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Abstract. The research was to transfer the electric power from a photovoltaic module in wireless utilized 
magnetic coupling method and an inverter. It was also investigated the waveform characteristics due to 
various distances, turns and loads. The measurements were performed by using a storage digital 
oscilloscope, to obtain the voltage magnitudes and harmonics. The results indicated that the receiver 
voltage magnitudes would decrease drastically, in hyperbolic curves, as the distance increased. The receiver 
voltage magnitudes would also decrease considerably as the turns reduced, with the average reductions as 
0.095 and 0.357 volts, from 600 to 400 and 400 to 200 turn reductions respectively. The THDs in the 
transmitter voltages were fairly constant, as average of 26.75%. Nevertheless, the receiver voltage THDs 
would decrease significantly as the distance increased, with decreasing average as 38.09% of the three 
condition percentage reductions. While, the THDs would reduce considerably as the turns decreased, as 
25.28% in average for the 200 to 400, and 400 to 600 turns on one cm of distance. Otherwise, the voltage 
magnitudes would decrease as the loads increased where from one to five lamp loads, as 0.489, 1.334 and 
1.482 volts reductions for 200, 400 and 600 turns respectively. The THDs would decrease slightly as the 
loads increased, with the average reduction of 5.4% from one to five lamp loads, for the three turn 
conditions. The receiver voltage magnitudes would increase steep linearly, with the average ratio of one per 
9.30 as the transmitter voltage magnitudes increased. While, the THDs of receiver voltages would reduce 
considerably as the transmitter voltage magnitudes increased, with 8.98% reduction for 1.4 to 5.2 volts of 
the transmitter voltage magnitudes. 

The receiver power would reduce more drastically, compared to the voltages, as the distance increased. 
This case was caused which the powers were influenced by both electric voltage and current. The efficiency 
would also reduce drastically as the distance increased. Nevertheless, it was gentler than the power, because 
the early values have already been low. Both parameters were significantly influenced by the coil turns, 
which the efficiency would be lower as the coil turns reduced. Based on the research results, the maximum 
transferring efficiency was 0.0615. The efficiency would slightly increase and tended to be saturated toward 
a certain value as the load increased. Therefore, most likely, in the future, the coil turns should be increased. 
 
Keywords: Efficiency, harmonics, magnetic coupling, power, receiver, photovoltaic, THD, transmitter, turn, 
voltage, wireless. 
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1. Introduction 
 
Conservation and environmental friendly energy products become strong underlying issues of global energy 
development policy. Solar energy is one of renewable energy and environmentally clean. The solar energy is 
also used as heat energy. Indonesia is a tropical country, has great potential for solar energy, an average of 
4.5 to 4.8 kWh/m2/day. It was stated that the solar energy in Indonesia as 156,487 MW. This is very 
potential to be used in electric demand in the view of problem severity with fossil-based power generation. 
On the other hand, over the times, human need on energy is inevitable, because energy is a primary need 
[1-9]. Photovoltaic panels have many applications, one was for office appliances and it needs to be 
diagnosed [10-11].  

The researches on wireless electric power transmission were to be encouraged, because of economic 
considerations compared to cables. Some methods of transmission system power were inductive coupling, 
inductive coupling resonance, capacitive coupling, magneto dynamic coupling and radioactive techniques 
[12-20]. 

The applications of wireless power transfer are for low-power, full power, high power and in industry. 
Electric current can be postulated as a stream of electromagnetic waves having electric potential. The 
wireless energy transmission at a low level is not harmful to the human body. The advantages of wireless 
power transmission, among others, can be transmitted in all directions, low installation cost, more reliable 
and convenient, environmentally friendly, minimize accidents, relatively safe. The disadvantage is the 
efficiency decreases as distance between transmitter and receiver increases. The inductive and inductive 
resonance wireless power transfers have significant attention [14, 21-28].  

The electric energy of wireless transmission can cover widely in electrical engineering and electronics to 
the scope in the future for the generation and power transfer in wireless [29-40]. Wireless power transfer 
also could be done with a helical antenna. This method needs to be done further research and testing [41]. 
Even the wireless electric power transfer can also use satellite-based solar power system [42]. 

The magnetic or inductive coupling works on the principle of electromagnetism. Transfer of energy is 
among wires through the magnetic field inductive coupling. If a section is defined by the magnetic flux 
circuit that covered by the second set, the two circuits are coupled magnetically. The energy can be 
transferred from one to other circuits. This energy transfer is conducted by the transfer magnetic field 
which applies to both circuits [43]. 
 

 
 
Fig. 1. Magnetic coupling with four flux components. 
 

The magnetic coupling between the two circuits is shown in Fig. 1. For analysis purposes, it is assumed 
that the total flux set by i1 (current circuit 1) is divided into two components. The part one links to the 
circuit 1, but not with the circuit 2. The second component is surrounded by both circuit 2 and circuit 1. In 
the same way, the flux is determined by i2 (current of circuit 2), that has two components. One component 
2 is 22 which linkages only the circuit 2 but not to circuit 1. The other component than 2 is 21 which 
linkages both the circuit 2 and the circuit 1. Equations (1) and (2) show the relations among flux linkages. 
 

 
12111
   (1) 

 
21222
   (2) 
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Here, 12 is part of 1, which linkages the coil circuit 2. Therefore, 12 is called a mutual flux generated 

by the circuit 1. In the same way, the fractional part of 2 is 21 that connecting with the coil circuit 2. Thus, 

21 is called a mutual flux generated by the circuit 2. This case is the phenomenon how the magnetic 
coupling takes place between two individual circuits. This effect can be magnified or amplified by the 
increasing of wire number of coil. The power transfer efficiency of magnetic coupling can be increased by 
increasing the number of turns in the coil, the current magnitudes, the cross-sectional area of coil and the 
strength of radial magnetic field [43]. 

Based on above literature reviews, it was necessary to investigate the research on one of wireless power 
transfers (WPT), i.e. the magnetic inductive method, using photovoltaic solar cell source on various 
distances, coil turns and loads. This research was a new case regarding the photovoltaic solar panel and 
magnetic inductive wireless power transfer using an inverter on various loading conditions. The objectives 
of research were for designing of utilization of solar energy to be converted into electric energy, where the 
electric energy was transferred in wireless by the method of magnetic coupling. Furthermore, the voltage 
waveforms were investigated in order to obtain the relationship among the coil distance, turn number and 
load parameters. Besides that, the concerning on power and efficiency were also investigated in various 
conditions. The state of the art for this research was, especially, the analyses of wave forms, which were 
investigating the voltage waveform frequency spectra and magnitudes. The frequency spectra of waveforms 
were very important, as indications of the waveforms. 
 

2. Research Method 
 
In the beginning opinion, the existing wireless power transfers usually used resonance magnetic coupling 
due to efficiency reason. Nevertheless, it was too much harmonics, not applicable directly yet to the users 
and too many conversions so that, in authors’ opinion, the efficiency became to be low. Therefore, it has 
been tried to investigate the wireless power transfer using inductive magnetic coupling, using the inverters 
and using 50 Hz power frequency. This was done with hope the efficiency would be higher tha previous 
ones, due to not to many conversions. However, in this research, the origin of voltage source was from dc 
voltage of photovoltaic or solar panel. Thus, it was also conversion existence from dc to ac voltages.  

Figure 2 shows the classification of various wireless power transfer methods [44, 45]. Mainly, the 
wireless power transfer consists of two methods, namely electromagnetic induction and electromagnetic 
radiation. The former consists of electrodynamic induction and electrostatic induction. While, the latter 
consists of microwave/RF power and light/laser power. The electrodynamic induction consist of inductive 
coupling and magnetic resonant induction. Nevertheless, this research investigated in the inductive coupling 
category, as signed by the circle. 
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Transfer

Electromagnetic 

Induction

Electromagnetic 

Radiation

Microwave/RF 
Power

Light/Laser 
Power

Electrodynamic 
Induction

Electrostatic 
Induction

Inductive 
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Induction

 
 
Fig. 2. The grouping of wireless power transfer. 
 

Figure 3 shows the design of system on the wireless power transfer utilized the solar panel source on 
various load conditions. The figure illustrates the circuit plan for the experimental and measuring set-ups. 
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Initially, the generated electricity in the solar panel was converted into 50 Hz frequency of ac voltages. The 
solar panel changed the sun ray energy to electric energy, dc voltage and current, with the rating of 100 Wp 
of power. Furthermore, it was made some variations, such as the voltage, the distance between the sending 
and receiving coils, the loads and the number of coil turns. The variations of voltage were a variac (ac 
voltage variable), the variations of distance were used a ruler manually, the variations of load were used the 
various numbers of LED and the numbers of coil turns were used three pairs different coil numbers, 
namely 200, 400 and 600 turns. Thus, the research was conducted not only in one condition, but also in 
various conditions. As addition, the voltage waveforms were analyzed by using FFTs and THDs, and the 
magnitudes were analyzed by using nonlinear regression. The voltages on the transmitting and receiving 
coils were measured by the storage digital oscilloscope. The data of measurements were in csv files, which 
could be analyzed by Excel software and recorded in the form of bmp files. 

From the photovoltaic panel, the electric currents would be flowed directly to the inverter or through 
the controller, and using a battery as back up. From the inverter, for regulating of voltage, it could be used 
by a regulating transformer or variac. Furthermore, the currents were flowed to the transmitter coil. Finally, 
the inductive voltages could be captured by the receiver coil, and the power supplied the LED lamps as the 
loads.  

 

Controller

DC

Battery

Inverter
(DC/AC)

Variac
(Voltage Variable)

Laptop
computer

Digital storage 
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Transmitter

coil

Receiver 
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LED 
Lamps
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Fig. 3. The experimental and measuring set up. 
 

The copper wires were for the composition of coils as the inductors. The inductors could store the 
electric energy. The pulleys were made of insulating material, used as the transmitter and receiver wrapped 
coils. The pulleys which picked the gaps and hollow, which could facilitate the wound copper wire and 
made it easy for electromagnetic field induction. Figure 4 shows the several pictures of implementation 
tools and equipment for the research experiments. These tools and equipment consisted of photovoltaic 
panel, transmitter and receiver coils, battery, controller and inverter, oscilloscope and a computer or laptop.  

 



DOI:10.4186/ej.2018.22.4.121 

ENGINEERING JOURNAL Volume 22 Issue 4, ISSN 0125-8281 (http://www.engj.org/) 125 

 
(a) Solar panel for research 

 
(b) Transmitter and receiver coils 

 
(c) Battery, controller, inverter 

 
(d) Complete set of research 

 
(e) Oscilloscope display 

 
(f) Laptop screen display 

 
Fig. 4. Several pictures of research experimental implementation. 

 
For further analyses, the voltage waveforms were analyzed by using FFTs (fast fourier transforms) in 

order to obtain the frequency spectra. Therefore, it was necessary to calculate the THDs (total harmonics 
distortions) to obtain the characteristics of voltage waveforms [46]. 
The THD could be definition as [47]  
 

 𝑇𝐻𝐷 = √V32+V52+⋯+𝑉392V1  (3) 

 
where V1 is fundamental voltage magnitude and V3 up to V39 are third up to thirty-nine were odd voltage 
harmonic magnitudes respectively which were calculated in this research. They were involved due to 
significant values. The data results for the receiver voltages due to the distance variations were approached 
by using the following equation, due to small deviations [48].  
 

 𝑉𝑟 = 𝐶 𝑒𝐴𝑑 (4) 
 
where Vr was the receiver voltages (volts) and d was the distances between transmitter and receiver coils 
(cm). While, A and C were constants those should be found out, depend on the data. To obtain the 
equations, the data should be computed by using linearized least square method based on equation (4) with 
following equations. 
 

 𝐴 =  𝑛 ∑𝑉𝑟𝑖 𝑑𝑖− ∑𝑉𝑟𝑖∑𝑑𝑖𝑛∑𝑑𝑖2− (∑𝑑𝑖)(∑𝑑𝑖)2 (5) 

 

 𝐵 =  1𝑛  (∑𝑉𝑟𝑖 −  𝐴 ∑𝑑𝑖) (6) 

 

 𝐶 =  𝑒𝐵 (7) 
 

The sample Standard Deviation  
 

 𝑠 =  √1𝑁  ∑ (𝑥𝑖 −  𝑥̅)2𝑁𝑖=1  (8) 

 
Finally, the trends of waveforms due to the variations could be discussed. 
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3. Research Results and Discussion 
 
The photovoltaic module characteristics that used in this research is listed in Table 1. it is shown that the 
maximum power was 100 watts and the voltage at maximum power was 17.5 volts. the standard test 

conditions (STC), the air mass coefficient of solar energy (AM) and the cell temperature were 1000 W/m2, 
1.5 and 25oC respectively. this condition was almost universal when characterizing terrestrial power-
generating panels [49].  
 
Table 1. Photovoltaic module characteristics. 
 

No. Parameters Quantities Units 
1 Maximum power (Pmax) 100 W 
2 Voltage at maximum power (Vmp) 17.5 Vdc 
3 Open circuit voltage (Voc) 21.5 Vdc 
4 Current at maximum power (Imp) 5.72 A 
5 Short Circuit Current (Isc) 6.46 A 
6 Maximum system voltage (V) 1000 Vdc 
7 Maximum series fuse rating (A) 12 A 
 At STC : 1000 W/m2, AM : 1.5, Cell Temperature : 25oC 

 
Figure 5 shows scatter chart the duration of solar radiation in Bandung city, in 2017, that the data were 

obtained from The Geophysical Station of Bandung. The blanks meant there was not any data or 
measurable data. The average duration of solar radiation was 4.77 hours per day. Thus, it is proper enough 
to investigate a photovoltaic electric source to further application such as a wireless power transfer. 
 

 
 
Fig. 5. Duration of solar radiation in 2017. (Source: The Geophysical Station of Bandung.) 

 
On the other hand, from the test results of 100 Wp solar panel characteristics performed at Institut 

Teknologi Nasional Bandung, it was found that the maximum and minimum measured voltages on the 
photovoltaic module were 14.12 and 10.52 volts respectively. The maximum and minimum measured 
voltages on the battery were 13.56 and 10.48 volts respectively. The flowing current on the solar panel was 
always greater than the flowing current on the battery or the load. The maximum panel current (Imax-panel), 
the maximum battery current (Imax-battery) and the maximum load current (Imax-load) were 6.20 amperes, 4.43 A 
and 7.9 mA respectively. From the results above, it can be seen that the solar panel generated energy was 
always greater than the load used energy or the battery used charging. Nevertheless, of course, these values 
were obtained when the sun is always shining. However, if the sun was covered by the cloud, especially rain, 
the photovoltaic module could not supply the battery or the load properly. Based on the measurement 
sample in last condition, the solar panel, battery and load currents were 0.76 amperes, 0.129 amperes and 
5.8 milliamperes resepectively. 
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Figure 6 shows the samples of photovoltaic panel characteristics, namely the panel voltages and 
currents on some days, i.e. 17th, 18th and 19th April 2018. In these days, the weathers were usually in rainy 
season. Therefore, the sunlight captured by the photovoltaic module was not optimal. The voltages would 
usually arise at around eight o’clock in the morning and decrease drastically at around four o’clock in the 
afternoon. The photovoltaic output voltages were only small variations, in range between 10.52 up to 14.12 
volts. They would reach the high values in the range of about 11 until 13 o’clock. On the other hand, the 
trends of panel currents tended to follow the voltage patterns, such as increasing, decreasing, valleys and 
peak curves. The currents ranged between 0.76 up to 6.2 amperes. 

 

 
 
Fig. 6. Characteristic samples of photovoltaic module. 
 

Figure 7 shows the waveforms for (a) 1 cm and (b) 15 cm of distances, on the 200 turns of transmitter 
and receiver coils. It could be observed that the amplitude of receiver voltage waveform for the distance of 
1 cm was significantly higher than that 15 cm. This case was caused by the magnetic induction from 
transmitter to receiver coils was very high in that distance of 1 cm. 

 

 
(a) 1 cm distance 

 
 

(b) 15 cm distance 

 
Fig. 7. Typical waveforms for various distances on the 200 turns. 

 
Figure 8(a) shows the frequency spectra of voltage waveforms for 1 cm, on the 200 turns of receiver 

coil. The transmitter voltage spectra were almost same due to the voltages were dominantly caused by the 
source, instead of caused by the receiver coils. After the fundamental, the significant harmonics magnitudes 
were order of 7th, 9th, 3rd, 17th, 15th and 5th respectively. Based on this condition, the THD would be very 
high. It could be calculated that the THD for receiver coil voltage was 110.58%. 
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(a) 1 cm distance (b) 15 cm distance 

 
Fig. 8. Frequency spectra for 1 cm and 15 cm distances on the 200 turns. 
 

Figure 8(b) shows the frequency spectra of receiver voltage waveforms for 15 cm, on the 200 turns of 
transmitter and receiver coils. The harmonic magnitudes of receiver voltage were practically low. Therefore, 
the THD was also practically low. It could be calculated that the THD for receiver voltage was 33.20%. 

Figure 9 shows the waveforms for (a) 1 cm and (b) 15 cm of distance, on 400 turns of transmitter and 
receiver coils. It could be observed that the amplitude of receiver voltage waveform for the distance of 1 
cm was significantly high. This case was caused by the magnetic induction from the transmitter to the 
receiver coils was significantly high due to the location of coils was very close. 

 

 
(a) 1 cm distance 

 
(b) 15 cm distance 

 
Fig. 9. Typical waveforms for various distances on the 400 turns. 

 
Figure 10(a) shows the frequency spectra of receiver voltage waveforms for 1 cm, on the 400 turns of 

receiver coil. In the receiver voltage, the significant harmonics were 7th, 5th, 9th, 15th and 13th orders. It could 
be calculated that the THD for receiver voltage was 76.42%. 
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(a) 1 cm distance 

  
(b) 15 cm distance  

 
Fig. 10. Frequency spectra for 1 cm and 15 cm distances on the 400 turns. 
 

Figure 10(b) shows the frequency spectra of receiver voltage waveforms for 15 cm, on the 400 turns of 
receiver coil. The significant harmonics in the receiver voltage were 5th, 7th, 3rd, 9th, 13th and 15th orders. 
Thus, the total harmonics was high enough. It could be calculated that the THD for receiver voltage was 
53.96%. 

Figure 11 shows the voltage waveforms for (a) 1 cm and (b) 15 cm distance, on the 600 turns of 
transmitter or sender and receiver coils. It could be observed that the amplitude of waveform for the 
distance of 1 cm was significantly high. This case was caused by the magnetic induction from transmitter to 
receiver coils was significantly high due to the location of coils was very close. 
 

 
(a) 1 cm distance 

 
(b) 15 cm distance 

 
Fig. 11. Typical waveforms for various distances on the 600 turns. 

 
Figure 12(a) shows the frequency spectra of waveforms for 1 cm, on the 600 turns of receiver coil. The 

significant harmonics in the receiver voltage were 3rd, 9th, 11th and 7th orders. It could be calculated that the 
THD for receiver voltage was 60.03%. 
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(a) 1 cm distance 

 
(b) 15 cm distance 

 
Fig. 12. Frequency spectra for 1 cm and 15 cm distances on the 600 turns. 

 
Figure 12(b) shows the frequency spectra of waveforms for 15 cm of distance, on the 600 turns of 

receiver coil. The considerable harmonics were 7th, 3rd, 13th and 15th orders. It could be calculated that the 
THD for receiver coil voltage was 45.61%. 

Figure 13 shows the graphics for sender or transmitter and receiver voltage magnitudes and sender 
current versus distance on 600 turns. It could be observed that the receiver voltages would decrease 
significantly, hyperbolically, as the transmitter and receiver coil distances increased linearly. This case was 
caused by the magnetic induction from the transmitter to the receiver coils reduced drastically as the 
distances increased. 
 

 
 
Fig. 13. Transmitter and receiver voltage magnitudes, and transmitter current versus distance on the 600 
turns. 

 
Figure 14 shows the transmitter and receiver powers as function of the distance on the 600-600 coil 

turns. The powers were the multiplication among the voltages, the electric currents and the power factors, 
where the latest referred to [50] as value of 0.99. As the distance increased, the transmitter power would 
drop gently. This case was caused by the reduction of back magnetic induction from the receiver coil that 
stay away from the transmitter coil. Thus, the current on the transmitter coil would reduce, and 
consequently, the power would also reduce. On the other hand, the receiver power would reduce drastically, 
more hyperbolically than the receiver voltage, as the distance increased. This case was caused by both the 
receiver voltage and current those also reduced drastically. As the consequence, the power curve would 
reduce more drastically than the voltage curve as the distance increased. Furthermore, the transferring 
efficiency on the receiver to the transmitter coil powers would reduce slightly as the distance between 
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transmitter and receiver coil increased. This efficiency was slight reduction, due to the beginning values 
were already low. 
 

 
 
Fig. 14. Transmitter and receiver powers and transferring efficiency versus distance on the 600 turns. 
 

Figure 15 shows the graphics for sender or transmitter and receiver voltage magnitudes and transmitter 
current versus distance on the 400 turns. It could be observed that the receiver voltages would decrease 
significantly, as the transmitter and receiver coil distances increased linearly. This phenomenon was caused 
by the magnetic induction between the transmitter and receiver coils reduced drastically as the distances 
increased linearly. 
 

 
 
Fig. 15. Transmitter and receiver voltage magnitudes, and transmitter sender current versus distance on the 
400 turns. 
 

Figure 16 shows the transmitter and receiver power on the 400-400 coil turns as function of distance. 
The transmitter power would reduce more slightly rather than the previous one, the 600-600 coil turns. 
This case was caused by the back magnetic induction from the receiver coil that getting away from the 
transmitter coil and also lower magnetic induction due to lower coil turns compared to the previous one.  
However, the receiver power would also reduce drastically as the distance increased. Nevertheless, this 
reduction was very slightlier than the previous one, in Fig. 14. While, the transferring efficiency was almost 
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same as that the 600-600 coil turns, where it reduced slightly as the transmitter-receiver coil distance 
increased. 
 

 
 
Fig. 16. Transmitter and receiver powers and transferring efficiency versus distance on the 400 turns. 
 

Figure 17 shows the curves for transmitter and receiver voltage magnitudes and transmitter current 
versus distance on the 200 turns. It could be observed that the receiver voltage magnitudes would decrease 
considerably, as the transmitter and receiver coil distances increased linearly. Nevertheless, it was slighter 
than the previous ones, due to less of turn number. 
 

 
 
Fig. 17. Transmitter and receiver voltage magnitudes, and transmitter current versus distance on the 200 
turns. 
 

Figure 18 shows the transmitter and receiver power on the 200-200 coil turns as function of distance. 
The transmitter power would be constant, even tended to very slightly increase, as the distance increased.  
This case was probably caused by the low impedance of coil, due to the lowest turn number among the 
remaining coils. The low coil impedance made the low drop voltage in the coils. However, the receiver 
power would also reduce drastically as the distance increased. Nevertheless, this reduction was very 
slightlier than the previous ones, in Figs. 14 and 16. While, the transferring efficiency was around a half 
compared to that the 600-600 or 400-400 coil turns, and it reduced slightly as the transmitter-receiver coil 
distance increased. 
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Fig. 18. Transmitter and receiver powers and transferring efficiency versus distance on the 200 turns. 

 
The THDs of voltage waveforms for transmitter coils were fairly constant, with the average of 26.75. 

Otherwise, the THDs for receiver coils depended on the distances. If the transmitter and receiver coil 
distances were close, the THDs of voltage wave spectra tent to be high, and the vice versa, the THDs tent 
to be low. This case is listed in Table 1. Furthermore, as the distances increased, the receiver voltage THDs 
would reduce considerably. Thus, the receiver voltages would be close relatively to the pure sinusoidal 
waveform. As addition, the receiver voltage THDs would reduce as the coil turns increased. Therefore, the 
receiver voltage waveforms would be close to the pure sinusoidal waveform relatively as the coil turns 
increased. On other hand, the receiver voltage THDs would decrease significantly as the distances between 
the transmitter and receiver coils increased, with the decreasing average as 38.09% based on the three 
conditions of percent reductions. While, the THDs would reduce considerably as the turn decreased, as 
25.28% for the 200 to 400 and 400 to 600 turns in the percent average on the distance of 1 cm. 

Table 2 also indicates the regression functions these related between the voltage magnitudes and the 
distances for receiver coils. On the equations, generally, the magnitudes would rise as the coil turns 
increased. Besides that, on the high coil turns, the relating curves would be more declivous than those the 
low coil turns. This case was predicted that in the high coil turns, the generated electromotive forces would 
be high and vice versa. The data deviations compared to the regression results were still very low, those 
were under 15%. 
 
Table 2. THDs for various distances. 
 

Coil  
turns 

Distance  
(cm) 

Transmitter voltage  
THDs (%) 

Receiver voltage 
THDs (%) 

Regression  
function (V & cm) 

Deviations 
(V) 

200 
1 25.55 110.58 𝑉𝑟 = 0.891 𝑒−0.170𝑑   0.047 
15 26.27 33.20 

400 
1 30.57 76.42 𝑉𝑟 = 1.907 𝑒−0.166𝑑 0.111 
15 26.55 53.96 

600 
1 25.20 60.03 𝑉𝑟 = 1.973 𝑒−0.146𝑑 0.079 
15 26.35 45.61 

 
It is shown that for the three turn numbers, the receiver voltage magnitudes would decrease drastically 

as the distances between the transmitter and receiver coils increased. The receiver voltage magnitudes 
would also decrease considerably as the turns reduced, with the average reductions as 0.095 volts and 0.357 
volts, from 600 to 400 and 400 to 200 turn reductions respectively. 
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Figure 19 shows the waveforms for one and five lamps of load, on the 200 turns and 2 cm distance. It 
is shown that the transmitter voltage waveforms were similar, for both (a) one lamp of load and (b) five 
lamps of load. However, both receiver voltage waveforms and magnitudes were different, due to magnetic 
induction in the different distance. 
 

 
(a) one lamp 

 
(b) five lamps 

 
Fig. 19. Typical waveforms for one and five lamps of load on the 200 turns and 2 cm distance. 
 

Figure 20(a) shows the receiver voltage waveform frequency spectra for one lamp load on the 200 turns 
and 2 cm distance. The significant harmonics were 3rd, 5th, 19th,17th, 21st, 7th and 15th. It could be calculated 
that the THD for receiver voltage was 114.06%. 
 

 
(a) One lamp load 

 
(b) Five lamp load 

 
Fig. 20. Receiver voltage frequency spectra for one and five lamps of loads on the 200 turns and 2 cm 
distance. 
 

Figure 20(b) shows the receiver voltage waveform frequency spectrum for five lamp load on the 200 
turns and 2 cm distance. The significant harmonics were 3rd, 5th, 7th and 9th.  It could be calculated that the 
THD for receiver voltage was 101.33%. 

Figure 21 shows the waveforms for (a) one and (b) five lamp loads, on the 400 turns and 2 cm distance. 
The voltage magnitude of receiver coil was slightly reduced on the load of five lamps, rather than on the 
one lamp only. This phenomenon was caused by the occurrence of drop voltage, due to the loading current 
and impedance on the lines. 
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(a) One lamp 

 
(b) Five lamps 

 
Fig. 21. Typical waveforms for various lamp loads on the 400 turns and 2 cm distance. 

 
Figure 22(a) shows the frequency spectra of receiver voltage waveforms for one lamp load on the 400 

turns and 2 cm. It could be calculated that the THD for receiver voltage was 73.96%. 
 

 
(a) one lamp load 

 
(b) five lamp load 

 
Fig. 22. Frequency spectra of receiver voltage waveforms load on the 400 turns and 2 cm distance. 
 

Figure 22(b) shows the frequency spectra of receiver voltage waveform for the five lamp load on the 
400 turns and 2 cm distance. The significant harmonics were 7th, 5th, 13th, 5th and 19th orders. It could be 
calculated that the THD for receiver voltage waveform was 68.88%. 

Figure 23 shows the transmitter and receiver voltage waveforms for one and five lamps, on the 600 
turns and 2 cm distance. The receiver voltage magnitude on the five lamp load was lower than that on the 
one lamp load. This occurrence was caused by the drop voltages due to loading current and impedance on 
the lines. 
 

 
(a) one lamp (b) five lamps 

 
Fig. 23. Typical waveforms for various lamp loads on the 600 turns and 2 cm distance. 
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Figure 24(a) shows the frequency spectra of receiver voltage waveform for the one lamp load on the 

600 turns and 2 cm distance. The significant harmonics were 3rd, 9th, 7th and 11th. It could be calculated that 
the THD for receiver voltage was 55.41%. 
 

 
(a) one lamp load  

(b) five lamp load 
 
Fig. 24. Frequency spectra of receiver voltage waveform on the 600 turns and 2 cm distance. 
 

Figure 24(b) shows the frequency spectra of receiver voltage waveform for the five lamp load on the 
600 turns and 2 cm distance. The considerable harmonics were 3rd, 9th, 11th, 7th and 13th orders. It could be 
calculated that the THD for receiver voltage was 57.00%. 

Figure 25 shows the graphic for transmitter and receiver voltage amplitudes versus lamp number on the 
200 turns. It was observed that the receiver voltage reduced slightly as the load of lamp number increased, 
and the transmitter voltage was maintained at the constant value. The average decline of receiver voltage 
amplitude due to the lamp loading was -23.34% as the constant transmitter voltage amplitudes of 13.2 Volt. 
 

 
 
Fig. 25. Transmitter and receiver voltages versus lamp number on the 200 turns of coil. 
 

Figure 26 shows the graphics for the transmitter and receiver voltage amplitudes versus lamp number 
on the 400 turns of coil. As it was observed that the receiver voltage reduced slightly as the load of lamp 
number increased, and where the transmitter voltage was maintained at the constant value. The average 
decline of receiver voltage amplitude due to the lamp loading was -0.56% as the constant transmitter 
voltage amplitudes of 12.5 Volt. 
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Fig. 26. Transmitter and receiver voltage amplitudes versus lamp number on the 400 turns. 
 

Figure 27 shows the graphics for the transmitter and receiver voltage amplitudes versus lamp number 
on the 600 turns. As it was observed that the receiver voltage reduced slightly as the load of lamp number 
increased, and if the sender voltage was maintained a constant value. The average decline of receiver voltage 
amplitude due to the lamp loading was -1.96% as the constant transmitter voltage amplitudes of 13.5 Volt. 
 

 
 
Fig. 27. Transmitter and receiver voltage amplitudes versus lamp number on the 600 turns. 
 

Base on the three coils of loadings, the declines of the receiver voltage amplitudes would be smaller on 
the high coil turns. This case indicated that the higher coil turns, the receiver coil voltage would be more 
immune to the loadings. 

Table 3 lists the THDs on various LED lamps as the loads. As the load increased, the THDs would 
decrease slightly. From one to five lamps, the THDs reduced up to 12.73%. While, the THDs reduced due 
to coil turn numbers were between 11.88% up to 40.1%, for 200, 400 and 600 coil turns. Thus, the receiver 
voltage harmonics were dominantly influenced by the coil numbers, rather than the loads. The receiver 
voltage THDs reduced significantly as the coil numbers increased. The voltage magnitudes would decrease 
slightly as the load increased where from one to five lamps, the voltage reductions were 0.489, 1.334 and 
1.482 volts respectively for 200, 400 and 600 turns. 
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Table 3. THDs for various loads. 
 

Coil turns Lamps (pcs) 
Transmitter voltage 

THDs (%) 
Receiver voltage 

THDs (%) 

200 
1 30.67 114.06 
5 34.50  101.33 

400 
1 26.28  73.96 
5 25.06  68.88 

600 
1 26.86  55.41 
5 26.44  57.00 

 
Figure 28 shows the voltage waveforms for (a) 1.4 Volt rms and (b) 5.2 Volt, for voltage variation. It is 

roughly shown that the receiver voltage would, on the lower one, to be far from the pure sinusoidal 
waveform. Otherwise, the high amplitude, the waveforms were close to be sinusoidal waveform relatively. 
 

 
(a) 1.4 Volt rms of transmitter voltage 

 
(b) 5.2 Volt rms of transmitter voltage 

 
Fig. 28. Typical waveforms for various voltage magnitudes. 
 

Figure 29(a) shows the frequency spectrum of receiver voltage waveforms for 1.4 Volt rms and 5.2 Volt 
rms of sender voltages. The considerable harmonics were 3rd, 9th, 11th, 7th and 13th orders. It could be 
calculated that the THD for receiver voltage was 64.45%. 
 

 
(a) 1.4 volts rms of transmitter voltage 

 
(b) 5.2 volts rms of transmitter voltage 

 
Fig. 29. Frequency spectra of receiver voltage waveforms. 
 

Figure 29(b) shows the frequency spectra of waveforms for 5.2 volt of transmitter voltage. The 
considerable harmonics were 3rd, 11th, 13th, and 9th orders. The calculated THD for receiver voltage was 
55.47%. 

Table 4 lists the THDs of transmitter and receiver voltage waveforms on the two samples of voltage 
amplitudes. The receiver voltage THDs would reduce as the voltage amplitudes increased. For this case, 
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from 1.4 to 5.4 V volts rms of the transmitter voltages, the THDs reduced up to 13.93%. It was very 
considerable. Therefore, the high of voltage amplitudes, the voltage waveforms would tend to be pure 
sinusoidal. 
 
Table 4. THDs for various voltages. 
 

Voltage (V) 
Transmitter voltage  

THDs(%) 
Receiver voltage  

THDs(%) 
1.4 23.35 64.45 
5.2 24.34 55.47 

 
Figure 30 shows the graphic plot for receiver versus harmonics voltage magnitudes. It could be 

observed that the receiver voltage magnitudes increased steep linearly as the transmitter voltage magnitudes 
increased. Nevertheless, the receiver voltages were considerably lower than the transmitter ones, by the 
average ratio on the receiver to transmitter voltage magnitudes as 9.30. On other hand, the THDs of 
receiver voltages would reduce considerably as the transmitter voltage magnitudes increased, with 8.98% 
reduction for 1.4 to 5.2 volts of the transmitter voltage magnitudes. 
 

 
 
Fig. 30. Receiver versus transmitter voltage magnitudes. 
 

Figure 31 shows the efficiency against to LED numbers of burden. These data were obtained on the 
photovoltaic panel voltage ranged 12.5 up to 14.1 volts, so that it could be said relatively constant. 
Efficiency would rise as the LED numbers increased, as increasing burden, and so that the current would 
increase too. Nevertheless, the increasing efficiency would be saturated as constant values. 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 1 2 3 4 5 6

Transmitter Voltage (V)

R
e
c
e
iv

e
r 

V
o

lt
a
g

e
 (

V
)



DOI:10.4186/ej.2018.22.4.121 

140 ENGINEERING JOURNAL Volume 22 Issue 4, ISSN 0125-8281 (http://www.engj.org/) 

 
 
Fig. 31. Efficiencies versus LED numbers on various turn number. 
 

Figure 32 shows the transmitter and receiver power versus the LED numbers as function the burden. 
Both transmitter and receiver powers would very slightly increase as the additional LED numbers of 
burden. This phenomenon was probably caused by the addition of LED would only made the small 
increasing current, due to the rating power of LEDs was very small, that was only 0.1 watt. 
 

 
 
Fig. 32. Powers versus LED numbers on various turn number. 

 
Figure 33 shows the efficiency curves as function of the turn number on five LED burden numbers. 

Generally, the efficiency would rise significantly as the coil turns increased. Otherwise, the efficiency would 
also rise as the LED number increased. Nevertheless, the latter was significantly lighter than that the former. 
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Fig. 33. Efficiency versus turn numbers on various LED burden numbers. 
 

Figure 34 shows the curves on the transmitter power, receiver voltage and efficiency versus the 
transmitter voltage.  
 

 
 
Fig. 34. Powers, receiver voltage and efficiency versus transmitter voltage on 600-600 turns. 
 

Refer to previous one [45] and based these research results, the voltage, current and power on the 
receiver coils were depended drastically on the transmitter and receiver coil distances, significantly on the 
number of coil turns and slightly on the burdens. The first two parameters were dominantly caused by the 
magnetic field induction in the coils, and the last parameter was dominantly caused by the voltage drops, 
due to electric currents and impedances. The parameters those to be concerned in wireless power transfer 
system are system performance, time, cost, losses, reliability and safety. The system performance was 
moderate, where it was necessary the voltage system to be fairly constant or to be in certain range. The time 
taken to switch on the system was less due to not always in switch on condition. In the small scale or 
laboratory scale, the cost was high. As an example, based on the conducted research, it was required around 
USD 250, excluding the photovoltaic module. The losses were very high, where it was indicated by very low 
efficiency. The reliability was same as the system performance as moderate. Nevertheless, it was higher in 
safety. For the example, it was short circuit occurred in the transmitter system side, the photovoltaic 
module was most likely still safe, also depended on the magnitude of short circuit current. Besides that, in 
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this case, the magnetic inductions were still in safe condition. This was different from if changed directly to 
the alternating current voltage which cause a probably electrocution. The conditions on above parameters 
were in wireless power transfer, compared to the wired system. Of course, in this wired system, the 
conditions were in vice versa. 
 
4. Conclusion 
 
From the experiments using the solar panel source and inverter, with the frequency of 50 Hz, it could be 
obtained that the transfer power in wireless could operate properly. The receiver voltage magnitudes would 
decrease drastically, in hyperbolic curves, as the distances between the transmitter and receiver coils 
increased. The receiver voltage magnitudes would decrease considerably as the turns reduced, with the 
average reductions as 0.095 and 0.357 volts, from 600 to 400 and 400 to 200 turn reductions respectively. 
The THDs in the transmitter voltages were fairly constant, as average of 26.75%. Nevertheless, the receiver 
voltage THDs would decrease significantly as the distances increased, with decreasing average as 38.09% of 
the three condition percentage reductions. While, the THDs would reduce considerably as the turns 
decreased, as 25.28% of percent average for the 200 to 400 and 400 to 600 turns on the one cm of distance. 
Otherwise, the voltage magnitudes would decrease as the loads increased where from one to five lamp 
loads, as 0.489, 1.334 and 1.482 volts reductions for 200, 400 and 600 turns respectively. The THDs would 
decrease slightly as the loads increased, with the reducing average of 5.4% from one to five lamp loads, for 
the three conditions of turns. The receiver voltage magnitudes would increase steep linearly, with the 
average ratio of one per 9.30 as the transmitter voltage magnitudes increased. Nevertheless, the THDs of 
receiver voltages would reduce considerably as the transmitter voltage magnitudes increased, with 8.98% 
reduction for 1.4 to 5.2 volts of the transmitter voltage magnitudes. 

The receiver power would reduce more drastically, compared to the above voltages, as the distance 
increased. This case was caused which the powers were influenced by both electric voltage and current. The 
efficiency would also reduce drastically as the distance increased. Nevertheless, it was gentler than the 
power, because the early values have already been low. Both parameters were significantly influenced by the 
coil turns, which the efficiency would be lower as the coil turns reduced. Based on the research results, the 
maximum transferring efficiency was 0.0615. The efficiency would slightly increase, and tended to be 
saturated toward a certain value as the load increased. Therefore, most likely, in the future, the coil turns 
should be increased. 
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Nomenclatures 
 
A,B,C,D : constants that need to be obtained Pt : power of transmitter 
AC : alternating current Pr : power of receiver  
bmp : bitmap image s : standard deviation 
csv : comma-separated values THD : total harmonic distortion 
d : variable of distance V1 : fundamental voltage magnitude 
DC : direct current V3, V5, . . . , V39 : odd order from third to thirty-nine 

voltage harmonics 
e : Euler's number (2.718…) Variac : AC voltage variable 
emf : electromotive force Vr : voltage based on regression 
FFT : Fast Fourier transform Wp : watt peak 
i1 : electric current in circuit 1 1 : linkage magnetic flux in coil 1 
i2 : electric current in circuit 2 11 : linkage magnetic flux in coil 1 against coil 1 
i (subsribe) : order of data 12 : linkage magnetic flux in coil 2 against coil 1 
kWh : kilo Watt hour 2 : linkage magnetic flux in coil 2 
LED : light-emitting diode 21 : linkage magnetic flux in coil 1 against coil 2 

https://en.wikipedia.org/wiki/Comma-separated_values
https://en.wikipedia.org/wiki/Fast_Fourier_transform
https://en.wikipedia.org/wiki/Light-emitting_diode
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m2 : square meter 22 : linkage magnetic flux in coil 2 against coil 2 
MW : mega watt 1 : phase angle on circuit 1 
n : number of data 2 : phase angle on circuit 2 
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