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Analysis of the Iron Loss of a Planar Integrated Magnetic Component
’ with a Transformer and Inductor
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A planar integrated magnetic component (PIM) with a
transformer and an inductor is effective for switching the
power supply. We analyzed the iron loss of the PIM by
using the finite element method to calculate the magnetic
flux distribution taking account of the magnetic interaction
between the transformer and the inductor. As a result, we
obtained a more exact value for the iron loss of the PIM,
which was lower than that of similar, simply combined
components.
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Fig. 1 Structure of a PIM (previous type), (a) bird's-eye
view, and (b) cross-sectional view.
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Fig. 2 Magnetic flux distributions, (a) only a transformer
is excited, and (b) only an inductor is excited.
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Fig. 3 Schematic waveforms of voltage, current and
magnetic flux density for the transformer and inductor,
(a) a transformer of primary coil and (b) an inductor.
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Fig. 4 Structure of a PIM (newly developed type),
(a) bird's-eye view, and (b) cross-sectional view.
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Table 1 Design specification of the PIM and switching
the power supply
. Diameter 57 mm
Ferrite core  ppjckness 8.4 mm
Primary winding number 5
Transformer R
Secondary winding number 3
Winding number 6
Inductor  Inductance value 47 H
Gap of ferrite core 150 . m
Switching ~ Switching frequency 350 kHz
power Input voltage (rms value) 60Hz, 100V
supply Rated output 24V, 5A
ML-PWB for ML-PWB for
transformer inductor

ML-PWB for
transformer |

ML-PWB for
inductor |
[ =Y <+ Ferrite

Fig. 5 Locations of the windings of the transformer
and inductor, and their circuit designs, (a) when the
excited currents for the transformer and the inductor
have the same direction (focation A), and (b) when the
excited currents for the transformer and the inductor
have different directions (location B).
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Table 2 List of inductance values

Li(uH) Lc(xH)  M(uH)
Measured 385 47 14
Calculated 385 46 12

Table 3 List of calculated values of magnetic flux
and excited current for the PIM

Location g¢ (#Wb) gc(uWb) I (A) Ig(A)
A 62.0 25.6 0.145 0.519
B 62.0 —25.6 0.518 —0.603
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Fig. 6 Time dependence of the temperature of the ferrite core.
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Fig. 7 Magnetic flux distributions of the PIM,
(a) location A, and (b) location B.
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Fig. 8 Divided radius between the transformer and inductor.
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Fig. 9 Relation between the divided radius r and the
iron loss.
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