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Abstract

This work deals with resent research activities regarding electric drives for automotive
applications. Special focus lies on improving the drive’s efficiency especially the power
electronics inverter. At part load operation, which is most relevant for electric vehicles,
considerable potential for efficiency optimization and reduction of power dissipation in the
electric drive components exists.

Various approaches to improve inverter efficiency are introduced: reducing the switch-
ing frequency, changing system parameters such as DC-link voltage and adapting the active
chip area. Focusing on the latter method a new approach to changing the active chip area
of semiconductor devices (IGBTs) during inverter operation is introduced. In order to an-
alyze this approach a unique prototype has been designed which uses several individually-
controlled half-bridges in parallel per phase. When the drive is operated at part load not
all half-bridges are required to drive the electric machine current thus deactivating unnec-
essary IGBTs can lead to an efficiency benefit by reducing switching losses in inactive
chips.

In order to investigate this method and compare various driving cycles several simulation
models are presented to estimate drive resistances, the electric machine and electric as well
as thermal behavior of the drive inverter. Using these simulation tools driving cycles are
analyzed and the impacts of different optimization approaches are evaluated regarding drive
efficiency and inverter life time .

In addition to simulating driving cycles experiments using the aforementioned proto-
type have been conducted and measurement data on inverter efficiency and semiconductor
temperature has been obtained. Besides variation of active chip area the other methods of
efficiency improvement mentioned above have been analyzed. Measurement results show
that varying the number of active transistors during inverter operation does not yield the
beneficial effect on inverter losses expected from simulation data. The reason for this lies
in the test setup and prototype design. For the electric drive examined in this thesis other
options such as reducing the switching frequency are more promising which is explained
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Abstract

in detail in the last chapter of this work. Additionally an outlook on other possibilities to
implement the approach of chip area variation with the desired efficiency potential is given.
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