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Dissertation title:

Active-clamped converter as an auxiliary primary-side power supply of a
system for wireless inductive battery-charging of electric vehicles

Abstract:

In this dissertation design and investigation of active-clamped flyback (ACF) dc-dc
converter 57 W used as the auxiliary power-supply of an inductive charging system (ICS) is
presented. The ACF was supplied from variable-dc-link 800V which was challenging
compared to its typical usage as power adapter. Having reviewed available literature many
gaps in literature were identified and they are covered here for the first time. List of scientific
contributions is large and only few ones will be briefly covered here. A balance between
academic and practical contributions is tried to be achieved hence expanding its usefulness to
development engineers too. An overview of ACF control ICs is presented revealing that only
two vendors have appropriate devices for ICS. The key-parts’ choice and suggestion of new
features targeting ACF in this emerging application are given. In addition, several
mathematical expressions are introduced or corrected. Measurements of magnetizing and
leakage inductances for several transformers demonstrated how big differences between
them could be depending on vendors. The short-circuit behaviour is analysed showing that
usage of the hybrid-clamp with multi-mode control ICs is mandatory. Unique measured
(hypothetical) maximum efficiency vs. magnetizing inductance is shown. Measurements of
circulating-power losses vs. input voltage are analysed and compared for several
transformers. Those losses are in the range of few watts and increase with input voltage.
Measurements of bandwidth, phase margin and gain margin vs. input power are discussed.
Those quantities were changeable with load and input voltage as expected. Comparison of
simulated and measured Bode plots showed that, even when those plots were not matched,
one could design a compensator that ensures stable operation. Comparison with conventional
flyback and quasi-resonant (QRF) flyback converters showed that both are 231% cheaper,
occupy 111% less board space, and have similar or higher efficiencies than ACF. Evaluation of
cross regulation, when output with low power (9.61% of total) was regulated, showed that
such approach was feasible too. Comparison of bandwidth, phase margin and gain margin
between the ACF and conventional and QRF flyback converter were discussed too. It was
shown that, for the same specification, those converters cannot have the same compensator as
an ACF. The ACF is known for lower electromagnetic interferences and that might be the key
advantage in this emerging application. One of the obstacles for wider usage of ACF in ICS
applications is lack of appropriate components on the market.

Keywords: Active-clamped, auxiliary power supply, control, dc-dc converter, flyback, high-
frequency transformer, quasi-resonant, wireless inductive charging-system.

Scientific field: technical sciences Y electrical engineering
Scientific subfield: power converters and drives & power electronics

UDC code: 621.3
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2.7 Zero-voltage switching (ZVS)
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Frequency sweep KN Fixed
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Sweep Linear Il Logarithmic
Number of points | 201 N7
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| 20d8 v || 208 ¥
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100Hz ¥
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T[22

= Bode Analyzer Suite

1
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Receiver bandwidth
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v
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DUT settling time

I

Attenuator 2
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I Sweep time: 16,35 s
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— o i
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DUT
e
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