt
720 mm x 720 mm mixture
% 31.8 mm
Mumc mm

[+—900 mm —»|
- FgEAE Piaty ciiBig

Basic Electrical Engineering
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e——_——r
ii.
1

Pipe earthing:
Pipe earthing is best form of earthing and it is cheap also. In this
system of earthing a G.I. pipe of 38 mm dia and 2 meters length is

embedded vertically in ground to work as earth electrode but the depth
depend upon the soil conditions.

Also the wire is embedded upto the wet soil.

The earth wires are fastened to the top section of the pipe with nut and
bolts.

The pit area around the G.I. pipe is filled with salt and coal mixture for
improving the soil conditions and efficiency of the earthing system.
Rod earthing :

In this system of earthing 12.5 mm diameter solid rods of copper,
16 mm diameter solid rod of G.1. or steel or hollow section of 25 mm
G.I. pipe of length not less than 3 meters are driven vertically into the
earth.

In order to increase the embedded length of electrode under the ground,
which is some time necessary to reduce the earth resistance to desired
value more than one rod section are hammered one above the other.

This system of earthing is suitable for areas which are sandy in character.
This system of earthing is very cheap.
Strip or wire earthing :

In this system of earthing strip electrode of cross section not less than
25 mm into 1.6 mm of copper or 25 mm x 4 mm of G.I. or steel are
buried in horizontal trenches of minimum depth of 0.5 m.

If round conductor are used their cross sectional area shall not be
smaller than three if copper is used and 6 mm?if G.I. or steel is used.

The length of buried conductor shall be sufficient to give the required
earth resistance (about 0.5 Q to 1.5 Q). .

It shall however be not less than 15 m.

The .mumnt.o..._a shall be as widely distributed as possible in a single
straight or circular trenches radiating from a point

This type of earthing is used in rocky soil earth bed because at such
places excavation work for plate earthing is difficult.

- T B PRV R T SEADR TR T
PART-3| -
T T e 2 »
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ns for Enérgy Consumption

2\ and Savings, Battery Backup.
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e Typesof vago-.w". A primary battery is a disposable kind of

1. Primary battery : AP be recharged.

ed, it canrot
battery. Once us dary batteries are rechargeable

Secondary battery : Secon
* vm_ammmu. orunm discharged, it can be recharged again.

———ie ]

Meter reading,,s — Meter reading,
Days in period

e  Electricity consumptiong,, =

Alkaline batteries :

Alkaline batteries are non-rechargeable, high energy density, batteries

that have a long life span. It has 1.5 V output.

2. Itconsists of a zine anode and manganese dioxide cathode in an alkaline
electrolyte (potassium hydroxide). .

3. It works with high efficiency even with continuous use, due to low
internal resistance. '

4. Applications : In remote controls, clocks, and radios. The high run
time makes alkaline batteries ideal for digital cameras, hand held games,
MP3 players etc

B. Zinc-carbon batteries :

1. Zinc-carbon batteries are also known as dry cells (as the nature of
electrolyte used in these cells is dry), which come in a composition ofa
carbon rod (cathode) surrounded by a mixture of carbon powder and

~ manganese dioxide. .

2.  This whole combination is packed in a zinc container acting as the anode.

? The electrolyte is a mixture of ammonium chloride and zinc chloride.

3. The typical voltage value is a little less than 1.5 V. These batteries ar¢
durable and have longer lives.

4. Applications : Used in low power drain applications such as flash lights,
remote controls, toys, and table clocks.

Basic El

ectrical Engineering 5-15D (Sem-1 & 2)

g .
C. Mercury batteries :

1

It contains mercuric oxide with manganese dioxide. They are deep
discharge batteries and voltage level does not fall below 1.35 V until 5 %
energy level is reached. '

These batteries are less popular because of low output voltage.
Furthermore, mercury is toxic and can cause hazards for humans.

Applications : This battery is useful for photographic light meters and
electronic devices.

Zinc chloride batteries :
This cell is also referred to as a heavy-duty type battery.
It is a modified zinc-carbon batteries.

It has little chance of liquid leakage because the cell consumes water
along with the chemically active materials. The cell is usually dry at the
end of its useful life.

Silver oxide batteries:

This battery consists of a zinc anode, silver oxide cathode, and potassium
or sodium hydroxide electrolyte.

It is typically available as 1.5V, miniature button form.
Applications : Hearing aids, cameras, and watches.

Battery : A battery is a source of electrical energy, which is provided by
one or more electrochemical cells of the battery after conversion of
stored chemical energy.

Types of battery :
Primary battery :

A primary battery is a disposable kind of battery. Once used, it cannot be
recharged. .

Types of primary battery : Refer Q. 5.14, Page 5-14D, Unit-5.
Secondary battery :

Secondary batteries are rechargeable batteries. Once empty, it can be

“ recharged again.

Types of secondary battery :
Lead-Acid Batteries:
Lead-acid batteries are the rechargeable kind of batteries. These large,

heavy weight batteries find the major application in automobiles as
these fulfill the high current requirements of the heavy motors.
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. m .
ion of lead-acid battery changes in charged and disc} "

2. The composi
states. and PbO, (positive) as electrodes iy,

3. A combination of Pb Fomnmdimoﬂﬂ and PbSO,and water indischargey

H,SO, as electrolyte in charged

form. :

i  Application of lead-acid battery is in starting, lightning, and ignitio,
systems of automobiles.

ly for high end se
B ed as backup power supp 5 . S€Ivers,
N Wm“mm“uum“o”uﬂﬂmnm. telephone exchanges, and in off-grid homeg

with inverters.

b. Lithium batteries:
L  Lithium batteries are rechargeable (

secondary) batteries, where lithiyy,
in its pure ion compound form 1s used.

2. Depending on the design and chemical compounds used, lithiug

batteries can produce voltages from 1.5volts to 3.7 volts.

3. The most common type oflithium battery used in consumer applications

4. Applications : It is used in po

uses manganese dioxide as cathode and metallic lithium as anode.
rtable consumer instruments like

calculators, digital diaries, wrist watches and stop watches, toys, and
artificial pacemakers.

Que 5.16. _ Discuss mB-.L.ﬂEHﬁ characteristics of batteries.

Answer _
A ps/Ampere-hour: .
/" 1t is also known as amperes. This is the rate at which electrons flowina

2.

3.

wire. The units are coulombs per second

One ampere-hour is equal to a current ¢ f ae ampere flowing for one
e f electrical

i ity of electricity used as a measure of the amount 0 :

Wﬁmﬁﬁﬂw be avnﬁmn from a storage battery before it requires
recharging. ) .
Capacity : The capacity of a battery is expressed as the total q_._mnsw. of
electricity involved in the electrochemical reaction and is defined 1o
terms of coulombs or ampere-hours (Ah) or the total number of ampere
hour or watt-hours that can be withdrawn from a fully charged cell of
battery, under specified conditions of discharge, is termed as the capacty
of a battery.
Power : The power generated by a battery can be calculated as

w=vI

Basic Eiectrical Engineering 5-17D (Sem-1 & 2)
e e
where, V= do.—ﬂmﬂm
W = Power
I = Current.
p. Power density :
1 Power density = Energy (E)/time (¢)/mass (kg)

= Energy (gV)/time (t)/mass (kg) of cell
= Power/mass (units are W/kg)

2. The ratio of the power delivered by battery to its weight, W/kg, is also

known as the power density of a battery.

E. Energy density : The energy density is determined by the voltage of

the battery and the amount of charge that can be stored, E=q V.

F Efficiency:
1. Voltage efficiency is described as the ratio of average voltage during

discharge to average voltage during recharge under specified conditions.

2. Watt-hour efficiency is known as the ratio of watt-hours delivered on

discharge of a battery to the watt-hour needed to restore it to its original
state under specified conditions of charge and discharge.

3. Ampere-hour efficiency : The ratio of the output of a secondary cell or

battery, measured in ampere-hours, to the input required to restore the
initial state of charge, under specified conditions.

G. Cycle life : For rechargeable batteries, the duration of satisfactory

performance, measured in years or in the number of charge/discharge
cycles. In practice, end of life is usually considered to be reached when
the cell or battery delivers approximately 80 % of the rated ampere-hour
capacity.

Que 5.17. _ Discuss the calculation of following :

A.  Electricity consumption per day

B. Electricity consumption per year

C. Energy m%

.humﬂmn

A.  Electricity consumption per day :
L

To calculate the daily electricity consumption, the difference Vmgo.mn
the meter readings is divided by the number of days in the period
covered,

2. Mathematically,

Meter reading_, — Meter reading,,,
Days in period

Electricity consumptiong, =
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L tei sumption per yé
B. Electricity con sumption for 1year,

L To calculate the electricity consu .
consumption can be multiplied with 365 days
2. Mathematically,

Electricity consumption ,, (&Wh/yT) .
= Electricity consumptiony,,

the daily m_mnn&n:w

x 365 days

C. Energy saving: : e -

trich nsum tion in the ﬂn.mso__hm .@.@ ’ Hh.—u.d ated to
" m.w..mm”_ can nﬂun,umoﬁmﬁm% by dividing the electricity consumption in the
E.min_ﬁ period by the number of days in that period, and multiplying

with 365 days. ) e
The difference between the yearly electricity consumption in the previoys

period and in the monitoring period is the annual electricity savingg
achieved.
3. Mathematically,
. Electricity saving (kWh/yr)
Electricity consumption .. «Mipckricliy consumpition
Days in previous period o

= 365 x

. | A household has the following meter readings : 12300

(1 December 2016); 13200 (28 February 2017). The previous energy bill
was: 3960 kWh (from 10 November 2015 to 5 November 2016). Calculate
daily electricity consumption, electricity consumption extrapolated

to 1 year and electricity saving,

1. The daily electricity consumption during the monitoring period
= (13200 - 12300) / 90 days = 10 kWh/day

2. The electricity consumption extrapolated to 1 year
= 10 kWh/day x 365 days

= 3650 kWh/yr

3. Theelectricity savings extrapolated to 1 year
= 365 x (3960 kWh / 360 days) — 3650 kWh/yr

= 365 kWhiyr
Que 519! | Discuss calculation of battery backup. Explain with

A _wlnna..u. backup :
1. Time taken to discharge a battery is known as battery backup.

—_—

pBasic Electrical Engineering 5-19D (Sem-1 & 2)

Ill.l.'.lll.ll| -
9. Battery backup time can be computed using this formula :

; Voltage,,,,. x Ah rating
.H.._Bmmwnrcm_ﬂ . n.n_.wH.cm_n— battery

B. Example:
" Ifno. of bulbs = 2 and no. of ceiling fan = 1
Rating of each bulb = 15 watt and rating of each fan = 100 watt

Rating of battery is 12 V with Ah rating of 150.
Then,
Total load = (15 x 2) + (100 x 1) = 130 watts
. Voltage x Ah rating,
.H—nEmmnanu - v-:H«H.Q_w d —

=12 x 150/ 130
= 13.84 hours

©O®
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1.1. Define ideal a.ﬂo_t.na and current source.

[AKTU 2014-15(Sem-2), Marks g3

Ideal voltage source : A constant voltage source is anideal SOurce

\u element nﬁﬁﬂﬂ_m of supplying any current at a given voltage, If the

internal resistance of a voltage source is Nmuo,.ﬁmm term Voltage

is equal to the voltage across the source and is independent of the
amount of load current. ’ .

(\ﬁ—mﬁ_ current source : A source that supplies a const

; ant curreng
to aload even ifits impedance varies is called ideal current sourge,
The current supplied by such a source should remain constant
irrespective of the load impedance.

12. What are the properties of ideal voltage and Current
sources ? | AKTU maww..uﬁmﬁ.uv..._?_.nwﬂs _
AR

H.hbEmm-qo:mmmwcﬁnormmmnmmeum_ voltage V which is
independent of the current i through the source.

2. An ideal current source is such that the current ; through it ig
independent of voltage V across it.

13. Define bilateral and unilateral elements with example.
| AKTU 2015-16(Sem-1), Marks 02

OR
Define unilateral and bilateral elements.

| AKTU 2017-18(Sem-2), Marks 02|
AHE Bilateral elements :

An electric circuit whose characteristics are
same in either direction is called bilateral circuit e.g. resistors,
inductors ete.

Unilateral elements : An electric circuit whose characteristics

changes with the direction of its operation is called the unilateral
circuit e.g. diode, transistors etc.

14. Explain: . .
i Ideal current source ii. Practical voltage source.

| AKTU 2017-18(Sem-1), Marks 02

5Q-2D (Sem-1&2) DC Circuits
—_—
AnE
i. Ideal current source : ReferQ. 1.1, Page SQ-1D, Unit-1, 2 Marks
Questions.

ii. Practical voltage source ; Soure,
resistances are known as Ppractical

e having some amount of internal
resistance, voltage drop takes

voltage source. Due to this interna]

Place, and it causes the terminal
voltage to reduce.
R A
A

VY hessouwnan 2 Ideal source

Vi ﬂur /
Practical source
i
B I or time in hours
Fig. 1.

15. Give two comparisons between unilateral and bilateral

elements. | AKTU 2016-17(Sem-1), Marks 02|

Ans
S.No.| Unilateral element | Bilateral element |
1 Voltage and current relation Voltage and current relationis the
is different in two possible same in either direction.
directions,
2. Example: Vacuum diode, | Example: Any conducting wires,
ﬁ silicon diode, nmaﬂﬁmﬁ etc. resistor, capacitor, inductor et.
1.6. Define active and Passive elements,

|AETU 2017-18(Sem-2), Marks 02 |
OR
Define:

i. Active and Passive element
ii. Bilateral and unilateral elements

[ AKTU 2017-18(Sem-1), Marks 02 |
ANE Active and Passive elements : A network that contains energy

Sources together with the cireuit elements are known as active
elements whereas a network that do not contain €Nergy sources
together with circuit elements are known a

S passive elements.
Bilateral and unilateral element

s : Refer Q. 1.3, Page SQ-1D,
Unit-1, 2 Marks Questions.
L.7.. Write two characteristics of active elements
[ AETU 2016-17(Sem-2), Marks 02 |
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SQ-3D (Sem.]1 g 9
Basic Electrical 55%\\):/,

Nlﬂn H.. ctive element the ratioof the voltage acrossit to the Current
. QHNH-.@.

flowing is negative. etwork.
2. These Mﬂon.mu_..m supply energy i B

_ . d passive elements.
1 isti ish between active an . .
B. Distinguis RT0 2016-16(Sem-2) Marks 03

AnE: NS ) _
G Y  Passive o—oﬁoﬂu.l/_
.No.| = Active elem :
It consumes energy. T

15 It supplies energy.

]

For passive elements, the ratig of

i t, the : tie
2. | For an active element, voltage to current s positive,

ratio of the voltage to the

current is negative.

—_—

19. What information is obtained from the loop ?
[ARTU 2017-18(Sem-2), E@

AWE Algebraic sum of potential differences is obtained from loop.
1.10. State Norton's theorem.

[AKTU 2016-17(Sem-2), Marks 02]

AB& Any linear circuit containing several energy sources and resistanceg
nm.% be replaced by a single constant current generator in paralle]
with a single resistor.

1.11. Find currentin 2 Q.

40 10

Fig. L1L1,

['AKTU 2013-14(Sem-1), Marks 02 |

sq-4D (Sem-1 & 2)
I\.-l.lll.llllll

For loop ABEFA,
2441, -2, ~1,)= 0
24-45, =21, +2I,=0
24-6I,+20,=0 .
QHIE.NHN» .(1.11.1)

DC Circuits

For loop BCDEB,
-2(,-1)-1,-6=0
IMHM + Mrlhmlmn.. 0
-3L,+2,-6=0
. 21, -3I,=6 e B b b
Solving eq. (1.11.1) and (1.11.2) we get,
I,=428A and 1,=0.8571A
Thus, the currentin2Q =1, -1, =342 A

1.12. Give two limitation of Thevenin’s theorem.
| AKTU 2016-17(Sem-1), Marks 02 |

i Not applicable to the circuits consisting of non-linear elements.
i.. Not applicable to unilateral networks.

1.13. ' Enlist the limitations of ohm’s law.
[ AKTU 2013-14(Sem-2), Marks 02 |

1. Thislaw cannot be applied to unilateral networks.
2. This law is not applicable for non-linear elements.
1.14. State superposition theorem and Norton’s theorem.

| ARTU 2015-16(Sem-1), Marks 02 |

AN
A. Superposition theorem : If a number of voltage or current
sources are acting simultaneously in a linear network, the resultant
current in any branch is the algebraic sum of the current that
would be produced in it, when each source acts alone replacing all
other independent sources by their internal resistances.

B. Norton’s theorem : Refer Q. 1.10, Page SQ-3D, Unit-1, 2 Marks
Questions.

©00
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. SQ-5D (Sem.1 ¢
Basic Electrical Engineering HE

Steady State Analys;g
(2 Marks Questiong)

UNIT

||I...ll.
2.1. Define RMS value and average value.

[ AKTU 2015-16(Sem-1), Marks g3 _

o (T sed as a steady current (DC) v},
- .W.MMMW%M anhhumm wawﬂmmww_wm_anrm same an..mm as is ..wmammmwumwhww
that alternating current during the same time.
Root Mean Square (RMS) value : It is given by _...ru_“.mnmm &y
current (DC) which when flowing through a given circuit o, 4
given time produces the same heat as produced by the Eﬂmamzum

current when flowing through the same circuit for same time,

22. The equation of an alternating current is i = 141.4 sin 31 4t
What is RMS value of current and frequency ?

[ARTU 2015-16(Sem-2), Marks 02)

E ; G : - s o " -
‘Given:i=141,48in314¢ =1 SOLL e
R AR (O S i

I 141.4
1l =0 =99.98~100 A

23. What will be the RMS value of voltage for v = 416 sin of
waveform ? #._Igwgu?.wﬂma.ﬁp:. EE.E.E

BBz namahnmupum&bsh Pk v
‘ ToFind:v,,. A el e e

The RMS value for the waveform :
\4 416

= = =294.15V
=yt

5Q-6D (Sem-1 & 2) Steady State Analysis of 1y AC Circuits
e S

24. Write anote on: Amplitude,

mechanical degrees and angular
velocity. [AKTU 2017-18(Sem-2), Marks 02|
And Angular velocity : The velocit

e ve ¥ with which the coil moves, is ratio
of angle turned per unit time.

2n 1
w=— =2nfasf= — .
T Hasf T
Amplitude : The maximum value of sinusoidal wave attained during
one cycle. It is also called as peak. It is denoted byE__for maximum
voltages and I ___for maximum current.
Mechanical degrees : Mechznical degree in electrical machines

refers to the rotation of the shaft. One revolution of the shaft
equals 360 mechanical degree.

25. Define form factor and peak factor.

OR
Explain form factor and peak factor.

| AETU 2017-18(Sem-2), Marks 02|
Form factor : Form factor is d.
to the average or mean value

efined as the ratio of effective value
of periodic wave.
Porm Factor = Effective value

Average value

Peak factor: Peak oremplitude factorofa-periodic wave is defined
asthe ratio of maximum oxpeak to the effective or rms v

alue of the
wave.

Peak factor = Maximum value
Effective value

Determine the form factor of AC current

i=400sin (157¢ + w6). [ARKTU 2013-14(Sem-2), Marks 02 |
Ang

Given : i = 400 sin (157 ¢ + w6) : <
To Find : Form factors. .

Form factor = RMS value (effective value) of current

Average value of current
I

.Ilw—l &

g, [ S =111
)

n

[ AKTU 2014-15(Sem-2), Marks 02 |
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SQ-7D (Sem.
Basic Electrical Engineering (2Marks) |.....Hﬁm_

27. What is the significance of phasor and vector in 335,
analysis 7 (i -

pron tor in circuit analysis enables one to undeyg,
Wﬁﬂﬁﬂﬂﬂﬂaﬁm unwmm.m” with respect to reference line angd

H V, =160 sin Aen +45°
ltage waves are given: ¥ S ) ag

28. M‘.r.”. .ﬂwohw (of - 16°). Which voltage wave is _ap&.un wi .,ﬂ
other and what will be the phase angle between V,anq V,?

AKTU 2016-17(Sem 2), Maria 33

Amx Phasor diagram of V, and Vp:
)

From phasor diagram voltage V, is leading V,.

Phase angle between V, and V = 45° + 15° = 60°
29. What do you mean by apparent power, active power and
| AETU 2015-16(Sem-2), zm.._../jsy_

reactive power 7

AMx_ Apparent power : The product of rms values of current anq
/\\.4o_Ew¢.SEnm.=mm§m wuu.mnmnn_uosmq. :55mmmﬁnmm=§=

ampere or kVA. ——

~Active power : It is the product of apparent power and power

factor and expressed in watts or kW.

+Reactive power : The product of apparent power, VI and the sine
of the angle between voltage and current, sin ¢ is called reactive
power. It is expressed in VAR.

2.10. What is the power factor of a circuit having impedance of
3 +j4 ohms ? | AKTU 2017-18(Sem-1), Marks 02
Anic

——— @
¢= tan (2
é=53.1>"
Power factor, cos & = o8 (.u.14°) = 0.605

2.11,/Write two problems of low power factor in a system.
AKTU 2013-14(Sem-2), Marks 02

2013-14(Sem-1), Marky g3

sq-8D Gem-1& 2)

Steady State Analysis of 1) AC Circuits

\\....\\.....||-I|

Ans:
1

2.13.

2.14.

2.15.

Low power factor results in large voltage drop in generator,
transmission lines, transformer and distributors which results in
poor regulation.

. For the same power to be transmitted at low power factor, the

transmission cable has to carry more current. Thus it requires
more conductor material of cable to deliver the load at low power
factor.

Give two causes of low power factor.

| AKTU 2016-17(Sem-1), Marks 02 |

. The main cause of low power factor is inductive load. In pure

inductive circuit, current lags 90° from voltage, this large difference
of phase angle between current and voltage causes low power
factor.

Varying load in power system.

What do you understand by active and reactive powers ?
Why reactive power is not present in DC circuits ?

| AKTU 2013-14(Sem-1), Marks 02 |

Active power and Reactive power : Refer Q. 2.9, Page SQ-7D,
Unit-2, 2 Marks Questions.

Reason : Since in DC circuits, both voltage and current are in
same phase, hence there is no reactive power in DC circuits.

Enlist the main causes of a large kVAR in a system.

| AKTU 2013-14(Sem-2), Marks 02 |
Reactive power is given by
Q= VIting, v,p
1,000

Now when load is inductive then power factor becomes poor and
reactive power or kVAR becomes large.

V=12 200 cos 500¢, ﬁ-qu =250 W, power factor = 0.7 lagging.
Calculate the reactive power of the system.

V2 %200
Vs = 5 -0V
N -
Vo= %2 2200 = 180V T\ -Zy, w
n n

Pog= |2
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2.16.

217.
LS

2.18.

: 'Wer = VI sin A-
Reactive PO = 200 x 1.532 x sin (45.57°) = w“_.m.mww Vag

What do you mean by the term resonance ?
| AKTU 2015-16(Sem.1),

Resonance is the term employed for describing the

aﬁnuﬂou of a circuit or system at *...?ﬁ a.mpcmsnw m_..”_,. ﬂ% Hlate
resultant response isin time phase with the source gt ¢h the

. m :
the presence of energy-storing elements. on degys,

What is series resonance ? :
| AKTU ..mauﬂ#....gmwu#mr_gﬂr.ﬁ

An RLC series circuit is said to be in electrical resonance wWhen
X =Xcie, the net reactance X = 0.

What will be the current at resonance in series and paralyg|
RLC circuit ?

At resonance, in series RLC circuit, the current is maximum and i
parallel RLC circuit, the current is minimum.

. A series RLC circuit R =10 Q, L = 0.1 H, C =8 pF, Calculate

half power frequencies for the circuit.
[AKTU 2013-14(Sem-1), Marks 02

Half power frequencies
: R

R
izl g R7h 4

Since, h. = |_..... I.H' MP 1 ar =177.94Hz
maLhn 271\ 0.1x8x10
i 10

" R _ _ =170 Hz
fi=f- Y™ A 17794~ o7
R _ 10 _yg59H:
and Ww“ﬁ.‘. M.|| =177.94 + .».:xo.u.

1
10D (Sem-1&2) Steady State Ang)

m\nn\\l\\l Ysisof 14 A Cireuity
Aseries circuithasR=100Q,L=0.02 4
WF. Calculage

“hb. Eﬁ.lﬂ

Q-factor of the instruments.

Ans: T |
S1JL_1 [002

Q= LM 10V3x10° = 216

921. Write four advantages of three-phase system,

~T | AKTU 2016-17 (Sem-2), Marks

AfE: =
1
2.

Three-phase system gives steady output.

It is possible to produce rotating magnetic field with

by using three-phase system. Hence, three-phase
m . mn - - -

3, For transmission and distribution, three phase systeiq needs less
copper or conducting material.

4. Power factor and efficiency is high.

stationary coilg
motors are self

299, A three phase Y connected balanced load is connected by
400V, 50 Hz, 3 phase supply. The impedance of each phaseis
10 ohm. Find the total phase power,

| AKTU 2017-18{Sem-1), Marks 02 |
Ani /
V, _ 400
s b V.= L =
pe Jlmioag =200V
| I- www% =23.09A
2. Power, P=3V.I, =3 x230.94 x 23.09
P=1599 kW
223,

Why series resonant circuit is known as acceptor circuit
and parallel resonant circuit as rejecter circuit ?

| AKTU 2017-18(Sem-1), Marks 02 |

Pnnn—:..cu. nm-..nc.mo : A series resonance circuit is known as an
acceptor circuit because at resonance, the impedance of the circuit

isatits JFmEEE so easily accepts the current whose frequency is
equal to its resonant frequency.

n..&m..u.bn circuit : Parallel resonant circuit is known as an rejecter
circuit because at resonance, the impedance of the circuit is at its

maximum thereby suppressing or rejecting the current whose
frequency is equal to resonant frequency.
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Basic Electrical Enginecring (2 Marks) SQ-11D (Sem,y

&)

224. Differentiate between star and delta connections,
Y

[AKTU 2017-18(Sem-2), Marks 53
AnE

S. No. Star connections

1 In star connection, thereisa | There .-m. no neutral point ;
. common point known as | connection.
peutral or star point.

‘Delta connectiong

n delty

2 Line voltage = /3 phase H.wsmdc:mmmum.rmmﬂﬂmﬂnm”fi
voltage.

. T
3 | Line current’ = Phase |Linecurrent= J3 phase curren;

current.

— ]

295. Write the practical units of electrical energy and mechanjcy

power. _ Eﬂ. 2013-14(Sem-2), @
Units of electrical energy : kWh or VAs or J.
Units of mechanical power : W or J/s or hp.

k

£k

‘What is selectivity ? | AKTU 2013-14(Sem-2), zﬁ@
It is the ability of the particular circuit to respond to a particular
frequency by simply neglecting all other frequencies.

297. What is meant by current magnification ?

[AKTU 2015-16(Sem-1), Marks 03
It means that more current is flowing in the circuit than actually

supplied.

©0O

i\‘l‘l// .

EE.H & 2) Transformers
L Transformers
O UN : -

INITS (2 Marks Questions)

3.1. Define the terms : permeability, relative permeability and
reluctance applied to magnetic circuits.

[ AKTU 2015-16(Sem-1), Marks 02 |
OR
What is magnetomotive force ? And write its unit.

[ARTU 2013-14(Sem-1), Marks 02 |

OR
Define MMF and write its unit.

| ARTU 2014-15(Sem-2), Marks 02 |

OR
Define magnetomotive force (mmf).

{ AKTU 2016-17(Sem-2), Marks 02 |

Ang

1. Magnetomotive force : It is defined as the force responsible for

the flow or generation of flux.
mmf= NxI
where N = Number of turns
I = Current through coil.

Its unit is ampere-turns.

2. Reluctance: It is the opposition to the flow (or set up) of fluxina
material. Reluctance is denoted by S.

3. Permeability : It is defined as the ability of a material to carry
flux lines,

4. Relative permeability: It is defined as the ratio of flux density
in a particular medium produced by a magnet to the flux density in

air or vacuum by the same magnet under the identical operating
conditions.

32. What will happen if the primary of a transformer is
connected to DC supply ?

[AKTU 2015:16(Sem-1), Marks 02 |
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Basic Electrical Engineering (2 Marks) m?nwd (Semyy )
.
Why transformer is not used on DC?
[AKTU 2017-18(Sem-1), a
aus Ifarated DC voltage is applied to the primary of a t S.EE.Q 5
» g

in the transformer core will not vary by .
e g tude and therefore, no emf will be ingy,, Temajy,

t in magni . edj
M”“n wﬁ-.ﬂﬂ....bmiw except at the moment of mﬁwnEbw on. 1 the
And E..._:.nﬂbnm of the winding to the DC current is zerg g very

Jarge current will flow and winding will burn out.

33 What do youunderstand by the term “ideal transformep»

[ARTU naa.zhmnu_.uD Marks 53
A transformer having following ideal properties is h .
and is referred to as the ideal transformer. YPotheticy)
No winding resistance 2. No magnetic leakage
No iron loss 4. Zero-magnetizing current.

transformer. | ARTU moﬁhﬂmﬁ.mr@

Ao

L

3.
34 Draw equivalent circuit diagram of single-phgg,
XEE

{Fig: 341 Equivalent circuit of a transformer.

A

35. Write emf equation of single phase transformer.
_EH 2016-17(Sem-1), Marks m_

ZB% Rms value of emf, E =4.44 fN¢
~ rms value of induced emf in primary :
E,=444fN,¢_
and rms value of secondary induced emf is :
E,=444fN,$,

36. Write two differences between transformer and auto-

transformer. [AKTU 2016-17(Sem-2), Marks 0]

Transformers

\\\\!l..llll.ll

ARE

[5.No.

Transformer

Efficiency of transformer is | Efficiency of auto-transformer is
comparatively low. comparatively high.

Auto-transformer

Smaller in size.

Larger in size.

It has fixed output voltage. | It has variable output voltage. |

EER

3.7.

3.10.

What is the typical use of an autotransformer ?
Autotransformer is used for interconnection of power systems of
different voltage levels.

Large ampere turns are needed to create fluxin the air gap
as compared to steel. Why ?

[ AETU 2015-16(Sem-2), Marks 02 |

Since permeability of air is less as compared to steel, hence large
ampere turns are needed to create flux in the air gap.

A 400 V/200V single-phase transformer has primary winding
resistance 1.0 ohm and secondary winding resistance
0.2 ohm. What will be total resistance of transformer
referred to the primary side ?

| AKTU 2015-16(Sem-2), Marks 02 |

[Here, 1, 2 is used for primary and secondary terminal]
R, = equivalent resistance transferred to primary

~ Y 400
=R + |1 =10+ |—
; Tmu B hmoL e
R =18Q
If in a single-phase transformer core, hysteresis and eddy
current losses are 80 W and 50 W at normal voltage and

frequency, then calculate losses when voltage and frequ.
are increased by 20 %. o

| AKTU 2013-14(Sem-1), Marks 02 |

g.ﬁu.do_nmmm and frequency are increased in same ratio, flux density
remains unchanged,

-HH—.EM. b~‘-INH @ = H
i 100 <
- Hysteresis loss, P'= P, x “..ln =80x12=96W
1
Edd _ (&Y
y current loss, P'= P, x Gm ) =80x(272=12W
1
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Basic Electrical Engineering (2 Marks) SQ-15D (8epy.
i e

- —— i,
_,.|.

_ Electrical gﬂ@?mﬂmm
(2 Marks @ﬂmmﬁmoua

TUNIT

- e~
41. Write the emf equation of a DC generator.

ang Total generatede ' i

42. Draw speed-torgue characteristic of DC series motor,
: | AKTU 2014-15(Sem-2), SGH
02

[

‘Fig.4.2.1.

4.3. What do you mean by back emf in DC motor ?
[AKTU 2016-17(Sem-1), Marks 02|

Ang When the motor armature continues to rotate due to motor action,
the armature conductors cut the magnetic flux and, therefore,

emfs are induced in them. This induced emfis known as back emf.

44. Draw torque v/s speed characteristics of a DC series motor
and explain why the motor should not be started at n0

load ? [AKTU 2015-16(Sem-2), Marks 02]
w. 1WW0 m@lu.m_u.

Ang Speed-torque characteristics : Refer Q 4
Unit-4, 2 Marks Questions.
Reason : Since on no-load the speed is
machine may get damaged due to heavy cen
the rotating parts.

trifugal forces setuP™®

dangerously high, the |

s@-16D (Sem-1&2)

Electrical Machines

S

45.
Axis

Lol o !—'E

4.7.

Ang

48.

4.9,

What will happen if the back emf of DC motor vanishes ?
When load is increased, motor slows down, back emf falls, causing
large current to flow in armature, thus increasing the
electromagnetic torque. Motor slows down till steady state
conditions are attained. Reverse mechanism occurs when load on
the motor falls. Hence this self-regulating mechanism would not be
possible if there was no back emf.

What are the advantages of wound rotor motors over
squirrel cage motors ? [ AKTU 2015-16(Sem-1), Marks 02 |

High starting torque with low starting current.

Adjustable speed.

Nearly constant speed, smooth acceleration under heavy loads, no
abnormal heating during starting.

Explain the term slip and slip speed.
[AKTU 2017-18(Sem-1), Marks 02 |
Slip : The difference between the speed of the stator field, known
as synchronous speed N and the actual speed of the rotor N is
known as the slip and is denoted by s.
- Ny - N
N

5
Slip speed : The difference between the synchronous speed and
the actual speed of the rotor is known as slip speed.

s

What is typical use of starter in motor ?
[ARTU 2013-14(Sem-2), Marks 02 |

At starting since s = 1, the rotor induced emf E_ is maximum which
produces much larger current I,. Since stator current I has to feed
this high current plus magnetising inrush current at starting, the
primary starting current / wis8to9 times to that of rated current.
This current may burn the windings and damage it permanently.
Therefore to limit the starting current starters are needed.

Write applications of single-phase induction motor.
[ARTU 2014-15(Sem-2), Marks 02 |

Squirrel cage induction motor is suitable for constant speed
industrial drives of small power where speed control is not required,
such as flour mills etc.
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Basic Electrical Engineering (2 Marks) SQ-17p (Se

T iy
ii. Wound rotor (or slip ring) induction 505

requiring speed control such as for driving line shaftg mm.mou log, i

generators, cranes etc. S, uEHuu.
4.10. Draw slip v/s torque characteristics of 4 thr
induction motor and indicate : ©€-phag,
i. Stable operating zone
ii. Induction generator operating zone,
_ AKTU gam.pimﬁb.wr Marks ™
Ang
Torque

1
1
4 Motor ! Generatin 1
) e region § =

Stable
region

L]
[}
=3
w
n
(=]

-

AB = Unstable region
BC = Stable region
CDE = Generating region

Fig. 410.1.

4.11. Write applications of single-phase induction motor.

| AKTU 2014-15, Marks 02]

Axx In mﬁ.s. vacuum cleaners, washing machine, kitchen equipment,
centrifugal pumps, small farming appliances etc.

4.12. Name two motors used for constant speed operation.

Aux The two motors used for constant speed operation are the DC
shunt motor and the synchronous motor.

4.13. Under no load running condition of synchronous machine,
what will be the angle between the induced voltage and
supply voltage ?

Ang 180r

18D (Sem-1 &2) Electrical Machines

s

4 What happens when one phase of a delta connected
s alternator is reversed ? .

[AKTU 2015-16(Sem-1), Marks 02 |

Ans When one phase of a delta connected alternator is reversed, the
direction of rotation of the motor is reversed.

4.15. Write the name of different types of rotor of an ¢lternator.

Ani !
1. Salient pole rotor

9. Cylindrical rotor.
4.16. What is meant by the term speed regulation ?
[ARTU 2017-18(Sem-2), Marks 02 |

Ans d regulation means how much s m.mn of electrical machines
mwMomm Wmmﬂ_mmu no-load and full load. It is expressed in percent of

full load speed.

4.17. Write two applications of synchronous motor.
[AKTU 2016-17(Sem-2), Marks 02 |

Ans
1. They are used in power house and substations in parallel to the bus
bar to improve the power factor.
2. Such motors are also used to regulate the voltage at the end of
transmission lines.

4.18. How will you change the direction of rotation of DC motor ?

| AKTU 2013-14(Sem-1), Marks 02 |

Aax Direction of rotation of a DC motor can be changed by reversing
the current either through armature winding or through field coils.

©O0©
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Basic Electrical Engineering (2 Marks) SQ-19p (Sem.y
- m MV

-

Electrical Hﬁmem:w.mo
(2 Marks Questj a

oo S
5.1. Define MCB?

AW& Miniature circuit breakers known as MCBs are T -
operated switches cum electro-mechanically operate 3 i mEam:w
circuit protection devices. They are used to interrupt a c; J__.oEp...s
overload and short circuits. Cug nE.Em

52. Give applications and advantages of MCRB,

AnZ Applications : MCBs are used in the
refrigerators, Air conditioners etc. as an alt.
Advantages :

1. Faster than fuses during short circuits.
2. MCBs can be reset after the clearance of fault,

3. Circuit isolation during maintenance is easier,

_u_.o...mozmb 0

m -
ernative for ?awunr:.

5.3. Enumerate types of ELCB.

AXE Anearthleakage circuit breaker (ELCB) detects the aka
current and makes the power supply off by opening ﬁﬂﬂﬁmw“_mﬂ iated
circuit breaker.

Types:
1. Voltage Earth Leakage Circuit Breaker
2. Current ELCB or RCCB (Residual Current Circuit Breaker).

54. What do you mean by moulded case circuit breaker (MCCB).

An& Moulded Case Circuit Breakers (MCCB) are electromechanical
devices which protect a circuit from overcurrent and short circuit.

55. Give characteristics of MCCB.
Ang

1. The range of rated current up to 1000 amperes.
2. Trip current may be adjusted.

5.6. Name the types of wire.
Ang
1. Triplex wires:
2. Main feeder wires

oD (Sem-1 &2) Electrical Installation
\|.II|\I| .

_ Panel feed wires .
w. Non-metallic sheathed wires
5. Single strand wires.

h”w..vgwrﬂd the types of cables ?

1. Low tension cable (LT cable)
2. Medium and high tension cable
3. Super tension cables

58. What are necessities of earthing ?
ﬁﬁﬁ;./l\l:
1. It keeps people safe by preventing electric shocks. .
2. It prevents damage to electrical appliances and devices by preventing
excessive current from running through the circuit.
3. It prevents the risk of fire that could otherwise be caused by current
leakage.

m.w.ﬁ.rmn araERm-.onnnvﬁamonwm:mimu@
1. Primarybattery: A primary battery is a disposable kind of battery.
Once used, it cannot be recharged.
Example : Zinc-carbon batteries, Alkaline battery ete.
2. Secondary battery : Secondary batteries are rechargeable
batteries. Once discharged, it can be recharged again.
Example : Lead acid Battery, Lithium Batteries etc.

5.10. Enumerate important characteristics of batteries.

Amps/amp-hour,
Capacity

Power

Power density
Energy density
Efficiency

P’P‘PF"!‘“!“H

5.11. Write formula for daily electricity consumption.
ABE FElectricity consumption,, . (kWh/day)
_ Meter reading,, — Meter re ading,,, ...
Days in period

©e0
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Zupm“>=a§v—w=m¢nma=.=w3=mﬂ& E—w:.mmmw:wnnnn" then ¢},
suitably. 00se

SECTION-A

y /
1. Attempt all questions in brief.
a. Define active and passive elements.

Ang Refer Q. 1.6, Page SQ-2D, Unit-1, 2 Marks Questions.

(2x7=14)

b. Define unilateral and bilateral elements
Ank. Refer Q. 1.3, Page SQ-1D, Unit-1, 2 Marks Questions,

ll\n\.\__r__..____n anote on: Amplitude, mechanical degrees and angular
velocity.

Refer Q. 2.4, Page SQ-6D, Unit-2, 2 Marks Questions.

Explain the form factor and peak factor.
Refer Q. 2.5, Page SQ—6D, Unit-2, 2 Marks Questions.

Differentiate between star and delta nobumn-ma..um.
Refer Q. 2.24, Page SQ-11D, Unit-2, 2 Marks Questions.

What information is obtained from the _oo_u..w
Refer Q. 1.9, Page SQ-3D, Unit-1, 2 Marks Questions.

i B B

i -egulation ?
. What is meant by the term spced regu .
DIM Refer Q. 4.16, Puge SQ-18D, Unit-4, 2 Marks Questions.

SECTION-B

(7Tx3=21

2 n?nnﬂauu-. any three of the following "-J.Qn-. n—u.g-hﬂ,m.a resistor.

a. Using nodal analysis. Find the cu

SP-34D (Sem-1 & 2)

Solved Paper (Sem-2)(20 17-18)

50

Fig. 1.
Anik Refer Q. 1.12, Page 1-11D, Unit-1.

b. Calculate the current in the 6 Q resistance by using Norton’s

theorem.
40 20 4V
hd_-r.-ld. b‘n‘.—‘b‘ |“ b.
40
w3y 60
|_.. 5V
. —oB
Fig. 2.

Ans. Refer Q. 1.26, Page 1-31D, Unit-1,

¢. A balanced star-connected load of (8 + j6) Q per phase is
connected to a balance 3-phase, 400 V supply. Find the line
current power and total volt-amperes.
Ans. Refer Q. 2.45, Page 247D, Unit-2.

d. A single phase, 50 Hz core type transformer has square
cores of 20 side, permissible maximum flux density is
1 Wb/m®, Calculate the number of turns per limb on the
high and low voltage sides for 300/220 V ratio.
Ans. Refer Q. 3.9, Page 3-10D, Unit-3.

€. A12-pole, 3-phase alternator is coupled to an engine running
at 500 rpm. This alternator supplies an induction motor
running at 1450 rpm. Find slip and number of poles of the
induction motor.
Ank Refer Q. 4.26, Page 4-31D, Unit-4.

SECTION-C
3. Attempt any one part of the following : (Tx1=17)

i = 42.42 sin 628 ¢,
. The equation of an alternating current i = 424
Umnenmn_.muc (i) maximum value (ii) frequency (iii) rms value

(iv) average v»lue (v) form factor
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FE?PEP‘E'PS“EFE PFEF‘E

=3

;Ep

Refer Q. 2.2, Page 2-3D, Unit-2.

Derive expression for average value and rms value of a
sinusoidally varying AC voltage.
Refer Q. 2.1, Page 2-2D, Unit-2.

Attempt any one part of the following : (Tx1=7
Derive expression for impedance, current and power mwnln )
for an RLC series circuit when applied with AC y i

Draw also the vector diagram. oltage.
Refer Q. 2.15, Page 4-15D, Unit-2.

Derive an expression for parallel resonance :
its salient features. and mention
Refer Q. 2.32, Page 2-34D, Unit-2.

>nww.uuuw any one part of the following : (Tx1=7
Derive the relationship between line current and wwmv
current for delta connected 3-phase load when m:—u—..mm% nﬂoh

3-phase balanced supply.
Refer Q. 2.38, Page 241D, Unit-2.

HHEE the working of a moving iron type instrument.
Derive the expression for torque produced.

This Question is Out of Syllabus from Session 2018-19.

Attempt any one part of the following : (Tx1=17)
Define self-inductance and mutual-inductance. What are
hysteresis loss and eddy current losses ?

This Question is Out of Syllabus from Session 2018-19.

Discuss the principle of operation of a single-phase
transformer. Derive emf equation for a single-phase
transformer.

Refer Q. 3.8, Page 3-9D, Unit-3.

Attempt any one part of the foliowing : (Tx1=17)
Explain the principle of operation of 3-phase synchronous
motor.

"Refer Q. 4.33, Page 440D, Unit-4.

Explain principle of operation of 1-phase induction motor
using two revolving field theory. List various methods of
starting.

Refer Q. 4.31, Page 4-36D, Unit-4.

©00O

gP-36D (Sem-1 & 2)

(SEM sk
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m:.muﬂlm 3 Hours —
— Max. Marks : 100

SECTION-A

Attempt all ;

Define with examples ;

Active and passive element
Bilateral and unilateral elements.

Aﬂlﬂaﬂgu

Refer Q. 1.6, Page SQ-2D, Unit-1, 2 Marks Questions.
Refer Q. 1.3, Page SQ-1D, Unit-1, 2 Marks Questions.

Explain :

Ideal current source

. Ideal voltage source.

Ang Refer Q. 1.1, Page SQ-1D, Unit-1, 2 Marks Questions,

c. Aseriescircuit has R =10Q, L =0.02 Hand C =3 pF. Calculate
Q@-factor of the circuit.
An Refer Q. 2.20, Page SQ-10D, Unit-2, 2 Marks Questions.

@ AC currents one represerted asi, = 25 sin (314 ¢ +20°)
’.\‘% i, = 35 sin (314 ¢ + 45°). Draw the phasor and show the
fesultant when they are oou..hoao.— in parallel.

1. Resolving currents Emunu-aﬁ and y-axis,
Algebraic sum of x-components
= 25 cos 20° + 35 cos 45°
=48.24A

Algebraic sum of y-components . 2y 8 .
= 95 gin 20° + 35 sin 45° \ )
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=3330A
2. Maximum value of resultant current

= J(48.24)* +(33.30)* =58.61A

3. Phasorangle = tan™ J_Suepeent
X — component
= tan 3330 _34 620
48.24

4. .. Resultant current
= I =58.61sin (314 ¢ + 34.62°)
5. Phasor diagram :

b ¢
4

-

Fig. 1.

What will happen if the primary of a transformer is
connected to DC supply ?

Refer Q. 3.2, Page SQ-12D, Unit-3, 2 Marks Questions.

e
AN

f. How can we change the direction of rotation of DC motor ?
Hw.mwmu.b.L.Hm.m.mwmm@lamd.can.h.NZE.Wm@ﬂmmmo:m.
h..
E

Enlist the various methods of starting of single phase
induction motor,

mmwmno.m.wu.wmmmalmmc.ca??
g. hy earth pin is made thicker and bigger than line and
‘\ neutral ?
AL Reason:
1. To prevent wrong plug-in of three pin plug in the socket.
2. To ensure first in last out movement of earth pin.

at are the advantages of auto-transformer over two
winding transformer ?

p-38D (Sem-1&2)

\\\)’/Eﬁn (Senu-1)(2018-19)
AGE
1. Less winding material i5 Tequired
2. Smaller in size ang cheaper, .

3. Variable output volta i
secondary, g8 When a sliding contact is used for the

j. Calculate the energy consum
5 CFLs of 20 W each, 3 fans
Ang Energy consumption per day

nﬁmxwoxmu._.__..mxmcxmv
= 840 Wh

ption per day in a house using
of 60 W each for 3 hours a day.

SECTION-B

2. Attempt any three parts of the following. Each part carries 10 marks.

) (3x10=30)
a. Find current through 2 Q resistance using superposition
theorem in Fig, 2.

20 60
AN AAAA
YVYY VWY
—_— H
+
a(}) 50 100 -
Fig. 2.
Al
1. Voltage source is short-circuited.
29 6Q
L.._.-.__.-____ __.._.‘_____n___
>1,
7A 50Q 100
Fig. 3.
Using current division rule,
I,= < 8 xT
17 5+[2+10]]6)
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T
35 35
= m+T+ maﬂs m+_.m+“—mH =3.25A
16 L 4
2. Again current source is open-circuited.

20 v, 6ar

O

3. Using KCL at node A,
v, |o+<>|o +«D|Hm ='0
7 10 6

a«sﬁao+hm+qou_uw _ 4

420
v, = 420x2
172
V,-0 2442

4. L= A== = 03494

=2.442V

5. Using superposition theorem,
: I=1,+(-1I)
= 3.25-0.349
B 3 =2.9A &

4
b. Derive expression of resonance frequency for series RLC
circuit.
A series circuit consists of a resistance of 10 Q, and
inductance of 50 mH and a variable capacitance in series
across a 100 V, 50 Hz supply. Calculate
i. The value of capacitance to produce resonance
ii. Voltage across the capacitance
iii. @-factor. '
Aux Resonance frequency for series RLC circuit : Refer Q. 2.28,
Page 2-28D, Unit-2. T
Numerical : The procedure is same as Q. 2.34, Page 2-37D,
Unit-2. :
(Ans. C = 202.6 yF, V,, = 157.1V and Q-factor = 1.5) =y o

1

& maximum efficje
-ﬁkﬂﬁu?—.ﬂ&.mm wa@e.ﬂ_”m i Saprd.? 1100/440 v, 50 1,
. : U8 0ccurs gt 75 :

Given:V,1,=100 x 103 v

O Find 12t 34 full load st (g s 015 Bl =com4,=08

b

W, Nl R

1. At maximum efficiency, P,=p
¢

e R
P e i 3. e 45

Moag = —V2ly 08¢,
max
nﬂbsmf._.m.m

0.96 0.75 x 100 x 10° x 0.8
0.75x100 x 20° x 0.8 + 2P
0.96 x 6000 + 1.92 P, = 6000
1.92 P, = 0.04 x 6000
P, =1250W
2. At maximum efficiency,

= 22222W (at 3.4 full load)
3. n,at0.6 pfleading

_ 3.4 x100x 10° x 0.6
" (3.4 x100 x 10° x 0.6) + 1250 + (3.4)" x 2222.2

= 0.883 (or 88.3 %)

d. A 4-pole shunt generator with lap-connected armature has
field and armature resistance of 50 Q and 0.1 Q respectively.
If supplying power to 100 W lamp load for 100 V, nunaEhS
the armature current and the generated emf. Consider a
contact drop of 1V per brush.

JR,=010, Ry=800

L s LS

100 W, terminal voltage, V = 100V,
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Solveq
Basic Electrical Engineering SP-41D (Sem-1 g g) - Paper (Sem-1)2015.19)

. ons ;
: " 3. muuca the statement of Nortoy’ (10x1a1g)
I . H..Hwe_.ﬁnﬂnmngﬂ-?n -EEEEE
— T e
L
A 100V .l " -
M @ Ry=500Q
\|P k e
. 20A 8n aa 120
Fig. b5. -
. 40V
B _100 _
2. Load current, I, = v =100 =14 |_- B
Shunt field curren* Fig. 6.
: AnE Norton’s theorem : Refer Q. 11 ~ i
»«-wﬂwrum@.uwb Nrmecieals Q. 1.18, Page 1-20D, Unit-1.
R, 5 A. Calculation for R, ; '
3. Total armature current,  on terminal s open chrcal
L o 2. Current source s open-circuited
=1+ 1, 3. Voltage source is short-circuited.
=1+2=3A

4. Generated emf,

5Q
P -
.E,=V+I R_+Brushdrop e 40
=100+(3x0.1)+(2x1) <+—~Ry
= 1023V _
o °oB

e. Draw the characteristics of battery. Calculate the backup

Fig. 1.
of battery of 100 Ah connected toload of 100 watts and supply Ry=4)| 648
voltage is 12 V. " Lt
Anz Characteristics of battery : Refer Q. 5.16, Page 5-16D, Unit-5. & =—0Q
Numerical : 4+13 17
. et . . . B. Calculation for I :
' Given : Ah'rating of battery = 100 Ah, Total load =100 watts, L. Fonnitorminshis ik cipinnt
EEEE Volthge S 12y 19 s RS e A i v %) L
' ToFind:Battery backup time. = * "~ ' "1 - ) LALLES
wlle R LT Tl S R S WY VS boe i B el 5 ﬁb
Battery backup time Tk 8Q - e
_ Voltage,,,, x Ahrating 12 x 100 _ 1
load 100 B
= 12 hours : Fig. 8.
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2. Current source 20 A is converted in voltage source

- 5Q A
) 80 40 i
..—.nn
: B ,
Fig. 9,
3. Again both the voltage source is converted in current source
A~
160, N 130 Le
13 T 10A =40
B
Fig. 10.
160 290
I =10+—=22
g 13 13 o
C. Norton’s equivalent circuit :
> 7%
-1 =29 52 120
In=L.=<3°A 17 2
Fig. 11.
52/17 290
Ij= ——————x—
62/17+12) 13
=453A

b. Determine current through 15 ohm resistance by node

analysis.

gp-44D (Sem-1&2)

ASK
1. Using nodal analysig a4 node 4,

V, -1 e

B 10 L.wu.m =0
A ﬁlﬁmfﬁ
19 |73 =2
2. Atnode B, Ya-Va=10 N A1)
hoVi %1 v,

& 153" g 0

3+1+5] v
ﬁ% 15 gl.mh =6-13

3Vp-V, =5x113

85
fH\h +3 «\_w = IMI HMu
3. From eq. (1) and (2), we get
Vy=530V
Vp=112V
V, 112
4, I= B g2 o N
15 15 HIA
1
4. Attempt any one question: (10x1=10)

a. Derive the expression for resonant frequency and quality
factor for an AC circuit under the condition of parallel
resonance.

ang. Expression for resonant frequency : Refer Q. 2.32,
Page 2-34D, Unit-2. R
Quality factor : Refer Q. 2.33, Page 2-36D, Unit-2.

b. Derive the relation between line current and phase current
in case of three phase delta connected balanced load. )
Three identical coils of resistance 8 {) and inductive
reactance 6 Q are connected in delta across 400 V mains.
Determine power, power factor and line current. Draw
phasor diagram. .

Ang Relation between line current and phase current :
Refer Q. 2.38, Page 241D, Unit-2. .
Numerical : Refer Q. 2.48, Page 2-48D, Unit-2.
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- Derive EMF equation for a g

iple of operation of a single phase

ingle phage

ANE Refer Q. 3.8, Page 3-9D, Unit-3.

/.W.\ﬁbim voltage regulation in a single phase transformer ?
at should be

Anx

1. The voltage regulation of a transformer

difference in the

(I, =0) and full-rated load I,= mu.au at
same value of primary voltage for bo
2. Itis expressed as either per unit or

voltage,

its value for an ideal transformer ?

is defined as the arithmeticg]
al voltage between no-load
agiven power factor with the
th rated load and no-load,

a percentage of the rated Joaq

secondary termin

3. Per-unit voltage regulation at full Load

=

Percent voltage regulation at full-load,

where V, =
n
.T-n:

Ml =

_ﬁl_!_._\»a_
_.ewuh_ IVi|= constant
Vour | =1 Vi
Vau | =1Veg || 100
|V |
Rated second

ary terminal voltage at rated load
No-load secondary terminal with the same

value of primary voltage for both rated load
and no-load.

SP-45D (Sem-1 g 2)
— =9

Asw EMF eq

i. The speed
ii. The frequency of the rotor current
iii. The speed of the rotor ma

Ans: Relation between fre

SP-46D (Sem-1 & 2)

Solved py
per (Sem 1X2018.
4. Value of Voltage regulatiop forig -
(zero percent), eal transformer should be z¢r,
6. Attempt ANy one questjop .

a. Derive the EMp e i
—: x1=10)
Jo%bn DC generator _“”muh.ﬂoﬁnmuwﬂ.“wg. g -
w_u .M»i.eaauuago_a oy e turns, It Operates
e EMF induceq by it, P stnoload. Fing

Unit4, uation of DC Eenerator .

Refer Q. 4, Page 4-gp,
Numerical ;

Induced emf = NP2 _ 1000 x 8 x 0.2 x (450 x 2)
.II.I-II.IrIIIIIInI”
604 60x8 .y

b. What is the relation betw

een frequencies of stator and rotor
currents ?

A 3-phase, 50 Hz induction motor

has 6 poles and operates
withaslipof5%ata certain loa

d. Determine
of rotor with respect to the stator

gnetic field with respect to the
stator.

quencies of stator and rotor currents:
Refer Q. 4.20, Page 4-26D, Unit-4.

Numerical :
Supply frequency, f= 50 Hz
Number of poles, P= 6
Slip, s = 5 % or 0.05

120 120 x 50
Synchronous speed, N = f.wvh - = 1000 rpm

i. Speed of rotor with respect to the stator,
N, = N, (1-5) = 1,000 (1-0.05) = 950 rpm

i. Frequency of rotor current, f'=sf=0.05x 50 =2.5 Hz
iii. Speed of rotor magnetic field with respect to the rotor

120 f' 120x2.5

P 6
= 50rpm
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7. Attempt any one question : / (10x1=10)
a. Write short notes on the following :

-MCB

ARE Refer Q. 5.2, Page 5-2D, Unit-5.

il MCCB

ZEE. Refer Q. 5.5, Page 5-6D, Unit-5.

se
Refer Q. 5.1, Page 5-2D, Unit-5.

“. . Types of wires
Refer Q. 5.6, Page 5-7D, Unit-5.

b. Explain following ;
i. Need of Earthing
XXX Refer Q. 5.9, Page 5-10D, Unit-5.

ii. Battery backup
AmE Refer Q. 5.19, Page 5-18D, Unit-5.

@0

mwuklmw Peakdd Solved Paper (Sem-2)(2018.19)
(SEM. ID) ODD g
. D SEMESTER THEO
RY
EXAMINATION, 2018.19

ELECTRICAL ENGINEERING
Time : 3 Hours Max. Marks : 100
Note: L M”Nﬂwﬂ all Sections. If you require any missing data, choose

SECTION-A

1. Attempt all questions in brief: (2x10=20)
Define the purpose of earthing the electrical appliances.
Refer Q. 5.8, Page SQ-20D, Unit-5, 2 Marks Questions.

What are the various three phase transformer connections ?
Name them.

3¢ transformer connections are :
A-A (Delta-Delta)

Y-Y (Star-Star)

A-Y (Delta-Star)

Y-A (Star-Delta)

Explain why transformer cannot be operated on DC.
Refer Q. 3.2, Page SQ-12D, Unit-3, 2 Marks Questions.

What is difference between primary and secondary
batteries ?

H P HF ?'EEF'-'P-E = EP

S.No.| .~ Primarybattery | Secondarybaitery =
Can be recharged.

Can be used more than once.

1 i Cannot be recharged.

2 Can be used only once.

a.,Umnnannn?m»uaummmmqmo_oﬂnns._ . M[m
A Refer Q. 1.6, Page SQ-2D, Unit-1, 2 Marks Questions.

f Three resistances each of 20 Q, 30 Q and 50Q are nou.nmnwom
in delta. Calculate corresponding resistances in equivalent
star connection.
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R,=20Q
Rg=500
Delta connection Star connection
Fig. 1.
R, R 20 x 30
R = A = =
‘= Ry R+, 20430450 O
Similarly, R,= —22x%0 _ -100
20+ 30+ 50

R 30x50 —150

3= 20+30+50

g What is phase angle difference between the voltage and
current phasors in purely capacitive circuits ?
Aus Refer Q. 2.12, Page 2-12D, Unit-2.

h. A3-phase, 440V, induction motor is wound for 4 polesand is
supplied from 50 Hz supply system. Calculate the speed of
the motor when slip is 5 %.

AGZ
~ Given:f=50Hz, P=4
- Tofind: N, ats=0.05.

g

[}

| S
s ihise

1 N=——= = 1500 rpm

=P 1

r

120/ 120 x50
N, -

2. §=

N

L

0.05 x 1500 = 1500 N,
N, = 1500 - 75 = 1425 rpm

i

i. Write condition for series resonance.
AN Refer Concept outline : Part—4, Page 2-28D, Unit-2.

j. Write applications of synchronous motor.
AnE Refer Q. 4.17, Page SQ-18D, Unit-4, 2 Marks Questions.

mm.anUAmm_H._.hnnw Sol
gp-50D Ived Paper (Sem-2)(2018-19)

SECTION-B

2. Attempt any three of the follow;

. . . . E "

a. Derive the relationship in delta and star connected systems
axn® Refer Q. 1.13, Page 1-12D, Unit.1. M .
b. Derive the expression for the i i
phase purely resistive circuit, hﬁﬂw»ﬂwﬂnﬂmﬂn Mm““wlu_m
and waveform diagram for this circuit.

Axi& Refer Q. 2.10, Page 2-9D, Unit-2
Waveform : .

} V= Vinay 80 08 P = Vo Lma Si0° 0t
i=1,, sinot
pd ] AN e .+|
P rax = Vinax [max
e =
‘E
; m_ 2 .
n 3n T :
3 5> Time

Fig. 2. Waveform.

c. An 11007110V, 22 kVA, 1¢ transformer has primary resistance
and reactance are 4 N and 6 Q respectively. The secondary
resistance and reactance are 0.04 Q and 0.065 Q respectively.
Calculate

i. Equivalent resistance and reactance of secondary referred
to primary.

ii. Total resistance and reactance referred to primary.

iii. Equivalent resistance and reactance of primary referred to

secondary.
iv. Total copper loss
ARE
Given : kVA rating = 22 kVA,
; R, =4Q,X,= 6Q
R,=0.04 Q,X,=0065Q
= E = P =0.1
1100 10
To Find: i. R, and X',
ii. R, and X,
il R, and X',

. Total copper loss, I Ry~
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f = .xu lOl.bh‘r “ﬁ.b
. R'= o
o e 0008 =
== (0.1
fi. h.:uwmn+m~».u__—+hum9
X, =X,+X,=6+65=125Q
il R/=KR, =(0.17x4=004Q
X, H.Nuk» =(0.12x6=0.06Q //
iv. Full-load primary current,
22 x 1000
I=———" =20A
: 1100
Total copper loss .
= H-»NB =(20°x 8
= 3200 W

Derive and explain torque-slip characteristics of 3-phase
induction motor,

m.
ARE Refer Q. 4.21, Page 4-27D, Unit-4.
e. Explain

i. MCB ii. ELCB iii. MCCB
AEX

L

i

5

L Refer Q.5.2, Page 5-2D, Unit-5.
i. Refer Q.5.4, Page 5-5D, Unit-5.
L Refer Q. 5.5, Page 5-6D, Unit-5. '

SECTION -C

3 >?mE_un any one part of the following : (1x10=10)
a. Determine current through 2 Q resistor using Thevenin
theorem.

40 A 3Q

h_--_-__-._-_.‘
4_.r|a§f .
15V H.ﬁ 20 6A
Amc /

A. Calculation of Bt

1 4&3@. saurce and current source are short-circuited and open-
respectively. Load terminal (R,=2Q)isalso open-circuited.
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2. Then the circuit is

40

3

Fig. 4.
3. h?nh@uhe:w...mw
4x8 8
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B. Calculation of V,, Wt
1. Load terminal is open-circuited.

Fig. 5.
2. Converting current source in voltage source,

40 A 1, 82

Fig. 6.
-48-156_33 11,
L= 12 12 4
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t through 8 Q resistor and power in the
twork shown in Fig. 8 using superposition
0 PR

- =16 -9
L .L_.H.Ilul.hll.
G ox8 5 A

Now current source i open-circuited,
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Fig. 10.

4. Hﬂ"lmm.hM.?

Using superposition theorem, current through 8 Q resistor

- - o 8
h|~n+~<nﬂ+wuw>

6. Power in 4 Q resistor = 22 x 4=16W

O

4. Attempt any one part of the following :

(10x1=10)
a. Why is a single

urusmunnnaoﬁgw-ﬂaa!ﬁg

b. PwmoawUO-rﬂhnﬂoEEtnbnwE.Eg&
of motor armature and shunt field winding are 0.1 Q and
gbiﬁ.ﬁ.ﬁﬂﬂ?tﬂﬂﬁ&ﬂu&.ﬁ.?(ﬁ
be generated emf, if working as generator and supplying

41 A to a load at terminal voltage of 250 V ?
Ans.

A Working as a motor :

Given:1,=41A,V, =250V, R =010, R, =2
ToFind:Backemf,E, =
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Sl
h.h..__x. p o
! el m...._..f.u._\_.  L=L+I,=41+41=42A
4 E=V,ILR=250+@2x0
g = 2542V

R géeﬂoﬁ&ﬁomﬂ._ﬁoﬁg”
R IR ;ﬁgégﬁﬂ.v-ﬂnﬁ&r and quality factor
- forseries resonance occurring in a series R-L-C circuit.
L_w B Refer Q. 2.30, Page 2-32D, Unit-2,

o

(10x 1=10)

 b. Abalanced deltacons

_,\ 56D (Sem-1&2)

to 3 phase 400V
i. Line current
ii. Power factor
iii. Power drawn
iv. Reactive volt-amp
v. Total volt-amp,
e aprocoters i tam0 40Q.2.41, Pugn 2410, U
i 1,=4619A
ii.. Power factor, cos 9 =08 (N
iii. Power drawn = 25.6 kW ’

iv. Reactive volt-amp = 192 kVAR ; : J, :
v. Total volt-amp = 32 KVA) e

6. Attempt any one part of the following : (10x1=10)
a. What is an 965«E&§~E-395§
and disadvantages &ﬁn?ngtsv?ggqg
(without derivation) how the efficiency varies when a
ﬂaﬁgotﬁgg&aﬂrgiglg

transformer.
AnS Auto-transformer : Refer Q. 3.19, Page 3-20 D, Unit-3.
Advantages of auto-transformer :
1. Usesless winding material.
2. Smaller in size and cheaper.
3. Higher efficiency.
4. Voltage regulation is superior.
Disadvantages of auto-transformer :
. There is a direct connection between the high-voltage and low-
voltage sides. In case of an open-circuit the full primary voltage on

the secondary may burn out or seriously damage the equipment
connected to the secondary side.

2. The effective per-unit impedance of an auto-transformer is smaller
as compared to a two-winding transformer. :
3. In an auto-transformer there is a loss of isolation between input

and output circuits hence disturbance or noise of one side can be
easily transferred to other side.

1
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.._‘_Et: 11 HM .
‘have higher efficiencies than two

at 100 KVA. At full-load its copper

xkVA cos ¢

n=
xkVAcos¢+P +x* P,

" 1x100x1
(1x100x1)+ 096+ (1° x1.2)
= 0.9789 (or 97.89 %)

: . n= 1/2x100x0.8
& - T ﬂ\uxnocxa.mf.o.em...ﬁmwxrmu

= 0.9695 (or 96.95 %)

Solved Paper (Sem-2)(2018-19)

w.xmsxe.eq

_._n 3 7
HM x u.sxo.qu +ob@+F|u.uF1uM
= 0.9698 (or 96.98 %)
iv. Maximum efficiency occurs when
#P=P

2 m-\.slc-

uih: 1200 =0.89

Load in kVA corresponding to maximum efficiency
= x x Rated kVA

= 0.89 x 100 = 89 kVA
V. N, at cos ¢ = 0.85,

_ 89 x 0.85
" (89x0.85)+12+12
= 0.9693 (or 96.93 %)
7. Attempt any one part of the following : (10x1=10)
a. Describe electrical characteristics of lead acid battery.
Ang

1. Terminal voltage :
When the battery delivers current, the voltage terminal voltage is
less than its EMF due to its internal resistance. Lead acid battery
has less lead sulphate that will clog the pores of the battery once
there is continuous flow of current.

2 EMF:
The emf of a fully charged lead acid battery is relatively higher. Its
open circuit voltage is approximately 2.2 volts.

8. Capacity : o
?%&G%?«S:I%mﬁ&ﬁ%nﬁnﬁx&.a city
which it can give out during single &!w!.mn until its terminal
voltage falls to 1.8 V. Battery capacity 18 BnBE.o._ 3..»!.!3.
EEESEQ%EBES_._E:REEB%
beyond 1.8V, thus it has high capacity.

e
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