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AN ABSTRACT OF A DISSERTATION 

This dissertation proposes a new analysis, design and control method for inductive power transfer 

(IPT) system for electric vehicle battery charging applications. First, harmonic balance technique is 

employed to obtain the transient and steady state behavior of the inductive power transfer system.  

It is known that frequency splitting and bifurcation impact the stability of frequency control methods 

in IPT. In this regard, IPT systems are designed to avoid these phenomena. The conditions influencing 

these two phenomena are therefore important in informing design guidelines in IPT. In this work, a 

simple approach based on Descartes’ sign rule is used to derive two separate criteria for avoiding 

frequency splitting and bifurcation. It is shown how the choice of control method informs the criteria 

applied in the design guideline of IPT system. For ZPA control method, the bifurcation critical coupling 

factor informs design guidelines whilst for perturb and observe control, frequency splitting critical 

coupling informs design guidelines. Additionally, it is shown that using the ZPA frequency control 

method to track the maximum power point of an IPT system can only be achieved at certain coupling 

factors. The relationship between these coupling factors and the operating conditions of the IPT 

system is established using the resultant of polynomial method.  

A new design algorithm is proposed for selecting the parameters of the IPT coil and compensating 

network. Equations defining the possible frequency trajectories for the entire charging profile are 

derived. A design algorithm for the coil and selection of the compensation network capacitance is 

presented. To prevent the frequency splitting phenomenon a reduction of the secondary (receiver 

coil) inductance value is proposed. To this end the condition under which frequency splitting occurs is 

used to guide the selection of the new secondary inductor value. An analysis for the redesigned 

system with the reduced secondary inductance is presented. It is observed that operating the system 

close to the transmitter coil resonant frequency results in both zero voltage switching and optimum 

efficiency. 

A structural analysis of the inductive power transfer system is studied. It is shown that the system is 

neither completely controllable or observable. A PI control scheme and a state space control scheme 

are developed for the system. In order to implement the state space control scheme, a model 

reduction based on balanced realization was developed to obtain the controllable and observable 

subsystems for the inductive power transfer system.  

In bidirectional Wireless power transfer (BD-WPT) for electric vehicle battery chargers, aside 

improving efficiency, the effects of stray magnetic field on users and the general public is also of 

concern. Hence, the stray magnetic field and power loss are key performance indicators to be 

optimized. The optimization, reported in literature, is obtained with Pareto front which is derived by 

sweeping the physical parameters of the coil. This optimization is realized at the design stage. This 

work explores the optimization of these performance indicators from the control point of view and 

can be achieved on-line. The method discussed here involves the control of the duty cycle and 

displacement angles of the inverter and rectifier voltages to meet the objective of reducing the stray 

field and power losses. To this end, the classical Lagrange optimization procedure is employed to 

simultaneously minimize the stray magnetic field and power loss for a given output power condition. 

High frequency is required to increase the power transfer efficiency and reduce the size of the 

magnetic components. However, high frequency operation leads to an increase in switching losses of 

the converter. To reduce these losses, zero voltage switching (ZVS) operation of the converter is 

required. This work presents a method of optimizing the coil-to-coil efficiency of the BD-WPT system 

whilst ensuring that ZVS is achieved. To achieve this goal, harmonic decomposition of the input 

voltages is used for the ZVS, which gives a better accuracy when compared to the fundamental 

harmonic approximation method and avoids the complexity of time domain analysis. Lagrange 

optimization was employed to optimize the efficiency of the coil for a given power requirements. 
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