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Abstract—Electric Vehicle (EV) charging can only be 

conducted at specific places as of the dependence on the 

charging facilities. External charging facilities are usually 

bulky and expensive due to the use of low frequency 

modulation technique. For this reason, EV on-board charging 

system becomes a popular concept in nowadays due the 

improvement of high frequency (HF) power electronics [1]. 

The EV’s on-board charging system requires high power 

density and a HF transformer to fulfill the design 

requirements of a light-weight, compact, and high power 

density [2]. This paper introduces a High Frequency Coaxial 

Transformer (HFCT) with a power efficiency of >99.5% and 

operates with a frequency of 100 kHz. The power rating of the 

HFCT can be easily scaled from 2.5 to 20 kW. The 

electromagnetic interferences are growing by the increased 

operating frequency, so that an inserted copper Faraday shield 

is used to deal with this issue. A shielding analysis, with focus 

on the insertion losses, is undertaken by utilizing Finite 

Element Method (FEM) based numerical techniques [3-5]. 

 

I. Structural Considerations 

 Two HFCT prototypes were built and tested, one with 

inserted Faraday shield and the other without shield. These 

prototypes have a power rating of 8 kVA and are used as an 

example throughout this paper in comparison with the 

simulation result. The schematic of the 8 kVA HFCT is 

shown in Figure 1.  
 

 
Figure 1. 8 kW HFCT schematic: (a) Front view; (b) End region cross 

section; and (c) Top view of half cross-section on the coaxial part. 

II. Comparison of Measurement and Simulation Results 

An Inductance test comparison was conducted between 

numerical simulation results and a manufactured prototype. 

In Table 1 it can be seen that the calculated magnetizing 

inductance (Lm) shows a maximum 0.5% variation to the 

testing result. However, there is a difference of 0.7 uH in 

the leakage inductance (Ls) between the simulation results 

and the testing results. This caused by the idealized winding 

configuration of the simulation model in comparison to the 

manufactured prototype. 

The values of Lm rely on the permeability of the 

magnetic core as well as of its dimensions. With different 

environmental influences it is difficult to predict the 

permeability at one specific point. For this reason, manual 

calculation in conjunction with computational simulation 

was employed in comparison to the experiment results, in 

order to increase the accuracy of the simulated results.  
 

TABLE I TESTING RESULT AND SIMULATION RESULT 

COMPARISON 

 Without Shield With shield 

 Lm (uH) Ls (uH) Lm (uH) Ls (uH) 

Testing 

(100kHz) 

677.5 1.813 677.2 1.929 

2D - 

coaxial 

680.75 0.4209 680.7492 0.409313 

2D - End 

Region  

N/A 0.7905 N/A 0.59714 

3D - 

coaxial 

678.64 0.48663 678.647 0.48866 

3D – full 

model 

678.872 1.28875 679.598 1.2874 

N/A: In end region section, the main medium to couple both windings is air. Since the 

permeability of air is too small, Lm can be ignorable. 

III. Results and Conclusion 

Shielding analyses of coaxial transformer in regards to 

the transformer inductances was discussed in this paper. 

The simulation results showed a high accuracy for 

determining the magnetizing inductance and leakage 

inductance. The detailed results related to eddy current and 

flux distribution, intra-winding capacitance calculation will 

be discussed in the full paper. The EV HFCT introduced in 

this paper is suitable not just for the on-board charging 

system, but also for a variety of energy storage devices.  
 

Index Terms—Charging system, electric vehicle, Faraday 

shield, high frequency coaxial transformer, finite element 

method.  
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