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Non-radiative wireless power transfer (WPT) systems are widely applied technology that has
| found extensive applications across various industries such as small devices like smartphones and
large-scale equipment, including electric vehicles (EVs). Contrary, these notable advaniages also

bring forth a series of challenges, including compliance assessment considerations for human

protection from electromagnetic fields (EMF) and electromagnetic immunity, raising concerns about
potentiat health risks associated with exposure to these EMFs, particularly concerning the interaction
between humans and the EMF to which they are exposed. Specifically, human activities in the
vicinity of the system may interfere with its efficiency, and the EMFs generated by the system can
interact with biological tissues. To address these concerns, international organizations have
established standards and guidelines that take into account both industrial and human safety aspects.
However, with the development of WPT technology, there is a need for ongoing research and
comparison of the results to safety standards to ensure their continued effectiveness while enabling
efficient transmission. This study utilizes computer simulations to propose innovative system

designs, with a focus on ensuring high transmission efficiency while mitigating human-system

interaction and reducing the intensity of leakage fields to ensure a safety system considering various
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realistic scenarios. Additionally, the research includes the calculation of in-situ electric field and
specific absorption rate (SAR) results within human body models exposed to EMFs, with
effectiveness assessments conducted through comparisons with international regulations.

A magnetic resonant coupling WPT system that utilizes a spiral resonator with a grounded loop
has been proposed to mitigate its human-system interaction and achieve a high-efficiency power
transfer. Specifically, the proposed grounded loop can reduce the leakage fields of the system,
resulting in less interaction between the system and the human body. The electromagnetic fields
distribution and the performances of the proposed WPT systems with and without the presence of a
human body model were first determined using the finite-element method (FEM). Next, the in-situ
electric field in a human body near the system was computed using the scalar-potential finite
difference (SPFD) method. As a result, a transmission efficiency higher than 70% is achieved at |
approximately 25 cm transmission distance. The strength of the electric field outside the grounded
loop was reduced. Under the conditions of maximum efficiency of the WPT system, the proposed
loop reduced the im-situ electric field strength and the SAR values by 43.6% and 69.7%,
respectively. In the worst-case exposure scenario considered, the maximum permissible input power
to the system was 40 kW and 33.5 kW in compliance with the limit prescribed International
Commission of Non-Ionizing Radiation Protection (ICNIRP) for the whole-body averaged SAR and
PSSAR, respectively.

A composite magnetic core has been proposed for the inductive coupling WPT system used in EV
applications to reduce the impact of system magnetic field radiation on the surrounding environment
while ensuring high efficiency. Specifically, the proposed core with the intermediate insert block can
reduce the leakage magnetic field of the system effectively, thus increase efficiency. Three types of
planar composite magnetic cores for the system have been proposed. The performances of the
proposed system are calculated using the FEM. Then, considering the EV model, the transmission
efficiency and magnetic field distribution of the proposed WPT systems are calculated under both
perfect alignment and misalignment conditions. Subsequently, considering the exposure scenario of
a human body standing near the vehicle, the SPFD method is used to assess the in-situ electric field
in an anatomical human body to determine the assessment of exposure limits. The results indicated
that proposed core structure improved transmission efficiency of the system by 34% within a 30 cm
air gap at perfect alignment, effectively reduced magnetic field leakage and in-situ electric field by
up to 91.6% and 98.3%, respectively. The maximum permissible input power to the proposed system
was 4050 kW in compliance with the ICNIRP limit for the in-sifu electric field. The findings
suggested that the proposed design can enhance the transmission efficiency, reduce the leakage field

and mitigate human exposure to EMFs.
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論文審査結果の要旨




