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Using finite element analysis (FEA) techniques, a
simulation tool generates frequency-dependent
models of integrated magnetic components,
accounting for the materials and winding layout
of the magnetic component.

T
he use of integrated magnetics is a
promising technique to help reduce the
size of the magnetic components,
achieve higher power density and im-
prove the behavior of the circuit. [3, 4, 5, 6]

As more power electronics are utilized within the automo-
tive, aerospace/defense and power supply industries, the
drive to further reduce the size and profile and increase

the performance and reliability of these components
continues at a rapid pace. However, the design of these
components is not a trivial task because the selection of
the core, air gaps and winding setup is not evident.

The availability of a valid electrical model allows the
designer to select the appropriate constructive parameters
in order to obtain the expected behavior. Ansoft’s PExprt
software is capable of creating accurate models for these
complex components, letting the designer select the
appropriate winding strategy without time-consuming
prototyping iterations. PExprt uses powerful finite element
analysis (FEA) techniques to generate frequency-depen-
dent models of integrated magnetic components, which
include the materials and winding layout of the magnetic
component.

Model Basis
The use of virtual models aids the designer in selecting

the appropriate constructive parameters to obtain the
expected behavior without the time and expense of build-
test iterations. PExprt provides a straight-forward design
procedure for generating a model from the FEA field
solution. While a 3D simulation is preferred, 3D FEA solv-
ers are not as efficient as 2D FEA solvers in terms of com-
putation time for devices with a high number of turns. As
an alternative, PExprt uses a novel 2D approach based on
the application of the “Double 2D” technique [1] to increase
computation speed yet preserve accuracy.

The model structure is based on the one presented in [1]

Fig. 1. The model structure for a 3-winding component consists of
the windings model (a) and core model (b) shown here.

(a)

(b)
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and [7]. The structure of the model is
shown in Fig. 1 for a 3-winding com-
ponent (assuming one winding in
each core leg). There is an electric
submodel (top) coupled with a mag-
netic submodel (bottom).

In Fig. 1, the impedance Z
11

 repre-
sents the windings impedance (mag-
netic energy and power losses) when
the net current is only flowing though
winding 1. Therefore, the impedance
Z

11
 is not the self-impedance of wind-

ing 1, because losses and energy at the
whole component (except the core

area) are considered in this imped-
ance value. The meaning of imped-
ances Z

22
 and Z

33
 is equivalent to the

one of impedance Z
11

 when net
current flows through windings
2 and 3, respectively.

Z
12

 represents the windings imped-
ance (magnetic energy and power
losses) factor due to the simultaneous
conduction of net current through
winding 1 and winding 2. In other
words, the energy and the losses in the
windings when the current is flowing
simultaneously through windings

Fig. 2. The “Double 2D” procedure application depicts the 3D structure and the associated 2D
simulations.

Fig. 3. An EI core shape and size is selected from the PExprt library.
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Fig. 4. After winding setups are defined, a cross-sectional view of the component is created by
PExprt.

     MAGNETIC COMPONENTS

Fig. 5. A menu in PExprt enables users to define the pc-board conductors.

1 and 2 (transformer mode) are not
the addition of the ones obtained
when current is flowing through
winding 1 and winding 2 alternatively
(inductor mode). This effect is taken
into consideration by Z

12
. The rest of

the impedances, Z
ij
, are analogous to

Z
12

, describing the windings imped-
ance due to simultaneous conduction
of net current through the other pairs
of windings.

The core part of the magnetic com-
ponent is represented by a set of re-
luctances and mmf sources. There is
a reluctance for each core column (Â

C
)

and another for each gap (Â
G
). It is

possible to replace the core reluctance
with a nonlinear core model (such as
the Jiles-Atherton model) to represent
hysteresis and eddy current losses.

The simulation procedure pro-
posed in this work is based on the
“Double 2D” approach presented in [2].

This approach is based on the divi-
sion of the windings of the magnetic
component in two parts. Each part
produces field distribution in differ-
ent planes of the space. In this way, it
is possible to use 2D FEA solvers to
study these structures.

Fig. 2 shows the actual 3D struc-
ture and the double 2D simulations
needed to simulate it. The double 2D
process requires simulation of four
2D structures. However, the simula-
tions that account for the field distri-
bution in the air for each leg (side
views) are very simple. Therefore, the
solution time for these three cases is
extremely short.

The FEA model offers several ad-
vantages. Because it is based on FEA
calculations, it is accurate (error be-
low 10% for most of the application
range) and 2D effects (such as the
fringing flux effect around the air gap)

are considered. The model also is fre-
quency dependent and is valid for
nonsinusoidal waveforms. Another
benefit is that the couplings between
each pair of windings are accurately
calculated.

Speed is another advantage. The
solution time is fast—the average time
for common components is less than
15 min. Furthermore, the model gen-
eration is completely implemented in
PExprt, so the user does not need to
learn how to use the FEA solver.
PExprt creates the FEA project auto-
matically and solves the fields.

Generating the Model
Defining the core shape, size and

material. The selection of the core
shape and size is simple. PExprt pro-
vides libraries containing most of the
commercially available cores. The ap-
propriate core shape for an integrated
structure can be directly selected from
the library. An EI shape is selected for
this example, as shown in Fig. 3.

Defining the winding setup. Once
the core is selected, the winding setup
for each core leg should be defined.
PExprt provides a flexible user inter-
face that allows the user defining any
winding connection. The turns can be
connected either in parallel or series,
creating any possible interleaving
structures. A different winding strat-
egy can be defined and assigned for
each core leg. Once the winding set-
ups are created and assigned to each
core leg, a cross-section view of the
component can be visualized, as
shown in Fig. 4. For this device all
windings are on the outer core legs
only.

Defining the pc-board conductors.
The thickness and width of each pla-
nar track can be defined easily to ob-
tain the real behavior (resistance, cou-
pling, leakage and magnetizing induc-
tances, and capacitive effects) of the
component. The pc-board conductors
are defined through easy-to-use
menus such as that shown in Fig. 5.

Exploring the Results
PExprt contains a model genera-

tion engine that connects the FEA
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Fig. 6. The tool can plot parameters such as resistance versus frequency.

solver with the equivalent circuit model.
Once the model is obtained, it can
be exported to a circuit simulator
(Simplorer, PSpice) or it can be used in
PExprt to explore the small-signal be-
havior of the component.

The resistance and leakage induc-
tance as a function of frequency can be
plotted using the tool. The dc resistance,
magnetizing inductance and parasitic
capacitive effects also can be obtained.
Fig. 6 shows the resistance as a function
of the frequency.

Once the integrated magnetic model
is generated with PExprt Modeler, you
can use that circuit model in Simplorer
to explore the performance of your en-
tire circuit. The resulting schematic is
represented in Fig. 7.

Validating Results
To demonstrate how to use PExprt,

we model a push-pull forward converter
with integrated magnetics for a voltage
regulator module (VRM) that produces
a 1.2-V, 70-A output from a 48-V input.

      MAGNETIC COMPONENTS
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Fig. 7. A circuit model of the magnetic component generated in PExprt Modeler can be ported in Simplorer for
simulation of the entire circuit.

Fig. 8. The design example consists of a push-pull converter with integrated magnetics. Shown
here are the actual implementation (a) and the equivalent electrical circuit (b).

The example is based on the paper,
“Design of 48-V Voltage Regulator
Modules with a Novel Integrated
Magnetics.” [3] In this structure, all the
magnetic components, including in-
put filter inductor, step-down trans-
former and output filter inductors, are
integrated into a single EI or EE core.

The transformer windings (primary
1 and primary 2) as well as the induc-
tor winding (secondary) are wound
on the two outer legs. The interleav-
ing winding technique is used to
minimize the leakage inductance of
the integrated transformer. The core
structure has an air gap in the center

      MAGNETIC COMPONENTS

leg and no air gap in the
two outer legs. Fig. 8 shows
the topology selected for
this example. The validity
of the integrated magnet-
ics component model
was confirmed in the lab
where the measured results
for the device closely
matched those simulated
by PExprt.” PETech
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