
 

 

Wireless Power Transfer System For Electric 

Vehicle Charging 

Abstract-The research regarding new ways of charging an 

electric vehicle (EV) is a treading research topic. Wireless 

charging is one of many technologies currently being 

investigated and preferred for various applications. With this 

technology, there is no physical connection between the EV and 

the charging station, providing a pleasant experience between 

the vehicle and the user. However, the question arises about how 

well it performs compared with other technologies of EV's. This 

thesis studied the behavior of a prototype of a wireless power 

transfer system for EVs that was designed and built to analyze 

and understand the wireless charging process. A first analysis 

was made on the operating principles of wireless power transfer 

supported on the state of the art of the currently used 

technologies. The resonant wireless charging was selected as the 

best candidate for the prototype model based on physical and 

power demands. Important concepts related to these 

technologies were mentioned, such as zero voltage and zero 

current switching and compensation networks. A 100 W 

inductive charger prototype using a resonant tank was designed 

and tested using the Simulink and Matlab software. A controller 

was dimensioned and simulated to control the load voltage. A 

prototype was built to scale, and experimental tests were carried 

out to validate the proposed topology and controller. The 

experiment data was analyzed, and conclusions were drawn 

regarding the resonant inductive charger's overall 

performance. 

Keywords-Wireless Charging, Power Transfer, Compensation 

network, Resonant Tank 

Introduction  

The need for sustainable means of transportation, caused by 
the depletion of fossil fuels, has led to the growth in the 
research and innovation of EV technologies. According to 
2020 Global EV Outlook [1], an annual publication that 
identifies and discusses recent electric mobility developments 
worldwide, EVs' sales continue to rise. In 2019, 2.1 million 
were sold, surpassing 2018, registering a 40% year-on-year 
increase, which leads to the assumption that EV’s are a 
solution to continue to grow over the following years. A global 
EV forecast [2] predicts a total EV sales growing from 2.5 
million in 2020 to 11.2 million in 2025, then reaching 31.1 
million by 2030. 

Carbon emissions pose severe challenges for the sustainability 
of future generations. Part of this risk is due to the 
transportation industry [3]. According to the Health World 
Organization, transportation accounted for about 23% of 
global carbon dioxide emissions in 2010 and 27% of end-use 
energy emissions, with urban transport accounting for about 
40% of end-use energy consumption [4]. 

One solution to lower the carbon dioxide emissions caused by 
the urban transportation sector is to replace fossil-based fuels 

with green sources such as electrical energy [5]. Vehicles that 
use electrical energy as their primary source of power are the 
so-called electrical vehicles (EV). An EV can be categorized 
broadly into Battery electric vehicle (BEV), which runs solely 
on electricity and the hybrid electric vehicle (HEV) that 
combines the electric energy with other sources of renewable 
energy or in many cases they have a standard internal 
combustion engine that runs in fossil-fuel [6].  Nowadays, 
these vehicles mainly use Li-Ion batteries [7].  

Wireless charging consists of transferring energy from the 
source to the load without the need for any wires. WPT is not 
new, as Nikola Tesla had patented WPT over 100 years ago 
[8]. Nowadays, WPT systems are used both on short and long-
range applications. There are some examples of electric 
toothbrushes on short-range applications that use inductive 
charging and, more recently, smartphone chargers. The WPT 
systems used on EV’s are considered long-range applications. 

Besides this classification of long and short-range, wireless 
charging systems (WCS) can be used in a static mode where 
the battery is charged when the vehicle is parked, or in a 
dynamic model where the battery is being charged is in motion 
[9]. This thesis focuses on stationary WCS. 

The large majority of the WPT systems are inductive power 
transfer (IPT) systems. According to [10], IPT systems are 
defined as systems where energy is transferred from a primary 
winding to a secondary using a magnetic field. Such systems 
can be divided into two categories: 1) closely coupled IPT 
systems and 2) loosely coupled IPT systems. In closely 
coupled IPT systems, the magnetic coupling between the 
primary and the secondary side is perfect, i.e., the leakage 
inductance is small compared to the magnetizing inductance 
in the system. The second system is the opposite: the magnetic 
coupling between both sides is low, and the leakage 
inductance is usually much higher than the magnetizing 
inductance of the system, resulting in low efficiency of the 
charging process.. 

The following objectives of all the research being done on this 
topic are as follow: Review on the background and state-of-
art of WPTS; Establish the link between the thesis topic and 
the state-of-art; Design of a loosely coupled IPT system based 
on current WPT technologies to optimize the general 
efficiency of the process; To design a simulation model of an 
inductive charger; Design a control system to command the 
semiconductors; Design and build an experimental prototype 
to validate both the designed controller and the selected 
topology; Provide results and documentation for the future 
development of this technology. 
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I. BACKGROUND AND STATE-OF-ART 

A. Basic Concept of Wireless Power Transfer  

 

 

Figure 1-Basic block diagram of WPT (Courtesy of Panchal et al.).  

The standard block diagram of a WPT system used for an 
Electric Vehicle (EV) is illustrated in Figure 1 [9]. In this early 
stage of the work, let this generic block diagram represent an 
IPT system as used in most WPTS. Even though the figure 
shows the power transferred by two coils, there are many 
possible configurations for the coil system. In some cases, it 
is used more than two coils like four-coil structures [11], and 
also the shape and size of the coils play a crucial role in the 
efficiency of the WPT, but since the scope of this work is not 
focused on the physical geometry and properties of the coils 
system it is now going to be further developed. The charging 
process is comprised of 3 essential parts: The transmitting and 
receiving coils. These coils may assume different shapes and 
types of materials that influence the charging process's overall 
efficiency, as it is going to be shown in later sections; the 
compensation networks; the power electronics converters. 

 

Figure 2-Two-coil WPT system (Courtesy of S.Li et al.). 

By looking at Figure 2, it is possible to identify 𝐿1 which 
is the self-inductance of the primary side or transmitting coil 
and  𝐿2 represents the self-inductance of the secondary side or 

receiving coil. 𝐼1̇and 𝐼2̇  are the currents in the two coils, �̇�12 
is the voltage in the secondary coil that is induced by the 

current in the primary side, �̇�21 is the voltage in the primary 
coil induced by the secondary coil current due to coupling or 
mutual inductance between the primary and secondary coils. 
S1 and S2 are the apparent power provided by the power 

converter. �̇�12 and �̇�21represent the apparent power exchanged 
between the two coils. For this analysis, the coil resistance and 
magnetic losses are neglected and, from 𝐿1 and 𝐿2, it is 
possible to formulate the equations of the exchanged complex 

power: �̇�12 (1) and �̇�21 (2), where I1 and I2 are the roots, mean 
square values of the currents and 𝜑12 is the phase difference 

between 𝐼1̇ and 𝐼2̇. 
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From (1), the active power transfer from the primary side to 
the secondary can be maximized by assuring that the phase 
difference between both current, 𝜑12 , is around 90 º as 
expressed: 

 

 12 1 2 12sinP MI I   (3) 

Assuming 𝜑12 = 
𝜋

2
, means that the total complex power that 

goes into the two-coil system is then given by: 
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Therefore, the reactive power Q that goes into the two-coil 

system is: 
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From the fundamentals of traditional transformers, reactive 

power represents the magnetizing power. Thus, higher 

magnetizing power results in higher copper and core losses. 

When computing the efficiency of transformers, two essential 

parameters come to play. One is the coupling coefficient of 

the windings or the quality of the magnetic circuit usually 

expressed by k, and the other is the quality factor QL. The 

coupling coefficient appears in the expression of the mutual 

inductance M: 

: 

 
1 2M k L L  (6) 

The coupling coefficient k ranges from 0 to 1, where 1 means 

that all the magnetic flux produced from one coil passes 

through the other coupled coil, and so the efficiency becomes 

higher. The inductor quality factor QL  is given by the ratio 

between the inductor reactance and its resistance at a given 

frequency: 
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Figure 3-Resonant inductive charger. 

Some new WPT methods appeared in the last years using this 

principle described inductive power transfer, such as 

capacitive, permanent magnet, and resonant inductive 

charging, which is the most popular WPT technology [12]. 

This technique uses two or more tuned resonant tanks, based 

on LC circuits, resonating at the same frequency. A typical 

example is shown in Figure 3, where both sides of the charger 

have a capacitor and an inductance. 

Using resonant circuits bring many advantages compared to 

the regular inductive charging that only used the two coils 



 

 

system, such as: Maximizing the transferred power; 

Optimizing the transmission efficiency; Controlling the 

transmitted power by frequency variation; Creating a specific 

source characteristic (current or voltage source); 

Compensating variation of the magnetic coupling; 

Compensating the magnetizing current in the transmitter coil 

to reduce generator losses; Matching the transmitter coil 

impedance to the generator; Suppressing higher harmonics 

form the generator. 

B. Zero Voltage Switching (ZVS) and Zero Current 

Switching (ZCS) 

 

WPT systems require power converters such as rectifiers and 

inverters, to enable the charging process. The topologies used 

for the power converters require semiconductors such as 

MOSFET’s, IGBT’s, Diodes or, at higher switching 

frequencies, wide bandgap semiconductors as SiC (Silicon 

Carbide) MOSFETs or GaN HEMTs (Gallium Nitride, High 

Electron Mobility Transistors). Power switches have to turn-

on and turn-off depending on if it is required or not to feed 

the load under hard-switching conditions. Hard switching 

refers to the stressful switching behavior of the power 

electronic devices [13]. The switching trajectory of a hard-

switched power device can be seen in Figure 4. 

 
Figure 4-Typical switching trajectories of power switches (Courtesy of 

M.H.Rashid et al.). 

During this hard switching, the power device has to withstand 

high voltage and current, resulting in high switching losses 

and stress. It is possible to have dissipative elements to reduce 

these switching losses, as shown in Figure 4, where a snubber 

circuit (consisting of passive elements) is used to dissipate 

some of the energy resulting from the hard switching. 

However, this approach results in switching power losses 

from the switch to the snubber, and as a result, the overall 

efficiency decreases. There is another factor to be considered 

that is the power devices switching frequency. The higher the 

switching frequency, the higher the switching losses. 

To overcome this problem regarding the switching losses, 

resonant converters are used. Resonant converter as the name 

infers, includes a resonant tank, with LC circuit operating at 

resonance frequency, to create oscillatory voltage and/or 

current waveforms so that ZVS and ZCS conditions occur. 

This resonant tank is also used to store, and transfer energy 

from the input to the output in a manner similar to the 

conventional resonant converter [14]. 

The ZCS operation consists of shaping the device’s currents 

using the resonant tank at on-time to create zero-current 

conditions for the device to turn off. In ZVS the voltage 

waveform is shaped so that at the off-time the device is in 

zero-voltage conditions to the device to turn on. 

 

C. Compensation Topologies  
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Figure 5-Compensation Topology (a) Series-Series (b) Series-Parallel (c) 

Parallel-Series (d) Parallel-Parallel. 

As shown in Figure 5 [15], capacitors introduction on the 

primary and secondary sides are essential to eliminate the 

phase difference between current and voltage and minimize 

the reactive power in the power source. The compensation 

network is also responsible for tuning the circuit to have the 

same resonance frequency as the transmitter to maximize the 

power transfer. Other benefits of using compensation 

networks are the help they give to have a soft switching of 

power transistors, reduce switching losses, and have constant 

current and constant voltage charging [15] . It is fair then to 

assume that even though having more elements implies 

having a more complex topology. It is essential to have a 

compensation network when designing a WPTS since it 

benefits the charging process. The four main types of 

compensation network topologies are shown in figure 

5:Series-Series (SS), Series-Parallel (SP), Parallel-Series 

(PS), and Parallel-Parallel (PP). 

 

Although each of the four topologies has its pros and cons, 

the most used topology in EV is the SS because of two 

significant advantages [9]. On the SS-compensated topology, 

the value of the capacitor in the source and receiving sides 

does not influence the mutual inductance and does not affect 

the load conditions, and so the resonant frequencies of the 

source and receiver sides depend only on the self-inductance 

of the primary and secondary coils [16] [17]. The other 

advantage is that the power factor is maintained near one, and 

so higher efficiencies can be obtained for this compensation 

topology. 

To achieve soft-switching in power electronic converts, the 

primary side of the compensation network is often tuned to 

make the primary reach zero voltage switching (ZVS) or zero 

current switching (ZCS) condition [18]. 

The series and/or parallel configurations are added to both 

sides to create the resonant conditions achieved when the 

energy stored in the capacitor equals the energy stored in the 

inductor, i.e., when both components have the same 

impedance [19].To obtain the value of the resonant angular 

frequency 𝜔0 is obtained by equaling the inductor impedance 

to the capacitor impedance of the resonant tank: 
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The linear resonant frequency 𝑓𝑟 can also be expressed by the 

following expression:  
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II. SIMULATION OF AN IPTS FOR EV CHARGER  

 

This section presents a single-phase computational IPT 

model, illustrated in appendix A, to simulate a generic load's 

charging process dynamically. A flowchart is presented in 

Figure 6 with the steps that were followed when designing 

this prototype. 

Requirement 
specification

Design of coil and 
compensation 

network 

Design of 
power 

converters

Design of the 
control 

algorithm

Software 
tests and 

results 
 

Figure 6-Flowchart for the design of the IPT charger. 

The main goal is to prove the importance of having a 

compensation network to improve the inductive charger's 

general power transfer capability while using the principle of 

resonant inductive coupling.Based on the results, conclusions 

were drawn on the charging process performance. All 

simulations were made using the software Simulink and 

MATLAB [20]. Before designing the prototype, it is essential 

to define which of the main requirements for the IPT. The 

requirements specifications are as follow:The power 

transferred to the generic load of 100 W.;The supply grid will 

have the nominal 230 V and frequency of 50 Hz; Nominal 

voltage at the generic load is 15 V; Simple control algorithm; 

Capacity for bidirectional power flow if any V2G was to be 

used; The opted operational frequency for this application is 

150 kHz.The final model of the charger is illustrated in Figure 

7. 
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Figure 7-Topology of the wireless charger. 

A. Design of the coils and Compensation Network  

 One of the leading causes of low efficiencies is the weak 
coupling due to the large leakage inductance in both sides of 
the IPT Transformer. A simplified equivalent circuit of the 
IPT is shown in Figure 8. 

2 onR
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( )pi t

pR pL
M pL sR

SC

( )si t

LR
( )pv t

Driving 
stage

Mutual coupling 
stage

Load 
stage  

Figure 8-IPT equivalent circuit. 

The equivalent model is divided into three parts. The driving 
stage represents the AC source,  𝑣𝑃, plus a conduction 
resistance,  𝑅𝑂𝑁, of any converter that may appear before the 
IPT. The mutual coupling stage is modeled using a T-network. 
The resistance of the primary coil and secondary are 

represented by 𝑅𝑃 and  𝑅𝑆. The resistance represents the 
load 𝑅𝐿. M is the mutual inductance between the two coils, 
which is related to k and the primary and secondary self-
inductances  𝐿𝑃 and  𝐿𝑆 as it is shown in equation (6). 

An inductance is associated with the uncoupled flux or 
leakage flux called leakage inductance on typical transformers 
[21] . The leakage inductances on the primary and secondary 
sides, 𝐿𝑃𝑘 and  𝐿𝑆𝑘 are expressed as a function of k: 
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The primary and secondary resonant circuits are designed to 

resonate at the same frequency. The resonance frequency is 

given by (21). When the circuit is driven at the resonance 

frequency on both sides, the primary and secondary sides' 

leakage reactance is canceled out by the capacitive reactance. 

Thus, by introducing a compensative network with the 

capacitors 𝐶𝑃 and 𝐶𝑆 the overall efficiency of the charging 

process is expected to increase. 

The process of designing the coils have a significant effect on  

the overall efficiency of the charging process. Factors such as 

the dimensions, weight, material, and the number of coils 

should be well analyzed. But since this simulation aims to 

prove the overall superior efficiency of using a compensation 

network, a 1:1 system of coils is used. The primary and 

secondary coil are the same with all the specifications given 

in the datasheet [22] supplied by Wurth Elektronik™. 

 
Table 1-Properties of the wireless coil. 

Property Lp (𝜇𝐻) Ls (𝜇𝐻) 𝑀 (𝜇𝐻) 

Value 5.8 5.8 2.9 

 

The properties of the wireless coil are defined in Table 1. The 

value of mutual inductance 𝑀 is defined by the equation (6), 

considering the coupling factor, k, equal to 0.5. 

The compensation network selected is the series-series 

topology since, as it was previously mentioned, it is the most 

popular of all the topologies mentioned before. The 

computation of the capacitors is derived from the equations 

(8) and (9) which by assuming that the tank composed of the 

compensation capacitor and the wireless inductor at each side 

of the charger, working at 0.9 of the operational 

frequency, 𝑓𝑜 = 135 𝑘𝐻𝑧. The following expression can be 

deduced to arrive at the value of each capacitor: 
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This being said, the resonant tank diagram used in the 

simulation is composed of a two winding linear transformer 

block with a turn ratio of 1:1. The winding resistances' values 

were 1 % of the total losses on the transformer and both 

windings have a series-series topology, i.e., the 

compensations capacitor are in series with the winding 

inductance. 

 



 

 

B. Control Design  

There are two power converters on this prototype design:  a 

Voltage Source Converters (VSCs on the primary side and a 

Voltage Source Converters (VSCs on the secondary side. The 

primary converter is essential to control the amount of power 

transferred to the resonant tank. The secondary side's 

converter converts the AC signals coming from the resonant 

tank to a controlled DC voltage used to supply the load. A 

single-phase full bridge topology was used on both VSCs, 

with MOSFETs and diodes placed in parallel, as illustrated in 

Figure 9. The gate signals of each transistor are going to be 

generated at the operational frequency of 150 𝑘𝐻𝑧 and a 

control algorithm is going to be implemented so that it is 

possible to control the gate signals. 
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Figure 9-IGBT single phase VSC. 

The control algorithm was implemented in the secondary 

converter to regulate the power transfer. The converter 

controller was designed so that the phase between the primary 

and secondary voltage waveforms ensures a specific load 

voltage through the charging process.  

This controller measures the voltage being applied to the load 

to determine the phase shift and control the transistor 

switching to implement the phase shift. 

Figure 10 shows the overall control scheme. The power 

converter is modeled with a gain, 𝐾𝐷, and a time delay, 𝑇𝑑  . 

The voltage error is obtained by a reference voltage, 𝑉0𝑅𝑒𝑓 , 

and the measurement of the output voltage, 𝑉0 where alfa is a 

gain based on the instrumentation setup. The desired 

controller, C(s), gives as output the phase difference given 

by sin 𝛿, such that the error is 0. 

 
Figure 10-Equivalent control scheme. 

To design the controller C(s), it is necessary to establish 
the relation between the power received from the resonant 
tank, 𝑃𝑖𝑛 . And the power delivered to the load, 𝑃0. In this 
expression, it is assumed that there are not any power losses 
at the converter: 

 0inP P  (12) 

 
Figure 11-Simplified equivalent circuit of a resonant tank. 

To express   𝑃𝑖𝑛 ,  a simplified equivalent circuit of the 
resonant tank is illustrated in Figure 11. The voltages source 

𝑉�̇� and 𝑉�̇�,which represent the primary and the secondary 

voltage of the resonant circuit, respectively, can be denoted 
concerning the phase angle 𝛿 as: 
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The impedances represented in Figure 11 can be expressed 

by: 
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The reactances from the equations (15)(16)(17) of each 

reactive component can be written as: 
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The current from the primary side 𝐼�̇�can also be expressed by: 
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Using the equation (21), it is possible now to arrive at the 

expression of the active power that is being transferred from 

the resonant tank to the converter: 
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The expression of the power transferred to the battery, 𝑃0 , 
can be written only as: 

 0 0 0P I V  (23) 

Finally, since  𝑉𝑝  =  𝑉𝑠  = 𝑉  it is possible to obtain the 

following relation: 
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Since the controller is dimensioned to have on his output 

sin 𝛿, from the equation (24), the gain of the system 𝐾𝐷 is: 
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The control system was implemented using a proportional and 
integral or PI-control configuration to implement the phase 
shift. Both gains have different effects on the controller. The 
proportional gain provides stability and high-frequency 
response, while the integral gain ensures that the average error 
reaches zero.. An anti-windup technique was also used to 
prevent overshoots by the PI-controller's integrator, as 
illustrated in Figure 12. The PI control function can be 
expressed as: 
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An anti-windup control was also used to prevent overshoots 

by the PI-controller's integrator, as illustrated in Figure 12. 

 
Figure 12-PI controller. 

In Figure 12, the closed loop transfer function of the control 

system is given by: 

 

0

0Re

2

2

( ) 1

( )
1

1

( )

(1 )

( 1)
1

1

p i d

d

p i df

d

d p i

d d p d i

pd i

d i

d p d i

d d

K s K K

V s s sT

K s K KV s

s sT

K K s K

s T s K K K K

KK K
s

T K

K K K K
s s

T T



 



 




 









  




 

 (27) 

Comparing the expression (27) to the 2𝑛𝑑 order canonical 

form: 
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The proportional gain 𝐾𝑝 and integral gain 𝐾𝑖 are given by 

the following expressions: 
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The expression gives the natural frequency: 
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where Td is the statistical delay of the converter given by 

Td=Tsw and 𝛼𝑧 is an adjustable gain. The damping coefficient 

𝜉 is equal to 
√2

2
 to restrict any oscillations on the output of the 

controller. 

C. Simulation Results  

To validate the proposed topology and controller some 

software tests need to be performed to evaluate if the model 

is behaving according to what is expected. 

 
Figure 13-Waveforms on the resonant tank. 

The voltage and current waveforms on the resonant tank were 

measured in the same scope. Figure 13 illustrates the phase-

shift between the voltage at the primary and secondary sides 

of the tank and shows that the currents on each side are in 

phase with their corresponded voltages, which means the 

power being transferred is mainly active that one of the main 

requirements that were intended. 

 
Figure 14-a) Voltage applied to the load,V_0, and reference value of voltage, 
V_0Ref;b) Zoom between 2 and 3 ms to illustrate the error between the 

reference and the load voltage. 



 

 

Regarding the controller,Figure 14 illustrates the error 

between the load voltage and the reference voltage. It is 

possible to observe a correct tracking of the reference value 

with a small voltage ripple around the reference voltage. The 

error stays near zero until the end of the charging process. 

III. EXPERIMENTAL RESULTS 

A printed electric board-PCB was designed to control the 

primary converter and secondary converter of the prototype, 

one PCB for the primary converter and another PCB for the 

secondary converter. Since MOSFETs are more adapted to 

high-frequency applications, both power converters are be 

implemented using MOSFETs. The complete assembly of 

both boards can be seen in Figure 15. 

 
 
Figure 15-2D view of the PCB. 

Some minor modifications were manually made on the board, 

given a couple of errors made when designing the PCBs 

regarding the gate drivers' control signals and the capacitors 

in the DC input entrance. These errors were later corrected, 

and the PCB schematics were updated.A PWM generator was 

programmed using a microcontroller. The microcontroller 

used was the model dsPIC33EV256GMM106 [23] placed on 

an evaluation board from Microchip [24]. For this specific 

application, a square wave is generated, switching between a 

voltage (on) and zero (off). By changing the portion of time 

that the signal spends on and off usually designated by duty-

cycle, which was set to 50 % of the wave period. 

 
Figure 16-Full Setup for the experiments. 

The full setup of the experiment can be seen in Figure 16. 

This setup uses two DC supplies, one for the power transfer 

and the other to supply the low voltage to feed all the circuitry 

in both boards. A temperature sensor was connected to both 

heatsinks to ensure that temperature limits were not 

exceeded. There are two currents clamps, one in the input of 

the resonant tank and the other in the output, to obtain the 

current waveforms. At the output, two variable resistors were 

used, in this way, it is possible to adjust the load while doing 

the tests, and later they were used to test the controller's 

response to step on the load. A multimeter is used to measure 

the output voltage and the input voltage, and finally, to 

control the voltage, an isolated voltage transducer from LEM 

[25] was used to provide the DC voltage to the 

microcontroller the closed-loop control could be done. 

To find the switching frequency that would lead to the best 

results, higher and lower frequencies relative to the resonant 

frequencies were set, tested, and analyzed individually 

regarding the relation between input and output power and 

quality of the current waveforms. As illustrated in Figure 17, 

the frequencies with higher gain in power are between 85 and 

98 kHz. The three phases in Figure 17 are the phase shift 

between the primary and secondary converter. As expected, 

the highest the phase shift produces the highest the output 

power, since demonstrated in equation (3), the active power 

is proportional to the phase shift between the primary voltage 

and secondary voltage of the resonant tank. 

 
Figure 17-Power Gain for three different phases.  

 

After testing for a set of frequencies between the ranges of 85 

to 98 kHz, the frequency of 96 kHz seemed to be the one that 

produced better waveforms of current in the resonant tank 

combined with lower noise on the DC output, which is 

essential when applying the close control loop. 

For the frequency of 96 kHz, to serve as another prove that 

higher phases produce higher output power values, Figure 18 

shows the relation between the input and output power 

plotted against the phase shift between the command signals 

for the primary converter and the secondary converter. The 

maximum value of power being delivered to the load is 

around 75 % of the power being supplied, ranging from the 

typical nominal efficiencies for wireless chargers [26]. 

 

 

 



 

 

 
Figure 18-Power gain between phase shifts of 10º to 90º. 

Before testing the closed-loop controller, the current and 

voltage waveforms in the resonant tank can be seen in Figure 

19-a) and Figure 19-b). Figure 19-),the voltages were 

measured at the DC stage of both converters where the 

controller is phase-shifting the input voltage waveform of the 

converter and the output voltage of the primary converter.In 

Figure 19, the voltage measurement at the load stage had 

some considerable noise, even though this the controller was 

able to maintain the voltage at the reference value. 

 

 
a) 

 
b) 

Figure 19- a)-Input current of the resonant tank (orange), Output current 

of the resonant tank (blue), Input voltage of the secondary converter 
(purple), Output voltage of the primary converter (green);b)- Input current 

of the resonant tank (orange), Output current of the resonant tank (blue), 

Input voltage of the secondary converter (purple), Output voltage at load 
(green). 

The controller was designed to track a reference output 

voltage. A load was connected in parallel with a manual 

switch to test the controller's response to an applied step in 

power. By turning on the switch, a resistive load is placed in 

parallel with the load stage, causing the output current to 

increase. The controller must adjust the phase shift between 

the primary converter and the secondary converter to 

maintain the load voltage. Figure 20 and Figure 21 illustrate 

the controller's response to the increase of current when the 

switch is turned on and the decrease of current when the 

switch is turn off, respectively. Also, in Figure 22, it is 

possible to see both transients with an increase of the load 

current and a decrease of the load current. By looking at 

Figure 22 , the controller takes proximally 2.50 ms to correct 

the voltage change at the load, which is considered acceptable 

since it is close to the controller's time response when 

designed and tested in the Simulink. 

 
Figure 20-Turn on- Current (Orange);Voltage(Blue). 

 
Figure 21-Turn off-Current(Orange);Voltage(Blue). 

 
Figure 22-Turn on and off-Current(Orange);Voltage(Blue). 

IV. CONCLUSIONS  

All the research done in this master thesis was aimed to 

understand better the process of designing and implementing 



 

 

a wireless inductive charger. After reviewing which current 

technology of wireless charging seemed, the more promising 

a prototype was developed. The experiments of the prototype 

showed a very high sensibility to the operational frequency 

chosen, in a way that only a specific range of frequencies 

should be selected to guarantee the highest gain possible of 

energy transferred, serving as proof of the concept of wireless 

charging using a resonant tank to enable the power transfer. 

 Regarding the simulations performed to test the inductive 

charger, besides controlling the voltage at the load, it would 

be beneficial to control also the current being supplied to the 

load in this way fully model of a battery could also be tested, 

becoming an even more realistic simulation of a wireless 

charger. 

In what concerns the experimental measures, it would also be 

interesting to analyze the charger's behavior when 

misalignments and changes of high between the coils are 

introduced since, in a realistic setting, this usually occurs.  
Finally, other possible experiments that should be done for 
further data collection are experimenting with other 
compensation topologies such as series-parallel, parallel-
series, parallel-parallel, or other more sophisticated 
combinations to observe the behavior of the charger when 
switching topologies. 
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