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Magnetic Circuits




Consider a transformer type of core:
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A = cross-sectional area of core
L = length of core (going all the way around)




Apply Ampere’s law: Assume that the magnetic flux in the core is constant.

This assumption will be accurate if the core has a high
Cﬁl;[ : dﬂ — ]end =+NI permeability (not much flux leakage from the core).
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direction as the
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convenience.




Assuming i is constant, the magnetic flux in the core is then:
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Define the reluctance (“magnetic resistance”) of the core:
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Circuit model of the system (“magnetic circuit”):




Circuit analogy for the system:
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Using a magnetic circuit, we can calculate
inductance or mutual inductance (for a pair of coils).

Example (Find coil inductance L_;): vo— K,
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The concept of reluctance allows us to easily solve
more complicated magnetic circuit problems.

I A =cross-sectional area of core
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< Hy The magnetic flux
> L, _ does not change
/> Air gap as we go through

N turns — L, I ] the air gap (so
> magnetic current

\ D L, is continuous).
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L=(L-L,)/2

Square - shaped core

Each segment of the structure is a reluctance.




This is the circuit model of the previous structure.

le
{1
le —_—) J‘ Rm2 R — Ll
ml
[m =y I ILIOILer
L
an — N] -f ng RmZ — 2
ll’lOlLer
L
Rm2 ng - -
— HoA
R

ml

Note: R, >>(R,,R,,) if u, >>1 (Airgaps ina core choke off the magnetic flux!)
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Another example is shown here.
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This is the circuit model of the previous structure.

Note that meshed currents have been defined.
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We can solve this using a mesh-current approach (details omitted).
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Once the fluxes y, and y, are known (from the mesh-current analysis), we can
find the value of B and H in any part of the structure.
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Example: |H| inside air gap: V¥, =Vy,~Vy,, B :%, H =-%
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Note on Modeling

We have a perfect duality in the modeling equations.
(This is why the method works for any structure.)
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