
Abstract—Existing DC-DC converters used in the energy 

storage systems are usually bulky and inefficient. This is 

because existing transformers used in the DC-DC converter 

operates in a low frequency of 60 Hz. While operating in low 

frequency, it requires larger magnetic core of the transformer 

and larger passive components to be used in the switching 

circuit. Therefore, the volume of converters can be greatly 

reduced by increasing the operating frequency. For this 

reason, this paper introduces an isolated high frequency (HF) 

coaxial transformers which operates from 100 kHz to 300 kHz 

with >99% power efficiency. The HF coaxial transformer is 

suited for the use in the converter of energy storage systems 

such as those in electric vehicles and renewable energy systems 

because of its small size, compact structure, broad power range 

as well as high energy efficiency. Having said that, the 

electromagnetic interference (EMI) issue arises while the 

operating frequency increases due to the high frequency noise. 

Hence, a Faraday shield was inserted to manage the increased 

coupling capacitance of transformers resulting from the higher 

operating frequency. The shielding effect of the HF coaxial 

transformer was analyzed and discussed in this paper. 

 
Index Terms—Charging system, DC-DC Converter, Electric 

Vehicle, Faraday shield, High frequency coaxial transformer, 

Energy Storage System. 

I. INTRODUCTION 

arbon dioxide emission reduction has become a popular 

topic in recent years because it helps alleviate the 

current situation of global warming. Hence, there is an 

urgent demand to adapt current technologies to help reduce 

the green-house gas emissions before the global warming 

situation worsens. Among carbon dioxide reduction 

technologies electric vehicle (EV) and renewable energy 

technologies seem to be the top two candidates to assist in 

improving the current status of the environmental issue in 

the coming few years. Fig.1 shows the concept and process 

of renewable energy system and EV technology is 

integrated into the house hold and power grid. Due to the 

increased interests in energy storage systems such as EV 

and renewable energy, there is a pending need to improve 

the existing DC-DC converters used. The DC-DC converter 

systems in the market currently are usually bulky, costly and 

inefficient due to their low operating frequency. Hence, by 

increasing the operating frequency of the DC-DC converter, 

the size of the passive elements can be greatly reduced.  

A high frequency (HF) coaxial transformer was designed 

and introduced in this paper with a range of 1 kW to 20 kW. 

The operating frequency was raised to between 100 and 300 

kHz in order to achieve high power densities and high 

performance efficiency. However, the coupling capacitance 

accompanied by an increased operating frequency (which 

couples HF noise between the primary and secondary 

windings) can cause serious common mode problems. 

Hence, the Faraday shield was placed between the windings 

of designed HF transformers. This reduces the coupling 

capacitance and consequently the electromagnetic 

interference (EMI). The shielding effect analysis has been 

conducted to verify the HF coaxial transformer performance 

with the insertion of the Faraday shield. 

 

 
Fig. 1. Energy Storage and conversion flow chart. 

II. APPLICATIONS OF THE HF COAXIAL TRANSFORMER 

One way of avoiding the use of a large transformer in the 

energy storage system is to employ a DC/DC converter with 

a HF link isolation transformer. An 8 kW prototype is 

shown in Fig. 2 which weighs only 700 gram. 

 

 
Fig. 2. Isolated HF coaxial transformers with an operating frequency of 

100 kHz to 300 kHz [2] 

 

 Fig. 3 shows the block diagram of the configuration of 

DC/AC conversion process with the use of HF isolation 

transformer. The DC-AC inverter is used to transfer the 

power to the utility and to synchronize with the utility 

frequency. In the meanwhile, in order to protect the main 

electric circuit and the safety of human lives, an isolation 

transformer should be used for the following advantages: 

(1) Prevention of DC (direct current) pulse to the AC 

(alternative current) side; (2) Prevention of high fault 

currents flowing through the system; and (3) Easy adaption 

of voltage level between various sources. 
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Fig. 3. DC/AC conversion process diagram. 

III. SIMULATION AND MEASUREMENT RESULTS 

 
           (a) Without shield 

 
      (b) With shield 

Fig. 4.  Eddy current distribution - short circuit condition. 

        
          (a) Without shield 

        
              (b) With shield 

Fig. 5. Flux distribution under short circuit condition. 
 

The simulation results of the HF coaxial transformer are 

shown in Fig. 4 and Fig. 5. In comparison with the open 

circuit magnetic flux distribution simulation result, there 

was a minor flux distortion because of the insertion of the 

Faraday shield. However, base on the overall magnetic 

simulation result, it can still be concluded that the insertion 

of the Faraday shield did not have much effect on the 

magnetic flux distribution. This is because the magnetic 

field is almost perpendicular to the shield conductor surface. 

The peak current only increased 1.15% with the insertion of 

the Faraday shield. This is because the inserted shield 

counteracts the proximity effect. Therefore, the increase in 

the peak current density and induced eddy current in the 

shield due to the insertion of the Faraday shield is 

negligible, as both rises are minimal and insignificant.  
 

TABLE I 

SHORT CIRCUIT TESTING RESULTS OF THE COAXIAL TRANSFORMER 

 

 Short Circuit Test 

With shield Without shield 

Frequency Ls (μH) Rs (kΩ) Ls (μH) Rs (kΩ) 

100 kHz 1.929 0.119 1.813 0.129 

200 kHz 1.983 0.141 1.863 0.154 

300 kHz 1.976 0.713 1.854 0.186 

Table I shows the testing results of the HF coaxial 

transformer. All parameters were dependent on frequency 

and again, the insertion of the Faraday shield had very little 

negative effect on the power efficiency performance.  

The power loss simulation result is shown in Table II, 

where inner, outer and shield represent the power losses on 

the inner winding, outer winding and Faraday shield. With 

the use of the Finite Element Method (FEM) technique, the 

electric field behavior can be easily observed. The insertion 

of the Faraday shield caused approximately 7.6% to 9% 

copper losses which increased with frequency. However, the 

simulation result was performed on the shielding thickness 

of 0.1191 mm which is the copper shield skin depth at 300 

kHz frequency. Hence, if the thickness of the Faraday shield 

is further were reduced, the power loss can consequently be 

decreased.  
TABLE II 

POWER LOSS SIMULATION RESULTS OF THE COAXIAL TRANSFORMER 

UNDER SHORT CIRCUIT CONDITION 

 Power Losses (Watts/meter) 

With shield Without shield 

Frequency Inner Outer Shield Inner Outer 

100 kHz 1.866 1.705 0.162 1.849 1.690 

200 kHz 2.540 2.310 0.296 2.513 2.287 

300 kHz 3.063 2.780 0.500 3.029 2.750 

 

Fig. 6 shows the waveform measurement result of the HF 

coaxial transformer. The result shows that the input and 

output voltage measurement is identical regardless the 

insertion of the Faraday shield (1: input voltage, 2: output 

voltage). 
 

 
(a) Without the shield 

 
(b) With the Faraday shield 

Fig. 6. The square wave test of HF coaxial transformer at 150 kHz. 

IV. CONCLUSION 

This paper introduces an isolated HF coaxial transformer 

with high frequency and high power density characteristics. 

The introduced HF coaxial transformer with broad ranges of 

power rating is well-suited to the energy storage system 

such as the EV charging system and renewable energy 

system. The HF coaxial transformer has high energy 

efficiency (above 99%). A more detail result and a 

discussion of the mitigation of the capacitive coupling with 

or without the inserted Faraday shield will be presented in 

the full paper.  
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