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Example: A ferromagnetic core is shown. Three sides of this core are of uniform width,
while the fourth side is somewhat thinner. The depth of the core (into the page) is
10cm, and the other dimensions are shown in the figure. There is a 200 turn coil
wrapped around the left side of the core. Assuming relative permeability ur of 2500,
how much flux will be produced by a 1A input current?

Solution: 3 sides of the core have the same area, while the 4th side has a different
area. Thus the core can be divided into 2 regions: (1) the single thinner side (2) the
other 3 sides taken together

15 ¢m f 30 em fee T} CTTY —

|
|
f
|
I
I
I
1
|
|
|
|

D R +
e N=200 5 14 30 cm = s
e | ()

] Ty

30cm

Depth = 10 cm



ke

Ol 3o s o805

ol )| Jims ju IR il 9ty laie col cul LU oS s cwablise sl jlae gl #

Mb P oolw 9 uLo.o ‘s.m.»_bLm p-b' usau S0 a )‘d._o J.o.bu é)‘s_o 449L~| 9O &

2 5l s Gaisle

\

I 1 ~
ER: C : p:lzﬂAC : ¢:NI:\S
LA, R R R

£

Wl (oo (S Sl saylae 4 bgs o bulg ) alico 398 Ly,

\ R=—— ’ GZEZG_A ’ |:E:EG
oA R | R

bl?}g)ﬂé‘ssls)f)}s.):uy).&ﬁ



2 5l s Gaisle

\

£

—

bl.?}g).é‘ssls)f):s.):uy).u

keiliS gl y 53la0 9 Gy S 5 o oS> Lslg

2 Ol 9 Coglio wlio (milgd I (s (cmablio bodlae )0 (puablan jLb g WlS Y,
cGlgo — 5w b S5lg0 s G L)l GLUSHEST g uelgd (uisS (o o (S S s jluw
odliiwl JB 3 (mmblio sla)law 50 . g (4U 32 puenedli 00, Ldaglilo (53190 b (6 puw S 5

Peg P1 P2 P3

Peg=P1+ P2+ P3+...

Wl (o0
LS o ) (6 yw S 55
iReq :SR]_-FERZ —|-ER3 +...
LewilS o ) (53190 s 5
1 1 1 1
= +...

+— +
MReg N1 Ry N3



= (Plgp ol L) LS o o lon by luw

A ... g (owablang Sl b Ay, by les wilen Llwg g Hlgo (So xSl s iilo 4o
Jolgd uablisong 9 ((dwd ) dlgo p ogdle  cmmblo Hluw , wdiwd I o glodomd gyl

tCawl ouol p 3 LS 10 ,ylow Eg5 oyl diges .00 Yo Jolid jui Iy Slgn

2 5l s Gaisle

\

Vet Mean core
. 7 Magnetic ===~ L length |

1 G| 1 fluxlines | :

o +0 1 |

a j—h 1l Argm,
it} A ' Airgap | permeability i,
V), - 0—4l , length g T
Y ' sl Magnetic core
.'b AT — ) “T” permeability 4
35 Winding, | — B

o\

0y N turns

Magnetic flux

Magnetic circuit with air gap. ‘ lines



e

Ol 3o s o805

2 5l s Gaisle

\

B

—

blk.}g)ﬂé‘s.;ls)f):s.):uy)&n

|
mc_ C Ry — g
He Ac Hg Ag
Ni
o=
Re+NRy
Bczi , By _9
Ac Ag

FlogdS ewsl Wy o

A:Ag:AC j
B, =B, =2

I (Sowes S

a gogu> U Jlgad fold 5l jeue o cmamblae jLi bghs
b olaae (Saues odsay (pl ar digud (o0 o (59 a9 o

S gS oo (FIUXFringing) L Sowes

Core

Magnetic
flux lines

Fringing
fields




V (Sl sla il

£

ol.?}g).é‘ssg)f)sb:un).u

HLo (S dwlxoyo go o

Z@Ria

-

C !

e —

Acore =axb
Ay =(a+g)x(b+g)
Ol H9lxe dwd alaio ghaw 1 (Guwo 30 Whguas (Slgd Alold ygo mhaw w8l (63,190 o

—_

O y3o



BE

S (G P09 el ol 0010 LIS Slgn alol b ol o wabliio 9,9 dwd SO ) JSSB 0
Byl Fowws bl Slgs alols ahaio gl il oo L =4000 avns ugbline
D duawlxo Cowl Cgllao .0giimn (0 8 diwd abado daw jI s duo 0

(192 9 1) JL po JS' uiliSgly -

(Slgp abold )0 Mud +/8 HLb (Js uddgi gl 58 0590 b= -

120%

2 5l s Gaisle

\

Awd 4O )Lw £5,L§’ -Y

V I_
3 n=400 C:_\
D turns :m
’-? & . g R,
It
N - 0] i Fgo=ni)( T
\\q\ = zr\\ " 0.05 cm —_
3\( T A= 12cm? § Re
T
—2’ [, =40cm
/




ol 0.4

= = - =66300 A.t/Wh
Hc Ho Ac  (4000)(4zx107")(0.0012)

=316000 A.t/Wb

A,=1.05x12=12.6 cm? , R, = s _ 0.3005
HoAa  (47x107)(0.00126)

Roq =R + R, =66300+316000=382300 At/Wb
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(2000) (47 x10 ' )(0.0012)
166000 A.t/Wb

I
Ry =——
;Ur/UOAr

B 0.05

(2000) (47 x10"')(0.0012)
~16600 A.t/Wb

|
9%alziRaZ =—2
Ho
B 0.0005

(47x10 ' )(0.0014)
— 284000 A.t/Wh
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A two-legged core is shown in Figure P1-4. The winding on the left leg of the core (N,) has 400 turns, and
the winding on the right (N,) has 300 turns. The coils are wound in the directions shown in the figure. If
the dimensions are as shown, then what flux would be produced by currents 7y = 0.5 A and i; = 0.75 A
Assume g, = 1000 and constant.

15cm

50 cm

15cm

i

=—15 cm T 50 cm T 15 cm—-

iy

—25
________ = =
— .—-—___-'.
———————— ‘:) ‘:—'—————--—
——— r--____-.
———————— l:’ "':.________'___
S I ——
——————— -} {'____________
— 40 turns 3010 turns -
e .
r— ] L
———————— B ‘:'-——————_
— | N Ny |
———————— ‘:3 1 2(:I—'—————----
- ——
———————— l: {.'_—-——-—-——-_

Core depth = 15 cm
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SoruTtion The two coils on this core are would so that their magnetomotive forces are additive, so the total
magnetomotive force on this core 1s

s 5l sy

Fror =Ny, + N,i, = (400 0)(0.5 A)+(300 t){(0.75 A) =425 At

\

The total reluctance in the core is

l 2.60 m 5
= 7 - ~ - = Q/_.U I\_.q. . l;‘IWh
M A (1000)(47x 107 H/m)(0.15 m)(0.15 m)

B

“QTDT =

and the flux in the core is:

425 A
poJror . ADAL 400060 wh
R 920 kA-UWD

ol 53 SIS 555 1 pusde



Example: A ferromagnetic core with a relative permeability of 2000 is shown in
Figure P1-3. The dimensions are as shown in the diagram, and the depth of the core
SHREE - is 7 cm. The air gaps on the left and right sides of the core are 0.070 and 0.050 cm,
respectively. Because of fringing effects, the effective area of the air gaps is 5
percent larger than their physical size. If there are 400 turns in the coil wrapped
around the center leg of the core and if the current in the coil is 1.0 A, what is the
flux in each of the left, center, and right legs of the core? What is the flux density in
each air gap?

ke

2 5l s Gaisle

\

Tem | 30 cm | 7em | 30 cm |7em_
= , | ] |
7 cm
3 N
3 - ___»
> =3
n q ""“')
‘q\ 30 cm ~—0.07 cm ‘l:) 400 turns 0.05cm —~
I, p—
‘b PR A—
%
?\\ v
A 7cm
3 |

Core depth =7 cm
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Sorution This core can be divided up into five regions. Let R, be the reluctance of the left-hand portion

ble

s 2SI sla o

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 1s

(R+R) (R +R,)

R FR,+R, +R,

Rror = Rs +

- ! 1.11
R=—t = _ _ =90.1 kKA UWh
1 41A, (2000)(47 %107 H/m)(0.07 m)(0.07 m)
\ Jad
R=— = Uo7 m = 1083 kA-t/Wb
1A, (47x107 H/m)(0.07 m)(0.07 m)(1.05)
3 L L1
2 Ry=—2—=- e - =90.1 KA /Wb
o {1 1,A; (2000)(47x 107 H/m)(0.07 m)(0.07 m)
ie)
0005
it} L U0 m 773 KA-UWb
“, oA, (47107 H/m)(0.07 m)(0.07 m)(1.05)
\ l 0.37
S Ry=—3 —=- R =300 KkA-UWb
2 H oA (2000)(47x 107" H/m)(0.07 m)(0.07 m)
§ The total reluctance 18
Q
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R ARNR, +R 90.14+108.3)(90.1+ 77.3
Ry = @y + R R)RAR) _q  (01+1083)(90.1477.3)

. =120.8 kKA /Wb
RAR, + R+ R, 90.1+108.3+90.1+77.3

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

F  (4001)(1.0 A)

_ =0.0033 Wh
Ry 1208 kA /Wb

3 5 sla pbile

(f‘ﬁ'c'entea' = QjTDT =

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

1 current divider rule.
: R.A4+R 90.1+77.3 .
\ et B =~ (_ S :) — oy = { ) (0.0033 Wh) =0.00193 Wb
RA+R,+R+R, 90.1+108.3+90.1+77.3 -
R+ R 90.1+108.3 . .
B = - (_ 1T 2) oy = ( ) (0.0033 Wb) =0.00229 Wb
RAR, + R+ R, 90.1+108.3+90.1+77.3

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

G 000193Wb oo

B - -
(0.07 cm)(0.07 em))(1.05)

left —
A

. i
B - Pgnt _ 0.00229 Wb 0445 T
A, (0.07e¢m)(0.07 cm)(1.05)

ol 53 SIS 555 1 pusde
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A core with three legs is shown in Figure P1-5. Its depth is 5 cm, and there are
=" 200 turns on the leftmost leg. The relative permeability of the core can be
assumed to be 1500 and constant. What flux exists in each of the three legs of
the core? What is the flux density in each of the legs? Assume a 4% increase in

the effective area of the air gap due to fringing effects.

2 5l s Gaisle

\

= D ~|— 25 cm4-|<7 15 cm—-}ci 25 cm ~|— 9 cm -
\ Jad
9 cm
3 i v
-~ —_—
3 2A -
a
‘z’}\ [ ———= 200 turns e 0.04cm 25 cm
\ ——
N =
= [ Tt
o [
3 9 cm
> !

Coredepth Scm
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SOLUTION 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 centre
leg of the core, R; be the reluctance of the centre air gap, and R, be the reluctance

of the right- and portion of the core. Then the total reluctance of the core is

| o (R+R)R,
For =R TR+ R
ey TR, T ey
il
Rt - 108 m —_=1273KkA-UWb
H A (1500)(47x 107 H/m)(0.09 m)(0.05 m)
';.
R =t o 0.34m _ = 24.0KA-t/Wh
T A, (1500)(47x 107 H/m)(0.15 m)(0.05 m)
S V00 m = 40.8KA-UWb
T A, (4rx107 H/m(0.15 m)(0.05 m)(1.04)
08
R, =— S = 1273 KA UWb

A, (1500) (4% 107 th_}{{].{w m)(0.05 m)

The total reluctance 1s



(R +R)R, _ - (24.0+40.8)127.3
R, +R, +R, 240+40.8+1273

ke

=

Ol 3o s o805 ‘;QTUT —_ pl

=170.2 KA - /Wb

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

< 200t)(2.0 A
(rf)]ef[ = Q)TDT == i = ( ){ ) =0.00235 Wb
Rror  170.2 KA - /Wb

3 S sl ouisle

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

\

= 27.3 : .
Drorter =~ _Q“ —Orgr = 127 (0.00235 Wb) = 0.00156 Wb
e R, +R, +R, 24.0+40.8+127.3 '
R, +< 24, 8 -
o = —2 g 2O 10235 Wh)=0.00079 Wh
3 R, + R, + R, 24.0+40.8+127.3
\
3 The flux density in the legs can be determined from the equation ¢ = BA :
N 735
\q\ B - P _ | 0.002: S Wb 05T
“, A (0.09 cm)(0.05 cm)
v .
e 0015
Y B... _ Peemer 000150 W_h _=0.208 T
% A (0.15 cm ){0.05 ¢cm)
aN
e
_2. B Pen _ | 0.00079 Wb 0176 T

WA (0.09 em)(0.05 cm)



The magnetic circuit of Fig. 1.25 consists of a core and a moveable plunger of
width /;, each of permeability u. The core has cross-sectional area A and
mean length I.. The overlap area of the two air gaps A, is a function of the
plunger position x and can be assumed to vary as

X
e (-5)

You may neglect any fringing fields at the air gap and use approximations

consistent with magnetic-circuit analysis.

a. Assuming that u — oo, derive an expression for the magnetic flux
density in the air gap By as a function of the winding current / and as the

N

[Re
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3 5 mean length [,
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\ 7 fE !4# D Nuurns
N P ¥ 5]
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o T,
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Q

plunger position is varied (0 < x < 0.8X,). What is the corresponding
flux density in the core?

b. Repeat part (a) for a finite permeability w.
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H, = —; B, ===
S 2 (4)

part (b): Equations

and

I
Bg=a3g(1— XD)

2gH, +H (I +1,)=NI B, A, = B.A,
Bg - ﬂﬂHg:. B. = F‘I’Hc
can be combined to give
B, B
29— +—=(I,+1,)=NI >
Hy H
NI

B, B
29—+ Q%U,HQ=NL+%=
Ho M OA

1 1Aq
20 —+——(1 +1
gﬂo+ﬂpb<c+p)
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Eddy Current Loss

1. A time-changing flux induces voltage within a ferromagnetic core.

2. These voltages cause swirls of current to flow within the core — eddy currents.

3. Energy is dissipated (in the form of heat) because these eddy currents are flowing
in a resistive material (iron)

4. The amount of energy lost to eddy currents is proportional to the size of the paths
they follow within the core.

5. To reduce energy loss, ferromagnetic core should be broken up into small strips, or
laminations, and build the core up out of these strips. An insulating oxide or resin is
used between the strips, so that the current paths for eddy currents are limited to
small areas.
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The magnitude of eddy currents is given by
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O, The inductor of Fig. 1.27 has a core of uniform circular cross-section of area
ZJ A, mean length /. and relative permeability x, and an N-turn winding. Write
st an expression for the inductance L.

T!

3  The inductor of Fig. 1.27 has the following dimensions:
}5 A.: = 1.0 cm?
‘?5 I.=15cm
2 g = 0.8 mm
' N = 480 turns
_—  Neglecting leakage and fringing and assuming g, = 1000, calculate the
inductance.
\ Jad
3\ m | 1 | H|I1.TL.-;||1 length |/
5 — e
\a‘ I A ' relative permeability g
Y
X
L

64 Figure 1.27 Inductor for Problem 1.12.



<

——

Ol 3o s o805

2 2l sla oaislo

\

i

—

ol 53 SIS 555 1 pusde

Problem 1.12

_ “I_'IP""TEJ;IC
g+ e/ i

Problem 1.13
B 1o N2A,
g+ 1/
Problem 1.14

part (a):

wNA c Bp eak

part (b):

A rms:

The inductor of Problem 1.13 is to be operated from a 60-Hz voltage source.
(a) Assuming negligible coil resistance, calculate the rms inductor voltage
corresponding to a peak core flux density of 1.5 T. (b) Under this operating
condition, calculate the rms current and the peak stored energy.

N i N ?i
¢ R 4 R
R = . +
Lo e A 1 A
L — N :/UoAch
IC + g IC _|_g
Mo e Ac 1o A 1,

=192 V rms

Wieak = 0.5L(V2 [0 ) = 8.50 ml]



The magnetic circuit of Fig. 1.26 consists of rings of magnetic material in a
stack of height 4. The rings have inner radius R; and outer radius R,. Assume
that the iron 1s of infinite permeability {4 — o¢) and neglect the effects of
magnetic leakage and fringing. For:

Ri =34 cm

R, =4.0cm

h=2cm

g=02cm
calculate:

ke
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2 5l s Gaisle

\

V
3
2
?J Figure 1.26 Magnetic circuit for
n Problem 1.9.
\’1 a. the mean core length /. and the core cross-sectional area A..
\
\\‘_::‘ b. the reluctance of the core R. and that of the gap R,.
:3 For N = 65 turns, calculate:
1‘ ¢. the inductance L.
X . . ) ) .
> d. current i required to operate at an air-gap flux density of B, = 1.35T.

e. the corresponding flux linkages A of the coil.
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Figure 1.26 Magnetic circuit for
Problem 1.9.
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part (a):
lo. =2m(R, — R;) — g =3.57 cm; A.= (R, - Ri)h=1.2 cm?

part (b):

R,=—— =133x 107 A/Wb; R.=0 A/Wh;
P

part (c):

.“l\‘.‘".z
R.+ R,

L = 0.319 mH

part (d):

B.(R.+R.)A
N

I = © =331 A

part (e):

A=NB,A. =105 mWb
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Consider the magnetic circuit of Fig. 1.28. This structure, known as a
pot-core, is typically made in two halves. The N-turn coil is wound on a
cylindrical bobbin and can be easily inserted over the central post of the core
as the two halves are assembled. Because the air gap is internal to the core,
provided the core is not driven excessively into saturation, relatively little
magnetic flux will “leak’™ from the core, making this a particularly attractive
configuration for a wide variety of applications, both for inductors such as that
of Fig. 1.27 and transformers.

Assume the core permeability to be i = 2500u4 and N = 200 turns. The
following dimensions are specified:

Ri=15¢cm Ry=4cm [ =25cm

h=075¢cm g = 0.5mm

a. Find the value of R such that the flux density in the outer wall of the core
is equal to that within the central cylinder.

b. Although the flux density in the radial sections of the core (the sections of
thickness k) actually decreases with radius, assume that the flux density
remains uniform. (i) Write an expression for the coil inductance and
(i7) evaluate it for the given dimensions.

¢. The core is to be operated at a peak flux density of 0.8 T at a frequency of
60 Hz. Find (i) the corresponding rms value of the voltage induced in the
winding, (ii) the rms coil current, and (iii) the peak stored energy.

d. Repeat part (c) for a frequency of 50 Hz.
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Figure 1.28 Pot-core inductor for Problem 1.15.
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part (a):

part (b):

part (c): For w = 2760 rad/sec and Apeak = N A, Bpeak = 0.452 Wh:

[13 Vims = "-'-!}'lpex-xk =171 V rms

1':1'111.~~:.

(11) e = =1.81 A rms

wL

(i) Wpeak = 0.5L(V 2 ms)* = 0.81

part (d): For w = 2750 rad/sec and Ajeax = NA,Bpear = 0.452 Whe

[i:l -[';;_'1115 = Lh!.-:sllljﬂﬂk = 142 -‘ll'.lr L‘II.].H
Vims

wlL

|:].i:| I]_'n]_;-g, = = 181 ."ﬂ.L s

(i)  Wpeak = 0.5L(V 2 )* = 0.817 ]
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An inductor is to be designed using a magnetic core of the form of that of
Fig. 1.29. The core is of uniform cross-sectional area A. = 5.0 cm? and of
mean length [, = 25 cm.

a. Calculate the air-gap length g and the number of turns N such that the
inductance is 1.4 mH and so that the inductor can operate at peak currents
of 6 A without saturating. Assume that saturation occurs when the peak
flux density in the core exceeds 1.7 T and that, below saturation, the core
has permeability p = 32001.

b. For an inductor current of 6 A, use Eq. 3.21 to calculate (/) the magnetic
stored energy in the air gap and (i7) the magnetic stored energy in the core.
Show that the total magnetic stored energy is given by Eq. 1.47.

, Core:
N-turn L mean length [,

coil - area A,
' permeability u

1)

Figure 1.29 Inductor for Probiem 1.17.
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part (a):

W; = J (Hclc +

_tole _ a6

=H.JI. + H,J,
A=Nd=NAB

Ezg) AdB

Ho

= | (HCdBAZC +B4p lgA)
Mo

= J H.dB X volume of magnetic material

2
=— X volume of air gap

2#0
=chx Vc+wfngg

= ch + ng

IT1IT1

LI polN I
g =

N = =99 turns:
‘.;]'CB:'QHI- Bﬁﬁt

part (b): From Eq.3.21

ol 53 SIS 555 1 pusde

_]'CQB”'II-

= 0.207 J;
210 |

Al B?

III".COI'{_‘: =

M

=L —0.045 J
271

Y Thus Wi = Waap + Weere = 0.252 1. From Eq. 1.47, (1/2)LI% = 0.252 J.
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A proposed energy storage mechanism consists of an N-turn coil wound
around a large nonmagnetic (£ = o) toroidal form as shown in Fig. 1.30. As
can be seen from the figure, the toroidal form has a circular cross section of
radius a and toroidal radius r, measured to the center of the cross section. The
geometry of this device is such that the magnetic field can be considered to be
zero everywhere outside the toroid. Under the assumption that @ < r, the H
field inside the toroid can be considered to be directed around the toroid and
of uniform magnitude

For a coil with N = 1000 turns, r = 10 m, and ¢ = 0.45 m:
a. Calculate the coil inductance L.
b. The coil is to be charged to a magnetic flux density of 1.75 T. Calculate

the total stored magnetic energy in the torus when this flux density is
achieved.

c. Ifthe coil is to be charged at a uniform rate (i.e., di /dt = constant),
calculate the terminal voltage required to achieve the required flux density
in 30 sec. Assume the coil resistance to be negligible.
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Figure 1,30 ~ part (a):

part (c): For T = 30 sec,

di  (2arB)/(paN)

— =

= — 2.02 % 10°

di
y=L—=163 V
TR

A /sec
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The coils of the magnetic circuit shown in Fig. 1.36 are connected in series so
that the mmf’s of paths A and B both tend to set up flux in the center leg C in
the same direction. The coils are wound with equal turns, Ny = N, = 100.
The dimensions are:
Cross-section area of A and B legs = 7 cm?®
Cross-section area of C legs = 14 cm?
Length of A path = 17 ¢cm
Length of B path =17 ¢cm
Length of C path = 5.5 ¢cm
Air gap = 0.4 cm
The material 1s M-5 grade, 0.012-1n steel, with a stacking factor of 0.94.
Neglect fringing and leakage.
a. How many amperes are required to produce a flux density of 1.2 T in the
air gap?
b. Under the condition of part (a), how many joules of energy are stored in
the magnetic field in the air gap?

¢. (Calculate the inductance.
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Figure 1.10 Dc magnetization curve for M-5 grain-oriented electrical steel 0.012 in thick.
(Armco Inc.)



Tt G’e!
EHT\‘

s 2SI sla o

\

i B
- e -————-
—t —r
o C |
‘\‘ L g J‘\’:
d_
Oo— prim——
\ P e -

part (a): From the M-5 magnetization curve, for B=12T, H,, = 14 A/m.

VJad Similarly, H, = B/pg = 9.54 x 10° A/m. Thus, with [ = Iy =1
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Hy(la +1lc—g)+ Hgg

I = N =382 A
part (b):
. g*’qgapBg .
Weap = o 3.21  Joules
part (c):

A

A=2N{Ay B =0.168 Wh; L= 7= 4.39 mH
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o_ | The magnetic circuit of Fig. 1.32 has two windings and two air gaps. The core
\a can be assumed to be of infinite permeability. The core dimensions are
s=0os: - Indicated in the figure.

&

a. Assuming coil 1 to be carrying a current /; and the current in coil 2 to be
zero, calculate (/) the magnetic flux density in each of the air gaps, (i7) the
flux linkage of winding 1, and (/i) the flux linkage of winding 2.

b. Repeat part (a), assuming zero current in winding 1 and a current /5 in
winding 2.

c. Repeat part (a), assuming the current in winding 1 to be /; and the current
in winding 2 to be [,.

d. Find the self-inductances of windings 1 and 2 and the mutual inductance
between the windings.
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Figure 1.32 Magnetic circuit for Problem 1.22.



ke

Ol 3o s o805

2 5l s Gaisle

\

B

—

ol 53 SIS 555 1 pusde

part (a):

(1) B, =

(11) M =N1{A1B1+A:85) = ,U,D:\r (

poN1I1 By — oN1Ih
g1 92
Aq

q1

(111) A2 = NoAaBy = p1oN1 N2 (:12) I

part (b):

(1)
(ii)
(iii)
part (c):
(i) By = .IiEIli“'*rlfl:
g1

A A
(i) A= Ni(A1 By + A3B3) = po Ny (_ + _2) I + poN1 N> (

Ij"!

poNalo
g2

m=m&&=mmm(ﬁ)&
g2

By=0; By=

M:M&&zmﬁciﬁg

g2

poN11 n poNals
g2 g2

By =

a1 g2

As Ao
(i) A2 = NaAaBa = poN1N2 ( )II-‘-NU\A ( )Iz
92 g2

part (d):

A A
L1y —47'\1_2( Ly =2

mn g2

Ao
g2

A A
) . Loo = puolN3 ( j) : Li2 = poN1N2 (—2
gz g2

A
+ —‘2) I
gz

)

)
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The symmetric magnetic circuit of Fig. 1.33 has three windings. Windings A
and B each have N turns and are wound on the two bottom legs of the core.
The core dimensions are indicated in the figure.

Find the self-inductances of each of the windings.
Find the mutual inductances between the three pairs of windings.

Find the voltage induced in winding 1 by time-varying currents i, (¢) and
ig(r) in windings A and B. Show that this voltage can be used to measure
the imbalance between two sinusoidal currents of the same frequency.

Core:
Area A
Permeability p

————— —— ————

N turns

11+

D

> N, turns
P

®

T

¢
¢ 51

‘ N turns
in

1]

X

0

L

@

A4

uf

Q

Figure 1.33 Symmetric magnetic circuit for Problem 1.23.
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— NN, B — NNpA,
Ra+2(R1+Ra+Ry) Ia+2(Li+1la+g(p/po))

Lay=Lian=—Lpy=—Lip=

part (c):

o . . d |
v = E [L-Al-j-ﬁ + L—Elig] = LAlE ['F-A _ .3_}3]

®  Q.E.D.
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The reciprocating generator of Fig. 1.34 has a movable plunger (position x)
which is supported so that it can slide in and out of the magnetic yoke while
maintaining a constant air gap of length g on each side adjacent to the yoke.
Both the yoke and the plunger can be considered to be of infinite permeability.
The motion of the plunger 15 constrained such that its position 1s limited to
0<x<w.

— Yoke
I Jo SN i Depth D
—— -
O Ri
, x [4 K}
N turns }_> ‘u—=00| | h >> ¢
Y &
O 7 A ?
| .'\'v'\ lllr']\ “‘ : [,l X
‘ .lng&.r
1) SR .
Xt = o (I -+ € S1n wi)

[ _
L

Figure 1.34 Reciprocating generator for Problem 1.24.
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There are two windings on this magnetic circuit. The first has N, turns

and carries a constant dc current /5. The second, which has N, turns, is
open-circuited and can be connected to a load.

a.

b.

Neglecting any fringing effects, find the mutual inductance between
windings 1 and 2 as a function of the plunger position x.

The plunger 1s driven by an external source so that its motion 1s given by

w(l + € sinwr)
2

where € < 1. Find an expression for the sinusoidal voltage which is
generated as a result of this motion.

x(t) =

part (a):
Lig=—F— [Diu' — )]

part (b):

]

e dt dt

f‘»‘rl f'ﬂ}lii()D €l
— ( ) Cos Wt
2q 2

t’ﬂtg 7 dL]g . f'%'rlf'?rg,{i.jD dx
- - 2q dt
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&, | A square voltage wave having a fundamental frequency of 60 Hz and equal
&) positive and negative half cycles of amplitude E is applied to a 1000-turn
== winding surrounding a closed iron core of 1.25 x 10~3m? cross section.
Neglect both the winding resistance and any effects of leakage flux.

a. Sketch the voltage, the winding flux linkage, and the core flux as a
function of time.

y b. Find the maximum permissible value of E if the maximum flux density 1s
not toexceed 115 T

T!
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part (b):
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