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REVIEW OF MAGNETIC CIfRCUTI TS

As a simple example, an ideal single-winding magnetic circuit will
be used. The magnetic core in this case is assumed to have no
magnetic saturation, even at high levels of flux density,
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Some of the basic parameters which physically define this circuit
are:

A = Cross-sectional area of core
N = Number of turns of the winding

A = Mean (average) path length of core (dashed 1ine)
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Magnetic permeability of the core. K4 depends on the type of
core material., (4= Me M) .

Some other important magnetic c1ﬁcu1t quantities are defined as
follows:

Reiuctance of magnetic core:
A

R = A

H=2

Magnetomotive Force:
MMF = N T  Amp - Turng

Magnetic Flux:

é.= _ﬁgﬁ_ = —ﬂﬁl- Webers (Direction given by "right-hand rule’).
Magnetic Field Intansity:’ g
H = MMF Amp -Tiurns /

£ m

fAs, EE:;U‘f4
Magnetic Flux Density

B = 2 Webers or Tesla 45
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Flux Linkage
A=No =NAB Weber-Turns (s¢ Vol*'565>

" Inductance
L = A . N2 _N2AMA Wb-Turns or Henries
1 R J{ Amp |

Induced Voltage

-0 Y- -]
v(it) = ot N at - L T3 Volts

Note that in this case, the induced voltage v(t) 1is zZero, since
the current and flux do not change with time.

USE OF VARIQUS UNITS OF MEASUREMENT

Manufacturer's test reports for various magnetic materials may
give parameters in several different units of measurement. The
following is a clarification of these different units:

Flux Density (B)
Standard Unit: Tesla = Weber/m2

Other Unit: Maxwells (l1ines/inch2) = Tesla x 64500
'Other Unit: Gauss = - Tesla x 104

Field Intensity (H)

Standard Unit: Ampere-Turns/m or Amps/m or Amps/cm
. Other Unit: Oerstads = Ampere-Turns/m x 0.01257

* Note that "Turns” 18 not really a dimensional unit

Magnetomotive Force (MMF)

Standard Unit: Ampere-Turns
Other Unit: Gilberts = Ampere Turns x 0.4x






SATURABLE MAGNETIC CIRCUITS

As an example, we consider a le¢ two-winding transformer with a
saturable magnetic core.
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I1f flux leakage, winding resistance, and core losses are included,
the folowing equivalent circuit can be used:

~ e o A a}“+ewwﬁma'3,
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Eot & are magneﬁ.c(h\lﬁ tndwced N €
R, and Rz : AC resistance of windings (linear) '
Re Resistance representing core losses (nonlinear)
Lm : Magnetizing inductance of the core (nonlinear)

Lgx & L= : Leakage inductance of windings (1inear)

Note that core losses consist of eddy current losses and
hysteresis losses, which can be frequency dependent and voltage
dependent. Therefore, Re cannot be represented as a linear

resistance.



Note also that the magnetizing inductance Lm is nonlinear due to
magnetic saturation and cannot be represented as a linear
inductance.
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In other words, u 1s not constant, and B & H are not l1inearly
related. Therefore, behavior of the transformer core depends on
the B-H relationship at each instant of time. This nonlinearity
must be inciuded when doing transient analysis of transformers.

Hysteresis makes the behavior of the core more complicated than
the above B-H characteristic indicates. The areas of the
hysteresis joops shown below (left) are proportional to the energy
required for one steady-state cycle of operation. Each loop
corresponds to a different level of voltage. I[f operation is not
steady-state (below, 3, a subloop or "re-—entrant loop" 1is

followed. A\
P Qth

R L

h

Reentrant
loop
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LEAKAGE FLUX

Leakage inductance arises because not all the flux links the windings via the core.
Figure 4-1 shows an example in which some flux has leaked from the iron core and

LEAKAGE FLUX

Fig. 4-1. lllustrating leakage flux from the core.

completed the magnetic circuit through the air. Such leakage is associated with both the
primary and secondary windings. For convenience of illustration a core-type transformer
with windings on separate limbs is shown. The principle, however, applies to any
transformer (or inductor for that matter). If the windings are placed one on top of the
other, as is more usual, there will still be leakage inductance, but probably to a lesser
degree.

The effect of leakage inductance is as though a small part of the total inductance
had been detached and placed in series with the winding, as shown schematically in Fig.
4-2, where Lp' and Lg' are the primary winding and secondary winding leakage
inductances, respectively. Again, the effect is generally not important except at relatively
high frequencies, for then the reactances are high, and being in series, have a marked
effect on performance.

Lp Ls
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Fig. 4-2. Schematic diagram showing leakage inductances of the circuit
in Fig. 4-1.
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