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Key Solutions

Q1) Problem 1-6
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
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The total reluctance is
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The total flux in the core is equal to the flux in the center leg:

F (3001)(1.0A)
Rpor 204 KA-U/WD

=0.00147 Wb

gﬁcenter = @TO’I =

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

B+ R 168 +108
Pap = - (_ - __‘) — ot = ( ) (0.00147 Wb) =0.00068 Wb
R +R,+ R, +R, 168+152+168+108
(R +%R) (168+152) _
b= ror = (0.00147 Wb) = 0.00079 Wb
R+ +R+R, 168+152+168 +108

The flux density in the air gaps can be determined from the equation ¢= BA4:

BM=@= 0.00068 Wb o185 T
Ag  (0.07 cm)(0.05 cm)(1.05)
; 0.00079 Wb
Bngh=¢g‘“ = 0215T

Ay (0.07 cm)(0.05 cm)(1.05)



Q2) Problem 1-17
SoLuTioN The magnetization curve for this core 13 shovim below:
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The relative permeability of this core 15 shown below:
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Note: Tus 15 a design problem, and the answer presented here 15 not nnique.  Chher
values could be selected for the flux density in part (o). and other numbers of fums
could be selected in part (c). These other answers are also correct if the proper steps
were followed, and if the choices were reasonable.

fa) From Figure 1-10c, a reasomable maxinmm flux density would be about 1.2 T. Notice that the
satwration effects become significant for higher flux densities.

(B} Ata flux density of 1.2 T, the total flux in the core would be
f=BA={12 T)0.05 m)(0.05m) = 0.0030 Wh

fc)  The total reluctance of the core is:




Bror =Qm..+tﬁ-w|+%.w.+tﬁnwz

At a flux density of 1.2 T, the relative permeability 1/ of the stator is about 3800, so the stator reluctance
is
060 m

R S PV - : =503 kA -tWh
Moo A (3800) 47 %107 H/m )(0.05 m)(0.05 m)

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

@ o e _ _00m —42 EA-UWb
Mg s (3800)( 47 %107 Him)(0.05 m)(0.05 m)
The reluctance of both air gap 1 and air gap 2 is
I 0.0005 m
R =R == — - =221 kA-t'Wb
st ey o Lurgp (47X 107 H'm|{0.0018 m’ }

Therefore, the total reluctance of the core is
QTUT =CEI.I.|.I.||| +‘:anl +CEI|H.||| +‘-Eﬂ'”1
Poror =303 +2214 42+ 221 =496 KA - t'Wh
The required MMF is
Foor =FRor = I:[}.DUE ‘J.-‘b:l{dﬂﬁ EA tWh)=1438 A -t

Since &F = Ni, and the current is limited to 1 A, one possible choice for the oumber of tums is N = 2000.
This wounld allow the desired flux density to be achieved with a current of about 0.74 A



Q3) A coil of 500 turns and resistance 20 Q is wound uniformly on an iron ring of mean
circumference of 50 cm and cross section 4 cmaz. It is connected to a 24-volt DC supply. Under
these conditions, the relative permeability of iron is 800. Calculate the values of:

(a) the magnetomotive force

(b) the magnetic field intensity

(c) the total flux in the iron

(d) the reluctance of the ring

Solution:
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Q4) The total core loss for a specimen of magnetic sheet steel is found to be 1800 W at 60 Hz. If
the flux density is kept constant and the frequency of the supply increases 50%, the total core
loss is found to be 3000 W. Compute the separate hysteresis and eddy-current losses at both
frequencies.
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