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Electric Vehicle (EV) applications are an improved, alternative and emerging
technology that is causing a growing interest due to the reduced fuel consumption if
offers and the benefits it brings to issues like greenhouse emissions in
transportation systems. These vehicles have a long way to go in terms of
technological improvements. They demand high efficient, compact and high-power
converters in order to supply the enough torque and the needed speed in the daily
requirements of the users. These requirements become critical especially in places

with varying topography and unstable soils.

Nevertheless, high efficient, high power density and high voltage gain operation
are required in the DC-DC converter that interfaces the storage unit with the
electric motor and in the DC-DC converter between the storage unit and the
auxiliary systems. These features allow to keep the power and autonomy of the
electric propulsion system and to have an efficient use of the energy from the

storage unit.

In this context, interleaving phases and magnetic integration are known as
effective techniques to reduce the volume and mass of power converters as well as
the probable increase of the converter efficiency. Therefore, this thesis presents a
detailed analysis of several applications of magnetic integration for non-isolated

DC-DC converters for these applications.

First, the total volume analysis of the two-phase interleaved boost converter with

three different magnetic components is proposed. As part of this analysis, novel



magnetic integration techniques and a novel technique to increase the reduce
fringing losses are proposed to increase the power density and the efficiency of these
converters. From this analysis, the power density is evaluated from the electric and

magnetic modeling.

Second, the magnetic integration technique is evaluated in the proposed
single-phase and two-phase tapped-inductor converters with saturable-inductors in
order to reduce the recovery phenomenon on the main diodes. These topologies are

proposed and evaluated in order to obtain a high efficiency in DC-DC conversion.

Third, for auxiliary systems where low voltage is required to feed non-propulsive
load, a high step-down DC-DC converter is proposed to supply these low-voltage
loads by a high voltage power supply. Therefore, a high-step-down converter with
integrated winding-coupled inductor offers the advantage of a high conversion ratio
keeping a high power density and a suitable efficiency. This converter is evaluated

and compared with other outstanding high step-down converters.

Finally, a High Step-Up DC-DC converter is proposed as a solution for EV
applications where the storage unit voltage is much lower than the voltage required
by the motor. This novel converter uses the well-known technique of coupling
inductors for achieving high power density and high voltage-gain. This converter is
studied in detail, compare to other outstanding converters, and evaluated. Moreover,
a parasitic analysis is conducted in order to evidence the advantages of the proposed

converter.

In summary, the magnetic integration technique is studied and evaluated in detail
for several DC-DC converter topologies, some of them proposed by the author. These
analyses include electric and magnetic modeling, characterization of power devices,
thermal analysis, geometry analysis, and electric and magnetic design. Moreover, all
the presented analyses are validated with experimental tests and some of them with

Finite Elements Modeling.

Conclusively, magnetic integration technique proved to be an effective technique
with outstanding advantages that can be used in EV applications for increasing the

power density, the conversion efficiency, and the voltage gain.
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