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Abstract. This research aims to advance wireless power Cclassified into two primary categories: far-field
transfer (WPT) technology, focusing on increasing efficiency transmission and near-field transmission. The inductive
and transmission distance between the sending and receiving power transfer (IPT), capacitive power transfer (CPT), and
coils. The paper will explore the utilize of advanced power- permanent magnet coupling (PMC) represent the most
electronic converters for converting direct current to alternating widely utilized near-field wireless power transfer (WPT)
current with maximu_m_ power tra_nsfer, _this assessment was technologies[4],[5]. In the realm of interconnected
conducted on three distinct categories of inverters, namely class- resonances (for instance, acoustic, electromagnetic,

E, class-D, and H-bridge, in order to establish a comparison . . "
among them based on the identical parameters of the system.magn.e“(,;,’ r.IUCIear)’ ".:1 state of opgratloln known a.s. strong
coupling” is established, resulting in the ability to

After formulating the proposed system, a simulation using - A . .
matlab has been conducted for distances that vary across three€fficiently transfer energy. The implementation of mid-
variables. From the outcomes of this simulation, it has been range wireless power transfer, guided by the principles of
determined that the class-E inverter exhibits the highest level of this robust coupling theory, yields a nearly unidirectional
efficiency and power transfer in relation to the suggested battery and highly efficient transmission with minimal disruptions
charging system. and energy losses[6], Electric power is transferred via
electromagnetic induction between the transmitter and
Key words. Wireless power transfer (WPT), Inductive  receiver coils. The effectiveness of this transfer is defined

coupling wireless power transfer (ICWPT)lectric by the coupling factor, which is closely associated with
vehicle (EV). the gap distance between the transmitting and receiving
coils, and is also influenced by any misalignment between

1. Introduction them[7]. A two-coil system is the term used to describe a

transformer with leakage inductances that are loosely

Wireless power transfer (WPT) facilitates a convenient COUPled and requires the use of compensation topologies.
and more secure method of providing power, which offers Some of the primary compensation topologies include SS,
commendable efficiency and reliability. The emergence of SP, PP, and PS[8]. The design of wireless pads,
various significant obstacles has been observed as a resultompensation topologies, and several power electronics
of the implementation of cable charging mechanisms in converters are all covere_d_ln a large number of I|te_zrary
electric automobiles, including the potential hazards WOrks. power-transfer efficiency of 84.4% was attained
associated with worn cables that may pose a risk of With @ total output power of 5.7 W, the class-E ZVS/ZDS
electric shock, as well as the possibility of forgetting to allowed the suggested system to maintain excellent power
establish a proper connection with the charging plug. conversion eff|C|ency[9]._An efficient de5|gn. facto_r for
Despite the undeniable advantages that wireless power Nigh power WPT applications, such EV charging, with HF
transfer brings to the table in terms of simplicity and Voltage source H-bridge inverters[10], A RIC-WPT
flexibility for charging electric vehicles, it is crucial to ~ SYStém operating at a frequency of 1 MHz, with a class-E
recognize the substantial reduction in power and efficacy nverter and class-DE rectifier was able to attain a total
that could arise due to diverse factors including the efficiency of 73.0%. The system delivered an output
notable separation between the sender and receiver,POWer of 9.87 W (5@2) and the coil distance was set at
alignment concerns, and potential alterations in the 10 cm[11]. These works have put considerations for the_
transmission distance based on the specific circumstancesPT0P0sed system. In contrast to what has been presented in
of the original system design[1],[2], the utilization of the existing literature, this paper aims to designd
wireless power presents the opportunity for connector-free conduct a comparative analysis among three types of
devices, thereby enhancing both the size and reliability[3]. inverters. The objective is tselect the most efficient
With respect to the distance over which power is !nvertlr _for propo§gd WPT sygtem, while S|multaneogsly
transmitted, wireless power transfer (WPT) can be Increasing the efficiency and distance between the coils.



2. System Description of ICWPT

The proposed system as shownHRiyyre J is comprised
of an AC voltage source with a magnitude of 2204 an
frequency of 50Hz. Additionally, a power transfomme
employed for the purpose of reducing the voltagelle
from 220V to 110V in order to supply the (AC-DC)
bridge rectifier, which is equipped with a capaciitier.
This allows for the control of the system througk tse
of a (DC-DC) step down buck converter.

By manipulating the duty cycle of the MOSFET, the
amplitude of the voltage can be regulated. Consgtye
power can be transferred through inductive coupling
requiring the use of AC power. To achieve thisomer
electronic (DC-AC) inverter is employed. Within ghi
research, three types of inverters are implemeintéde
system, namely class E, class D, and H-bridge ieker
The coupling coils in the system serve as the tniter
and receiver, and they are accompanied by the S-S
compensation network. Additionally, a bridge reetif
(AC-DC) converter, equipped with a capacitor filtex
responsible for supplying the load with DC voltage.
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Figure 1. Typical block diagram of proposed ICWPT system.
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Figure 2. Equivalent ideal circuit of ICWPT system.

3. Design of Proposed ICWPT System

Designing the parameters of the main parts of ICWPT
system (coils and compensation network, buck cdaxer
DC-AC inverters).

A. Coail Design

There exist diverse coil structures that have kbimrised
with the sole objective of enhancing the mutual timg
and efficiency of the inductive link. The physisalucture,
geometry, and placement of the coils play cruaés in
determining the self-inductance, mutual inductance,
parasitic equivalent resistance, and transmisdficiency
of each individual coil. Among the coil structuregdely
employed in electric vehicle (EV) applications, tesular
spiral configuration is particularly favored due its
favorable power transmission performance and gbitt
tolerate misalignment[12].

Figure 3. Real printed wireless coil by CNC machine.

In the context of a circular spiral coil, the parder R
represents the outer radius, N1 denotes the numiber
turns in the Transmitter coil, N2 signifies the rhen of
turns in the Receiver coil,  stands for the outer
diameter of the coil in millimeters, S refers te tpacing



between two turns in millimeters, Di indicates tnaer
diameter of the coil in millimeters, and d reprdsethe
diameter of the wire coil in millimeters.

M = K+/L1* L2 1)

Wil= # (2)
A L1* Cl

W2= L (3)

NL2*C2

The mutual inductance denoted by M represents the
interaction between the primary and secondary coitéle

the coupling coefficient is denoted by K. Resonance
frequencies of the primary and secondary are repted

by W1 and W2, respectively. Additionally, the prima
and secondary inductances are denoted by L1 andnd®,
the primary and secondary capacitances are debgtéd
and C2. The flat spiral coils were constructed waithouter
diameter measuring 260 mm and an inner diamet&0of
mm. These coils were wound with 16 turns, each egpac
by 5 mm gaps. In order to achieve these specifimdiers,

a 9-meter length of copper wire, possessing a leiranoss
section with a diameter of 2 mm, was utilized tariche
coils.

B. Buck Converter Design

Buck converters, which are commonly employed in @ow
electronics applications for direct current voltage
conversion, decrease the input direct current geltaased
on the duty cycle. These converters are extensively
utilized. Their significant benefits encompass ahdity to

be designed for high power applications, exhibighhi
efficiency, and possess a favorable price-perfooman
ratio. The generation of output voltage by buckvasters

is facilitated through the implementation of pulsélth
modulation techniques (PWM)[13]Figure 4 shows the
basic structure of buck converter.
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Figure 4. Buck converter basic circuit diagram.

The conversion ratio can be calculated by (4):
V, =D*V, 4)
Where D is the duty cycle of buck converter.
The following formula(5) can be used to determihe t

minimum inductance (kin) value needed for the converter
to function in continuous current mode:

1-D)*R

--D'R (5)
2* F

Switching frequency of the circuit is denoted by F

min

The voltage ripple of the output in a buck conwverte
should typically be below 1%. As the ripples in the
current of the inductance are also observed irctieent

of the capacitor, the value of the capacitor can be
determined in order to achieve the desired outpliage
ripple (AVO / VO0). This calculation can be made by(6) to
ensure that the ripple is at the desired level:

__ @-D)
° 8L(AV, /V,)F?
The circuit design criteria and parameters weleet to

establish the values of circuit elements in a sarpick
converter running in continuous current mode.

(6)

C. ClassE Inverter Design

Designing the inverter parameters showrFim(re 5
for 25Q resistive load, that represent (Electric Bicycle
Battery, 48V, 20AH Lithium Li-ion Battery accompauli
by a 4A Charger, suitable for E-Bike Kits with pawe
ratings of 1000W/1500W) with a fixed charging cuntre
2A.The examination of the circuit required for eliradp
wireless charging of the electric vehicle that was
designed has been carried out in the present gedtie
determination of the most favorable operating ctiowis
has been achieved through the calculation of the
components of the Class-E inverter utilized as aero
supply with high frequency. The analysis of the
fluctuation in mutual inductance among the coilshim
the Wireless Power Transfer (WPT) arrangement has

been investigated. The analysis of impedance,
encompassing the entirety of the system[1].
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Figure5. Circuit topology of class-E inverter.

To compute the inverter parameters, various crucial
variables must first be obtained, such as the imped
reflected from the receiver side to the transmitiele,
indicating an influence on the transmitter impedanc

By Finding the equivalent resistankg as[14}

8
RL:ROF @)

The currents passing through the receiver and rirdies

coils are denoted asgyl and I, respectively:
I (R+
- j2NFM

To calculate the loading impact (reflected impedgraf
the receiver on the transmitter side, as follows:

_ WM?2

Z g “(R+R) 9)



The total resistance of the transmitter sidg) (describes
the power amplifier's load resistance as follows:

Z =2y +R; (10)

Finding the equivalent inductantey as:

_1152%,
eq W
The inductance of the transmitter cail is divided into
two parts ard.x andLeq:

L (11)

L =L, - Ly (12)
Finding the compensation capacitaifgeas:
1

=77 (13)
Cr L, *W?
Finding the shunt capacit@e as:

01836

e (14)
W= Z,

The choke-inductorlg) must be large enough to pass a

DC current as in (15):

L, = 3.52—FT (15)

Finaly the efficiency of WPT system can be reached

n= W?M*R
(R+R) (R +Zy)

D. ClassD Inverter Design

(16)

The configuration of an enhanced Class D ZVS inwvert

demonstrated in (Figure 6), comprises of dual birtional
switches, specifically denoted as S1 and S2, ijuoation

with a series-resonant LCR circuit and a parallel-
connected capacitor Cs. These aforementioned sgitch

S1 and S2, are constructed using power MOSFE T gai
with antiparallel diodes. The direct current (DG)ltage
source behaves akin to a short circuit for theraédting
current (AC). As a result, the inherent capacitarafeboth
switches are linked in parallel to the ac signdérotigh the
utilization of rectangular voltages and a suffitign
prolonged dead time, the switches are cycled ateln
Additionally, the operational duty cycle of eachvirg
voltage does not exceed 0.5[15].
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Figure 6. Circuit diagram of class-D ZVS inverter.

E. H-Bridge Inverter Design

In a full bridge inverter configuration four power
switches (typically MOSFETSs or IGBTS) are arranged
a bridge configuration. The switches are controlied
such a way that they generate an alternating cuffer)
waveform at the desired frequency and voltage. AGe
waveform is then used to induce a magnetic fieldin
transmitting coil, which in turn transfers powerelessly
to a receiving coil[16].
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Figure 7. ICWPTS with H-bridge inverter

Rr and R denote the losses experienced in both the
transmitter and receiver resonators, encompassieg t
resistance of the coil and the resistance encoaohtir
the series of capacitors.
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Figure 8. Flow chart depicting the process of designing WPT
and a comparison of inverters.



4. Simulation results

After the meticulous design and thorough analy$isazh
component within the Wireless Power Transfer (WPT)
system, and by calculating the transfering efficieof the
equivelant circuit of the systefigure 2, as well as the
assessment of three distinct inverters for the qaepof

a comprehensive
simulation was conducted using MATLAB. The objeetiv
of this simulation was to assess the overall efficy of
the system when utilizing these three invertersyel as

to determine the coupling coefficient and powensfar
efficiency for several distances between the traism
13 and 16) cm. These
measurements enable a comparison of the inverters' .
performance within the same proposed circuit across
different working scenarios. All results shown (Figure

implementing the WPT system,

and receiver coils (10,

18).

A. WPT systemwith class-E invertir

Table 1.- simulation results and calculated efficiency WéPT
systemwith class-E inverter.

Pin Pout | Simulated| Calculated
dicm)| K (W) (W) system | equivelant
n.(%) | circuit n (%)
10 0.498| 109.7 | 102.8 93.7 96.7
13 0.353| 112.2| 102.8 91.68 93.4
16 0.25| 121.5 102.7 84.54 88.1

B. WPT systemwith class-D invertir

Table 2.- simulation results and calculated efficiency P T
system with class-D inverter.

Pin | Pout | Simulated| Calculated

dicm)| K w) | W) n(%) | equivelant

circuit n (%)

10 0.498| 110| 102.§ 92.63 96.7
13 0.3536 118.8| 102.7 86.43 93.4
16 0.25 | 134.1 102.3 76.28 88.1

C. WPT systemwith H-bridge invertir

Table 3. - simulation results and calculated efficiency\\éPT
system with H-bridge inverter.

Pin Pout | Simulated| Calculated

dicm)| K w) | W) n(%) | equivelant

circuit n (%)
10 0.498| 111.1 102.6 92.37 96.7
13 0.3536 118.7| 102.3 86.21 93.4
16 0.25 | 134.7 102.6 76.18 88.1

Figure9. Vs &Vr waveforms for WPTS with Class-E inverter

and d=10cm.
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Figure 10. Vs &Vr waveforms for WPTS with Class-E
inverter and d=13cm.
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Figure 11. Vs &Vr waveforms for WPTS with Class-E
inverter and d=16cm.
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Figure 12. Vs &Vr waveforms for WPTS with Class-D
inverter and d=10cm.
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Figure 13. Vs &Vr waveforms for WPTS with Class-D
inverter and d=13cm.
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Figure 14. Vs &Vr waveforms for WPTS with Class-D
inverter and d=16cm.
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Figure 15. Vs &Vr waveforms for WPTS with H-bridge
inverter and d=10cm.
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Figure 16. Vs &Vr waveforms for WPTS with H-bridge
inverter and d=13cm.
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Figure 17. Vs &Vr waveforms for WPTS with H-bridge
inverter and d=16cm.
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Figure 18. The correlation between efficiency and the vaoiati
in distance between the two coils in (WPT) system.

Futurework

Implementing the ICWPT system which utilizes a
transmitter equipped with a class-E inverter. Aiddilly,
integrating Artificial Intelligent Algorithms (AIA) is
employed to optimize the resonance circuit's fregyen
order to further enhance the system's overall padoce.

4. Conclusion

After the design, analysis, and simulation of the
proposed Wireless Power Transfer (WPT) system for

battery charging application, as well as the dgwaent of
three proposed inverters for integration into th&tesm, the
overall efficiency of the system has been deterthifidnis
evaluation was carried out for each inverter tygass-E,
class-D, and H-bridge) and for varying distancetsvben
the transmitter and receiver coils (10 cm, 13 crd &6
cm). The efficiency calculations took into accouhe

coupling coefficient and mutual inductance for each

specific scenario. For a separation of 10 centirsgtihe
overall effectiveness of the wireless power tran6féPT)
system reached 93.7% when employing a class-Etawver
Conversely, when utilizing a class-D inverter, the
efficiency dropped to 92.63%, while with an H-bridg
inverter, it decreased even further to 92.37%. Basethe
results it can be concluded that the system eqdipyith
the class-E inverter exhibited the highest efficieand the

most power transferred compared to the other two

inverters. This finding holds true for all threeses,

where the parameters of the system were kept aunsta
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