2
Iy
St
%

DB E

Him R E
K-inverter design for inductive power transfer systems with multiple receivers
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Inductive power transfer (IPT) has utilized the coupling between two coils to transfer
power. An inductive coupling is modeled as a K-inverter whose characteristic
impedance represents the strength of the coupling link. The K-inverter outputs a
load-independent constant voltage when driven by a constant current and outputs a
load-independent constant current when driven by a constant voltage. As a consequence,
two K-inverters connected in cascade are able to output load-independent constant
voltage if driven by a voltage source. Constant load voltage is important because it
guarantees stable working condition for load and enables load to consume power as
expected by adjusting its resistance.

Recently, stabilizing multiple load voltages is still an attractive topic when rated
voltages for loads and operating frequencies of receivers have diverged from application
to application. More specifically, in addition to constant load voltages, different
applications require differently rated voltages for their loads. In another scenario, some
receivers are forced to be located far from transmitter, leading to a deterioration of the
system performance. Furthermore, besides the requirement of an individually rated
voltage for load, each application may operate at an individual frequency.

This work utilizes the properties of K-inverters to address the current challenges in
multiple-receiver IPT systems. Firstly, multiple K-inverters are used inside charging
platform to stabilize load voltages against load variations. Then, characteristic
impedances of the K-inverters are adjusted so that the load voltages reach the rated
values required by the users. Secondly, a cooperative IPT system where cooperative

receiver can simultaneously draw power itself and transfer the rest of power to distant



receiver is proposed. K-inverter-based compensation is employed for cooperative
receiver to realize cooperative characteristic while still stabilizing two load voltages
against load variations. Finally, a multiple frequency IPT system where multiple sources
operating at multiple frequencies share a common transmitting resonator to deliver
power to multiple receivers is proposed. Each pair of source and corresponding receiver
operates at an individual operating frequency. K-inverters are combined with
band-reject filters to separate power link of each pair of source-corresponding receiver
and stabilize load voltages. As a result, each pair of source and corresponding receiver
is considered as independently operating at their individual frequency. Therefore, a full
voltage control for each load can be achieved without affecting the operation of other
pair of source-receiver.

The findings in this dissertation highlight that it is completely feasible to use K-inverter
structures and compensation circuits to stabilize load voltages in multiple-receiver [PT

systems under single or multiple operating frequencies.
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