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 This study explores the impact of switching frequency variations on wireless 

power transfer (WPT) system efficiency through rigorous experimental 

analysis. Our tests reveal that lower switching frequencies can enhance system 

efficiency by up to 30% by reducing resistive losses. These findings establish 

an optimal frequency range that significantly improves performance. The 

research integrates empirical data with theoretical models to elucidate 

electromagnetic principles like the skin effect and its impact on frequency-

dependent behaviors. This comprehensive approach not only confirms the 

experimental methodology but also provides robust numerical evidence, 

making a novel contribution to the field. The results have significant 

implications for renewable energy and sustainable technology development, 

suggesting practical applications in designing energy efficient WPT systems 

for consumer electronics and electric vehicle charging. This paper 

quantitatively defines the efficiency benefits of specific frequency ranges, 

advancing the deployment of wireless power technologies. 
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1. INTRODUCTION 

Wireless power transfer (WPT) technology has garnered significant attention due to its potential to 

provide convenient and safe energy transfer without physical connections. The technology is underpinned by 

principles such as electromagnetic induction and resonant coupling, which involve the transmission and 

reception of power through oscillating magnetic fields. The efficiency of these systems is fundamental, as it 

determines the viability and sustainability of WPT in practical applications, including electric vehicle charging 

and consumer electronics [1]-[12]. 

The concept of WPT can be traced back to the pioneering work of Nikola Tesla, who, following the 

validation of Maxwell's electromagnetic theory by Hertz, envisioned the global transmission of electrical power 

without wires. Although Tesla's initial efforts, such as the Wardenclyffe tower project, were not fully realized, 

they laid the groundwork for future explorations in WPT. Later, the demonstration of microwave-powered 

helicopter flight by Brown [13] showed the potential of WPT for untethered mobility, albeit with limitations 

that curtailed its development at the time [13]-[15]. 

The significant leap in WPT technology occurred in 2007 when MIT researchers successfully powered 

a 60 W light bulb over a distance of more than 2 meters, showcasing the potential of resonant coupling [16]. 

This resurgence of interest in WPT brought forward the challenges of efficiency, particularly in relation to the 

system's switching frequency, which influences numerous parameters such as switching loss, coil dimensions, 
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and the number of turns in the coils. The optimization of these parameters is crucial for the development of 

cost-effective WPT systems [17]-[19]. 

The variation of switching frequency is a critical aspect of WPT system design. Lower switching 

frequencies have been associated with higher efficiency due to reduced losses in switching components. 

However, high-frequency operation can lead to increased conduction losses and electromagnetic interference 

(EMI), which can detract from system performance. Recent studies have focused on finding an optimal balance, 

with innovations such as frequency reconfigurable metamaterials enhancing efficiency and safety in WPT 

systems [20]. 

Contemporary research in WPT has introduced advanced techniques for efficiency optimization. For 

instance, researchers have developed methods to reduce switching frequency while maintaining high-frequency 

resonance in the system, thus achieving efficient power transfer with lower losses. The integration of novel 

materials and metamaterials has also been explored to mitigate losses and improve efficiency. Additionally, 

there has been progress in dynamic power transfer control, allowing WPT systems to adapt to varying device 

requirements and environmental conditions [19], [20]. 

The evolution of WPT technology continues to be driven by the need for more efficient, safe, and 

practical energy transfer methods. Ongoing research is addressing the challenges associated with switching 

frequency and system design. The insights gained from this body of work are instrumental in paving the way 

toward more sustainable and convenient wireless energy solutions. Future research should focus on practical 

demonstrations and the integration of WPT systems in real-world applications, considering factors such as 

alignment, environmental influences, and regulatory compliance [19], [20]. 

WPT facilitates the wireless transmission of electricity to direct current (DC) loads by converting DC 

voltage to AC through a high-frequency full-bridge inverter. This AC is channeled to a transmitter coil with a 

compensating circuit to enhance power transfer efficiency. The magnetic field generated by the transmitter coil 

is captured by the receiver coil, which, through resonant coupling when both coils resonate at the same 

frequency, enables efficient energy transmission. The energy is then converted back to DC by a high-frequency 

full-wave diode bridge rectifier to power the DC load. WPT operates on the principles of electromagnetic 

induction and resonant coupling, allowing for energy transfer without direct contact. The system comprises a 

power generation subsystem, including a high-frequency inverter and transmitter coil, and a power reception 

subsystem, consisting of a receiving coil and an AC-DC converter, to maintain a pure DC output despite an air 

gap between components, as illustrated in Figure 1 [19], [20]. 

 

 

 
 

Figure 1. Typical WPT schematic diagram 

 

 

Magnetically coupled resonance WPT technology, akin to inductive wireless power transfer (IWPT), 

operates on the air transformer principle, where the operating resonance frequency of the coils is of critical 

importance. This method utilizes frequencies in the range of several to tens of megahertz, allowing energy 

transfer over several meters regardless of environmental conditions. A significant advantage of this technology 

is the non-reliance on the alignment of the transmitter and receiver, enabling energy transfer as soon as the 

receiver enters the transmitter's range. However, its relatively lower efficiency among near-field WPT 

technologies poses a considerable limitation. The resonator circuit indicates that energy oscillates at a resonant 

frequency between the inductor and capacitor before being dissipated in the resistor. The resonator's quality 

factor, Q, and resonant frequency, ω0, are given by (1) and (2). These expressions are critical for understanding 

and designing WPT systems to enhance their performance and efficiency. 
 

𝜔0 =
1

√𝐿𝐶
 (1) 
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To enhance the system's efficiency, strategic integration of compensation capacitors is essential. The 

study employs a series-series (SS) topology, wherein the compensating capacitors are connected in series with 

both primary and secondary coils as illustrated in Figure 2. A distinctive advantage of the SS topology is the 

capacitors' operational independence from resistive loads and mutual inductance, ensuring system resonance 

and reduced sensitivity to coil misalignment [21]-[24]. However, this configuration necessitates the presence 

of the secondary coil for energy transmission, as its absence can cause damage to the primary circuit. 

Misalignment affects mutual inductance and, consequently, the coupling coefficient, which are critical for 

system efficiency. The study will further elaborate on these dynamics and provide a formula for calculating 

the appropriate capacitor values to maintain system performance, as in (3) [25]-[27]. 

 

𝐶 =
1

𝜔2𝐿
 (3) 

 

In this paper, the effect of switching frequency on WPT system efficiency is evaluated. Through 

rigorous experimentation, it quantifies efficiency across frequency ranges, pinpointing an optimal frequency 

band for enhanced WPT efficiency. The findings demonstrate considerable efficiency gains within these bands, 

informing WPT system design and optimization. The research contributes to a deeper understanding of the 

relationship between switching frequency and WPT efficiency, advocating for strategic frequency selection to 

optimize performance. 

 

 

 
 

Figure 2. SS topology 

 

 

2. METHODOLOGY 

The methodology for optimizing a WPT system involves a multi-step process, each designed to ensure 

maximum efficiency in power transmission from the source to the load wirelessly. Initially, the process 

involves converting direct current (DC) to alternating current (AC) using a full-bridge inverter powered by 

MOSFETs, a critical step that sets the stage for efficient energy transfer through electromagnetic fields. 

The next stage focuses on the generation and transmission of the magnetic field from the transmitter 

to the receiver coil. This is achieved by passing the high-frequency AC through the transmitter coil, creating 

an oscillating magnetic field. The field then induces a voltage in the receiver coil located within the magnetic 

field's influence. The efficiency of this induction process is pivotal, as it directly impacts the amount of power 

that can be wirelessly transferred and ultimately utilized by the receiving device. 

Finally, the induced AC voltage in the receiver coil is converted back to DC through a rectification 

process. This step is crucial for ensuring that the power can be efficiently utilized by the DC load or for charging 

batteries. The incorporation of a compensation circuit between the transmitter and receiver coils is a strategic 

move to maintain resonance, thereby enhancing the efficiency of power transfer across the system. This 

comprehensive methodology, illustrated in the flowchart, as shown in Figure 3 (see in Appendix), encapsulates 

the core principles of WPT while addressing the challenges of optimizing power transfer efficiency through 

careful design and component selection. 

 

 

3. COMPUTER SIMULATION MODEL 

The computer simulation model section delineates a comprehensive simulation strategy for a WPT 

system, as conceptualized in a MATLAB schematic model, illustrated in Figure 4. This simulation mirrors the 

physical experimental setup, initiating with a 36 V DC power source linked to a full-bridge inverter via a pulse 

generator. The procedure begins at a 50 kHz switching frequency, which is systematically varied from 20 kHz 

to 100 kHz in 10 kHz steps, to assess the impact of frequency changes on system performance. The transmitter 
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and receiver coil specifications align with those detailed in Table 1, under a constant load condition to ensure 

consistency in measurement and analysis. 

A notable adjustment in the simulation model is the incorporation of a 50-fold gain at the input current. 

This modification is essential for enhancing the visibility of the current in relation to the voltage in the 

simulation output, considering the minimal current levels involved. This adjustment ensures that the current 

and voltage appear in phase with each other, facilitating a more accurate and clear interpretation of the 

simulation results. 

The simulation model, through its detailed replication of the experimental setup and thoughtful 

adjustments such as the input current gain, provides a valuable tool for theoretical exploration and validation 

of the experimental findings. By closely mirroring the physical system's parameters and conditions within the 

MATLAB environment, the methodology offers a rigorous framework for analyzing the impact of switching 

frequency variations on WPT system efficiency, contributing to the broader understanding of optimal system 

design and operation. 

 

 

 
 

Figure 4. MATLAB simulation model for the proposed system 

 

 

Table 1. The parameters of the proposed system 
Parameters Symbol Value 

Input voltage 𝑉𝑠 36V 

Transmitter inductance 𝐿𝑝 24µH 

Receiver inductance 𝐿𝑠 24µH 

Coupling coefficient k 0.5 

Quality factor Q 180 

Compensation capacitor 𝐶𝑝, 𝐶𝑠 6.64µF 

DC capacitor 𝐶𝑜 200µF 

Load R 200Ω 

 

 

4. EXPERIMENTAL SETUP 

The experimental setup section meticulously outlines the setup for a laboratory-scale WPT system 

prototype as shown in Figure 5. Initially, the setup involves a 36 V DC power supply connected to a full-bridge 

inverter, with the system starting at a 50 kHz switching frequency. This baseline frequency is critical for driving 

the transmitter coil with a 3 A supply current, establishing the initial conditions for the experiment. 

The experimental further encompasses systematic adjustments to the switching frequency, 

incrementing and decrementing in 10 kHz steps up to 100 kHz and down to 10 kHz from the base value. This 

range allows for a comprehensive evaluation of how varying switching frequencies affect the efficiency of power 

transfer across the system. The use of Wurth Elektronik wireless power charging coils, characterized by a 24µH 

inductance and a 13mm air gap, ensures that the setup is consistent with industry standards for WPT systems. 

Efficiency measurements form a core part of the experimental procedure, focusing on the impact of 

switching frequency variations under a fixed load condition. By employing a resistive load for these 

measurements, the study isolates the effects of frequency changes on system efficiency. The meticulous of 
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system parameters, as listed in Table 1, provides a clear framework for replicating the experimental conditions, 

ensuring that the findings are robust and can contribute valuable insights into the optimization of WPT systems. 

 

 

 
 

Figure 5. Photo of the experimental setup of the laboratory scale prototype system 

 

 

5. RESULTS AND DISCUSSION 

This section provided a rigorous analysis of the efficiency of WPT systems across varying switching 

frequencies. Figure 6 graphically represents the efficiency values against switching frequencies, showcasing 

both experimental and simulation results. Tables 2 and 3 further delineate these efficiency metrics for 

frequencies ranging from 20 kHz to 100 kHz in 10 kHz increments. This structured approach underscores the 

critical relationship between switching frequency and WPT efficiency, providing a comprehensive overview 

of system performance under different operational conditions. 
 
 

 
 

Figure 6. Power transfer efficiency of the WPT system against switching frequency 
 

 

Table 2. Experimental result of switching frequencies and power transfer efficiency 
Switching frequency (kHz) Efficiency (%) 

20 80.83 

30 77.50 
40 74.17 

50 74.17 

60 70.83 
70 70.83 

80 69.72 

90 69.72 
100 69.17 
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Table 3. Simulation result of switching frequencies and power transfer efficiency 
Switching frequency (kHz) Efficiency (%) 

20 78.92 
30 76.39 

40 61.19 

50 53.25 
60 49.61 

70 47.36 

80 45.72 
90 45.86 

100 43.22 

 

 

The experimental findings highlight a notable efficiency peak at lower switching frequencies, 

specifically at 20 kHz, where efficiency reached 80.83% experimentally and 78.92% in simulation. This 

phenomenon is attributed to reduced power losses in switching components such as transistors and diodes at 

lower frequencies, which results in slower switching transitions, and consequently, lower switching losses. 

This insight is pivotal for optimizing WPT systems, indicating a clear preference for lower switching 

frequencies to enhance overall efficiency. 

Conversely, as the switching frequency increases, a decline in WPT efficiency is observed. This 

reduction is multifaceted, stemming from increased switching losses due to faster transitions in power 

electronic components and heightened conduction losses, including resistive and inductive losses within the 

circuit and coils. Moreover, elevated switching frequencies exacerbate electromagnetic interference (EMI) and 

compatibility (EMC) issues, potentially impacting the functionality of nearby electronic devices and the WPT 

system's efficiency. 

Despite these trends being consistent across both experimental and simulation results, discrepancies 

between the two are evident, particularly as the switching frequency extends beyond 30kHz. These variances 

underscore the complexities of WPT systems and the challenges in precisely modeling their behavior. 

Nonetheless, MATLAB's simulation capabilities remain a valuable tool for predicting and analyzing these 

phenomena, offering insights into the nuances of WPT system performance across a spectrum of operational 

frequencies. 

This comprehensive analysis not only provides a deeper understanding of the impact of switching 

frequency on WPT efficiency but also lays the groundwork for future optimizations. By balancing the trade-offs 

between lower frequency benefits and the challenges of higher frequencies, this research contributes significantly 

to the advancement of WPT technology, offering a roadmap for enhancing system design and performance. 

 

 

6. CONCLUSION 

In conclusion, this study meticulously explores the intricate dynamics of WPT systems, focusing on the 

pivotal role of switching frequencies in optimizing system efficiency. Through a series of methodical experiments 

and simulations, the study uncovers that lower switching frequencies significantly enhance the WPT system's 

efficiency by reducing resistive losses in the transmission medium. This discovery is pivotal, shedding light on 

the oft-overlooked aspect of frequency selection in the design and optimization of WPT systems. 

Building upon the empirical data, the study further delves into the theoretical underpinnings that 

explain the observed efficiency improvements at lower frequencies. It provides a thorough analysis of the 

electromagnetic principles governing WPT systems, including the skin effect and its frequency-dependent 

nature. By correlating the empirical findings with theoretical models, the research establishes a robust 

framework for predicting WPT system performance based on frequency selection, thereby offering valuable 

insights for future system design and development. 

In the broader context of renewable energy and sustainable technology development, this research 

contributes significantly to enhancing the practical viability of WPT systems. By identifying optimal frequency 

ranges that maximize efficiency while minimizing losses, the study paves the way for more energy-efficient, 

reliable, and cost-effective WPT solutions. This work not only advances the technical knowledge base in the 

field but also holds the promise of fostering innovation in the deployment of WPT technologies for various 

applications, from consumer electronics to electric vehicle charging systems, marking a significant step 

forward in the pursuit of a more sustainable and technologically advanced society. 
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APPENDIX 
 

 

 
 

Figure 3. WPT flowchart operation 
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