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Magnetic Energy Circuit

Prerequisite

* Electromagnetic Field Theory
* Network Theory
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Magnetic Energy Circuit

Lecture-1  Objectives

* Design of a magnetic circuit

* Significant of magnetic reluctance

* [ts components and analogy with electrical circuit
* Faraday’s law and Lenz law

* Right hand rule
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Magnetic Energy Circuit

Electromagnetic system is an important element of all rotating electric
machinery and static devices like transformer.

Role is to create & control electromagnetic fields for electromechanical
energy conversion (EMEC) process.

EMEC happens with the help of magnetic field as a coupling medium.
The closed path followed by the magnetic flux is called a magnetic circuit.

Made up of materials having high permeability such as iron, soft steel etc.
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Electromagnetic system
Ferromagnetic core
Exciting coil
Coil has N turns
Coil carries a current of | amps
Magnetic field established

Magnetic flux flows through the
core

Small flux leaks through air
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Magnetic Energy Circuit

The magnetic field intensity produced in the core is H and from ampere circuital law,

fH.dl = NI
Hl=NI
NI
H= B === -
Magnetic field intensity H causes a flux density B to be set up in the magnetic core. It
is given by,
B=W Hg§——§— S 2
B = pourH
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Magnetic Energy Circuit

Sub equation 1 in equation 2,

N I
B = U T ———— -3
Flux flowing through the core is given by,
¢ =B.A——m——4

Where B is the average flux density and A is the area of cross section of the core.

Substituting equation 3 in equation 4, we get,
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Magnetic Circuit and Electric Circuit
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Comparison of Magnetic and Electric Circuits

Magnetic Circuit Electric Circuit

Hopkinson’s Law (cl) = %) Ohm’s Law (I = %)
4 4
Reluctance, R = — Resistance,R = —
. A 0. A
Flux () Current (l)
MMF (F) EMF (V)
Permeability (W) Conductivity (o)
Permeance (P) Conductance (G)
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Direction of Current in a Conductor

* No current through the conductor.

 Conductor carries current away from the reader.

e Conductor carries current towards the reader.

O ® ®
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Right Hand Rule

The direction of magnetic flux is found by using right hand rule.
Rule says that if one holds the conductor in such a way that the thumb points in the

direction of current, then the closed fingers give the direction of flux produced.
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Faradays Law

Whenever there is a variation of magnetic flux linking with a coil, an EMF is induced
in that coil.

The magnitude of this EMF is proportional to the rate of change of flux linkages.

do dA
Induced EMF,e = — N—= — —
dt dt
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Magnetic Energy Circuit

Lenz’'s Law

Lenz’s law states that the induced EMF in a coil will induce a current whose

direction is such that it opposes the cause producing the EMF.
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GGiven Data

A=A,=A;=Ag=A4-=0.001 m’

[,=03m, [p=02m, [=0.1m [, =0.1 mm=0.0001m

u, =5000, u, =1000, 4, =10000

0 =75%x10*Wb
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Air-gap and three sections form a series magnetic circuit.
Flux in the air-gap is same as that of the three sections.

Hence total mmf is the sum of mmf for each part of the magnetic circuit.

(i) Totalmmf = H, [, +H, [+ Hyly+Hg

g'g
B B B B

= — I +—4 1 +—B 1+ —C]
Hy HoH,. Mol Hol,,

S R B B =~
Mo, Hol, Ay Holt, Ap Holt, Ac
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Solution

[ [ [
— _Q.[? fg + A + B + _C
iuﬂA Ju,i'_aJ ;u,i'ﬂ Jurl_,.,

5%107 3 2 1
— / 7 [U.OO{]]+ 0 4 0 + 0 J
drx10 " x0.001 5000 1000 10000

— 79083 AT (11) Exciting current
Total mmt = N/

220.83 = 100 x /
[=22A
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(111) Reluctances of each section
l, 0.3

S, = —"—= — = 47.75x10° AT/Wb
Hott, Ay 4 x107" x5000x0.001
0.2
S, = s —~ =159.15x10° AT/Wb
Molt, Ay 4m <1077 x1000x 0.001
Se = e _ ? ] =7.96x10° AT/Wb
MM, Ac 4mx 1077 x 10000 % 0.001
l, -3
S, = —= 0110 =79.58x10° AT/Wb

$ Mok, A,  4mx1077 x1x0.001
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The magnetic circuit has dimensions: A- =4 X 4 cm?, |, =0.06 cm, | =
40 cm and N = 600 turns. Assume the value of W, = ° 6000 for iron.

Find the exciting current for B, = 1.2 T and the correspondlng flux
and flux linkages.

/Hc
____.!{._ ————— Mean core length, /
: '/ \|// ¢
*—o— . | Cross-sectional
+1 : | area A
l i L H_I
e ' N :
¥ & WE Air-gap: Hg, /,
- |
: |
|
|
/
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Br: EE O Uthn
Ni = e +—=1Ig
HoHy Ho
—_— -—- "1 e —4
Neglecting fringing 0=B.A.=12x16x10 192 x 107 Wb
A. =A,  therefore  B.=B

=8 A =No=600x192x 107 =1.152 Wb-turns

i= = [f" +Ig)
uoN \ 1,

= li, ( i +ﬂ.06) x 1072
47 x10"" x 600\ 6000

=1.06 A
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A wrought iron bar 30 cm long and 2 cm in diameter is bent into a circular shape as
shown in figure below. It is then wound with 600 turns of wire. Calculate the current

required to produce a flux of 0.5 mWhb in the magnetic circuit in the following cases:
(i) no air — gap

(ii) with an air-gap of 1 mm i

(i, of iron = 4000)
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(1) No Air-Gap
WEG S Lokl N 0.5 % 1073 x 30 x 102
B ' = 600.77. (1 X 10-2)2(47r X 10-7) X 4000
N.i = [,
Holly
i=0.1584
N
N.i= ¢l
A-ﬂo-ﬂr
L
N.A. uy. 1,

Name of the Faculty: Dr. Sheetla Prasad Program Name: B.Tech. Electrical Engineering




Magnetic Energy Circuit

(i) With Air-Gap

.9 (L
. B B -3 -2
Ni=—oH . +—1, ;_ g x 10 X0 4 x 1073
HoHr Ho 600.7. (1 X 1072)?(4m x 10~7) 4000

. B[,
N.i = — —+lg
Ho \ Uy i=2.2A4

. ¢ (lc )
N.i = + 1
A-MO Uy =
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The magnetic circuit shown below has steel core with dimensions as shown.
Mean length from A to B through either outer limb =0.5m
Mean length from A to B through central imb =0.2 m

It is required to establish a flux of 0.75 mWb in the air-gap of the central limb.
Determine the mmf of the exciting coil if the core material has

(@) pp= (b) u-= 5000
Neglect fringing.

o s g N i g ————
| 1 |
| o = L4
| | N |
: ! ; 0.02 cm :
V. ——
0.02<=m—-l : 2°‘“‘*-:1 — ' ® - ‘._.0.025cm
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— OO
(@) p, L _Ln_?ﬁm%
Ry = —DOXI0 g s N
4rxx107" x1x10 Rgy3 3%1
Ros
0.02x 1072 .
Ry = —————— 1.592% 10
4rx]0 "x1x10 ¢ =0.75 mWb
, " Ni
0.02x10 R Il
Ry - ——— — =0.796 x 10° g, ol %
4rx10 "x2x10
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(a’) ﬂr — O _[_;]_?5“1%
N

Ni=0.75% 107 (Rg3 + Ry || Ry2) Rg,3 $a,
Ros
=(0.75 x 10~ (0.796 + 0.844) x 10°
¢=0.75 mWb
= 1230 AT TN
£ Rg,ll %,
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(b) u,.= 5000
ch = (er + Rgl}"(RrE * Rg‘!) + Rf.‘] + Rg?l] _L
ﬂ._?ﬁmWh .
er = ; 0.5 - = 0.796 x lnﬁ Reo Ni ? Rt
4 x10 " x5000x1x10 Res
Ry $ Rgy
R
Rea =R =0.796 x 10°
. 0.2
R = =0.159 x 10° j =
2 4 x1077x5000x 2x 1074 ) Ni=0Reg .
=075x 107" x1.955x 10
27.86 x 23.86 = 1466 AT
Req= =77, — x10°+0.955x 10°=1.955x 10°
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Summary

Analogy of a magnetic circuit

Significant of magnetic reluctance

Its components and analogy with electrical circuit
Faraday’s law and Lenz law

Right hand rule
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