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Abstract

This study delves into the design and optimization of a 4 kW dual-excitation inductive
power transfer system designed to accommodate large misalignments. The system utilizes
a bipolar-solenoid inductive coupled transformer as its coupling mechanism. Detailed sim-
ulation and analysis of this coupling mechanism are conducted. Additionally, the system
employs a control strategy aimed at optimizing the coordination between output power
and efficiency. This control strategy dynamically adjusts the power of the two transmitters,
aiming to enhance system efficiency to the maximum extent possible under favourable
coupling conditions. Moreover, it ensutes that the system’s output power remains at or
above the rated value even when coupling conditions deteriorate. During the experiment,
the system can optimize the output power and efficiency at the same time by using a suit-
able control strategy when the coils are misaligned. Meanwhile, the system can achieve a
minimum efficiency of 81.5% even when the misalignment distance reaches 300 mm (60%
of per transmitting coil size). The system and control strategy proposed in this paper can
effectively overcome the deterioration of the output characteristics of the wireless power

1 | INTRODUCTION

Wireless power transmission (WPT) technology enables the
transfer of energy through electromagnetic fields, thereby elim-
inating the need for wired connections in energy transmission
systems. This innovation significantly enhances security and reli-
ability [1, 2]. Numerous researchers have conducted relevant
studies in this field [3, 4]. Besides its application in low-power
contexts such as wearable and communication devices, WPT
technology shows substantial promise for high-power appli-
cations, particularly in the rapidly growing sector of electric
vehicles.

In the practical application of WPT, coil misalignment is very
easy to occut. This situation often leads to a decrease in the cou-
pling coefficient between the transmission coils, which in turn
leads to fluctuations in the system output characteristics. For
high-power applications such as electric vehicles, these adverse
effects are more likely to occur due to random parking locations.

transfer system when misalignment occurs.

Many scholars have conducted research on this issue. It is
an effective way to add additional DC-DC converters to the
WPT system to stabilize the output characteristics [5—7], which
increase the cost, volume and loss. At the same time, when the
coupling coefficient fluctuation is too large, it may exceed the
limit of the converter’s adjustment ability, and the adjustment
ability is limited. There are also studies to improve the charac-

teristics of the transmission coil itself [8—10], and reduce the

fluctuation degree of the coupling coefficient when the trans-
mission coil is wrong by targeted design. But they tend to add
extra space and weight, and the improvement is limited.

The efficiency of the WPT system is a crucial factor linked
to system losses and economic benefits [11-12]. Most con-
ventional WPT systems employ a “single-send single-receive”
configuration, featuring only one transmitting coil and one
receiving coil [13—15]. Some studies have used different control
methods for this configuration to achieve the optimal efficiency
point tracking and reduce the loss of the system [16, 17], but
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