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Investigation of the Resonance Frequencies of 

Inductive Power Transfer Systems, taking Parasitic 

Properties into account 

Students profile 

→ Motivated working attitude 

→ Basic knowledge of electromagnetics 

→ Basic knowledge of Matlab/Simulink/PLECS, 

and/or LTSpice 

→ Ideally, lectures in control engineering, 

power electronics and/or system theory 
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Inductive energy transfer systems form resonant 

circuits and are often operated close to resonant 

points in order to transfer energy as efficiently as 

possible. Depending on the system topology and 

number of energy storage components, wireless 

power transfer (WPT) systems have several 

possible resonant states, which depend on the 

parameterization of the system components. 

Parasitic properties (resistive, capacitive, 

inductive) of the system components can have a 

significant influence on the transfer behavior of a 

WPT system. The objective of this thesis is to 

investigate the influence of these parasitic 

quantities on the resonance frequency(ies) of an 

inductive energy transfer system. To this end, the 

first step is to derive the definition of terms from 

the existing literature and classify them in relation 

to WPT. The main part of the thesis then follows 

with analytical and numerical modeling and 

simulation for selected cases. Optionally, the 

theoretical results can be verified experimentally 

in the laboratory. 
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Work package and schedule 

1) Definition of the term “resonance 

frequency” 

→ Acquisition of existing general definitions of 

terms in natural sciences and engineering 

→ Distinction between free vs. forced oscillation 

→ Transfer of the definition of terms with 

regard to WPT 

→ Acquisition of methods for determining 

resonance frequencies in WPT systems 

 

2) Modeling and Simulation 

→ Classification of WPT systems 

o Uncompensated inductively coupled 

o Resonant inductively coupled 

▪ (ideal) matching design of primary and 

secondary side oscillating circuits 

▪ (real) non-matching primary and 

secondary side oscillating circuits 

→ Specification of the WPT topologies to be 

investigated 

→ Modeling of the WPT system topologies, 

taking into account the parasitic properties of 

the system components 

o Analytical: Transfer function 

o Numerical: PLECS/LT Spice 

→ Determination of the resonance frequencies, 

comparison between analytical and 

numerical solutions 

 

3) Opt. Experimental Verification 

→ Measurement of a prototype in the 

laboratory 

→ Final evaluation and documentation 


