Example 1.5 1n the magnetic system shown in Fig. 1.32, employ the magnetization
curves of Fig. 1.7 to determine:

a) The coil current required to produce total flux ¢ = 0.25 x 1073 Wb.

b) The reluctance of the entire flux path.

¢) Relative permeability u, for each material under these conditions.

d) The reluctance of each part, cast iron and cast steel, of the magnetic system.

Leakage flux may be neglected.

Solution The magnetic system may be represented by the equivalent magnetic
circuit of Fig. 1.33. where 2, is the reluctance of the cast-iron part and &, that of
the cast-steel part. )

It will be assumed that the flux density is uniform in each part of the system, so
that H will be uniform in each part. Then by the circuital law,

§§~<ﬁ=H.1,+H,1,=Nf A

The value of H needed to produce 0.25 x 1073 Wb in each part must be determined.

A; =25 x25%x10"% m?
A, =125 x25 x 10" m?

6 0.25x 103
2T T 0.4
3 Bi= T 65 x 100 T
From Fig. 1.7.
H; =710 A/m
b 0.25 x 103
B' = ———— = .
T A, 3sxis 08 T
From Fig. 1.7.
H, = 480 A/m
25 +12.5) 2% 25
I,=(80—25)+2(100— - ) + 2222 242 5 mm = 0.2425 m
I, =30x 10 m
. _Hy+ H,l, 710X 0.2425 + 480 x 3 x 1072
{ ~ = 300 =0373 A
F Ni 500x0.373
by B= T =m0
)R = = s ios = 46X 107 AWD
o - Kty = z
. H
0.4

Hori = 448

T 47 x 1007 x 710

Thus, cast tron is 448 times as effective as air in producing a magnetic field of this
flux density. 0.8

Hrs = 7 x 10____7 < 480 = 1330
Cast steel is more effective than cast iron.
0.2425
d A = W — — =690 x 10° A/Wb
UriftoA; 448 X 4m x 1077 x 252 x 1078
{y 3 x 102

5

rttA, 1330 X 47 x 1077 X 12.5 X 25 x 10-°
577 x 10° A/Wb

Check: R+ R =(690 +58)10° =748 X 10° = R
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Fig. 1.33 Equivalent magnetic circuit for the
system of Fig. 1.32.

The term A/, is the magnetic potential difference across the cast-iron part of the
system. The reluctance of that part is

@, =BG _HE L wy 73
¢ BA  prpeAy .
The reluctance of the cast-steel part is '
I . .
R, =—"— A/WH (1.74)

HrshhoA 5
The total reluctance of the system as seen by the source of magnetomotive force
F is
F
=?:@[+@J A/Wb (1.75)




IR o

(?m-lf)zz

,The followings form examples for the application of

i } Ampere's circuital law intg practice.
i

Fig.1l.2. shows a magnetic circuit and the B-H characteristic
of the core material. It has the following dimensions;

: 2
The crossectional area, A=10,cm

The mean lengths through respectlve legs

.

l_30cm i 2,=10cm ; =30cm ;

3 ’
The number of turns, N in the winding = 500

. N

The stacking—factbr = 0.9

Find the excitation currenf, I applied to the winding to
have a flux-density of-0.5 Web/mz’at the third leg of the device.

Find also the flux components at all branches (leg).
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Fig.l.Z. Three-legged magnetic circuit and its B-H
characteristic.
= Solution
By the application of Kirchoff's law into -the magnetic
core under consideration
l ’ ‘ '
&o ’ . =% ®. - . . :
1772 %3 R
and by the Ampere's circuital law
NI=
H111+H2£ 2
i =H.2.+H., 2 1.7
a 171773 7 3
" where H's are magnetizing forces of respective branches. Hence

324 . ) ‘ 1.8
: ‘Slnce the flux- densxty B3=0 .5 Web/m in leg 3,

the correspondlng
magnetlZlng force,

H3 is read ori the B-H characterlstlc as 50
AT (Ampere-Turn)/m From equatlon (l 8)

' m3 * 3 _50.30 - - '
H 2 =I5 =‘150.A?/m.

whichvp;oduces;a Bz=0;9 Wel?/m2 as read on the B-H characteristic.




zanduéhe-fiuklcohpodeﬂfoiﬂqbréhéhés 1,and'2 are ‘then .

02=32Anet T “°3=B3Anet - » L
'ao 9x9 wH ~0.5x9 1074
- =8.1 1074 Web: - =4.5 1074 web. -

from Equation (1.6) folldws that
®.=(8.1+4.57107=1.26 mieb. -

The flux density at branch ‘1 comes out toﬂbé'then

= 2228300 oy 4 web/m?

and therefore when referred to B~ H characterlstlc agaln Hl is.

found to be 750 AT/m.

Once the distribution of the magnetizing forces are found

" within the core branches, then the branch mmfs and hence the

total mmf can be found from one of the eéuations in equation{1.7).

7 Thus,

NI H l +H3£3 _

use: of a, unlform permeablllty
) cult._However 51‘15 ‘quite a»'
t the operatlng p01nt for that
F¢Th13 means that

1on of B H curve
i gl
s not same wlth others Therefp;e

permeablllty/ﬁt thls'bran;

SR iy

. Loy -
is not the aim of the example _

and 1s therefore

- 3 o

ltﬁéé»heré; .

thls nonunlformlty ’of:permeability
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Dlme"s‘ona o: the nagnetlc c:.rcu:.t shown in Fig.l.3:. are
‘s ‘ollows , Rl . . - S
:.-'10_ enl N o _ : 7
the mezn core-length, 2c=30 cm
the airgap lengxh, Lg:0.0S cn
. _ o= . . %
stidcking-Tactor = 0.2 | 'N=500 turns
1
lg'
Fig:l.3. Magnetic circuit cf ITxample 1.2,
alculate =he +total flux in

the core if zhe windilng carries a

urrent o 0.79 A. Assume that the core material has the sare

-4 characteristic given in Example 1.1.
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