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Abstract: A single phase H-bridge inverter is employed in conventional Inductive Power 

Transfer (IPT) systems as the primary side power supply. These systems may not be suitable 

for some high power applications, due to the constraints of the power electronic devices and the 

cost. A high-frequency Fuzzy employed in IPT systems, which is suitable for high power 

applications, is presented in this paper. The Phase Shift Pulse Width Modulation (PS-PWM) 

method is proposed to realize power regulation and selective harmonic elimination. Explicit 

solutions against phase shift angle and pulse width are given according to the constraints of the 

selective harmonic elimination equation and the required voltage to avoid solving non-linear 

transcendental equations. The validity of the proposed control approach is verified by the 

experimental results obtained with a 2kW simulation system. This approach is expected to be 

useful for high power IPT applications, and the output power of each H-bridge unit is identical 

by the proposed approach 

 

INTRODUCTION 

Inductive Power Transfer (IPT) technology can deliver power from a power source to a load 

with no physical contact [1] in order to enhance systems’ flexibility. This technology adopts 

high-frequency electromagnetic coupling [2], [3], resonant inverters [4], power regulation [5] 

and control theory [6]. With IPT technology, devices can be applied in contaminated 

environments to avoid the influences of ice, dirt, moisture and other chemicals. In addition, IPT 

systems have been used in numerous applications including the wireless charging of 
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biomedical implants [7], mining applications [8], under-water power supply [9] and electric 

vehicles [10]-[13]. For IPT systems, the resonant inverter is one of the most important 

components, which operates at relatively high frequency (5-100 kHz) compared to 50/60Hz. It 

generates and maintains a high-frequency resonant current in the primary coil, creating a strong 

magnetic field, which inductively generates an AC voltage of the same frequency in the 

secondary pick-up. Both the secondary and primary circuits are tuned at the resonant inverter’s 

operating frequency using compensation capacitors. However, the output power capacity of the 

single phase H-bridge resonant inverter [14] employed in conventional IPT systems is limited 

by the constraints of the power electronic devices and the cost. Therefore, it may not be able to 

meet some high-power application requirements, such as electric vehicles and rail transit 

systems. 

STRUCTURE DESIGN AND PRINCIPLE ANALYSIS OF AN IPT SYSTEM BASED ON A 

CASCADED INVERTER A. Structure Design and Principle Analysis of an IPT System Based 

on Cascaded Inverters It is well-known that the larger the number of cascaded multilevel 

H-bridge inverters employed, the better the power quality of the IPT output voltage becomes. 

To enhance the quality of the voltage waveform and the output power in a cost-effective way, 

this paper aims to investigate a five-level inverter with two cascaded H-bridges instead of more 

H-bridges. This will be used as an example to demonstrate the findings of this study while 

considering the cost of the whole system. The structure of an IPT system based on a cascaded 

multilevel inverter with an S-S (series-series) tuned circuit is shown in Fig. 1. Each H-bridge 

inverter is connected with an isolated DC voltage source whose voltage may differ from one 

another. However, they are set to be the same as E in this paper. The DC voltage sources can be 

batteries or rectified voltages according to the required voltage and power. 

 

Fig. 1. The schematic of IPT system based on a cascaded multi-level inverter. 
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Suppose that the series resonant tank on the primary and secondary pick-up sides are both 

tuned to the operating angular  of the H-bridges, then:frequency   

 

 In this situation, the reflection impedance Zs of the secondary circuit becomes purely resistive.  

 

PROPOSED CURRENT OPTIMIZATION METHOD  

The proposed system consists of two switch-circuit stages defined as the boost regulator stage 

and the H-bridge resonant inverter stage shown in Fig. 2. The boost converter in the front 

regulates the voltage Vdc of Cdc to avoid the influence of the source voltage fluctuation. The H 

bridge converts the dc voltage into HFAC to the second side through the track current. LCL 

network including Lf1, Lf2, and Cf is utilized to filter the high frequency harmonics. Series and 

series type capacitors Cp and Cs compensate leakage inductances of the track and the pick-up 

pad. To minimize the harmonic circulation of the H-bridge resonant inverter and LCL network, 

the H-bridge resonant inverter operates in open loop control mode with a fixed output voltage 

width. Soft switching of the proposed two-stage IPT system is realized since the boost 

converter operates in DCM. The constant switching frequency of the H bridge equals the 

resonant frequency of the LCL resonant network. A. Power circulation optimization with 

minimized THD The THD expression of the high frequency voltage is derived, and it finds that 

the THD has a minimum value when the width is set as a specific value. Therefore, the output 

voltage of the H bridge is optimized with a minimum THD value to improve the efficiency and 

the reliability of the primary side of the dynamic IPT system. Dynamic IPT system must keep 

in the CC mode of the track because of the uncertain load characteristics. The Hbridge resonant 

inverter along with LCL network and series-series type capacitors Cp and Cs are shown in Fig. 

4(a). Lf1 is the inductance at the inverter side. Lf2 is the inductance at the track side. Cf is the 

resonant capacitance at the primary side. The parasitic resistances of the LCL are assumed to 

be small, which can be neglected. The switching signals, electrical waveforms, and control 

signals 
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FIGURE 2. Proposed fuzzy topology for dynamic IPT system 

Design Of Fuzzy Logic Controller  

The branch of control system offers a wide range of controllers that can be implemented in any 

industrial or real time application. Once controllers are implemented in the system the 

performance become well. But the main problem regarding the conventional controllers is that 

their operation is highly dependent on the system environmental conditions. As many 

industrial control systems are complex in structure and dependent on system parameter 

variations, fuzzy scheme is found to be a better replacement. But instead of completely 

replacing the control scheme, fuzzy scheme is used in such a way that it will tune the gains of 

the PI controller under dynamic load situations [5]. 

A. Inputs and Outputs  

The dc link capacitor voltage is regulated by analyzing the variations in (i) difference in dc 

capacitor voltage and (ii) change in difference in dc capacitor voltage.  

diff(k)=𝑣𝑑𝑐 𝑟𝑒𝑓 − 𝑣𝑑𝑐(𝑘) (6)  

Δdiff(k)=diff(k)-diff(k-1) (7)  
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In the above equations (6)-(7), diff(k) and Δdiff(k) is the error and change in error in the 𝑘 𝑡ℎ 

iteration respectively. 𝑣𝑑𝑐 𝑟𝑒𝑓 is the dc capacitor reference voltage and 𝑣𝑑𝑐(𝑘) is the dc 

capacitor voltage in the 𝑘 𝑡ℎ iteration. Based on the input parameters, fuzzy controller tunes the 

PI controller gain as follows  

𝐾𝑝 = 𝐾𝑝 𝑟𝑒𝑓 + 𝛥 𝐾𝑝 (8)  

𝐾𝑖 = 𝐾𝑖 𝑟𝑒𝑓 + 𝛥 𝐾𝑖 (9)  

B. Fuzzification  

Fuzzification is a process by which real time physical values are transformed into a platform 

where fuzzy action can be done .It will take the input parameters and allocates a membership 

value to the membership function under which the input parameters varies. There are different 

type of membership functions such as triangular, sigmoid or gaussian. There are mainly seven 

different types of triangular membership functions for both error and change in error. The input 

membership functions are shown in Fig. 4 and Fig.5. The input membership functions are 

tuned based on our need. Whatever may be the type of membership function it has been 

assigned a membership value. 

 

Fig.3. Membership function for error signal 

 

Fig.4. Membership function for change in error signal 

C. Inference Mechanism  

It performs mainly two roles, a) It decides the rule that has to be applied based on the 

membership value assigned to a particular membership function for the current scenario. b) If 

the rules are fixed, then occurrence of a control action is determined based on the membership 

value. Now after the end of these  process we will be having a set of rules with some possibility 
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of being true. The control action is derived from a table in which various rules are formulated, 

normally termed as rule base. 

 D. Defuzzification  

It is the process by which fuzzy logic domain is transformed to real world domain. Actually it is 

the reverse fuzzification process. Based on the rules and the premise quantified fuzzy value, the 

actual real world physical values are generated. In short fuzzy logic scheme is converted into 

the human logic system. Here Fig.6 and Fig.7 shows the output membership functions. 

 

Fig.5. Output Membership function for proportional gain 

 

Fig.6. Output Membership function for integral gain 

RESULTS & DISCUSSIONS 

 

Fig 7 : fuzzy based IPT model 
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FIGURE 8. Main simulation  waveforms of H-bridge inverter using voltage pulse width 

control with different shift angles and load (CH1:500 V/div, CH2:20 A/div, CH3:100 A/div, 

Time:20 μs/div). 

 

Fig : 9 THD of fuzzy IPT 
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CONCLUSION  

This paper proposed a fuzzy method for IPT systems to enhance the power capacity of these systems, eliminate 

selective order harmonics, and simultaneously regulate the IPT output power. This is achieved by changing the 

phase shift angle and pulse width according to the explicit relation of the two quantities. In this analysis, a fuzzy 

based two-H-bridge inverter is taken as an example to provide the explicit expression of the phase shift angle and 

pulse width. The proposed method is verified with simulation and experimental results. These results allow some 

conclusions to be made. When compared with traditional IPT systems based on a single phase H-bridge inverter, 

the system has the following characteristics:  

1) The proposed system enhances the IPT output power when using the switches with the same capacity.  

2) The system employs the staircase synthesis method instead of high-frequency modulation. Thus, it is applicable 

to the high-frequency inverters employed in IPT systems, and each cascaded H-bridge unit has the power 

self-balancing characteristic.  

3) The system can eliminate selective order harmonics of the output voltage. The explicit expression of the phase 

shift angle and pulse width can be obtained without solving higher transcendental equations. As a result, the 

computational complexity is reduced and real-time control is facilitated.  

4) The system eliminates the 3rd order harmonic and the odd triplen harmonics. It also continuously regulates the 

output power without an additional DC-DC converter.  

5) The system’s synthesized voltage appears to be a three-level staircase with a low fundamental RMS and a high 

THD. Meanwhile, the synthesized voltage appears to be a fuzzy with a large fundamental RMS and a low THD. 

This means that the characteristics of the proposed method are suitable for high power applications. 
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