MAGNETIC LOSSES: QUESTIONS & PROBLEMS

1) Electrotecnical derivation: demonstrate that the magnetic energy loss per
cycle is
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2) Find the energy stored in the gap of a permanent magnet (the exploitable
energy during magnet operation)
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The whole magnetostatic energy associated with the magnet (energy of

formation)
N
H=-H,=-—4J
Ho
The sum of the energy stored inside
1 1
E, =- _I HOJAV - NszV =) the rpag_net and_the energy stored
2y 2l , outside it, possibly confined to a good
extent inside the gap.
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2) Find the hysteresis loss component versus H_ and J_ in the Rayleigh region.
Find the rotational contribution to the initial permeability a for isotropic

distribution of easy axis (small angle rotations).

(Hp’ Jp)

0.05

- 2
Jp—aHp+pr /

0.00 /

-0.05 4

J(T)

J(H)= (a+ pr)H$§(H§ - H?)

-400 -200 0 200 400

H (A/m)

W(H)= pJ(H)dH

6
European School on Magnetism ESM2013

g Y/ METROLOGICA



2a) Find the hysteresis loss component in the Rayleigh region.

J(H)= (at pr)Hig(H; - H?) ol
J,=aH  + bH; » /
W(H) = PJ(H) dH p/
The linear terms can be omitted. 400 o T
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2b) Find the initial permeability associated with rotations.

E=-i,MH(cos@ -¢)+ K, sin’§
Minimize the energy and find the equilibrium angle ¢
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H Uniform space distribution of easy directions.
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3) Find: 1) The complex permeability in a linear material. 2) The relationship
with the energy loss. 3) The related Q factor. 4) The equivalent R-L circuit of
a ring inductor.

J B
H(t)= H, cosw ¢ )= —cosd
1,
B(t)= B, cos(w 1- 0= I B
= B cosd coswt+ B sind sinw ¢ "= —2sind
A ' _ H
| p
The 90°-delayed component of the induction
in-phase out-of-phase  is connected with the dissipation of energy.
From the dgfinition of the energy loss per cycle W, we obtain that the power loss

per unit
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The quality factor of the inductor is defined as the ratio between the maximum
stored energy and the energy dissipated per unit volume during one cycle .
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The equivalent L - R circuit
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i (1) A ring core inductor of cross-sectional area S, mean diameter
H
D, and number of turns N.
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Thin lamination, d << width
a

Instantaneous eddy current power loss per unit length in the infinitesimal strips
d
dP= ¢*dG = (do /dt)’o 2L

Sinusoidal induction B(t) = B_ sin axt 2a

. d
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By the very same approach (and under the same conditions) we find the classical
energy loss in cylindrical samples (sinusoidal induction B(t) = B, sin at ) .
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Thin lamination, d << width

y 1 Heddy( t)

Response of a lamination of unit length, thickness d, conductivity O,

permeability [/ to a field step. 0]
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The electromotive force on the circuit made of the two strips of thickness dy at the
coordinate y and the related eddy current
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Relaxation of domain wall motion. Complex susceptibility versus frequency.
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