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Wireless power transfer system (WPT) is basically electrical system consisting
from two coils that transfer electric power without wires through specified
distance. The output power and transmission efficiency are decreased by the
leakage and magnetizing inductance caused by the air gap between the primary
and secondary coils. A compensation network is required to offset leakage
inductance and magnetizing inductance. According to the various methods of
compensation. The most common compensation topologies are series-series
(SS), series-parallel (SP), parallel-series (PS), and parallel-parallel (PP). In
this paper. These four common compensation topologies, are investigated and
compared with respect to their transmission characteristics and performance
parameters. The effect of coupling factor (k) that related to the distance
between source and load. Is also studied at different compensation technique
and at operating frequency. The obtained efficiency is noticed the higher
coupling coefficient value, the higher the power transfer efficiency, that 98% at
k=0.9.

WPT, compensation topologies, power
transfer efficiency, coupling coefficient,
resonance frequency.
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1. INTRODUCTION additionally contains magnetic resonant coupling

(MRC). This makes it possible to improve the WPT

The transfer of electrical energy from a power source to
an electric load without a direct physical connection is
known as wireless power transmission (WPT), and it
often occurs via an electromagnetic field (Athira et al.,
2022). Inductively coupled power transfer, in recent
years has been used as a novel form of wireless power
transmission technology to address the practical
limitations and safety risks associated with traditional
electrical transmission via wires (Dou et al., 2019; Raju
etal., 2014).

The power transfer efficiency (PTE) depends on the
quality factor of each coil, which is related to the coil's
factors (inductance and resistance), resonant frequency
(), the coupling coefficient between the two coils (k) and
load (Mohammed et al., 2020). Inductive coupling
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performance by synchronizing the resonance of the
transmitter (Tx) and receiver (Rx) (Dautov et al., 2023).
When the windings are similar to one another and share
a magnetic core, the magnetic coupling is strong and
tight. The magnetic field produced by the Tx winding can
be transferred to the Rx winding as a result to this
strongly magnetic coupling. Strong magnetic coupling
was therefore the basic concept behind effectively
transferring power. Conversely, the magnetic coupling is
weak and loose if windings are spaced widely apart
between the Tx and Rx coils and do not share a magnetic
core. Systems that do not fully capture the transmitter's
magnetic flux are known as loosely coupled systems.
This is primarily due to a large air gap between the Tx
and Rx coils or to the fact that the diameters of the Tx
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and Rx coils do not match, as occurs when the receiver
coil is smaller than the transmitter coil (Kurs et al., 2007).
As a result, not all of the magnetic flux produced by the
transmitter coil contributes to the transmission of power
to receiving coil. Since the coupling improves with the
amount of flux that reaches the receiver, loosely
magnetic coupling was seen as an inefficient method of
power transfer that without the need for a compensating
element (Cho et al.,, 2013; Tan et al, 2019). For
resonance inductive power transfer (RIPT) systems, there
are four fundamental compensation topologies: parallel-
parallel (PP), series-series (SS), series-parallel (SP), and
parallel-series (PS). Depending on the particular
application, one topology may be preferred over another
(Zhang et al., 2014). In high-power systems, the safest
compensating system is the (SS) topology (Castillo-
Zamora et al., 2019).

2. LITERATURE REVIEW

Rehman et al. (2018), modeling and analysis of resonant
wireless power transfer (RWPT) systems using mixed
series-series and series-parallel topologies and study
implemented and tested models under varying voltage
levels specifically 20V and 40V achieving efficiencies of
approximately 49.10% and 49.52%.

Yousuf et al. (2021), presents the comparison between
inductive coupling method and magnetic resonant
coupling method of wireless charging system. It is

(a)

(¢)

estimated that within a range of coupling coefficients, the
quality factor required for the magnetic resonant
coupling wireless charging technique of electric vehicles
is around 20 greater than that required for the inductive
coupling method at the same efficiency. Additionally, for
a range of quality factors, the coupling coefficient
required for the magnetic resonant coupling wireless
charging technique of electric vehicles is about 0.01
greater than that required for the inductive coupling
method at the same efficiency.

3. ANALYSIS OF SS, SP, PP AND PS
TOPOLOGIES

Compensations are advised for both sides of the coil to
improve the capacity and power transfer efficiency due
to these inductance leaks brought on by the air gap
between the main and secondary coils. Capacitors must
be connected to both coil sides in order to generate
resonance. Wireless Power Transfer (WPT) systems,
powered by magnetic resonance coupling, have gained
significant attention due to their potential applications in
various fields, including consumer electronics, medical
devices, and electric vehicles. The choice of topology
plays a crucial role in the performance and efficiency of
these systems (Farnana, 2017).

This analysis divided into four primary topologies:
Series-Series (SS), Series-Parallel (SP), Parallel-Series
(PS), and Parallel-Parallel (PP) shown in figure 1.

(b)

9

(d)

Figure 1. Compensation topologies for WPT (a) SS, (b) SP, (c) PS, (d) PP.
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Table 1 presents a general comparison between these
topologies in terms of their efficiency, complexity, and
their applications (Ahire et al., 2022).

Table 1. General Comparison (Ahire et al., 2022).

— 9 m Q ':g
S S = 3 i=!
=} = 2 =2 S
] -
= < 2 . g
3 < 3
Constant Biomedical,
SS High Simple low-power
Voltage .
electronics
Battery
SP Constant Moderate | Moderate charging
Current
systems
Medium-
Variable . power,
PS Voltage Moderate High flexible load
systems
. High-power
PP Variable Moderate High systems (e.g.,
Current
EVs)

1. In series-series topology: Both the primary and
secondary coils are connected in series with
their respective capacitors.

2. In series-parallel topology: The primary coil is
connected in series with its capacitor, while the
secondary coil is connected in parallel with its
capacitor.

3. In parallel-series topology: The primary coil is
connected in parallel with its capacitor, while
the secondary coil is connected in series with its
capacitor.

4. In parallel-parallel: Both the primary and
secondary coils are connected in parallel with
their respective capacitor.

This comparison highlights the strengths and limitations
of each topology, helping in selecting the appropriate
configuration for specific applications in magnetic
coupled wireless power transfer systems.

4. DESIGN PROCEDURE

The design procedure starts with determine the WPT
topology. The inductors quality factors are gives as
(Mohdeb, 2020; Sah, 2013):

wL,
=— ..Eq.(1
Q1 R, q-(1)
wl
Q, = R—Z Eq.(2)
2

Where R; and R» represent the equivalent series
resistance (ESR). The RLC series circuit's resonance
frequency fr is determined by:

1

The following equations governs the design of
compensation inductors (Imura et al., 2021)

1

1

For the SS topology in this work the value of self-
inductance of coils is selected to be L1=L,=105.8 puH at
40 kHz. Compensation capacitance are calculated to be
C1=C,=149.6 nF and self-resistance R1=R,=0.125 Q and
input voltage 75V for simple formulas quality factor. the
formulas that given the transmission efficiency for all
topologies (Imura et al., 2021).

SS topology:
k?R,R1Q?
(Ry+RL)(Ra+Rp+k2R,Q2

..Eq(5)

SP topology:
SkR2RLQ*
(RL+R2Q%)(RL+R2Q%+8RLQ?)

..Eq(6)

PS topology:
8xR2RLQ*
(R2+RL)(R2+RL+6xR2Q?)

. Eq(7)

PP topology:
k?R,R,Q?

(R + R2)(R, + R,Q% + k?R,Q%)

.Eq(8)

5. RESULTS AND DISCUSSIONS

The effect of load resistance R, coupling coefficient Kk,

and operating frequency on the WPT efficiency is

investigated and simulated for the four structures of
compensation, for a comparison purposes.

o Table 2 illustrates the relationship between the
efficiency and the load, where the efficiency is
increased by increasing the load at constant
frequency (40KHz).

o Table 3 illustrates the relationship between the
efficiency and a coupling coefficient, where the
efficiency is increased by increasing the strength of
coupling between the primary and secondary sides at
constant frequency (40KHz).

The effect of load resistance R, on the WPT efficiency is

illustrate in Figure 2 variation of efficiency as load

resistance changes at various operating frequency for a

wireless power transfer (WPT) system with Series-

Series, Series-Parallel, Parallel-Series and Parallel-

Parallel topologies.

The following point summarized the influence of

frequency and load on efficience. Figures (2) (a), (b), (c),

(d) show the efficiency variation of SS, SP, PS and PP

topologies, respectively, under various resonant

frequencies (40 kHz, 100 kHz, 500 kHz and 1 MHz) as a

function of load resistance (RL).

(a) In the efficiency of the SS topology is constantly high

at all frequencies and only slightly improves as RL

increases. At large RL values, the efficiency approaches
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its near-maximum and typically surpasses 90%, with
little sensitivity to variations in frequency.

Table 2. Simulation and mathematical result of efficiency with R at 40 kHz

Efficiency SS % Efficiency SP % Efficiency PS % Efficiency PP %
RL(Q
@ simulation mathematical simulation mathematical simulation mathematical simulation mathematical
3.2 94.28 95.94 84.29 85.94 94.27 96 80.41 83.15
5.6 97.62 97.3 91.78 91.39 96.27 97.4 87.63 89.56
6.4 97.82 97.49 93.02 92.36 96.6 97.61 89.11 90.72
7.3 97.97 97.64 94.25 93.21 96.89 97.77 90.155 91.74
8.11 98.06 97.74 95.01 93.82 97.08 97.88 91.09 92.48
8.92 98.13 97.8 95.66 94.32 97.22 97.96 91.74 93.09
9.7 98.1 97.84 96.16 94.73 97.34 98.01 92.34 93.58
10.5 98.2 97.86 96.62 95.08 97.44 98.05 92.87 94.02
11.35 98.22 97.87 97.97 95.41 97.49 98.07 93.33 94.41
12.17 98.223 97.87 97.25 95.68 97.55 98.08 93.74 94.74
12.98 98.222 97.86 97.51 95.91 97.57 98.1 94.06 95.03
16.2 98.13 97.76 98.11 96.59 97.57 98.04 94.95 95.88
24.3 97.73 97.3 98.47 97.47 97.25 97.71 96.44 96.98
Table 3. Simulation and mathematical result for efficiency with respect to k at 40 kHz
K Efficiency SS % Efficiency SP % Efficiency PS % Efficiency PP %
simulation mathematical simulation mathematical simulation mathematical simulation mathematical
0.01 5.37 5.34 0.76 0.76 5.36 5.34 0.804 0.767
0.02 18.48 18.38 3.02 3 18.61 18.38 2.946 3
0.03 33.69 33.56 6.52 6.5 33.82 33.56 6.427 6.506
0.04 47.34 47.19 11.04 11.008 47.52 47.19 10.95 11.56
0.05 58.26 58.12 16.17 16.19 58.44 58.12 16.188 16.19
0.06 66.6 66.48 21.14 21.81 66.9 66.59 21.664 21.76
0.07 72.9 72.7 28.46 27.54 73.08 72.87 27.285 27.46
0.08 77.65 77.57 33.08 33.08 77.93 77.57 32.93 33.08
0.09 86.42 81.23 38.39 38.48 81.43 81.23 38.217 38.48
0.1 88.06 84.07 43.33 43.57 84.2 84.07 43.207 43.57
0.2 95.12 94.64 74.72 63.28 94.71 94.73 74.638 75.47
0.3 97.2 96.89 82.15 88.2 97.04 97.04 86.21 87.3
0.4 97.99 97.71 88.9 93.47 97.9 97.87 91.16 92.37
0.5 98.38 98.09 92.31 96.1 98.33 98.26 93.64 94.92
0.6 98.59 98.3 94.24 97.58 98.55 98.47 95.08 96.37
0.7 98.71 98.42 95.43 98.5 98.64 98.59 95.97 97.26
0.8 98.8 98.5 96.21 99.1 98.66 98.68 96.58 97.85
0.9 98.86 98.56 97.03 99.52 98.68 98.73 97.03 98.26

(b) As the load resistance (RL) rises, the SP topology
clearly becomes more efficient. Efficiency can reach 97—
98% while operating at lower frequencies, especially 40
kHz and 100 kHz. On the other hand, efficiency is
decreased at higher frequencies (500 kHz and 1 MHz),
particularly at lower RL. This suggests that high load
resistances and low operating frequencies are optimal for
the SP arrangement.

(c) Efficiency is found to improve with increasing RL
and stable at about 10 Q. The highest efficiency is
achieved at 1 MHz, followed by 500 kHz, 100 kHz, and
then 40 kHz. This suggests that higher operating
frequencies increase efficiency for the PS topology,
especially when load resistance is large. Better resonance
alignment and lower reactive losses at higher frequencies
are probably the causes of the improvement. (d) found
between 40 kHz and 100 kHz, with greater RL
efficiencies above 95%. Efficiency rises substantially
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with load at 500 kHz and 1 MHz, while it is much lower
at small RL. With high load resistance and low
frequencies, PP topology works well. The efficiency
reaches (98%) at 40 kHz and k=0.9 compared to the
results of the research conducted (Rehman et al., 2017)
the efficiency was (35.6%) at 3.01 GHz.

Figure 3 illustrate the efficiency variation with respect to
the coupling coefficient k at various operating
frequencies for WPT compensation topologies.

(a) Even with low coupling coefficients, the SS topology
exhibits high efficiency. As (k) surpasses 0.2, efficiency
rises quickly and surpasses 90%, especially at higher
frequencies. This topology performs better under weak
coupling conditions.

(b) Efficiency in the SP topology increases gradually as
k increases, and it is greatly increased at lower
frequencies (40 kHz, 100 kHz). However, especially at
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low coupling values, the total efficiency is still less than

that of the SS topology.

¢ aj

(b)

(c)

(d)

Figure 2. efficiency VS RL for all Topologies (a) SS, (b) SP, (c) PS and (d) PP at various operating frequency

Figure 3 presents a plot illustrating the relationship
between efficiency and coupling coefficient (k) for a
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wireless power transfer (WPT) system at various
operating frequencies for all topologies
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Figure 3. efficiency VS coupling coefficient (K) for all compensation topology (a) SS, (b) SP, (c) PS, (d) PP at various
operating frequencies.

(c) Similar to SS, the PS topology exhibits great
efficiency at comparatively low k. In the strong coupling
region, frequency has less of an impact, and the
efficiency curves rapidly converge near 100% at k > 0.2.
(d) The performance of the PP topology is moderate
similar in the SP topology, and efficiency gradually rises
with k. Although not as noticeable as in the SS or PS
topologies, it is more sensitive to changes in frequency.

The results indicate that the proposed approach
outperforms previous studies, with an increase in
efficiency (84.4%) at 1 MHz and k=0.01 in SS topology
compared to the results of the research conducted by
(Rehman et al, 2017) at the same coupling coefficient

and frequency, the efficiency was (1.4%) at the same
topology.

5. CONCLUSIONS

Wireless power transfer (WPT) was investigated using
different compensation topologies. The effect of
operating frequency, coupling factor, and compared for
the four compensation techniques.

The following points summarize the comparison study:
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The SS topology performs constantly high at all
frequencies and only slightly improves as RL
increases.

The SP topology is efficient at lower
frequencies (40 kHz, 100 kHz) and high load
resistance, but the efficiency is reduced at

near 100% efficiency at higher frequencies (500
kHz and 1MHz) even at lower Kvalues.

SP and PP Topologies: These topologies exhibit
a peak efficiency around K=0.3 to K=0.4 for all
frequencies, with higher frequencies achieving
a higher peak efficiency.

higher frequencies (500 kHz, 1 MHz). These insights can be valuable for optimizing electrical
3. The PS topology achieves optimal efficiency at systems' performance using the SS and PS topologies at
lower frequencies (100 kHz, 500 kHz), even at various frequencies
higher frequencies, like 1 MHz. while PP
topology performs better at (40 kHz, 100 kHz).
4. SSand PS Topologies: These topologies show a
rapid increase in efficiency with K and reach
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