10.1.2 Magnetic circuits
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A =reluctance of element

——N\N/
 p»

Fundamentals of Power Electronics 19 Chapter 10: Basic Magnetics Theory



Magnetic circuits: magnetic structures composed of
multiple windings and heterogeneous elements

* Represent each element with reluctance

* Windings are sources of MMF

MMF — voltage, flux — current

+ Solve magnetic circuit using Kirchoff’s laws, etc.
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Magnetic analog of Kirchoff’s current law

Divergence of B=0

Flux lines are continuous
and cannot end

Total flux entering a node
must be zero
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Magnetic analog of Kirchoff’s voltage law

Follows from Ampere’s law:

H -d( = total current passing through interior of path

closed path

Left-hand side: sum of MMF’s across the reluctances around the
closed path

Right-hand side: currents in windings are sources of MMF’s. An n-turn
winding carrying current i(f) is modeled as an MMF (voltage) source,
of value ni(¢).

Total MMF’s around the closed path add up to zero.
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Example: inductor with air gap

Core
permeability u
CI)P
) ( h | Cross-sectional
i(1) — area A,
g N
n
V() turns : 1) 4 Air gap
- ) _f (,
. J Tt Magnetic path
length €
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Magnetic circuit model

Core
permeability w
CI)'
) ( ) | Cross-sectional
l(i) <[ area A,
+ 0 ) _l_
V(0 turns | ) Air gap
E— D _T_ eg
\. J T+ Magnetic path
length £,
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Solution of model

Core
permeability w 7 .
O + -
. ( ) | Cross-sectional R,
’(9 — area A, AN
>
n d b +
v(®  turns d b J ?ir gap
_ b B ni(?) D @ S#, 7,
- J e Magnetic path
length €, _
Faraday’s law: W) =n d‘gt(t) ni=® (.U/EC + ()/?g)
#,= Lt
. 7 Cc
Substitute for ®: = 12 __ 40 wA,
R+ R, dt (
- , R, =2
Hence inductance is & ueA,
2
L=—_"
R+ R,
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Effect of air gap

ni=® (A + Ry

2

_ n
L=+,
®Sd[ = BS(ZTAC

sat Cc

I, =7BS‘;;AC (%’ +e%7g)

Effect of air gap:
» decrease inductance

* increase saturation
current

* inductance is less
dependent on core
permeability
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