Exercise: Electromagnetism

(a) A core with three legs is shown in Figure 1. Its depth is 5 cm, and there are 200 turns on
the leftmost leg. The relative permeability of the core is 1500 and constant. Assume a 4%
increase in the effective area of the air gap due to fringing effects.

i) Calculate the total reluctance, Rrot?
ii) Calculate the flux, ® in each legs of the core.

iii) Calculate the flux density, B in each of the legs.
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Figure 1

(a)

SorutioN This core can be divided up into four regions. Let R, be the reluctance of the left-hand portion
of the core, R, be the reluctance of the center leg of the core, “R, be the reluctance of the center air gap,

and R, be the reluctance of the right-hand portion of the core. Then the total reluctance of the core is



(R, +R,)R,

g =P +
Fror = H+ R+ R, +R,
R=—t = 108 m = 1273 kA- Wb
44,4, (1500)(47x 107 H/m)(0.09 m)(0.05 m)
R =—2 = 0.3 m = 24.0 kKA-UWb
H,1oA,  (1500)(47107 H/m)(0.15 m)(0.05 m)
R, =2 0.0004 m = 408 KkA-t/Wb
oA, (4}1’)(1[] H/m)(0.15 m)(0.05 m)(1.04)
P == _L08m =127.3 kA -UWb
1,14, (1500)(47107 H/m)(0.09 m)(0.05 m)
i) The total reluctance is
R, +R,)R 24.0+40.8)127.3
fgm:@ﬁ@:lz?m( +HA08)1273 _ 1205 k- uWh
R, +R,+R, 24.0+40.8+127.3
... The total flux in the core is equal to the flux in the left leg:
1)
200t)(2.0 A
B = O = _ROO(204) 15535 wh

‘Qm 1702 KA - /Wb

The fluxes in the center and right legs can be found by the “flux divider rule”, which is analogous to the
current divider rule.

. S 127.3 (0.00235 Wb) = 0.00156 Wb
R, + R+ R, 24.0+40.8+1273
R, +R, 24.0+40.8
b = ooy = 0.00235 Wb) = 0.00079 Wb
T D F R+ R, 240+408+ 1273 )

iii)
The flux density in the legs can be determined from the equation ¢ =
¢,  0.00235 Wb

= =0522T
A (0.09 cm)(0.05 cm)

B, =

G 0.00156 Wb

= = =0208T
e A (0.15 cm)(0.05 cm)

6, 0.00079 Wb

o= e — =0.176 T
A (0.09 em)(0.05 cm)




b) A magnetic circuit containing a core winded by a 400 turns coil, 4A current and an air
gap on the opposite side as shown in the Figure 2 below.

1) Determine the air gap reluctance, R, and core reluctance, R

ii) Determine the energy stored in the core and in the air-gap.

iii) Determine the excitation current and induced emf in the coil to produce a
flux of 0.4sin314t mWb in the air gap.

iv) Determine the inductance of the coil.

V) If the coil is connected with a source 200Vrms and 60Hz, determine the
maximum flux density
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® ) K=
LA
-3
fo=t - 209950
H A (41077 )(4x4x1077)
I [2(25+20)-0.2]x107

- = =1.11x10°
Ut A (4x1077)(4000)(4x4x107)

c

i) R, +R,. = (9.95+1.11)x10° =11.06x10

P R p—
11.06x10

1 2 1 5 2 —6
W ir—gapy = 5Rg¢ = §x9.95x10 x(1.45)°x10 =1.046J

1 1 }
Wi corey = ERC(,/)Z = Ex1.1 1x10°x(1.45)*x107° = 0.036J

iii)
@R, _ (0.4sin3141)x107 x11.06x10°
N 400

=1.11sin314r A



e=wNg__ cosar =314x400x0.4x107° cos314t = 50.24cos314¢

N? _ (400)°
R 11.06x10°

total

iv) L= =144 7TmH

V=E=444fp N (rms)
200 = (4.44)(60)¢,

max

9. =1.876 mWb

(400)

Vv



