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SOLUTION This core can be divided up into five regions. Let -R; be the reluctance of the left-hand portion
of the core. R, be the reluctance of the left-hand air gap, -R; be the reluctance of the right-hand portion
of the core. R, be the reluctance of the right-hand air gap. and R; be the reluctance of the center leg of
the core. Then the total reluctance of the core is

(R+R)( R+ Ry

Rior =R +
Tor RAR+ R+ R,
]
B _Lllm =168 kA /WD
H,fp4 (1500)(47 %107 H/m)(0.07 m)(0.05 m)
Ry=t o 20007 m = 152KA-UWD
Hig Ay (4mx107 1-L»"m)(0A07 m)(0.05 m)(1.05)
I
R-—b Llim —168 KA -U'WD
Htto s (1500)(47 %107 Hm)(0.07 m)(0.05 m)
I 0.0005
P == — = ~108 KA-UWD
fioA, (47107 H/m)(0.07 m)(0.05 m)(1.05)

@t _ 0.57 m —56.1kA /Wb
Mt (1500)(47%107 H/m)(0.07 m)(0.05 m)
The total reluctance is
R +R) R +R 168 +152)(168 + 108
Rror = p5+( ‘+_ (R + "):56‘1+( +152)(168 + ):204 kA -t/Wb
Ty R+ R+ Ry 168 +152+168+108

The total flux in the core is equal to the flux in the center leg:

F _(3001)(10A)

Fom = o = Rpor  204kA-UWb

=0.00147 Wb

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

R+ R 168 +108
e == ( ‘)_ thor = ( ) (0.00147 Wb) = 0.00068 Wb
R+ R+ R +R, 168 +152+168+108
(R +®) (168+152) _
b == = o Pror = (0.00147 Wb)=0.00079 Wb
R +R + R+ Ry 168 +152+168 +108

The flux density in the air gaps can be determined from the equation ¢ = B4:

Blﬁ:@: 0.00068 Wb o185 T
Ay (0.07em)(0.05 cm)(1.05)

Pugse _ 0.00079 Wb
4z (0,07 cm)(0.05 em)(1.05)

B = =0215T
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The relative permeability of this core 15 shown below:
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Note: This 15 a design problem. and the answer presented here is not unique. Other
values could be selected for the flux density m part fa). and other numbers of ums
could be selected in part {c). These other answers are also correct if the proper steps
were and if the choices were reasonable.

fa) From Figure 1-10c. a reasonable maxinmm flux density would be about 12 T. Notice that the

b) At a flux density of 1.2 T, the total flux in the core would be
= BA=(1.2 TX0.05 m)(0.05 m) = 0.0030 Wb
fc) The total reluctance of the core is:

Rror = Rramee + P g 1+ Por + Roe 2
At a flux density of 1.2 T, the relative permeability x, of the stator is about 3800, so the stator reluctance
s

(- 060m

=503 kA VWb
Mo (3800)(47 %107 H/m))(0.05 m)(0.05 m)

B

At a flux density of 1.2 T, the relative permeability g, of the rotor 15 3800, so the rotor reluctance is

0.05m

[ _ =42 EA-t'Wb
Hore A (3800){4xx107 Him)(0.05 m)(0.05 m)

P

The reluctance of both air gap 1 and air gap 2 is
Lw 0.0005 m

Ho gy Ay (47107 Hm)(0.0018 m’)
Therefore. the total reluctance of the core is

Rror = P + P 1+ P + P g

Ryor =303+ 221+4.2+ 221 =496 kA - /Wb
The required MMF is

Fopy = $ Ry =(0.003 Wh)(496 kA -/Wh) = 1488 A -t

Since ¥ = Ni_ and the current is limited to 1 A one possible choice for the mumber of tums is N'=2000.
Thus would allow the destred flux density to be achieved with a cument of about 0.74 A

=221 kA -t/Wb

Rt ™ R a2
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The above device can be analysed by its magnetic circuit equivalent

R,
AAA
Yy

(;T ‘ o, l‘]’z

e e
“l = Jye \2 =R

AN

For loop 2, the magnetic flux density is

¢, 1L5x10% Wb
By=—2=T YD _gasT,
T4 ex10tm’

and the corresponding magnetic field intensity is

3 1 .25 .
B 5 .#’_ =40 At/m.

Hep = =
M e Mgl A972x4xx107 Hm®

Applying Ampére circuital law around loop 2 of figure 4.19,

Holy=Hypsdia =0
H,,(0.0S m)- (40 Avm)0.2m)=0
_ B
0.05m
=160 At/m.

L]

Thien, the magmete fux densily in region ‘be’ 15
By =By, = iy Hy, = ity Hy, = 4821247107 Himx160 Atm = 0.97T.
The flux i this region is

b, = BA= (097 T)6x10" m’ )= 5.82x10% Whb.

For loop 1, apply Gauss law (analogy to KCL in electric circuit) gives

D=0+, =(582+1.5)x10° Wb
=7.32x107 Wb
- -4
p=Pr T2X0 Wb o,
A 6x107 m”

Then.

_ B _ B _ 1.22T
Hyes Hply 2426x4rx107 Hm'

H =400 At/m.

Applying Ampére circuital law (analogy to KVL in electric circuit).

NI = H gyl o + Hply,
NI =(400 Avm)0.2 m)+ (160 Avm)0.05 m)
(501)r =80 At+8 At
I=176A.
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Solution:

The magnetic circuit equivalent and its electric circuit analogy are shown in below.

Since the magnetic device is try and made by the same material at both left and right
anms, we can concentrate the analysis of the circuit on either loop 1 or loop 2.

From Gauss law. one gets

Oy =,
Gr=d + b,
=20,

Apply Ampére circuital law at left hand arm.

D M =2 HI

NI =H_l, + fos +H ol +H,*.fm

N =Hulo 4 H I A Hyly+Hy U, +1,+1,) (1)
©; 20,  2x30x10° Wb

B, =1 =0 _2XUXID WO _ et

“T 4 4 (0.01x00D)m?

H, = H_, = 2600 Atm (from figure 4.26) (2)
B 2%3 -

g =P P 2 2>30x10 " Wb =477x10° Avm. )

Hy  HoA  poA  ([47x107 Hm)0.01x0.01)m’
&
BM=E=M=0-3T
A4 (0.01x0.01)m’

H,, =750 Atm

Substitute (2), (3). and (4) m (1) yields

P (2600 AUmx0.03m)+(4.77x10° Avm=0.5%107 m)
N|+(2600 Avm*0.5%107 m)+ (750 AVm>3x0.04m)
2566

=100
=6415A.
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