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 Wireless power transfer (WPT) is increasingly adopted for E-bike charging; 

however, its performance is often constrained by inaccurate resonant tuning, 

inefficient capacitor selection, and improper switching-frequency operation, 

which lead to significant power loss and reduced transfer efficiency. This 

study addresses these limitations by formulating an optimized design 

methodology for selecting resonant capacitors and inverter switching 

frequency to achieve high-efficiency energy transfer. A 40-mm air gap 

between the transmitter and receiver coils is modeled using CST Studio Suite, 

where a 3D electromagnetic circuit co-simulation framework is applied to 

evaluate mutual inductance, resonant behavior, magnetic-field distribution, 

and S-parameter characteristics. Parametric sweeps combined with a 

convergence-based optimization algorithm identify the optimal resonant 

operating point, yielding a peak resonant frequency of 38.1 kHz, a maximum 

simulated transfer efficiency of 99%, and a deep reflection coefficient of -

21.77 dB. The optimized configuration also demonstrates stable voltage and 

field distribution at resonance, confirming effective impedance matching. The 

main contributions of this work include: i) establishing a unified EM–circuit 

optimization workflow for determining resonant capacitance and switching 

frequency, ii) providing quantitative resonance parameters and performance 

indicators suitable for compact E-bike WPT systems, and iii) integrating 

mathematical modelling to validate CST-based predictions and ensure 

theoretical consistency. The proposed approach significantly enhances design 

accuracy and efficiency, offering a scalable and high-performance solution for 

next-generation low-power electric vehicle (EV) and E-bike wireless charging 

applications. 
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1. INTRODUCTION 

Wireless power transfer (WPT) technology has gained increasing attention as an emerging solution 

for contactless energy delivery in electric vehicle (EV) applications, particularly in electric bikes (E-bikes)  

[1]-[4]. Its ability to eliminate physical connectors enhances safety, convenience, and weather resistance 

compared to conventional plug-in systems [5]-[8]. Figure 1 illustrates an actual implementation of a WPT 

charging setup for E-bikes, while Figure 2 highlights its essential components, comprising the transmitter (Tx) 

coil, receiver (Rx) coil, compensation network, and power inverter [9]-[11]. Despite these advantages,  

WPT systems still face key challenges in resonance detuning, low efficiency under misalignment, and 
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frequency instability [12], [13], which necessitate accurate tuning of resonant circuits and inverter switching 

frequency. 

Traditional WPT systems rely primarily on resonant inductive coupling, where efficient power 

transfer occurs when both Tx and Rx coils resonate at the same frequency. However, small deviations in 

component values, coil geometry, or operating frequency can drastically reduce efficiency. Several researchers 

have explored strategies to enhance system performance through parameter optimization. Ahn and Hong [14] 

analyzed mutual coupling between multiple transmitters and receivers, revealing efficiency degradation due to 

cross-coupling effects. Hui et al. [15] presented a critical review of mid-range WPT systems, emphasizing the 

role of compensation networks in achieving high efficiency. Pham et al. [16] further investigated the optimal 

frequency behavior in conductive media, demonstrating that improper resonance alignment can lead to severe 

power losses. These studies collectively underscore that precise resonance and switching frequency tuning are 

pivotal in improving WPT system performance. 

 

 

 
 

Figure 1. The actual WPT systems for E-bikes 

 

 

 
 

Figure 2. The main components of WPT systems for E-bikes 
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Recent works have extended WPT applications beyond static charging. Yang et al. [17] introduced a 

dynamic WPT (DWPT) system at signalized intersections to optimize charging and travel efficiency for 

automated EVs through multi-objective speed planning, including load-priority and time-priority driving. 

Zhang and Wang [18] investigated multi-transmitter topologies and proposed amplitude–mutual inductance 

ratio matching to improve coupling efficiency across multiple transmission paths. Similarly, Sraidi and 

Maaroufi [19] integrated renewable sources into microgrid-based WPT charging, formulating an energy 

management strategy to minimize operational costs while maintaining efficiency. These studies illustrate a 

trend toward intelligent and adaptive WPT architectures, where efficiency optimization must consider both 

circuit and system-level constraints. 

More advanced control methodologies have been introduced to address these challenges. Varikkottil 

et al. [20] proposed a dual-loop control algorithm based on inner resonance and outer current regulation to 

stabilize voltage and current under variable coupling conditions. Seo et al. [21] developed a compact dual-

function resonant coil and implantable antenna for biomedical WPT, showcasing the versatility of resonant 

power systems across different domains. Elwalaty et al. [22] analyzed an inductive coupled power transfer 

(ICPT) configuration for EVs, formulating optimal load resistance equations to improve system stability, while 

Meher and Singh [23] implemented a single-phase EF2 inverter-based charger, reporting enhanced energy 

efficiency and reduced harmonic content. These contributions highlight the broad applicability of resonant 

frequency optimization in WPT design. 

However, most prior studies focus on experimental prototypes or analytical models with limited 

integration between electromagnetic field (EM) behavior and circuit-level optimization. The lack of a unified 

simulation platform often results in an incomplete understanding of mutual inductance variations and parasitic 

effects. This study bridges that gap by leveraging CST Studio Suite, a 3D electromagnetic circuit co-simulation 

tool, to develop a comprehensive optimization framework for WPT systems. CST enables accurate modeling 

of field distributions, coil coupling, and parameter sensitivity, factors critical for achieving reliable efficiency 

predictions. Baharom et al. [24] previously demonstrated CST’s capability for detailed EM modeling of WPT 

systems, while Joseph et al. [25] validated its practical implementation for flexible E-bike chargers. Building 

upon these works, the present study systematically investigates the interdependencies between resonant 

capacitance, coil spacing, and inverter switching frequency. 

The novelty of this research lies in the integration of theoretical modeling, electromagnetic simulation, 

and parametric optimization to derive design rules that maximize WPT efficiency. Specifically, this work: i) 

establishes a mathematical framework to model mutual inductance and resonant behavior; ii) implements 

frequency-domain optimization in CST to align impedance and power transfer characteristics; and iii) 

demonstrates a 99% peak efficiency at a resonant operating frequency of 38.1 kHz and 40 mm coil spacing, 

verified through S-parameter analysis. 

This combined approach enhances accuracy and reproducibility. It also provides a scalable design 

methodology for other low-power EV and IoT charging platforms. Hence, this paper contributes both a 

validated optimization technique and a comprehensive design guideline for developing next-generation high-

efficiency WPT systems. 

 

 

2. DESIGN AND MODELLING OF THE WPT CIRCUIT FOR E-BIKES 

This section presents the complete design methodology for the proposed WPT system intended for 

compact E-bike charging applications. The modelling framework integrates circuit-level resonance analysis, 

EM field simulation, and parameter optimization using CST Studio Suite. The objective is to accurately 

determine the optimal resonant capacitance and switching frequency that maximize transfer efficiency at a 

practical coil spacing of 40 mm, which corresponds to typical mechanical constraints of commercial E-bike 

charging platforms. 

 

2.1.  System architecture and operating principle 

The proposed WPT system for E-bike charging is designed to achieve maximum energy transfer 

efficiency through optimized resonant capacitor selection and inverter switching frequency. The overall 

architecture, shown in Figure 3, consists of a Tx coil connected to a high-frequency inverter and a Rx coil 

linked to a rectifier and load circuit. Both coils are magnetically coupled through an air gap of 40 mm, which 

represents a practical clearance for compact E-bike charging platforms. 

Three compensation capacitors, one series capacitor 𝐶𝑠 on the Tx side and two parallel capacitors 𝐶𝑝1 

and 𝐶𝑝2 on the Rx side, form a series–parallel resonance topology. This configuration effectively enhances 

magnetic coupling and improves system quality factor (𝑄) by minimizing reactive losses at resonance. The 

fundamental resonant frequency 𝑓𝑟 is governed by the standard resonant condition, as expressed in (1). 
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𝑓𝑟 =
1

2𝜋√𝐿𝐶
 (1) 

 

Where 𝐿 represents the self-inductance of the coil and 𝐶 denotes the equivalent resonant capacitance. Fine-

tuning these capacitors ensures that both transmitter and receiver circuits resonate at the same frequency, 

enabling efficient energy transfer. 

The 3D model of the coils is developed and analyzed using CST Studio Suite, a 3D electromagnetic 

(EM) and circuit co-simulation platform. As shown in Figure 4, the circular planar coils are constructed using 

copper traces on a dielectric substrate, with material properties defined by realistic electrical conductivity and 

magnetic permeability. The simulation employs open boundary conditions to eliminate field reflections and 

adaptive tetrahedral meshing for accuracy. The frequency sweep range is set from 20 kHz to 60 kHz to cover 

the potential resonant band of the E-bike WPT system. 

 

 

 
 

Figure 3. Schematic of the coil with series-parallel resonance circuit 

 

 

 
 

Figure 4. Modeling of WPT coils using CST Studio Suite 
 

 

2.2.  Optimization of resonant parameters 

The overall performance of a WPT system depends critically on the accurate selection of resonant 

capacitors and switching frequency to ensure maximum energy transfer and minimum reactive mismatch. In 

this work, an integrated parametric optimization framework is implemented using CST Studio Suite to 

determine the optimal resonance condition for the designed 40-mm transmitter–receiver separation, which 

reflects practical E-bike charging constraints. To achieve this, four design variables are selected for 

optimization: the Tx series capacitor 𝐶𝑠, the Rx parallel capacitors 𝐶𝑝1 and 𝐶𝑝2, and the inverter switching 

frequency 𝑓𝑠. The search ranges are defined based on theoretical resonance calculations and practical 

component availability, as summarized in Table 1.  

The optimization objective is to simultaneously maximize the transfer efficiency 𝜂 and minimize the 

input reflection coefficient ∣ 𝑆11 ∣. This objective is expressed as (2). 

 

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 = 𝜂 − 𝜔|𝑆11| (2) 
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Where 𝜔 is a weighting factor to penalize excessive reflection. The transfer efficiency is computed directly 

from the S-parameters obtained through CST co-simulation, as expressed in (3). 

 

𝜂 = |𝑆21|2 × 100% (3) 

 

A gradient-assisted trust-region algorithm is employed due to its robustness in handling nonlinear 

EM–circuit interactions. The optimization iteratively adjusts 𝐶𝑠, 𝐶𝑝1, 𝐶𝑝2, and 𝑓𝑠 until convergence is achieved. 

Convergence occurs when the improvement in efficiency between successive iterations is less than 0.1%, or 

when parameter variation is below 1 × 10−3. This approach eliminates manual trial and error tuning and 

ensures repeatable parameter selection across design iterations. 

The optimization converges to the following resonant configuration: 𝐶𝑠 = 220 nF, 𝐶𝑝1 = 162 nF, 

𝐶𝑝2 = 200 nF, and 𝑓𝑠 = 38.1 kHz. Under this configuration, the CST co-simulation produces a peak efficiency 

of approximately 99%, a reflection coefficient of 𝑆11 = −21.77 dB, and a transmission coefficient of 𝑆21 ≈
0 dB, confirming excellent impedance matching. The resonant voltage across the Tx coil reaches 42–48 𝑉peak, 

indicating strong power transfer at the optimal operating point. This systematic optimization ensures precise 

alignment of the resonant conditions, enhances coupling robustness at the 40-mm air gap, and provides a 

repeatable, simulation-driven methodology for designing high-efficiency WPT interfaces for E-bike charging 

systems. The explicit determination of resonant parameters and the demonstrated peak performance directly 

address key limitations in conventional fixed-frequency WPT designs. 
 

 

Table 1. Optimization parameters and search range 
Parameter Symbol Range (nF/kHz) Description 

Series capacitor (Cs) 100–300 nF Compensation at Tx side 

Parallel capacitor 1 (Cp1) 100–250 nF First Rx-side compensation 

Parallel capacitor 2 (Cp2) 100–250 nF Second Rx-side compensation 
Switching frequency (fs) 30–45 kHz Inverter operating frequency 

 

 

2.3.  Resonant circuit analysis and magnetic field evaluation 

The effectiveness of the optimized parameters is verified through detailed EM analysis. Figure 5 

presents the magnetic field distribution surrounding the Tx coil, illustrating the concentration of magnetic flux 

at the coil center and smooth attenuation toward the edges. The uniform field profile indicates well-matched 

coupling between the coils at resonance, minimizing stray field losses and ensuring stable inductive coupling. 

The system’s efficiency versus frequency response, depicted in Figure 6, exhibits a sharp resonance 

peak at 38.1 kHz, where maximum efficiency (99%) is achieved. Off-resonance frequencies result in significant 

efficiency degradation due to increased reactive mismatch. This confirms that precise frequency tuning is 

critical to minimize power reflection and maintain optimal operating conditions. 

Figure 7 displays the resonance tuning results, illustrating impedance matching achieved by adjusting 

𝐶𝑠, 𝐶𝑝1, and 𝐶𝑝2 during the optimization process. At the resonant point, the impedance of the circuit becomes 

predominantly resistive, and reactive components cancel out, fulfilling the resonance condition in (1). The S-

parameter plot in Figure 8 further validates the system’s optimal tuning. The transmission coefficient 𝑆21 

reaches a maximum of nearly 0 dB, indicating efficient power transfer from Tx to Rx coils, while the reflection 

coefficient 𝑆11 exhibits a deep notch of –21.77 dB, signifying minimal reflected energy. These results 

collectively confirm that the optimized parameters yield superior impedance matching and enhanced coupling 

efficiency. 

 

 

 
 

Figure 5. Magnetic field effect on WPT coils 

 



Int J Appl Power Eng ISSN: 2252-8792  

 

Optimized resonant capacitor and switching frequency for high … (Wan Muhamad Hakimi Wan Bunyamin) 

519 

2.4.  Discussion on optimization effectiveness 

Compared to conventional fixed-frequency WPT systems, the proposed CST-based optimization 

framework achieves greater robustness and reproducibility by simultaneously considering electromagnetic 

field characteristics and circuit impedance. The gradient-assisted parametric tuning eliminates manual trial-

and-error iterations and reduces simulation time by approximately 35%, while maintaining numerical stability. 

Furthermore, the obtained 99% peak efficiency aligns closely with theoretical predictions based on the mutual 

inductance model described in section 3, validating the accuracy of both analytical and simulation approaches. 

The optimized configuration thus forms a strong foundation for hardware prototyping and practical 

implementation in compact, low-power E-bike charging systems. 
 

 

 
 

Figure 6. Efficiency of WPT 
 
 

 
 

Figure 7. The series-parallel resonant circuit tuning process result 
 
 

 
 

Figure 8. S-parameters of WPT 
 

 

3. MATHEMATICAL MODELLING AND THEORETICAL ANALYSIS 
Mathematical modeling provides the analytical foundation for the WPT system design, allowing 

theoretical validation of the CST-based optimization process. The derived equations describe the coupling 

mechanism, resonant frequency, and efficiency behavior, which were used to guide parameter selection and 

performance prediction before simulation. The analytical outcomes were subsequently verified against the 

electromagnetic results obtained from CST Studio Suite, as shown in Figures 5–8. 

 

3.1.  Resonant frequency and circuit efficiency 

The equivalent circuit of the proposed WPT system can be modeled as two magnetically coupled 

resonant circuits, each consisting of an inductance and a compensation capacitor. The fundamental resonant 

frequency 𝑓𝑟 for each circuit is expressed as (1). To quantify system performance, the power transfer efficiency 

is derived by examining the ratio of power delivered to the load (𝑃load) to the total input power supplied by the 

source (𝑃in), as expressed in (4). 
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𝜂 =
𝑃𝑙𝑜𝑎𝑑

𝑃𝑖𝑛
 (4) 

 

For inductively coupled resonant circuits, the efficiency can be further expressed in terms of the magnetic 

coupling coefficient and the quality factors of the coils, as expressed in (5). 
 

𝜂 =
𝑘2𝑄𝑇𝑄𝑅

(1+√𝑘2𝑄𝑇𝑄𝑅)
2 (5) 

 

Where 𝑘 is the coupling coefficient, and 𝑄𝑇  and 𝑄𝑅 are the quality factors of the transmitter and receiver coils, 

respectively. In (5) demonstrates that the system efficiency improves when strong magnetic coupling is 

achieved (high 𝑘) and when the resonant tanks exhibit low parasitic losses (high 𝑄). These relationships support 

the need for precise selection of resonant capacitors and switching frequency, particularly for the 40-mm coil 

separation used in the E-bike charging system. 

The analytical model also provides a reference point for evaluating CST simulation results. For the 

optimized capacitances of 𝐶𝑠 = 220 nF, 𝐶𝑝1 = 162 nF, and 𝐶𝑝2 = 200 nF, the theoretical resonance is 

calculated as approximately 37.9 kHz. This prediction closely matches the resonance observed in CST 

simulations at 38.1 kHz, with a deviation of only 0.53%, confirming the accuracy of the analytical formulation. 

At this frequency, the simulated power transfer efficiency reaches ≈99%, consistent with the theoretical 

expectation given the high-quality factors of the coils and the strong coupling achieved at the 40-mm air gap. 

Overall, this mathematical framework establishes the theoretical basis for resonant frequency selection, 

validates the CST optimization results, and enhances understanding of how resonance tuning influences 

efficiency. 

 

3.2.  Mutual inductance and magnetic coupling relationship 

The energy transferred between the coils is primarily determined by the mutual inductance 𝑀, which 

depends on coil geometry, number of turns, and the spatial distance 𝑑 between them. This relationship is given 

by (6). 
 

𝑀 = 𝑘√𝐿𝑇𝐿𝑅 (6) 
 

Where 𝐿𝑇 and 𝐿𝑅 denote the self-inductances of the transmitter and receiver coils, respectively. The coupling 

coefficient 𝑘 varies between 0 (no coupling) and 1 (perfect coupling). In practice, 𝑘 decreases with larger coil 

separation or lateral misalignment, leading to a corresponding drop in efficiency. 

For the E-bike WPT system, CST simulations determined that the mutual inductance decreases 

exponentially beyond a 40 mm air gap, confirming the analytical prediction. The inductive link remains stable 

within this distance. This ensures consistent energy transfer with minimal variation in the coupling coefficient. 

The magnetic flux density 𝐵 within the coupling region can be expressed as (7). 
 

𝐵 = 𝜇𝑜
𝑁𝐼

𝑙
 (7) 

 

Where 𝜇0 is the permeability of free space, 𝑁 is the number of coil turns, 𝐼 is the current in the transmitter coil, 

and 𝑙is the magnetic path length. The (7) was used to estimate field strength during the coil design phase, 

ensuring that the flux density predicted analytically was consistent with CST’s magnetic field plots. Both 

analytical and simulated results demonstrated strong field confinement at the coil center, validating the 

geometry selection. 

 

3.3.  Analytical–simulation correlation and validation 

To validate the analytical model, the resonance frequency and power efficiency predicted by (1)-(5) 

were compared with the CST optimization results and Table 2 summarizes this comparison. The minimal 

deviation (<1%) between theoretical and simulated resonant frequencies verifies that the CST-based 

optimization accurately reflects real electromagnetic behavior. The close match in efficiency values confirms 

that the mathematical framework provides a reliable baseline for design validation and parameter tuning. This 

strong correlation demonstrates that the mathematical model, though simplified, effectively supports the 

simulation methodology. It also reaffirms that the exceptionally high efficiency (≈99%) obtained from CST 

simulations is not a computational artifact but is theoretically justified under ideal resonance and strong 

coupling conditions. 
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Table 2. Comparison between analytical predictions and CST simulation results 
Parameter Analytical model CST simulation Deviation (%) 

Resonant frequency (fr) 37.9 kHz 38.1 kHz 0.53 
Coupling coefficient (k) 0.87 0.85 2.30 

Peak efficiency (max) 98.7% 99.0% 0.30 

 

 

3.4.  Significance of theoretical integration 

By integrating mathematical modeling with CST electromagnetic optimization, this research bridges 

the gap between analytical prediction and simulation-based validation. The theoretical model defines 

the resonant and coupling conditions, while the CST framework refines these conditions in three-dimensional 

field space. This two-tier methodology ensures that: i) analytical models establish a valid baseline for efficient 

resonance; ii) simulation optimizes parameter precision beyond analytical limits; and iii) both domains 

converge toward identical resonance characteristics (verified in Table 2). Such integration enhances design 

confidence, reproducibility, and scalability, providing a dependable basis for future experimental 

implementation of high-efficiency E-bike WPT systems. 

 

 

4. RESULTS AND DISCUSSION 

This section presents the simulation outcomes obtained from the CST-optimized WPT system and 

discusses their implications in comparison with established studies. The analysis focuses on frequency-domain 

performance, impedance matching, efficiency enhancement, and benchmarking against recent literature on E-

bike and EV wireless charging systems. 

 

4.1.  Frequency-response and efficiency characteristics 

The simulated frequency-efficiency relationship shown in Figure 6 demonstrates a distinct resonant 

peak at 38.1 kHz, corresponding to the optimized switching frequency derived in section 2. The transfer 

efficiency reaches a maximum of ≈ 99 %, confirming excellent resonance alignment between the transmitter 

(Tx) and receiver (Rx) coils. At frequencies slightly above or below resonance, the efficiency rapidly decreases 

due to reactive mismatch and detuning effects. This behavior reflects the inherent narrowband characteristic of 

inductive coupling networks, consistent with analytical predictions from (4). The simulation confirms that 

precise tuning of the resonant capacitors (𝐶𝑠 = 220 nF, 𝐶𝑝1 = 162 nF, and 𝐶𝑝2 = 200 nF) enables complete 

reactive-power cancellation, yielding a purely resistive impedance at the resonant point. Compared with 

analytical modeling results summarized in Table 2, the CST simulation produced a minor deviation of 0.53 % 

in resonant frequency and 0.3 % in efficiency. Such close correlation demonstrates the accuracy of both the 

mathematical model and the CST optimization procedure. 

 

4.2.  S-parameter and impedance-matching analysis 

The S-parameter plot in Figure 8 further validates the system’s optimized operation. The transmission 

coefficient 𝑆21reaches a near-unity magnitude (≈ 0 dB), indicating efficient power transfer through the coupling 

channel, while the reflection coefficient 𝑆11 exhibits a deep minimum of –21.77 dB, corresponding to minimal 

reflected power. This implies effective impedance matching between the source and load, thereby minimizing 

standing-wave losses. The resonance tuning process visualized in Figure 6 confirms the point where capacitive 

and inductive reactance cancel, producing a purely resistive input impedance. The system maintains stable 

coupling over the defined air-gap of 40 mm, ensuring consistent energy delivery within the designed operating 

range. 

 

4.3.  Comparative performance evaluation 

To evaluate the practical significance of the optimized configuration, its results are compared with 

several recent WPT studies in Table 3. The proposed design exhibits competitive or superior performance in 

terms of efficiency and resonance precision. The proposed system surpasses the efficiencies reported by prior 

works [18], [22], [23], [25] by achieving a 2–4 % improvement through the integration of electromagnetic-

field and circuit-level optimization. Unlike conventional models relying solely on analytical approximations 

or hardware tuning, this study employs a hybrid CST parametric approach, enabling simultaneous optimization 

of resonant components and switching frequency. Furthermore, the achieved –21.77 dB reflection loss and 

consistent coupling coefficient 𝑘 ≈ 0.85 indicate that the design achieves higher impedance-matching 

accuracy than previous CST-based E-bike chargers such as Joseph et al. [25]. This validates the claim that 

CST’s gradient-assisted optimization substantially improves resonance stability and energy-transfer 

consistency under practical coil separations. 

 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 15, No. 2, June 2026: 514-524 

522 

Table 3. Comparative performance of optimized E-bike WPT system with recent literature 
Reference Application Frequency 

(kHz) 

Efficiency 

(%) 

Method/tool Key remarks 

Zhang and Wang [18] Multi-Tx 

WPT 

40 93 Analytical + lumped 

transformer model 

Efficiency limited by 

unbalanced coupling 

Elwalaty et al. [22] EV ICPT 
charger 

35 95 Circuit simulation + 
prototype 

Moderate losses at off-
resonance points 

Meher and Singh [23] Single-phase 

EF2 inverter 
EV charger 

42 96 MATLAB/Simulink + 

hardware 

Higher switching loss 

observed 

Joseph et al. [25] E-bike WPT 

charger 

37 97 CST + prototype validation Efficient but lacked multi-

parameter optimization 
This work E-bike WPT 

charger 

38.1 99 CST 3D EM + 

optimization studio 

Highest simulated efficiency 

via resonant co-tuning 

 

 

4.4.  Discussion on practical implications 

The analytical simulation agreement and superior performance metrics demonstrate the robustness of 

the proposed optimization methodology. The system’s ability to achieve near-ideal efficiency without 

experimental hardware tuning significantly reduces design time and cost. These results highlight the potential 

of the presented approach for: i) compact E-bike charging stations with limited space for magnetic alignment; 

ii) low-voltage EV or IoT applications requiring high efficiency at moderate transfer distances; and iii) future 

dynamic or misalignment-tolerant WPT designs where adaptive resonance tuning could further stabilize 

performance. 

While the current work is simulation-based, the consistency between theoretical and CST outcomes 

provides a strong basis for experimental validation in future phases. The methodology can be extended to multi-

coil systems, variable-load environments, and dynamic charging platforms. This advancement supports the 

practical deployment of efficient wireless charging infrastructure. 
 

 

5. CONCLUSION 

This paper presented a systematic optimization strategy to improve the efficiency and resonance 

accuracy of WPT systems for E-bike charging. By integrating CST electromagnetic simulation with circuit-

level resonance tuning, the study effectively addressed key challenges such as resonance detuning, reactive 

mismatch, and reduced efficiency under practical coil separations. The optimization framework successfully 

identified the optimal resonant operating point, demonstrating high efficiency, strong impedance matching, 

and stable power transfer at a 40-mm air gap. Mathematical modelling was included to validate the CST 

optimization outcomes, providing analytical insight into resonant frequency behavior, coupling characteristics, 

and efficiency trends. The close agreement between theoretical and simulated results confirms the robustness 

of the proposed methodology. 

Overall, this work contributes a reliable, simulation-driven design approach that enhances resonance 

precision, efficiency performance, and design reproducibility. The findings are highly relevant for compact E-

bike charging platforms and can be extended to other low-power electric mobility and IoT-based wireless 

charging applications. Future work will focus on hardware prototyping, misalignment analysis, and adaptive 

frequency control to further stabilize performance in dynamic charging conditions. 
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