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Abstract

In the rapidly evolving field of wireless power transfer (WPT), achieving systems that combine
efficiency with reliability is crucial. This paper presents a simulation-based approach using CST
Studio Suite to optimize WPT systems for wireless battery chargers in electric bikes. The study
fixes the size of both the transmitter and receiver coils, the spacing between turns, and the
number of coil turns, with a set distance of 20mm between the transmitter and receiver coils.
CST Studio Suite is employed to determine the parameters of resonance capacitors and the
optimal switching frequency to enhance WPT efficiency. This powerful simulation tool allows
researchers and engineers to design resonance compensation circuits more effectively,
optimizing power transfer efficiency. The simulation conducted with CST Studio Suite
confirms its effectiveness in designing a WPT system, achieving an impressive peak efficiency
of 99.61% at the resonant frequency. The paper demonstrates CST Studio Suite's capability to
accurately predict WPT system performance by developing detailed electromagnetic models
and fine-tuning simulation parameters to reflect real operating conditions. Iterative simulations
resulted in optimized practices, validated by select results that highlight the method's
effectiveness and showcase an optimal balance between system complexity and efficiency.
These findings provide a strategic framework for future WPT system development, offering
practical guidance for researchers and industry professionals aiming to advance WPT
technology.

Keywords: Wireless Power Transfer (WPT), CST Studio Suite, Resonance Compensation Circuit, System
Optimization.




Rahimi Baharom, Wan M. H. W. Bunyamin, Ahmad S. Ahmad, M. Z. Zolkiffly

1. Introduction

WPT emerges as a pivotal technology in the wireless era, enabling power delivery across a
distance without the need for physical connectors. The concept of transmitting energy through
an electromagnetic field rather than physical connectors offers profound implications for
countless applications, ranging from consumer electronics to electric vehicle charging and
industrial automation. As the global demand for more versatile and unobtrusive power solutions
escalates, the development of WPT systems that combine high efficiency with impeccable
reliability has become a research imperative.

Despite its promise, the path to optimal WPT system design is fraught with challenges, primarily
concerning efficiency, range, and safety. These hurdles underscore the need for sophisticated
design tools capable of addressing the complex interplay of electromagnetic fields, circuit
configurations, and material properties that characterize WPT systems. CST Studio Suite
emerges as a pivotal simulation tool in this landscape, offering the capability to model and
simulate the intricate nuances of WPT systems with high fidelity.

This paper presents a simulation-based approach to model, design, and optimize WPT systems
using CST Studio Suite, emphasizing improved efficiency and reliability.

2. Literature Review

The foundational theory of WPT can be traced back to the pioneering work of Nikola Tesla, who
first proposed the idea of wireless energy transmission. However, it wasn't until the last few
decades that technology advanced to a point where practical implementation became feasible.
Early research in the field focused on fundamental principles and proof-of-concept
demonstrations. A conference paper by Allamehzadeh [1] laid the groundwork for future
exploration by detailing the basic configurations and performance metrics of WPT systems.

Recent literature has expanded upon these foundations, exploring various aspects of WPT in
greater depth. Kim et al. [2] examined the impact of coil design on system efficiency, illustrating
how factors such as coil shape, size, and number of turns play crucial roles in energy transfer.
Meanwhile, research by Nebrida et al. [3] emphasized the importance of resonant coupling in
enhancing transfer distance without sacrificing power levels.

In the realm of simulation, the works of Zhang et al. [4] and Lee et al. [5] have been instrumental
in demonstrating the utility of simulation software like CST Studio Suite. These studies highlight
the suite’s comprehensive tools for electromagnetic simulation, offering insights into the virtual
prototyping of WPT systems. Moreover, they discuss the role of material selection, as
investigated by Mingyang et al. [6], which can significantly influence efficiency and safety by
affecting parameters such as magnetic permeability and electrical conductivity.

The application of WPT in real-world scenarios has also been a focal point of recent studies. For
instance, the integration of WPT in electric vehicle charging infrastructure is evaluated by Mastoi
etal. [7], while the use of WPT in medical implants is explored by Shaw et al. [8], both discussing
the challenges and opportunities of these applications.
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Critically, the body of literature acknowledges the necessity of iterative design and simulation
to reconcile the complex trade-offs between efficiency, range, safety, and cost. The current
consensus advocates for a simulation-led design approach, with CST Studio Suite positioned as
a key enabler in this process.

The present paper builds upon this extensive corpus of research, aiming to contribute to the
optimization techniques within the WPT domain through advanced simulation modelling. Our
study synthesizes the theoretical aspects of power electronics and electrical drives with the
practical challenges facing WPT systems to propose a set of best practices for the design and
optimization of these innovative systems.

3. Methodology

The flowchart as shown in Fig. 1 describes a step-by-step procedure for simulating WPT systems
using CST Studio Suite. The flowchart for simulating WPT in CST Studio Suite begins with
setting up a new 2D plane, which serves as the foundational step. Success at this stage leads to
configuring the coil, choosing between circular or square for both primary and secondary coils,
and determining if they're segmented or not. Key coil parameters such as radius, number of turns,
and material type are then specified.

The coil is then modelled in either 2D or 3D, depending on the simulation’s requirements. A
discrete port is established to define the point of electromagnetic power interaction in the model.
Following this, a compensation resonance circuit is set up by adding series or parallel capacitors
to the coils, which is crucial for tuning the system for optimal power transfer.

The values for the series or parallel capacitors are inserted based on whether they're included in
the primary and secondary coils. The distance between the coils is adjusted since it significantly
impacts power transfer efficiency.

The model is then run through a simulation. If the simulation is successful, the process concludes.
If not, parameters are adjusted, and the simulation is rerun until successful completion. This
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systematic approach ensures a detailed and precise simulation setup for WPT studies using CST
Studio Suite.
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Fig. 2: The block diagram to perform simulation models for WPT studies using CST Studio
Suite.
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Fig. 2 shows the block diagram for simulating WPT systems using CST Studio Suite provides a
comprehensive workflow divided into three main columns: Model Creation, Material
Assessment, and Simulation Parameters.

Model Creation

The simulation begins by creating a new file and setting up a 2D or 3D plane, defining simulation
boundaries, and choosing the frequency domain. The user can then proceed to define the coil
setup, selecting and constructing the coil geometries such as wire spiral or planar circular coils,
along with specifying any necessary parameters like wire radius and winding progress.

Material Assessment

This involves converting the model from 2D to 3D if required and adding additional shapes for
a more detailed model. Material properties are crucial; the user should load the appropriate
materials from the material library to accurately simulate the physical behavior of the coils and
any other components.

Simulation Parameters

After establishing a discrete port for the model, the user must set up the compensation circuit,
choosing the right circuit elements, and inserting the required capacitor values. This is followed
by setting up the simulation frequency and defining the field monitors. Then, the user specifies
the excitation sources and loads, adjusting these parameters to the requirements of the WPT
system under study.

Finally, the user runs the simulation and iterates on the parameters based on the results, refining
the model as needed for optimal performance.

Each block in the diagram is an action or a decision point leading to a precise and optimized
simulation model for WPT studies, ensuring that users can explore various configurations and
conditions to achieve efficient power transfer.

Sample Design Of Simulation Model

The schematic presented in Fig. 3 illustrates a detailed circuit diagram of a WPT system,
meticulously designed in CST Studio Suite, for optimizing wireless battery charging in electric
bikes. This prototype incorporates both an electrical resonant circuit and a physical structure for
functional and protective purposes.
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Fig. 3: The schematic of the coil with ferrite and casing using CST Studio Suite.

At the heart of this WPT system are two coils positioned across a ferrite material to facilitate
magnetic coupling. Ferrite serves to concentrate the magnetic field, thereby improving the
coupling efficiency between the transmitter and receiver coils. The casing around the ferrite core
provides robustness and environmental protection, potentially enhancing the system's durability
and reducing electromagnetic interference.

On the transmitter side, marked by label 1, an input port denoted as 'In’ feeds the system. Here,
a series resonant capacitor Cs1 with a value of 500nF is placed in series with the transmitting
coil. This capacitor, along with the inherent inductance of the coil, forms a series resonant circuit
that resonates at a specific frequency to efficiently transfer power at that frequency.

On the receiver side, labelled 2, an output port denoted as 'Out’ is where the power is extracted.
Parallel to the receiving coil, a tuning capacitor Cp2 of 600nF is employed to form a parallel
resonant circuit. This configuration maximizes the current at the resonant frequency, thereby
optimizing the power transfer to the load connected at the output.

Between the transmitter and receiver, the ferrite material and the physical structure serve as a
passive link that doesn't participate in the active tuning but plays a critical role in the coupling
efficiency. The values of capacitors Cpl and Cp2 are critical; they must be chosen based on the
desired operating frequency and the characteristics of the coils to ensure maximum power
transfer efficiency.

The diagram illustrates a critical aspect of WPT system design: the careful balancing of
resonance on both the transmitting and receiving ends. The choice of 400nF for Cpl suggests a
slight detuning from the transmitting side, possibly to match specific load requirements or to
accommodate variations in operating conditions.

Fig. 4 illustrates a simulation model of a WPT system using CST Studio Suite. This model
features a transmitting coil (Tx) and a receiving coil (Rx), which are central to the WPT
mechanism. The system is designed to transfer power wirelessly through inductive coupling
facilitated by these coils.
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Tx

Fig. 4: Modelling of WPT with coil, casing and ferrite using CST Studio Suite.

The coils, likely copper due to its excellent conductivity and low resistivity, are ensconced within
casings depicted in brass colour. These casings are constructed from polycarbonate, a material
chosen for its structural integrity and electrical insulation properties. The polycarbonate casing
serves multiple purposes: it protects the coils from mechanical damage and environmental
exposure, and it also prevents the formation of eddy currents, which can lead to efficiency losses.

Between the Tx and Rx coils lies a layer of ferrite material, shown in red, which plays a critical
role in the efficiency of the power transfer. Ferrite materials are used in such applications for
their high magnetic permeability, which focuses the magnetic field lines and enhances the
inductive coupling between the coils. This ensures a more directed and efficient energy transfer,
especially important in air or vacuum gaps where magnetic fields can otherwise disperse.

The blue lines coursing between the Tx and Rx represent the magnetic flux lines at a specific
instance in the simulation. These lines provide a visual indication of the magnetic field's strength
and distribution. By simulating the magnetic field in this manner, engineers can evaluate the
effectiveness of the WPT system's design before constructing a physical prototype. Such
simulations are vital for analysing the impact of different design parameters on the system's
performance. The distance between coils, the dimensions and material of the casing, the size and
type of ferrite material, and other factors can be varied systematically in the simulation to
understand their effect on the system's efficiency and energy transfer capability.

4, Results and Discussion

Fig. 5 depicts a simulation model displaying the effects of a magnetic field in a WPT system, as
visualized in CST Studio Suite. In this simulation, we can observe the distribution and intensity
of the magnetic field around the WPT components: the transmitting coil (Tx), the receiving coil
(Rx), and the intermediary ferrite material.
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Fig. 5: The effects of a magnetic field in a WPT system using CST Studio Suite.
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The colours in the simulation represent different levels of magnetic flux density, with warmer
colours typically denoting higher intensity. This visual representation allows us to infer how the
magnetic field propagates between the Tx and Rx coils, and how it interacts with the ferrite
material and the casing.

From the figure, it’s apparent that the strongest magnetic coupling occurs directly between the
coils, as indicated by the concentration of red in the ferrite region. The ferrite's role is crucial; it
acts to concentrate the magnetic field, enhancing the coupling efficiency and thus the overall
effectiveness of power transfer between the coils. This is key in reducing power losses that could
occur if the magnetic field were to disperse into surrounding space.

The presence of bright spots at the edges of the ferrite suggests a fringing effect, where the
magnetic field lines spread outwards. This fringing is typical in real-world WPT systems and
represents a non-ideal behaviour where some of the magnetic energy is not directly contributing
to power transfer and can result in losses.

The casing, which in a practical WPT system would serve to protect the components and
maintain structural integrity, appears to have little effect on the magnetic field. This indicates
that the material chosen for the casing, likely a low-permeability material, is appropriate as it
does not absorb or redirect the magnetic field significantly.

This kind of simulation is critical in WPT system design to predict and minimize energy losses
and to understand how different materials and geometries affect the system's efficiency. By
analysing the simulation results, engineers can make informed decisions to optimize coil shapes,
ferrite size and placement, and other design factors, thus improving the WPT system’s
performance before any physical prototype is built.

Fig. 6 presents a graph depicting the efficiency of a WPT system as a function of frequency,
generated using CST Studio Suite. The graph is a critical piece of analysis in the design and
optimization of WPT systems, showing how the efficiency varies with different operating
frequencies.
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Fig. 6: The efficiency of a WPT system as a function of frequency using CST Studio Suite.

The efficiency peaks sharply at approximately 40.5 kHz, indicating that the system exhibits
resonant behaviour at this frequency, where the transfer of power is most efficient. The peak
efficiency is remarkably high, at around 99.61%, which is ideal for WPT systems but challenging
to achieve in practical scenarios. This peak corresponds to the resonant frequency where the
impedance matching between the transmitting and receiving ends is optimal, and the system
losses are minimal.

As the frequency moves away from this resonant point, the efficiency drops significantly. This
is typical of resonant systems, where operation at off-resonant frequencies leads to a rapid
decline in power transfer capabilities. The graph displays a smooth efficiency curve, suggesting
the system is well-tuned and that the simulation parameters are closely aligned with the optimal
design specifications for the coils, casing, and ferrite materials.

The efficiency graph in

Fig. 6 is a testament to the effectiveness of the WPT system design and the precision of the
simulation model in CST Studio Suite. The simulated system demonstrates exceptional
efficiency at the resonant frequency, with expected declines at non-resonant frequencies. This
information is vital for designers to understand the operational bandwidth of the system and to
ensure that the WPT system will perform optimally within the intended frequency range.

5. Conclusion

The simulation conducted with CST Studio Suite confirms its effectiveness in designing a WPT
system, achieving an impressive peak efficiency of 99.61% at the resonant frequency. This high
efficiency demonstrates the software’s capability for precise tuning and accurate modeling of the
WPT circuit's electromagnetic interactions, including the coils, ferrite material, and casing. The
significant efficiency drop-off away from resonance underscores the critical importance of
operating at the correct frequency, reinforcing the necessity of meticulous design and validation
of WPT systems. Consequently, CST Studio Suite emerges as an essential tool for engineers and
researchers to optimize WPT systems, enabling detailed pre-prototype analysis to ensure both
efficiency and functionality in the final design. These contributions are poised to guide both the
research community and industry professionals towards developing more efficient and reliable
WPT systems, paving the way for innovative applications as the technology evolves. This study
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provides a robust foundation for future advancements in WPT technology, ensuring that electric
bike battery chargers and other applications can achieve maximum performance and reliability.
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