(b)

1)

Derive the expression for the energy in singly excited magnetic field
system. (N

Write a technical note on doubly excited magnetic field system. (6)
Or

Develop the mathematical expression for the force and torque
developed in the singly excited system. (7
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Applying KVL,

xfna bg i.dt on beth ¢ides

V. ldt = v, ldt 4+ d»> ik
9

Vildt = i%¢. 4k + jd

Vidt - i%.dE = jda
(V-ivldt = idx

eidt = ida
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WN.KT
A= Nd
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AWQ = Fd(’) (5)

MALINETIC FIELD ENERUY SToRED ((Wy)
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N:f = Nf,".-_-i sl A
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LAt

W= W' LLit (20)
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When the coil is Qnagi-bo_d, bﬂ the. electric Souvte,

a masno_Hc a‘flux is Set up in it.
This  mag netic dneld  attvads the
henw P'rooluce.s o mechandcal, #wu. Fo‘

indicated.
This mechan cal
and Cause$ o movement :fO'f

The Machanical oy kdene
AWm = Fo" Cdx

aymature  and
in the divedion

’b‘”m Fs olvives the me chanical Syckem.
@  Small  distanwe dx.

According to  Ene¥gy Balanw  Equation,
dig = AWm + AW

= dWm?- dNO. *G‘{NJL 5 e

= f-}.dx: 1A —dwf
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% -{r X L ol ax g
X
_joxdi+ i 4% _brp dl oWg . A X [
2! 2% >) > X _
Fdx = [1_3_71 — wilg T2 XL
ol > > X >
Equating bhe  (oaffitients
ox 5 oM = F
2 2 X
=
F _ A A - wy (i)
n [ / )j
i = -—Q-H;U/X) i
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I:N’U ’)“Eatj
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(asQ 2 =

The independent Variables aye (A,X)

N:P = Wj()\,)()_
dvf = W4 o ¢ 2Wg dx —— (39
oA o X

Substitute (39 in (2¢)

Frdk = ida — bwf dn = W2 gy
o X

s [" a“*]fi% = 2 gx
oX

Fp= = 2Mg(0, (31)
2X

This  expression For  System  inh whid, X s
l'holo,po.htia_nt Naviable

Tt s a -\/oltago_ Contyolled rSH.Sl’:O_m.

LYnear case -
W.xT v
B> Fp = 2 Wy (i)x)
oxL
Ef = Ei%_ [-“L L ¢ i%:] I:Fwonw (?45]
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The J"'I'Xo_d. part of the maﬁnehc Systern js
called the Stator ard the movn'ng part ¢ called  The
Yoto¥. :

Tn Mu)Hp\\d exdtod.  System, the System can bo
deseribed in  aither of the +two Sets Of Ehrze.
Indeperdant Varia bles (7, P2,8) oF (1,12, 8)

©

Casel .
Inalapendent Variables C?‘\,,>‘9_,9>

P

']3: = —BNJ (A1/>‘1/9> [me CB'D
: 20 s (37)

i Wy (M, 22, 0) = J'|,o\>\, + J' A, [From (o) ]
i 0 0 — )
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let
L, => &elf Inductane of Statoy R

Laa = Self Indutkant of ¥otov
Ly = Ly) = Mutual Inductante between  stator ard Retor .

For the Doubly exubed civewit shown . the Flux lin kagos
can be *ro_presantad ag

A= oLy + Ly is (3¢)

Moo= Loy dy + Ly, (39)

Solve eqn (3¢ & Ba) & find 1,8 i,

(33) X L = IR=P
()
@) x Ly = X, Ly,

ALy = 2 Ly
Mbg =2, Ln
= iQ = Arbig — D5 Ly,

2 2 .
2 — Ly Lag Ly, = Ly Ly,
J = Lf Ly ~
% oy = |2
Gr Lag =Ly, Lite, =L,

(40
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©
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Liy bags Ly
L
Pzz i 11
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Electrical Coupling field  Mechanical
losses losses losses

Electrical Mechanical
system Coupllng system

p ro vi di n g . S NG ﬁ e I d p rov i d i ng
input / \ - output

Net electrical Gross mechanical Net mechanical

Gross electrical input availabie output available output
input | ei'dt [Fvdt, [Todt  JFvdt, T od
JVidt

Fig. 5.4.2 Energy flow in electromechanical energy conversion device as a mowf
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IS LR A ring composed of three sections. The cross section area is 0.001 m? for
each section. The mean arc length are 1, = 0.3 m, I, = 0.2 m, I, = 0.1 m, an air gap
length of 0.1 mm is cut in the ring, u, for sections a, b and c are 5000, 1000 and 10000
respectively. Flux in the air gap is 7.5x10™* 'Wh. Find i) m.m.f. i) Exciting current if the
coil has 100 turns iii) Reluctance of the sections. “AU.: Dec.-11; ‘Marks-16
Solution : a= 0.001 m? same, for all sections,

¢ = 7.5x10™* Wb,

N = 100

Reluctances for the sections,
L 0.3

S, =
2 moMra 4mx10~7 x5000%0.001
= 47746.4829 AT/Wb
! ;
S, = —2 = . 02 = 159154.9431 AT/Wb
RoHra 47 x10™ x1000x0.001
5, = o e - 7957.7471 AT/Wb

Bolra 47 x10~7 x10000x0.001

I | -3
S, Brn oo OLX1D — 79577.4715 AT/Wb
Hoa 4mxx10~7 x0.001

». Total reluctance = Sy= S, +Sp +5c +S; = 294.4366 x10°> AT/Wb

m.m.f.

o= mmf . 75x107% =
St 2944366 %103

220.8275 AT

m.m.f.

mmt = NE fe I= E‘;:OﬂQ ~ 22082 A



SENREREES For the magnetic circuit e 10 cm

shown in Fig. 1.18.7 determine the

current required to establish a flux  __,
density of 0.5 T in the air gap. :
_AU: Dec.-10; Marks 12 :

icm |Bcm

=~

’Zcm l

Iron coro :
thickness = 2 cm
i core = 5000 g

Fig. 1.18.7

I; = Length of iron path =8 + 8 + 6 + 5 = 27 cm

Heoe =  5000pg ie. p, = 5000 e
o [ T |-.-
¢ = Bxa = 05x4x 10"1 = 02 mWb f | T
: ! 25cm
-2 |
S; = l = 20x1y 6 cm E * lp=1Cm
Holra  5000x4mx10~7 x4 x10™4 ! i
' E 2.5cm
= 107.4295 x103 AT/Wb L_L _______________ Lot
/ 1x 10~ 2 e 8 cm———=4

S, = 5 =
& poa  4mx10"7 x4x10™1 Fig. 1.18.7 (a)




But

19.8943x 10° AT/Wb

Si +Sg = 20.00173x10°® AT/Wb

m.f.
ST

0.2x%x 10~ 3

ie. 02x10"3 =

x 20.00173 x 106

1000

NI

20.00173 % 106

=4 A



1A il 8 3co turns and 6 vesictane lon
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;(;ama gun* . Tt i< (onnetted, o a Suppb”

’at ao v D.c. T4 ‘the welakive pey maab il

gag the ¥irg s oo, Fird_
() The magnehging fore (i) Relutrance
() The m.m.f ) The flut.
given, .

N = 200

R=1002

4= 20 um

A = qth'

V=3V




r E‘Fo Rrdl

(i) H
(i) S
(HD M.m. F

v 9

Sduton .

(D MAgr\Lﬁsir? fove H

Hs NI

—

J

J-=

V.
R

I= 26
|O

I:O\A//

H= 300 X &
30X 10~%

F:&OOO AG/J

() The welutkanw, g

G 2 JL |
,HOH"Ac ,

S= . 30x10°2 "

-
A1071 X 1500 x § %) 0~ F

L o lRBae g )y,



.m.4 = 300X

} M.mf = 600 AT ]

—

—

¢: m.mf
voluttante
Cb’ }e 9232 .8

b = 3.292 X107° Wb,

o]
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PARALLE-L MAWNETIC CIRCUITS

e e b, fbl »
FJ'Ei’ZTlT Yoo _F
TZ . [ totat |
> $lur ¢

The Mean |o_hg£'h o path ABwD = I/m
The mean lorgth 6 AD = ”Qsm

Th veluttante & ABD = S
The weluctante & AFED = Sy
The Yeluttane 6 AD= Sa

Total MMF = NI =

SQ: »0.9_ y _43:: -Q~3

Has

Totel NI -= (NI>AD e CNI')‘ABCD C"f'(NIL,:eD‘

- For  path ABCDA, NTI= &5 + &53

For path 4B AFEDA , NT = Qnsa + Ps3

| (TO{:AMMF ’MN\J— L\d mmf b‘)

I\N\L (Q_l.ul‘d) ‘M"@M limk



PARALLEL MaAuNETIC | Ak
Vo Bamg S i o ——i*ui Se————_
Flut o F] Ps
| =
S
! 3 ) » ST
OO e '
! ol i )
] 79 =2 |
' O-f ' J}ﬁ ;
| b RN = '
' o—>——+"D
' »
N ' |
' |
| P )
] Gt | )
)
I 1. o owemm s ==F
Cleme o w == == =47 B
s now |

The veluctante of the ont¥al Umb

'SC = Sg -}-:5‘8

&==_£Z_-+;£&_,
e

| + mmo‘)
(MMF>A3) = (rnmac)m;# ‘ C ) uh

Qotal NI = (N:%®+(N9ma+ﬂﬂ%m@rov
(ﬁI)AFED




A cast steel structure is made of a rod of square section 2.5 cm X 2.5 cm as
shown in the Fig. 1.18.14. What is the current that should be passed in a 500 turn coil on
the left limb so that a flux of 2.5 mWb is made to pass in the right limb. Assume
permeability as 750 and neglect leakage. '

[ r___éﬂg_m___.‘*,_ﬁﬂm____,
I | ] :

et S ¢ ' | ¢ = 2.5 mWb

. #.' .
N=500 4 i 1
o—1 | ! E
!. __________ .p.t'q_-__....._;_.-.._..!
y - x

Fig. 1.18.14
Solution :

This is parallel magnetic circuit. Its electrical equivalent is' shown in the
Fig. 1.18.14 (a). |

The total flux produéed gets distributed into two parts having reluctances S; and S,.
S1 = Reluctance of centre limb |

S, = Reluctance of right side




L

5, = 25x 1072 1(9) A o

BoMra; 4nx 1077 X 750% 2.5% 2.5% 10~ _—L I l

T = 1 1.2

= 424413 x 103 AT/Wb T (#1) o

2R

o -_h 40x1072 % b ? ‘
2 T 3

RoM; al 41 %1077 X750%2.5% 2.5% 102

= 679.061x 103 AT/Wb 3

For parallel branches, m.m.f. remains sane. ﬁ ﬁ

S, S,
For branch AB and CD, m.m.f. is same. Fig. 1.18.14 (a) .
mmf = ¢;5,=¢,5,

And ¢ = 2.5 mWb ... Given

S,  25%1073 x 679, 3
o = 92 S _ 2.5% 107 x 679.061x 10 4 WD
Sq 424.413% 103

¢ = ¢1+9; =25+4=65mWb

Total m.m.f. required is sum of the m.mf. required for AEFB and that for either
central or side Limb.

Saprg = Sp =679.061x 103 AT/Wb
m.m.f. for AEFB = Spppg X = 679.061x 10° x 6.5% 10°= 4413.8965 AT

. Total mmf. = 4413.8965+¢1 S1
4413.8965+4x 1073 x 424.413%x 103 = 6111548 AT

But NI Total m.m.f.

[ = 11548 _ o003 A
500
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VOLTAWE REWULATION OF TRANSFORME R,

SA trandeimey  Should have a &gl Value of
Voltage Wz@ulaﬁon, (fe. good Noltage 'o'aau\aﬁon).
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LossEs IN A TRANSFORMER
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SEPARATION OF HYSTERESIS AND
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The +otal coveloss of o  Spadmen of Silicon skael s
Sfourd. o bo 1sooW at SoH3y. kaira the ﬁlu'x_ tontkank

the Jlose hotomes 3oooW. Wwhen the -bmq,uenud s valsad
ko 15 Hy. Caleulate. &eFavata(xd the h\dsta:re.cis ord, Qdola cuyrent
loss at each of these Frequencies.

Solukion:-

givan -

Pa= 1500w 5 &=50Hyx

Pi2.’=3000N > :FL=75H'B
Bi= Ph+he
I-b
P = Kh?’maz £ & Af
Po= KeBrgy £ = Aodf™ &

S0

“

g 2 )
S P = A +Af~ = 1500 = 50A t2500. Ay

—0
Py = Ajfp+ Aaf,® = 3000 = T5A; + 5625 Ap 5
T'Is"
Sol\:lrg ® 8@
Al:' ‘0 A2= 0'4‘
' Fence,
50H ;
==} P, = loxsp > 500 Wy
| Po = 0.4X50 > 1000 Wy
e Hy

Po= 16X76 = 7150wy

Pe = 0.4x15 o 2260 Wy




The Coveloss (hssta'm&‘s + o.d&cd cuvsent )os.S) o1 a 8ivm
Speuirnen  of maﬁm‘cic. vaterial s fourd. o be 2000

ak Soty . Kesping tha dlux densily conctant, ‘the {Fegpency
8 the Suﬂﬂa 6 vaised, 1t TIBHY msulting in o Cofe loss
of 3200W, ComFu’cQ, Sa.Fzzm\:a,\nd hygtﬂag«is ard Qd&a curyent

losses at  both  the %Teq/uanu'as.

Solution:
Grven -
At BoH¥ Fiﬁ. = 2000 W
Ak TSHy Pia = 3200 W
j.b
B = kthxz\c’ = Phof
Ph= Af
p i
o= Ke Brax 2 = R wg?
PQ'—‘ A2§-2'

Pi\ = A, +A2§‘1 > 2000 = 50O A| + 2500 Ao
| Bia 2 A oA £F B 3200 15A, + 5625 Ag
| So\\n’r% D203
1 A\: 34.bb1 P';_:- 0.)obb7
Hente
:SOH}

P,z 34.bb7 x50 = 17333 \
P, = 0.10b67 x50 = 26661
15 HY
T = 2600 N/

Ph = 24661 X715
o S0 X5 D BoOH
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Nhan o Jc;o’arlsfmmrmr 1% SuPPhacL ak 4006V, SOHY the

ktd.S‘l:a_TQSiS logs 1S fou\ol. to be 3lO0W and-
loss 16 :foou\dv to be 9 oW . Dekerming

edda cusrent
the Ms’aafes]s lose and. eddg cuyvent logs whan the
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Qiven,
Ph-: 310N } 400\ ord 50 3%
PQ: 260 W
To Fnrd
Phoob Po when SU-PPUE-A akt eooN & looH¥
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£ case o cate
N 4eo e
$ e § 100
o Flue dongity \$ constonk.
Henwe A, ond Pg  &¥Z constcu\b (N bo th
t\:\\z cose .
Rrd A2 A2 :
.:-i Ph: A|:f- P, = Ag_:f'
sFrom given data, 310 = A, (59) A (50)9'
Al: 6-2—// Az = 0.\04-//
Now,,
At |00H-'b. e
_ o.lo4 (loo
Prh= 6-2—000) N (100
= IO4-OU\|/




\EPEN CIRcO\T AND  SHORT CIRCUIT TESTS

Purpose of this bast,
~> Predotes mination of Efficiency arde RD@u)a’don
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CTQ{QWQA
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Based on Convanient

> Ay one of the windirg of tha transdormer 14
lojt opan buk usuanu Mg‘h Voltage. s lefk open —
- ciyveuited

— The vated. Voltage s given to L. wfnaling
(Voltme tey Uﬂtlol"“ﬁz‘m{qc[ \Ioltaﬂa) Trenall  the  thiee,

instyument ‘dejnﬁs e Yecorded. .
Ammeler voading (Tp) = No load cusvent
Voltmetet Yeading [\/o) > Tnpuk Vol tage C'aa{;zoL)

Ndee{QT UM[B CPO>

/N

C S‘C‘::ai:f_s +  ohmic loss (T?®)

all loads) &/

A No lead. curvent le Vay ervall
2to b o vated Cazvent

o n TR 18 nagligibly <vall 0
Poiraty ands NiZ in Setondary
wlnd.fng (_no (u'\ml\l:)
o Hence  the  vatkmeter Teadirg (R) can be
takKen equa[ 1o transdormov Core - loss .

{

calculations -

P, = Vo To sy

Cos 430 = _.BE-————
Vo%

Ly = Iosin4>o & IW=IO°°-5¢%

Xo=__\_l_l_ Ro""-y:é—-
I’J_ W




Shost civcuit test -

N

TEU 1 o

¢—lan Wi clreui b

%usua\\'d Lot Volbaﬁe, side o4 tha. ‘[:‘ran.(:tofmzz 13
Short  Cinwuited .

> The applied. Voltage is adjusted. by auto - trantfoimay,
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