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Research context and motivation

Inductors are critical components in the design of high-power density power electronics
converters, as they contribute significantly to the overall size and are responsible for a non-
negligible amount of losses. The design of optimised inductors for power electronics
applications requires:

* Volume and weight reduction.

* Low power loss dissipation.

The accurate modelling of magnetic phenomena under non-sinusoidal induction conditions is
also required. The choice of the most appropriate core material, size, winding and air gap
configuration is crucial for satisfying the specified targets.

Addressed research questions/problems

 The design of inductors for DC-DC converters is 2L,
a challenging task. The design goals are E
minimising losses and dimensions that are £, S
contrasting objectives. In addition, a suitable
inductance profile has to be provided to ensure
acceptable current ripple values. The critical
aspect of the design is the core’s saturation,
which is the main bottleneck to minimising the
component size. Moreover, the high-frequency
quasi-rectangular voltage waveforms imply non-
negligible core losses.

* The standard design rules of DC-DC converters

are highly conservative and rely on oversized .___ -
inductors. Inductors operating in partial saturation  «f— f
can allow the reduction of the converter size.
However, the adoption of a saturable inductor
requires considering the non-linear behaviour of
the magnetic component and the temperature .
dependence of the material properties.

* In resonant converters, the adoption of variable o5 compensation netork
magnetic components allows the implementation [T o e [ ol T
of the magnetic control of the output power. In __Cm:J JE} QMCz_f Kl w
particular, in a Wireless Power Transfer system, a "»7 | ol o %"
controlled variable inductor can be adopted in the 54 ) %L
compensation network to control the load power.
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Novel contrlbutlons

* Pre-design methodology to compare ~ ~( .0 % el —
inductor  design  configurations ., “x_ﬁ,_x,..3.:_.:;;;_;:;;;;;:;;;;;x :—5 A G o
operating in linearity and partial ..~ e LI T e el TR g
saturation. B SO ERR T T (e A
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losses for different core dimensions
and switching frequencies.

 Definiton of a method for the e
experimental identification of the |~
differential inductance profile for T T

commercial ferrite power inductors,
considering the effect of the
operating temperature. | | | o

 Validation of the magnetic control T e o
technique for  capacitive  and
inductive WPT systems.
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Adopted methodologies

 Non-linear equivalent reluctance model, solved with the fixed-point iterative technique,
adopted to compare different design solutions of inductors.

 Experimental setup based on a commercial DC-DC converter to identify the differential
inductance profiles of commercial inductors.

« FEM simulations to evaluate suitable configurations for the controlled variable inductor.

« PLECS simulations to test the magnetic control strategy in the WPT system, considering
the non-linear model of the controlled variable inductor.
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« Fast multi-objective optimisation method for inductor design.

« Experimental characterisation of the loss properties of soft magnetic materials under
variable DC bias magnetic fields.

« Definition of the most efficient converter topology for the inductance regulation in controlled
variable inductors.
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