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Due to its advantage of sending electrical power from the transmitter source
to the receiver load with no physical contact, wireless power transfer (WPT)
has rapidly gained popularity in recent years. They can be used in a variety
of applications, including induction cooking, mobile phone charging, radio
frequency identification (RFID), and electric vehicles (EVSs). Using IMAG-
designer, a simulation of series-parallel inductive power transmission has
been investigated in this research. This study aims to determine how the
output power and efficiency change depending on how many coils turn in
the transmitter and receiver. The number of coils turn in the transmitter is
fixed which is 20 turns, the number of coils turn in the receiver is variable
and ranges between 15 and 30, and the air gap or distance between the
coupling coils is set at 10 cm. The selected frequency to be used in this
simulation is between 10 and 50 kHz. According to the absorption result, the
output power and efficiency rise when the receiver has more coil turns than

the transmitter, and the output power and current rise along with an increase
in resonance frequency.

This is an open access article under the CC BY-SA license.
Corresponding Author:

[@Noel
Ismail Ahmat Mahadi

Department of Electrical Power Engineering, Faculty of Electrical and Electronics Engineering
Universiti Tun Hussein Onn Malaysia

Persiaran Tun Dr. Ismail, 86400 Parit Raja, Johor, Malaysia

Email: ahtism900@gmail.com, ismailaht@ieee.org

1. INTRODUCTION

Normally, electric appliances such as mobile phones are powered by a cable that transports
electricity from the power source to the load which is the device. However, they are inconvenient since they
cannot be moved while charging, have broken cables, have the need to make an electrical connection during
rainy weather, and pose safety issues [1], [2]. Although some electric equipment relies on a battery for
movement, the batteries have various drawbacks, which make them uncomfortable such as size, capacity,
weight, and efficiency [3]. Wireless power transfer (WPT) has been studied in the past decades to overcome
this limitation. The advantage of WPT is that no mechanical contact is made while power is transferred from
the transmitter windings to the receiver windings. Many applications use WPT such as biomedical
equipment, electric vehicles (EVs), radio frequency identification (RFID), and medical implants [4]-[6].

The WPT technique is being quickly embraced in the transportation industry and several distinct
field approaches are being employed for its implementation with varied changes of certain characteristics [7].
To achieve the highest power transfer efficiency, for instance, compensation topologies, frequency control,
and inverter design are used, to achieve maximum transfer efficiency [8]. In WPT, a variety of techniques are
used; nevertheless, they all primarily depend on the distance between the transmitter and receiver, the
operating frequency, and how much power is being transferred [9]. Far-field fields and near-field fields are
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two different types of fields used in WPT [10]. The contrast between the two varieties of fields is seen in
Table 1.

Table 1. Comparison between far-field and near field

WPT Far field Near field
Range Long Short-Mid
Phenomenon  Coupled mode theory  Induction theory
Frequency Megahertz Kilo Hertz

Efficiency Low High

The advantage of WPT over traditional wiring is that it uses air to send energy from the desired
source to the intended load. WPT uses both methods far-field and near-field to transmit power wirelessly.
The far-field approach transmits energy from the source to the load using microwave, optical, and acoustic
waves. Whereas the near-field majority of WPT approaches employed near-field electromagnetic induction,
which consists of two different techniques: magnetic field induction, otherwise known as inductive power
transfer (IPT), and electric field induction, otherwise known as capacitive power transfer (CPT) [11]-[13].

In WPT, electromagnetic radiation, electric coupling, and magnetic coupling are the three basic categories
based on the principal operation. Microwaves can be used in electromagnetic radiation mode to complete a long-
distance energy transfer. But, due to radioactive energy's omnidirectional nature in the far-field, this strategy is
ineffectual and may even be dangerous. The other two techniques, on the other hand, do not emit radiation and can
transfer near-field distance. The first one is CPT, it operates with two metal sheets for the transmitter and receiver
as electrodes to transfer an electric field between them, but this technique is less common compared to the
magnetic coupling method because the electric field is slightly more dangerous to the living organism compared to
the magnetic field. The second method is magnetic coupling mode, which employs a magnetic field and is further
subdivided into coupled magnetic resonance system (CMRS) and IPT [14]. IPT and CMRS utilize mutual
induction, they have extremely straightforward concepts exactly like electrical transformers [6].

An IPT system uses an electromagnetic field (EMF) to transfer from the primary to the secondary
through the air, so there is a large leakage leakage EMF which leads to high reactive power and low transfer
efficiency. To reduce that leakage a compensation circuit is used in the primary and secondary circuits which
consist of capacitor banks connected either in series or parallel to the primary and secondary circuits of the
system which are used as a compensation circuit. There are four types of capacitor bank connections also
known as basic compensation topology, which are series-series (SS), series-parallel (SP), parallel-series (PS),
and parallel-parallel (PP) [15]-[18].

Several factors contribute to the design of WPT, including the air gap between the coupling coils,
the number and position of coils turn in the transmitter and receiver’s pad, the frequency of the system, and
the compensation capacitors. All these factors lead to either increase or decrease in the efficiency of the WPT
system. According to [19]-[22], all have used the primary coils turn is more than the secondary, and the
system obtained a high efficiency. However, based on [8], [23]-[25], they used the same number of primary
and secondary coil turn, but they obtained slightly lower efficiency as compared to the previous condition.
All these factors contribute to the design of WPT. The purpose of this study is to examine the impact of
changing the secondary coil's number of turns when the primary coil's number of turns is fixed. Additionally,
the efficiency and output power at various frequencies are between 10 and 50 kHz. SP compensation
topology is the one used in this system.

2. BASIC CONCEPT OF WIRELESS POWER TRANSFER MODULE

WPT is made up of the transmitter and receiver coils, Np and Ns respectively. The number of turns
on the transmitter and receiver coils rely on the output voltage, to get a greater output value, Ns must have
more turns than Np. The transmitter coil is linked to the power supply, while the receiver coil is linked to the
battery or load. The voltage differential between the coupling coils is produced in a manner similar to that of
a transformer by varying the number of coil turns in the transmitter pad compared with the number of coils
turns in the receiver pad [26]. Figure 1 displays the fundamental representation of the WPT system. It is
made up of a high-frequency inverter, a primary and secondary coil, compensation capacitors, and a
converter that charges the battery.

The high-frequency AC output of the inverter is fed into the compensation capacitor, which is used
to improve the circuit's performance. Power is transferred between the coupling coils, which are separated by
an air gap. The battery pack, which is located on the secondary side of the circuit, receives the rectifier DC
output and charges it [27], [28].
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Figure 1. Basic block diagram of WPT

3. METHOD

The transmitter circuit, receiver circuit, and coupling devices are the three basic components of
WPT, as represented in Figure 2. The power source is directly connected to the transmitter, where it is
transformed into an EMF and transmitted via the coupling device. Contrarily, the receiver uses its coupling
mechanism to capture the radiated energy and transform it back into DC or AC so that the load can use it.
Each technique has its specifications, such as power converter circuits, operating frequencies, and coupling
coils which are transmitter and receiver, which affect the transfer distance capability and efficiency of the
system, the block diagram in Figure 2 illustrates the fundamental and common principle of WPT [29].

' Coupling

| Derd Receiver Load
| Devices

Power Source Transmitter

Figure 2. The basic concept of WPT system

Figure 3 illustrates the circuit diagram used in this simulation which consists of the source, primary
and secondary coil and capacitor, and resistive lead. To design WPT in JMAG-designer, first, the design
must be drafted in the geometry editor. It is used to sketch the transmitter and receiver core and the coil of the
system. After the sketch is finalized in the geometry editor, then the sketch is imported to the main software
which is the JIMAG-designer, where all the circuit components, frequency, and the condition of the system
are simulated. The coupling coefficient and the mutual inductance of the coil can be expressed as [30].

M =k JL,L (1)
The efficiency of power transfer for both calculated and simulated can be obtained using as follows:

n =% x 100% 2
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Figure 3. The proposed circuit of the simulation
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4. RESULTS AND DISCUSSION

Table 2 compares the previous studies to this work, which reveals that [22], uses a higher number of
turns in the coupling coils, but their frequency is low, therefore the efficiency obtain is low. Utilized [8] more
coil turns and a higher frequency, but because of the distance between the coupling coil, the efficiency
obtained is likewise low. Furthermore, the efficiency in [21], [25] is almost similar, the first applied a higher
frequency value and smaller air gap between the coupling coil, while the second used a lower frequency
value and a larger number of coil turns and air gap between the coupling coil. Lastly, the frequency and
airgap used in [21] and this design are both the same, but this design has less coil turn in its coupling coil
than that in the prior study, but this design has better efficiency than [21].

Table 2. Comparison between previous design and this design

Journal Number of coils turns  Air gap (cm)  Efficiency (%)  Frequency (kHz)  Output power
[22] N1=70, 10 86 10 100 w
N2=100
[8] N1=39, 4 72.7 100 185w
N2=50
[25] N1=25, 1 82.6 150 N/A
N2=25
[21] N1=50, 100 85 50 N/A
N2=20
[24] N1=2, 15 88.05 85.5 2.86 kw
N2=2
[20] N1=31, 20 90 182 500 w
N2=4
This design N1=20, 100 94 50 148.13 w
N2=30

The results of the simulation discussed below were obtained using the finite-element method (FEM)
JMAG-designer, and the system design parameters and components used in the simulation are provided in
Tables 3 and 4. The FEM 3D system design is presented in Figure 4. Figure 5 illustrates the magnetic flux
between the transmitter and receiver. The air gap between the coupling coil is set to be 100 mm. The graphs
presented in Figure 6 demonstrate that the number of turns on the coil influences system performance.

Table 3. The system parameters and specification

Parameter

Specification

Number of coils turns in the primary 20
Number of coils turns in secondary 15-30
Inner diameter of the coil 80 mm
Outer diameter of the coil 300 mm
Conductor radius 5mm
Coil material Copper
Coil shape Circular
Core diameter 320 mm
Core radius 5mm
Core material Ferrite
Airgap 50-300 mm

Table 4. The parameters and the value used in the simulation

Parameter Symbol Value
Input current source Ip 15A
Resonant frequency Fs 10-50 kHz
Mutual inductance M 3-65 uH
Transmitter capacitance Cr 2.95nF
Receiver capacitance Cr 2.95nF
Transmitter constant resistor Rt 83.65 mQ
Receiver constant resistor Rr 83.65 mQ
Resistive load RL 100 Q
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Figure 4. The 3D FEM system design

Figure 5. The magnetic flux of the coil

Tables 5 and 6 present the simulation result of the efficiency and manual calculation results where
the formula is taken from (2) for 50 kHz operating frequency and 15 an input current. When the primary coil
has, fewer coil turns compared to the secondary coil, the efficiency in the manual calculation result is better
than the simulation result, as shown in Table 6, whereas when the receiver coil has more turns than the
transmitter coil, the result of the simulation has better efficiency compared to the manual calculation.
Figure 6(a) the output power is around 51 w when the primary side has 20 turns and the secondary has 15,
and the efficiency is about 83% at 50 kHz operating frequency and 18% at 10 kHz frequency. When the
secondary coil's turns increase as indicated in Figure 6(b). At the resonance frequency of 50 kHz, both the
output power and efficiency increase to 88 w and 90.8%, respectively. When the secondary coil's number of
turns is raised, the output power also rises and the efficiency improves, as shown in Figures 6(c) and (d), the
outcome is the same as the prior one.

Table 5. Simulation result
Output power (w)  Number of turns in secondary coil  Efficiency (%)  Frequency (kHz)

51.8 15 83 50
88.1 20 90.8 50
123.65 25 92.8 50
148.13 30 94 50

Table 6. Manual calculation result
Output current (A)  Number of turns in secondary coil  Efficiency (%) Frequency (kHz)
84 50

1.02 15

13 20 90 50
1.45 25 91.7 50
1.5 30 92.2 50
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Figure 6. The frequency vs power and efficiency (a) N1=20, N.=15, (b) N1=20, N»=20, (c) N1=20, N,=25,

and (d) N1=20, N2=30
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Similar to how the power increases with frequency and secondary coil turn, the current similarly
rises. Figure 7(a) illustrates this. When N1>Ny, in case 1 the current value is close to 1A, at 50 kHz. Whereas,
in case 2, when N1=N; the current slightly increases. Furthermore, in cases 3 and 4, when N1<N the current
value is the highest compared to the previous two cases. Therefore, it can be stated that the system performs
better in terms of output power and efficiency when the receiver coil has more turns than the transmitter coil.
regarding Figure 7(b). It displays a graph between the receiver's side number of turns, the mutual inductance,
and the coefficient of the coupling coil. Because the coupling coefficient as shown in (1), and Table 7, when
the number of coils turning on the secondary, or receiver side, is more than on the transmitter side the mutual
inductance and coefficient of coupling values drop.
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Figure 7. Shows the (a) frequency vs current value and (b) secondary coil turn vs coupling coefficient k and
mutual inductance M

Table 7. Comparison of M and k when coil at N2 increases
Number of secondary coil turn  Coupling coefficient k  Mutual inductance M (uH)

15 0.37 20
20 0.27 14.8
25 0.22 12

5. CONCLUSION
In conclusion, this study uses JMAG-designer to analyze the system design parameters such as
efficiency, frequency, and secondary coil number of turns. The analysis demonstrates that frequency and
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efficiency are directly correlated, meaning that as the frequency rises, the system's power would rise along
with it. Additionally, when the operating frequency is fixed and the number of coils turns on the receiver side
more than the primary side, then the value of the output power and efficiency increase.
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