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1.9 Solved Problems
Eg .No.1

A magnetic circuit with a single air gap is shown in Fig. 1.24. The core
dimensions are:

Cross-sectional area A, = 1.8 x 10° m’, Mean core length /.= 0.6 m

Gap length g=2.3x 10°m, N= 83 turns

| Core:
/ mean length [,
o area A,
permeability p
N turns
L+ Air gap
= ol 4,
T

Assume that the core is of infinite permeability and neglect the effects of fringing
fields at the air gap and leakage flux. (a) Calculate the reluctance of the core
R. and that of the gap R,. For a current of i = 1.5 A, calculate (b) the total flux ¢,
(c) the flux linkages A of the coil, and (d) the coil inductance L.

Solution:

R __& 23x107

) _ : = - +=1017x10° A/Wb
R =0 since y— A Ar <107 x1.8x10

Ni 83x1.5

= - -=1224x10™ Wb
R +R, 1017x10

¢

A=Ng=1016x10" Wb

inz 1.016x1072
i 1.5

=6.773 mH
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Eg .No.2

Consider the magnetic circuit of with the dimensions of Problem 1.1. Assuming
infinite core permeability, calculate (a) the number of turns required to achieve an
inductance of 12 mH and (b) the inductor current which will result in a core flux

density of 1.0 T.

- Core:
/ mean length (.
= arca A,
permealbyility ju
N turns

L+ Alr gap

* 214 2
—‘ s

Solution:

N2
L:%:IEXIDEmH =5 J'\-':Jllxlﬂax!.{}!'fxlﬂﬁ=1I{}.4T = N =110 turns

B

B=B=10T = ¢=8BA4 =1.8x107 Wb

r -3
=E= 110x1.8x10 _165 A

4
L L 12x10°

i=
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Eg.No.3

In the magnetic circuit of Fig. E1.3a, the relative permeability of the ferro-
magnetic material is 1200. Neglect magnetic leakage and fringing. All dimen-
sions are in centimeters, and the magnetic material has a square cross-
sectional area. Determine the air gap flux, the air gap flux density, and the
magnetic field intensity in the air gap.

Solution

The mean magnetic paths of the fluxes are shown by dashed lines in Fig.
El.3a. The equivalent magnetic circuit is shown in Fig. E1.3b.

Fy,= NI, =500 x 10 = 5000 At
F, = NI, = 500 X 10 = 5000 At
e = 1200py = 1200 X 471077

a _fbalu
ﬁ-haie_#cﬂc
_ 3X52X%X107?
1200 X 471077 X 4 X 1074
= 2,58 X 10° At/Wb
—] 2 i-.'. EG‘i :i 2 50— 2 |=—
—————— 2 ——mp———— e e e
10 A TE -TD c
o— " ' L -0
¢ : 1-Lb
4 |
l‘wll . | | i + NE
500 turn5: 50 : TG'E : 9 500 turns
d 1 | L
| T
| ¢ ' a
e e e B Ml e e e e i B 4
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From symmetry

Ricde = Rrate

l
R, = —t
f oAy
= 5 X103
471077 X2 X2 X 10
=994 X 10° At/Wb
Z core
g|tbe{c:une] = ﬁ

_ 51.5x 1072
1200 X 47107 X 4 X 10

= 0.82 X 10° At/Wb

The loop equations are
q)|(gi'.b;.j¢ + g?'be + mg) + (I)Z(Lyhae + %g) = Fl
D (Rpe + R) + P Rpege + Rie + Ry) = F,

®,(13.34 X 10°) + P,(10.76 X 10°) = 5000
D,(10.76 X 10°) + d,(13.34 X 10°) = 5000

The air gap flux density is

D, 4134x10*
By= = X0t - 10T
The magnetic intensity in the air gap is
B, 1.034

H, =2

e = am107 = 0-822 X 10° At/m

Egno.5
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For the magnetic circuit of Fig. 1.9, N = 400 turns.
Mean core length /. = 50 cm.

Air gap length I, = 1.0 mm

Cross-sectional area A. = A, = 15 cm?

Relative permeability of core u, = 3000

i=10A

Find

(a) Flux and flux density in the air gap.
(b) Inductance of the coil.

Solution
l 50 x 102
7 — L =
(@) Re = httoA. ~ 3000 X 47 10 7 X 15 X 107
= 88.42 X 10° AT/Wb
s 1 %10
® T oA, 4m107 X 15 x 10~
= 530.515 X 10° At/Wb
Ni
= R.+ R,
_ 400 < 1.0
(88.42 + 530.515)10°
_ P _0.6463 X 10
B_Ag- TS % 1ot =0.4309T
N? 400?
b L= = \
) R+ R, (88.42 + 530.515)10
= 258.52 x 10-*H
A NO 400 x0.6463 X 103
or L=-=—=
P 1.0

=25852X10°H =

EE8301 ELECTRICAL MACHINES-I



