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PVETW yang lebih tinggl boleh dicopai dengan meletakkan gegelung geganti
magnet antfara gegelung pemancar dan penerma. Pada sinaran suria dan suhu 100
W/mz dan 26°C, nilai kecekapan PVWPT terendah ialah 47.92%. Manakala, nilai
tertinggi ialah 48.1% pada 1000 W/m? dan 29°C. Ini membukfikan bahawa
kecekapan sistem PYWPT adalah antara 47.92-48.1%, dengan nilal puratanya ialah

48%.

Kata kunci: Suhu, Sinaran suria, Fotovoltaik, Pemindahan kuosa tanpa wayar,
Gegelung geganti magnet

1.0 INTRODUCTION

Solar radiation is a sun fusion process that produces
and emits energy to the surface of the earth. This
radiation is divided into two parts, namely (1) solar
iradiance, the sun power density with a unit of W/m2,
and (2) solar iradiation, the sun energy density with a
unit of J/m2 or Wh/m2 [1-3]. The component of solar
iradiance is very important in the conversion of
sunlight to electrical energy, using a PV module [4-6],
which has a wide global application. This module is
often applied in the DC application systerms were
observed according to [7-9], where their utilization in
DC loads through the DC-DC converter. PV module is
also commonly used in the AC application systems
based on [10-13], where cbservation was conducted
on their application in the pulse-width modulations
(PWM) transformerless photovoltaic inverter (TPVI)
system. These inverters were operated directly by a PV
md@le, as the main DC energy source.

A wireless power fransfer (WPT) system is an
application of the electromagnetic concept used in
fransferring energy from a transmitter to a receiver coil
(TC and RC) [14]. This system is constructed by a
fransmitter circuit, which converts DC to AC voltage
source on the terminal of TC, through a half or full
bridge inverter. It is also constructed by a receiver
circuit, which obtains the AC voltage source on the
RC as an electromagnetic linkage. Furthermore, the
main energy of WPT is cbtained from the DC voltage
source, which needs to be converted to AC through
an inverter circuit [15]. When the AC voltage source
has a fixed frequency and supplies the main energy of
this system, thus the LC tank should have similar
parameters, due to being suitable for the connection
and values of TC and RC capacitor and inductor. This
shows that the capacitance and inductance values
of the TC or RC capacitors and inductors need to be
initially calculated on the LC tank, to meet the
frequency of the AC voltage source. When this source
is generated by a function generator and has varying
frequencies, an adjustment should be subsequently
performed according to the suitability of the LC tank.
This explains that a suitable frequency is achieved
when an electromagnetic field is generated, with the
AC voltage being induced on the transmitter coil [16].
A DC voltage is also commonly applied to the WPT
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system as the main power source. Based on the TC
with and without center tap, the connection of the DC
voltage source to the fransmitter cif@it is divided info
two parts as follows, (a) The DC voliage source is
connected directly to the switching driver circuit,
which converts direct current to AC using a full bridge
inverter. This is connected to the transmitter coil
without a center tap [17], [18], [16], and (b) Two
separate connections of DC voltage source are
applied to the WPT's transmitter circuit. From these
categories, the first connection of this power source is
to supply the switching driver circuit, which converts
DC to AC using a half-bridge inverter. This s
subsequently connected to the transmitter coil
without a center tap for its terminails. Meonwhihe
second connection shows the positive terminal of the
DC voltage source is cnecied fo the center
terminal of the TC. It is also connected to the terminal
connection of the transmitter circuit [1?].

The common sources of DC voltage are batteries
and various renewable energy, including fuel cells,
wind power,nd PV module. The PV module is a
device that converts solar energy to DC electrical
power, with its performance often depending on solar
radiation and temperature. In this process, higher solar
radiation leads to increased PV module performance,
which is inversely proportional to the temperature. This
indicates that increased temperature causes
decreased PV module performance [20], [21]. To
determine the most suitable area for the development
of a PV module, the analysis of a solar radiation
reguirement is very important, especially for the DC
voltage source of a WPT system, which transfers power
from TC to RC (transmitter to receiver colil). In this
system, the receiver coil is unable to be applied
directly to 50 Hz AC loads, due to HBWPT'S utilization
of high frequency until 100 kHz. This coil is connected
to the rectifier circuit for conversion to a DC voltage
source, which is only applied for small power loads
[17], [18]. The operation of the WPT system also
emphasizes an electromagnetic concept [22]. This is
because the electromagnet generated is a function
of periodic magnetic flux, indicating that the power
fransmitted and obtained by the transmitter and
receiver colls are in AC forn with a fixed frequency
value, However, the pure sinusoidal waveform is
unable to be reached in ifs application [23], due to
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the TC and RC inductance being inappropriate or
differemly&ctched, This causes the power and
efficiency on the receiver side of WPT are still low.

The WPT system is commonly constructed for a low-
power system, due to the minimum energy of the
selected switching components [24], [25]. This shows
its inability to be applied to the high DC power source
of the transmitter phase. It also has a near
electromagnetic field range between the TC and RC,
which causes low power and efficiency in the receiver
phase. This indicates the need for a device, fo
increase the strength of the electromagnetic field on
the siraight radius center of the WPTEEstem's
fransmitter and receiver coils. Therefore, this study
aims to determine the effects of temperature and
solar irradiance on the performance of the 50 Hz
photovoltaic wireless power fransfer (PYWPT) system.
The DC main voltage source originates from the PV
module and is converted to a 50 Hz AC waveform on
the transmitter coil (TC), using an H-bridge circuit. The
AC power is then fransferred to the receiver coil (RC),
using the electromagnetic field concept with the
distance between the TC and RC. This is subsequently
implementedsing mutual inductance formulation.
The effects of solar iradiance and temperature on the
performance of the PVWPT systerm were also observed
and analyzed with and without AC load.

g) METHODOLOGY
71
Figure 1({a) shows the block diagram of the proposed
PVWPT systemn, which contains a PV module, a pulse
driver circuit, an H-bridge inverter, a transmitter and
receiver coll (TC and RC), an MRC (magneticrelay
B)il}, and an AC load. The PV module functions as a
DC voltage source, which is converted to AC power.
The pulse driver circuit also emphasizes the
production of 50 Hz waves, to drive the switching
components on the H-bridge circuit. The conversion of
the DC to AC voltage waveform on the TC s
subsequently prioritized for the H-bridge circuit.
Meanwhile, the TC, MRC, and RC transmits, help, and
obtain the AC power, respectively, regarding the
magnetic field concept.
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Figure 1 Block diagram and flow chart of 50 Hz proposed
PVWPT system

49
Figure 1(b) g)ws the flow chart of the proposed
PVWPT system. The data of solar iradiance and
temperature are needed to operate the PV module
with ifs specific parameter to generate the required
voltage level. A value of capacitance of capacitor, C
is decided to calculate the coil inductance, Le for
matching the system frequency of 50 Hz
The PV module, pulse driver, half bridge circuit,
tfransmitter, magnetic-relay and receiver coils are
modelled using MATLAB-SIMULINK. The sim@ion
results of AC voltage, current and power in the
tfransmitter and receiver coils of PYWPT system are
made to be sure to have the frequency of 50 Hz. The
simulation results of PYWPT system performance are
observed and analyzed, which they are related to the
change of solc&rrcdionce and temperature.
15
2.1 Modelling of PV Module

The modelling of PV module is needed cmc voltage
source of PVWPT system. The input of PV module is
solar iradiance and temperature, which affect the
pefEmance of PY module and PVWPT system.

The performance of PV module increases for the
constant temperature and the higher solar irradiance,
inversely it decreases for constant solarirradiance and
the hig temperature. Also, these conditions will
affect the performance of PVWPT system (the
increasing of PV module performance will increase
the performance of PVWPT system).
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Table 1 Blectrical parameter of PV module

Eume’rem Valve

Number cell per module &0
Maximum power [watt) 240
Open circuit voltage [volt) 37.5
Short circuit current ([ompere| B8.75
Open circuit voltage at maximum power (volt] 29.3
Short  circuit current at maximum  power 8.18
pere) :
Temperature coefficient of open circuit 032
voltage (%/°C) :
Temperature coefficient of short circuit cumrent 0.05

(%/°C)

A validation analysis was also conducted
regarding the eror percentage of the system's
simulation and data sheet (Table 1). The results
obtained were similar to the PV module performance
he curve analysis of current and power-voltage at
the standard test condition (STC), where solar
iradiance = 1000 W/m2, temperature = 25°C and air
pressure = 1 atm).

Based on Figure 2, the modelling process is
constructed by a PV module and simple DC-DC
converter block set from MATLAB—@ULINK, using the
electrical parameters presented in Table 1. These
parameters are filled in the block data of the PV
module.
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Figure 2 Modelng of PV module as DC voltage source of
PVWPT system

The simple circuit of the DC-DC converter was
constructed by the following three main components,
(1) The Resistor, which c@foins a Res (estimated
resistor) of 48 Q, which is connected in parallel to
adjust the suitable ocutput voltage of the PV module.
This component subsequently contains an input
resistor (Rin) of 28 Q, which is connected in series by the
tfransmitter coll, to adjust the suitable AC voltage on
the TC, MRC and RC, (2) A Gain Block, which indicates
the number of series connection increasing the output
voltage of PV module in one string process. In this
case, nine modules were connected in series, where
one open circuit voltage was 37.5 V. From this
observation, the nine PV modules had a total voltage
of 337.5 V. This was suitable for generating the AC
voltage on the RC, with its peak or RMS values for a
distance of 5 m between the TC and RC observed at
) or 240 V, respectively, and (3) A Block of CVS
(controlled voliage source), which is used for
converting the SIMULINK input signal info an
equivalent voltage source. In this case, positive and
negative terminals are often obtained as
representatives ofae PV module.

29
2.2 Modelling of Pulse Driver and Igrldge Circuit

29

Figure 3 shows the modelling of the pulse driver and H-
bridge circuit. For the pulse driver, modelling was
carried out through the block generator sets, S1 and
S2, to produce a 50 Hz wave (Figure 4) and drive the
Gate terminal of the MOSFETs, M1 and M2. These
terminals were connected to the TC, due to the
utilization of the I-aridge inverter. Therefore, the TC
had a center tap connected to the positive terminal
of the PV module, as shown in Figure 1.
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Figure 3 Modeling of pulse driver and H-bridge circuit
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Pulse generator, S1

Pulse generator, 52

Y

002, Time (s)
Figure 4 50 Hz pulse waves generated by the pulse generator

Based on Figure 4, the Gate terminals of M1 were
driven by S1 for the first half cycle, with M2 cbserved
to be OFF at the same time. Meanwhile, the terminal,
M2 was driven by 52 for the second half cycle, with M1
found to be OFF during the process. These conditions
generated an AC voltage on the TC.

2.3 Modelling of Transmitter, Magnetic-Relay and
Receiver Coll

The TC, MRC and RC parameters were connected in
parallel to a capaciter (C) and modelled to generate
a 50 Hz AC voltage waveform. The inductance value
(Lc) of these parameters was also obtained after
determining a C-value (capacitor value) from the
following Equation [1],

-1 1
I =3\ie (1)
Figure 5 shows the modelling of TC, MRC and RC,
where the values of the following were needed, (1)
coil inductance, Lc, (2) coll resistance, Re, and (3)
mutualinductance, M. In this process, the solenocid coil
was used, with its diameter (dc), number of turns (N¢),
and length (l:) obtained through Equations (2) and (3).
In addition, Re was obtained using Equation (5) [2], [3].

dﬁ.ZNﬁ.z ~40d LN, —18d L. =0 (2)
l, = nd,,N, (3)
Ay = ;nd,’? (4)
Re=pis (5)
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Figure § Modeling of the TC, MRC and RC

The TC and RC had a distance of dr, with the MRC
positioned in the center of both coils (Figure 1). This
indicated that the distance between TC/MRC or
MRC/RC was 0.5dx. Subsequently, this distance was
represented by the following mutual inductance,

1. In Figure 5q, the distance between the TC and
RC was dr, indicating that the mutual
inductance between both coils (My)] was
obtained from Equation (6) [4].

AN 212 x1072
|| 2 2
L)}r + 1 )3
where;

Ne = Turn number of colls (turn)

re = Radius of a coil (m)

di = Distance between TC and RC (m)

Mtre = Mutual inductance between TC and RC (H)

My = (6)

2. Based on Figure 5b, the distance betweenthe TC
and RC was di, showing that Mywas obtained
through Equation (é). In this case, the mutual
inductances between the TC/MRC (Mim:) and
MRC/RC (Mmrc) were very similar, as shown in
Equation (7).
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22 -2
mupN " x10

Mype = Mpppe = 2077 T 277
\ ((0.5;;{;,)2 +r§)3

The total mutual inductance (Mi) was also
obtained from Equation (8).

(7)

My =My + Myne + Mpnre (8)

2.4 Overall Modeling of PYWPT System

Figure é indicates the overall modelling of the PVYWPT
system, which was constructed by the PV module,
pulse driver and H-bridge circuit, PT and RC, as well as
ebad. In this process, an inductor of 100 uH was
connected in series to the PV module and the center
tap of the TC. The system also functioned as an AC

filter, to obtain a sinusoidal voltage waveform on the
TC. This was conducted by combining the capacitor
of 60 uF. Furthermore, the transmitter andreceiver coils
were fransformed intcm, MRC, and RC (Figure 5b), to
observe and analyze the effect of the magnetic relay
coil on the performance of the PYWPT system.

Based on the simulation and analysis of the effects
of solar iradiance, temperature and magnetic-relay
coil on the performance of a 50-Hz PVWPT system, the
validation of PV module modelling was initially carried
out. This was conducted using error percentage,
which is a comparative analysis of the module's
simulation and datasheet. In this c@ the simulation
output is stated to be valid and applied as a DC
voliage source to the PVWPT system when the error
percentage is within £10% [4].
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This analysis is subsequently conducted through
the 5 m distance between the TC and RC, with and B = IiexViexcost (9)

without the MRC. The performances of PYWPT system
emphasized the AC voltage, current, and active
power on the TC and RC. Moreover, both coils were
more characteristically inductive, although had a few
resistive features. This proved that active power (AP)
was still generated by the TC and RC. In this case, AP
was considered a powfoctor, which was obtained
by observing the AC voliage and curent on the
fransmitter and receiver coils. This confirmed that the
active power on both coils was calculated using
Equations (?) and (10). The efficiency of PVWPT, n, is
observed through Equation (11).

where,
Pic = Active power on the TC (W)
lte = RMS AC current on the TC (A)
Vtc = RMS AC voltage on the TC (V)
cose = power factor
Prp = IpexVypex cost (10)
where,
Pr= = Active power on the RC (W)
e = RMS AC current on the RC (A)
Ve = RMS AC voltage on the RC (V)
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=2 100 (1)

-
Based on these equations, a maximum resistive load
was connected tothe RC, regarding the active power
obtained for the solar iradiance, temperature, and
distance of 1000 W, 25°C and 5 m, respectively. The
performances of PVWPT system were also observed
and analyzed for varying solar iradiaonce and
temperature, with and without the MRC.

3.0 RESULT AND DISCUSSION

The PV module perfomﬂwces were simulated and
analyzed using the solar imadiance and temperature
of 1000 W/m2 and 25°C, respectively. The results
obfcmd were also validated using error percentage,
with the system's performance presented in the curve
of current and pgler-voltage. Based on the analysis,
the PV module connected in series had an open
circuit voltage of 37.5 V., indicating that nine
connections produced a total of 337.5 V. This was
subsequently supplied to the AC voltage on the TC
and RC of the PVYWPT system. The AC voltage
waveform generated on the TC was also cbserved
and cnolyz, to prove a system frequency of 50 Hz
for the solariradiance and temperature of 1000 W/m?
and 25°C, respectively. Using the electromagnetic
field concept, the AC waveform was transferred from
the TC to the RC. This waveform was subsequently
produced on the receiver coill and used as the
voltage source offhe AC loads.

The effects of solar irradiance and temperature on
the performance of the PVYWPT systern were also
analyzed, with the wvoltage, current, PV module
power, TC, and RC emphasized in the 3-D dimension
graph as functional parameters. In addition, the
efficiency of this system was analyzed as a
comparison between the TC and RC powerin no AC
load condition, using a distance of 5 m. Based on the
results, a resistive load of 100 W was connected to the
receiver coil, where the AC voltage, current and
power were appropriately analyzed. Subsequent
analysis was also carried out for the constant
temperature and solar irradiance of 25°C and 1000
W/mz2, as well cgther related parameters.

58
3.1 Validation of PV Module

Using the curves of current and power-voltage, the PV
module performances were simulated to ensure the
validity of the proposed system as a DC source. In this
case, the results obtained were also compared to the
system's data sheet. Figure 7 shows the curves of
renf and power-voltage, which were simulated at
the solar iradiance and temperature of 1000 W/m?2
and 25°C in the sta@Ebrd test conditions (STC).

From the results, the short-circuit current and open-
circuit voltage of the PV module were 8.75 A and 37.5
V for each simulation (Figure 7) and data sheet (Table
1), respectively. This indicated an error percentage of

0% for both comparative analyses. Moreover, the
maximum power values of the module were 239.7 W
and 240 W for the simulation and data sheet,
respectively. This confirmed an error percentage of -
0.125%, where the simulation output was lower than
the data sheet of the system. Regarding the emror
percentages within £10%, the simulation outputs 0
module performances were valid and applied as the
DC voltage source of the PYWPT system.
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Figure 7 Cumrent versus voltage and power versus voltage of
PV module
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Based gihe open-circuit voltage of 37.5 V, nine
PV modules were connected in series fo genercmo
total of 337.5 V. This validated DC source was then
converted fo the AC voltage on the TC, using an H-
bridge cirmr, Figure 8 shows the output and input
voltages of the DC-DC converter fromnle nine
modules connected in series. For the solar ita@@hce
and temperature of 1000 W/m2 and 25°C, the output
voltage of this converter was 332.9 V in the loaded
condition to the PVWPT system. This indicated a
decrease of 4.6 V, due to a voltage across the input
resistor, Rin, (Figure 2b). Irrespective of the drop, the
DC-DC converters output voltage (3322 V) sfil
performed to supply the PYWPT system. This possessed
a stable DC voltage source during the operation of
the system.
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Time (seond)

Figure 8 Cutput voltage of nine PV modules in series
connection
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Figure 9 shows the output cumrent of Thnine PV
modules in series connection, for the solar irradiance
and temperature of 1000 W/m?Z and 25°C,
respectively. In this process, the modules produced an
output current of 8.18 A, although only 6.61 A was
utilized by the DC-DC converter. This was because
1.57 A had split info the controlled voltage source
(Figure 2b). Irrespective of this split, the output current
of 4.61 A was still stable and supplied to the PYWPT
system.
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Figure 9 Output cument of nine PV modules in series
connection

3.2 AC Voltage Waveforms on The TC and RC

Based on Figure é, the positive and negative terminals
of the DC-DC converter's output voltage (332.9 V)
were supplied and connected to the TC center tap
and MOSFETs Source point, respectively. Using the H-
bridge circuit, this DC volfcg@332,9 V., was then
converted fo an AC waveform, as shown in Figure 10.
The sinusoidal form of these AC voltage waveforms
was due to the effect of the 60 pF capacitor
connected in parallel to the TC. It was also because
of the 100 pH inductors connected in series to the
centertap of the TC.

From Equation (1), the inductor value (Lc) of TC
and RC was 0.17 H for the capacitor (c) and system
frequency (f) of 60 uF and 50 Hz respectively. The
fransmitter and receiver coils were also simulated
using coated magnet copper (CMC) wire with dw
(wire diameter), p (resistivity), and d: (coil diameter) of
005 in/1.27 mm, 1.68x10% Om, and 78.74 in/2 m,
respectively. In this process, the turn number of each
coil was 226 turns, according to Equation (2). Based on
Equations (3) to (5), the resistance of each coil, Re, was
also 18.80 Q. Since the distance of TC and RC (dr) = 5
m, the mutual inductance, Mwc, was subseguently
observed as 0.154 H (Equation é). Therefore, the Lc, Re,
and M of 0.17 H, 18.80 Q, and 0.154 H, were filled in
the TC and RC (Figure 5), respectively, to obtain the

AC voltage waveforms (Figure 10) with a system
frequency (f) of 50 Hz.
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Figure 10 AC voltage waveform on the TC and RC for the
distance of 5m

Based on Figure ni) the PVWPT system was
operated at the solar iradiance and temperoiurea
1000 W/m2 and 25°C, respectively. This was to
generate the DC-DC converfers output voltage
terminal of 332.9 V at a 5-metre distance for TC and
RC. It was also used to generate the peak/RMS AC
voltage of 380.7/269.2 V on the TC, with 328.8/232.5V
observed on the RC. The time observation of 0.2123-
0.2323 s also showed that the period or frequency of
the AC waveforms on TC and RC was 0.02 s or 50 Hz,
respectively. For the RC, the AC voltage was similar to
the load source at 232.5 V and 50 Hz. This indicated
that the receiver coil was suitable for application on
the AC loads with rated voltage and frequency of 240
V and 50 Hz, respectively, due to its existence in the
allowed utilization range (240 V -10% to 240 V +5% =
216 \60 252 V) [6].

3.3 Effect of Temperature and Solar Iradiance onThe
Performance of PVYWPT System

The solar iradiance and temperature affected the
performance of the PV module, regarding its voltage,
current, and power [4]. The performance
transformation also influenced the efficiency of the
PVYWPT system, due to the main DC source originating
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from the PV module, which depended on solar
iradiance and temperature.

Figure 11 shows the effect of solar iradiance and
temperature on the PV module perfcﬂmnce in a 3D-
dimension graph. At the solar iradiance and
temperature of 100 W/m2 and 34°C, the lowest values
of PV module voltage, current and power were 275.7
V, 549 A, and 1514 W, respectively. Meanwhile, the
highest values of voltage, curent and power were
3329 V, 6.63 A, and 2207 W at 1000 \Eh? and 25°C,
respectively. Based on these results, the PV module
performance for current, voliage and power
increased with the constant temperature and the
increasing solar iradiance. This performance however
decreased with the constant solar iradiance and the
increasing temperature.
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Figure 11 Effect of sclar imadiance and temperature on the
PV module performance

Fromthe results, the AC voltage was gener@d onthe
TC, where its RMS value depended on the output
voltage of the DC-DC converter. This was due fo the
closed-loop systematic relationship between the L
and C in parallel connection, leading tfo an AC
current flow and power generation through the coil
Uctor and on the TC, respectively. Figure 12 shows
the effect of solar irradiance and temperature on the
TC performance (voltage and poer} in a 3D-
dimension graph. At the solar iradiance and
temperature of 100 W/m?2 and 34°C, the lowest values
of TC voltage and power were 222.9 V and 1224 W,
respectively. Meanwhile, the highest volueaf voltage
and power were 269.2 V and 1785 W at 1000 W/m?2
and atemperature of 25°C. Based on these results, the
TC performance for voltage and power increased
with the constant temperature and the increasing
solar  irradiance.  This  performance  however
decreased with the constant solar iradiance and the
increasing temperature.

From these results, the electromagnetic field
generated by the TC reached the RC atf a distance of
5 m, leading to the generation of an AC voltage on
the coil. This was due to the closed-loop systematic
relationship between the L. and C, causing an AC
current flow and power generation on the RC. In
addition, this power generation depended on the
following, (1) The AC voltage and current, (2] The
electromagnetic field, (3) The AC voltage on the TC,
and (4) The PV module performance. Figure 13 shows
the RC performance in a 3D-dimension graph, as a
function of the solar irradiance and temperature at a
S5-mefre distonca

Al the solar irradiance and temperature of 100
W/m? and 34°C, the lowest values of RC voltage,
current, and power were 192.6 V, 3.05 A, and 587 4 W,
respectively. However, the highest values of RC
voltage, current and power were 232.5V, 3.68 A, and
855.6 W at 1000 W/m2 and 25°C, respectively. Based
on these results, the RC performance for current,
voltage, and power increased with the constant
temperature and increasing solar iradiance. This
performance however decreased with the constant
solariradiance and the increasing temperature.
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From Figures 12b and 13c, the PVWPT system was
found to transfer AC power to the transmitter and
receiver coils at a distance of 5 m, respectively. This
led fo the comparative andlysis of [fle power
transferred to these coils, to observe the efficiency of
the system. Figure 14 shows the efficiency of the
PVWPT system il 3D-dimension graph, as a
function/effect of the solar iradiance and
temperature. This showed that the relationship of AC
power on TC and RC was proportional, indicating
synergistic conditions for both coils. For instance, high
TC power leads to increased RC energy and vice
versa. The results also confirmed that the PVWPT
system needs to have similar efficiency for the
transformation of solariradiance and temperature, as
well as a fixed distance of 5§ m. Irespective of these
conditions, an efficiency difference was still cbserved

the experimental range provided. At the solar

iradiance and temperature of 100 W/m? and 26°C,
the lowest value of PVWPT efficiency was 47.92%.
Meanwhile, the highest value was 48.1% at 1000 W/m?
and 29°C. This proved that the efficiency of the PVWPT
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system ranged from 47.92-48.1%, with its average
value being 48%.
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Figure 14 Effect of solar iradiance and temperature on the
efficiency

3.4 Performance of The PYWPT System in AC Load
Condition

For various temperature and solar irradiance of 25-
34°C and 100-1000 W/m2, RC had a system frequency
and AC power capacity of 50 Hz and 587.4-855.6 W,
respectively, as an AC voltage source. This proved
that AC voltage and current were observed and
analyzed when an ACﬂacd of 100 W was connected
fo the RC at the solar iradiance and temperature of
1000 W/m? and 25°C, respectively.

ure 15 shows the AC load voltage and current
at 10w /m?2 and 25°C. In this process, the RMS AC
load voltage and current were 217.5 V and 0.377 A,
respectively. This indicated that 217.5 V still met the
standard of ANSIC84.1 2016, concerning the utilization
of AC voltage [16]. However, no AC load condition
was observed for the AC voltage of RC at 1000 W/m?2
and 25°C, regarding the comparative analysis,
conducted. From this result, a drop of 15 V was
observed, as the AC voltage decreased from 232.5 V
to 217.5. This was due to the availability of the fixed
elecfromagnetic field produced by the TC, which did
not change with the AC loads' fransformation.
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(a) AC load current vafeform
Figure 15 AC load performance at solar irradiance of 1000
W/m2 and temperature of 25°C
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3.4.1 Constant Temperature of 25°C and Various
Solar Irradiance

Asimulation of the PYWPT system was also conducted
in 0 and 100 W AC load conditions, at the constant
temperature of 25°C and various solar irradiance. In
this process, the performances of RC and AC load
determined the change effect of solar irradiance for
the cond@@t temperature. Figure 16 shows the
change effect of sclar iradiance on the RC
performance, with and without the AC load. 'es
indicated that the receiver coil performance for
voltage, current, and poweracreosed through the
elevation and maintenance of solar iradiance and
fixed temperature.

When the RC was connected to the AC load, a
voltage drop was observed (Figure 164q). In this case,
the elevation of solar irradiance led to the higher AC
voltage of RC. When compared to the coils AC
voltage without load, the average reduction
difference was 15 V. Similar conditions were found for
the AC current and power flowing through the RC
(Figures 16b and 16c), which increased by elevating
the solarirradiance.

235
7 [ R with ot 02
| — RC with load

Violtage (V)

100 200 300 400 500 600 700 8OO 900 1000
Solar irradiance (Wim 2)

(o) AC voltage

37 T
—RC without load
m— RC with load

Current {A)

2g L L .
100 200 300 400 500 600 700 800 900 1000

Solar irradiance (Wim 2)

(b) AC current

900 —C withoutload | |
— FC with load

850 |
800 |
S7501

S oot

650

600 |

"

550 H i i s L L i
100 200 300 400 500 600 700 800 200 1000

Solar irradiance (W/m )

(c) AC power
Figure 14 The performance of RC for a constant temperature
of 25°C and various solar imadiance

Figure 17 shows that the AC load condition for
current and power performance supported the
change in solar iradiance. However, the condition
remained unchanged for the RC with load, regarding
voltage performance (Figure 1éa). Based on the
results, the elevation of solar irradiance led to higher
AC load current and power. In this case, the power
did not reach 100 W, indicating that only 81.81 W was
observed. Irespective of this condition, the solar
iradiance was still found at approximately 1000 W. This
was because the electromagnetic field generated by
the TC did not support the generation of the AC
voltage on the RC, regarding the supply of the load.
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Figure 17 AC load performance for constant temperature of
25°C and various solar iradiance

3.4.2 Constant Solar Irradiance of 1000 W/m? and
Various Temperature .

57
In AC load conditions, the PVWPT systermn was
simulated for the constant solar irradiance of 1000
W/m2 and various temperatures. This showed that the
continuous elevation of temperature led to decrease
PV module performance, which then negatively
affected the efficiency of the PYWPT system. In Figure
18, the performance of RC was observed for constant
solar iradiance and wvarious temperature. This
indicated that the AC voltage, current, and power of
RC  decreased with increasing  systematic
temperature, with and without load.

235 T T T T T 7| e R ithiout 03
w— R with load

2301

c25f

.

o

o

=

°

> 220t
215t |
210

25 26 27 28 29 30 31 2 33 M
Solar 'ajiance (Wim 2}
(o) AC voltage

£

" | e R withoutload
w— R wilh load

365

36

38T 1

35T 1

Current (A)

25 26 7 28 29 30 | 32 13 k'
Solar irradiance (W/m 2)

(b) AC current

860 T T T T T

I — R withoutload
m— R C with l0ad

840

820

800

Power (W)
=]
]

760 1 1

25 26 27 28 29 30 N 2 33 k)
Solar irradiance (W/m 2)

(c) AC power
Figure 18 The performance of RC for constant solar imadiance
and various temperature

Figure 19 presents the AC load condition of current
and power performance, for constant solar irradiance
and various temperature. In this case, the AC load
voltage remained unchanged for the RC with aload.
This proved that temperature elevation led fto
decreased AC load voltage, current, and power.
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4.0 CONCLUSION 8

3
A PYWPT system was modelled and simulated fo
generate an AC voltage waveform on the fransmitter
coil (TC). This was then transferred to the RC for AC
load performance, regarding the electromagnetic
field concept. The PVWPT system was supplied by
some PV modules in series connech’cﬂ to generate a
higher DC voltage. The PV module simulation results
for short-circuit current and open-circuit voltage were
8.75 A and 37.5 V. This indicated an error percentage
of 0% for both comparative analyses. Regarding the
error percentages within £10%, the simulation outputs
of PV ﬂ)dule performances were valid and applied
as the DC voltage source of the PVWPT system.

The PV module performance depended on solar
iradiance and temperature. In this case, increasing
solar irradiance and temperature led to higher and
lower PV module dfl PVWPT system performance,
respectively. For the solar iradiance at 1000 W/m2and
temperature at 25°C, the RMS AC load voltage and
current of PYWPT system were 217.5 V and 0.377 A,
respectively. This indicated that 217.5 V still met the
standard of ANSI C84.1 2016, concerning the utilization
of AC voltage.

For the distance, as well as various temperatures
and solar iradiance of 5m, 25-34°C, and 100-1000
W/m?, respectively, the average efficiency of the
PVWPT system was 48%.
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