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Electrical energy can not be separated from the name kWh Meter, a tool used
to measure and record the amount of electrical energy usage has a shortage of
kWh meters can not be monitored remotely how much energy is used, so it is
rather inconvenient for PLN officials to check the use of electricity for
postpaid customers. This research was conducted to design a prototype of a
wireless electrical energy transmission system and design a wireless
electrical energy recording system using the NRF24L01 wireless transmitter
module and the PZEMO004T kWh meter module. The design in this study
uses the principle of electromagnetic induction to transfer electrical energy at
close range, while to transmit data, the authors use the NRF24L01 module.
Besides, the authors use the PZEMO004T module to measure various
magnitudes. Based on the results of observations and measurements of the
design of the tool, the authors found that the transmission of electrical energy
using electromagnetic induction is not effective for longer distances because

the energy lost in the air is getting bigger. So this technology needs to be
further investigated. Besides, the measurement of electrical quantities using
the PZEM module has a small difference (under 2%) with measurements
using a multimeter, so it can be said that the measurement with the
PZEMO004T module is effective.
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1. INTRODUCTION

The increasing number of human population causes problems to fulfill human needs more and more
diverse [1]. One of them is meeting the needs in the field of energy resources to support the activities of daily
human life. According to the Big Indonesian Dictionary (KBBI), energy is power (strength) that can be used
to carry out various process activities, for example, it can be part of a material or not bound to the material
(such as sunlight) [2]. Energy cannot be created nor can it be destroyed. Therefore to get a form of energy
can be obtained by changing the energy in other forms [3, 4].

Electricity is an example of this form of energy. Electricity is the most flexible form of energy
because it can be obtained from all forms of energy [5, 6]. Because of its flexibility that is why electrical
energy is the energy most widely used by humanity. Electricity cannot be separated from human life today,
because almost every area/sector of life uses electricity as a source of energy [7], Besides, almost all office
household equipment, hospitals, and others are electronic equipment that can be operated only with
electricity [8].
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The electrical energy that is often used in daily life is alternating electricity (AC) obtained from the
results of generation through generators at power plant centers (power plants) [9, 10]. Electricity generated
from the generator is then channeled through a conduit that ultimately leads to consumers [11]. In the process
of channeling electrical energy through conductors, sometimes encountered various obstacles where the use
of conductors is not reliable, such as thick walls that are high/wide, electrical loads that move around
(mobile), humid and wet environments (such as bathrooms), etc. other. Besides, the heat that arises in the
conductor as a result of the existence of internal resistance to the conductor can reduce the efficiency of
energy transmission due to wasted energy [12, 13].

Talking about electrical energy is inseparable from the name kWh Meter, which is a device used to
measure and record the amount of electricity used [14, 15]. One of the shortcomings of kWh meters that is
often found is that it cannot be monitored remotely how much energy is used, so it is rather inconvenient for
PLN officers to check electricity usage for postpaid customers. Besides, the use of electrical energy that can
be monitored directly from a distance can provide convenience for the homeowner [16-19].

Based on the description of the problems above, this research was carried out to design a prototype
of a wireless electrical energy transmission system and design a wireless electrical energy recording system
using the NRF24L01 wireless transmitter module and the PZEMO004T kWh meter module.

2. RESEARCH METHOD
2.1. Electric energy wireless transmission

The basic working principle is to produce the largest frequency possible on the transmitter coil so
that the energy efficiency distributed can be as large as possible. The working principle is shown in Figure 1.
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Figure 1. Work Block Diagram of Electric Energy Transmission System Through the Air

2.2. Measurement and recording of electrical energy wirelessly

The working system of this tool starts when the PZEMOOAT sensor detects voltage, current, power,
and energy according to the installed load. The data is forwarded to Arduino for processing and the
NRF24L01 module is forwarded as the data sender and the NRF24L01 module is accepted as the data
receiver. This data is then forwarded to Arduino for further processing. The results of data processing are
then sent to the LCD for display. The function of the buzzer is to give a warning when the use of electrical
energy exceeds a predetermined limit. This work system can be seen in Figure 2 about the block diagram of
the measurement and recording system of electrical energy wirelessly.

2.3. Body design

To make the tool body, the materials used are as follows: White plywood, plain plywood,
Aluminum iron, Aluminum sheet, Aluminum elbow, 360 ° wheel, Mica glass, Hinges. While for body design
drawings, the author uses the SketchUp Pro 2015 software as seen in Figure 3. While for body design
drawings, the author uses the SketchUp Pro 2015 software. The appearance of the SketchUp pro-2015
interface can be seen in Figure 4.
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Figure 2. Block diagram of a system for measuring and recording electrical energy wirelessly
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Figure 4. Tool body design

2.4. Design of electronic circuits and modules
1. Sender Series
The series of senders here for the 2 types, namely as shown in Figure 5, where the 2 types of images are:
a. Images with thin black lines and component images in the form of symbols are electronic circuits
which are a series of electrical energy transmission systems.
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b. Images with thick colored lines and component images in their true form are a series of modules
which are a series of electrical energy data transmission systems.
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Figure 5. Sender circuit cable scheme

2. Receiver Circuit

The receiver circuit above consists of 2 receiver components, namely the NRF24L.01 module as the
data receiver and the receiver coil as the electrical energy receiver. Data received by NRF24L01 is forwarded
to Arduino for further processing and display on the LCD and sound the buzzer if the electrical energy
consumption exceeds the limit. The energy received by the receiver coil is used to turn on the LED as an
indicator that electrical energy transmission is successful. a schematic drawing of the receiver circuit is
presented in Figure 6.
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Figure 6. Receiver circuit wiring scheme
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2.5. Programming language design

For modules and components that have been assembled to work following the intended purpose, it is
necessary to program the Arduino module [20-22]. Arduino as the brain regulates the direction of data flow
from input to output and works according to the algorithm [23]. The programming language used in the
Arduino module is C ++, while the compiler that I use is Arduino IDE 1.87 [24, 25].

3. RESULTS AND DISCUSSION
3.1. General explanation
The main circuit for sending electrical energy without wires is shown in Figure 7.
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Figure 7. The main circuit of sending electrical energy wirelessly

3.2. Work principle

Electricity flows into the transformer and is reduced from 220volts of the primary side to 12volts of
the secondary side. Placement of 2 diodes 5A is as a full-wave rectifier [26]. Passing the capacitor as a filter
toward the dc regulator. The output of this DC regulator is a straight DC (constant). From the voltage
regulator exit to the gate mosfet. But before heading to the gate current will flow through the diode IN5402
towards the capacitor and the sending coil (capacitor filling). Because IN5402 diode resistance is very small
(forward bias resistance) so that most of the current will flow through the diode, as a result, the gate is not
triggered and the mosfet is OFF. When the capacitor has finished charging, the capacitor will act as a 'battery'
so that most of the current will pass through the mosfet gate, so the mosfet is ON. Because the mosfet ON
will be the current from the capacitor will not flow into the coil (because of the large coil resistance) but
flows through the drain to the source mosfet. When the capacitor is used up, the current flows back to the
diode and the mosfet is OFF and this process will repeat continuously. Thus, oscillations occur in the sending
coil circuit.

The goal to be achieved from the above circuit is to produce oscillating electrical energy (AC) with
a very high frequency in the sending coil (transmitter coil). Changes in the electric field (because electricity
continues to oscillate with a large frequency) causes changes that are directly proportional to the magnetic
field. Therefore, if we place a conductor (receiver coil) in a changing magnetic field, then according to the
GGL induction law that "if a conductor is enclosed by a changing magnetic line of force, then between the

ends of the conductor will appear different potential ". The magnitude of the induced emf is e = —N %.

From the equation, it is seen that to obtain a largely induced emf, large magnetic flux changes are needed in
the smallest time possible. That is why the frequency of electricity used must be high.
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3.3. Testing of wireless electric energy transmission systems
1) 1C7812

Tests carried out by looking at the amount of voltage that comes out at the foot of the IC output
when the input is given a certain voltage.
2) Diode 1N5402

Tests carried out by looking at the value of resistance between the cathode foot and the anode during
the forward bias and reverse bias states.
3) IRF2807

The test is done by measuring the amount of resistance between the drain and source feet when there
is no potential difference between the gate and source feet and when there is a potential difference between
the gate and source feet.
4)  Measurement of maximum and minimum distance

Maximum distance: 13 cm

Minimum distance: 3 cm

At a distance of less than 3 cm, there will be a back induction from the receiving coil on the sending
coil. This is indicated by the occurrence of small vibrations in the sending circuit. At a distance of more than
13 c¢m, the voltage induced on the receiving coil is too small, so that the LED does not light up.
5) Measurement of voltage to variable distances (no load)

Result of measurement of voltage to variable distances without load is presented in Table 1. The
measurement results shown in the table above are presented in graphical form in Figure 8.

Change in Output Voltage With Distance
Table 1. Results of measurements of output voltage 14

over distance variables
Distance between coild (cm) Output voltage (volt)

3 12
5 8,6
7 7,7
9 5
11 2
13 0,8

Figure 8. Change in output voltage with distance

6) Measurement of voltage to variable distance (with load)
Results of measurement of voltage to variable distance with load is presented in Table 2. The
measurement results shown in the table above are presented in graphical form in Figure 9.

Change in output voltage with distance

Table 2. Results of measurements of voltage to . (with load)
variable distances (with loads)

Distance between coil (cm) Output voltage (Volt) ~ '
3 95 s
5 76 : \?
7 55 g \
9 37 .

11 14
13 08

Figure 9. Change in output voltage with distance
(with load)
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7)  Remote Electrical Energy Recording System

The load that the author uses are: 12 Watt Philips Bulb, 40 Watt Solder, 108 Watt Fan, 240 Watt
Drill, 570 Watt Gurinda.
8) PZEMO004T module reading

The results of the PZEMO04T module readings from the test results are presented in Table 3.

Tabel 3. Result of PZEM004T module reading

Beban Voltage (Volt) Flow (Ampere) Power (Watt)
12 Watt Philips bulb 204 0,07 10
40 Watt Solder 203,6 0,13 27
108 Watt fan 200 0,44 87
240 Watt drill 199,10 0,5 100
570 Watt Grinding 198 0,92 183

9) Voltage Measurement
The formula for calculating the difference in measurement error is as follows:

|Multimeter measuring voltage — PZEM004T measuring voltage|

x 100% 1)

Multimeter measuring voltage
Based on the above equation, can be calculated the difference in error for measuring the voltage
drop against the load being tested which is presented in Table 4. The voltage difference obtained from the

measurement results with the PZMEOQO4T module on the multimeter measured voltage measurement results
is shown in Figure 10.

Tabel 4. Result of VVoltage Measurement
The measured voltage of the PZEMO004T Measured voltage Error Difference

Load

module (Volt) Multimeter (\Volt) (%)
12 Watt Philips bulb 204 205 0,48%
40 Watt Solder 203,6 204 0,196%
108 Watt fan 200 200 0%
240 Watt drill 199,10 200 0,45%
570 Watt Grinding 198 195 1,53%
Voltage drop against various loads
Uo
o e -

Figure 10. voltage drop against various loads
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4.  CONCLUSION

The conclusion obtained from the wireless energy transmission system is: the amount of voltage
induced in the receiving coil is inversely proportional to the distance between the two coils. The greater the
distance between them, the smaller the induced voltage. The greater the distance between the two coils, the
dimmer the light will be, which indicates that the power received by the lamp is getting smaller. The farther
from the coil, the fewer lines of magnetic force so that it can be concluded that energy is lost in the air.
Mounting loads can cause large stress drops. Meanwhile, for the Wireless Electrical Energy Recording
system are: Measurement of electrical quantities using the PZEMO004T module can be said to be accurate
because it has a difference between the measurement error and the Multimeter below 5%. The greater the
electric load, the greater the voltage drop, and the greater the load, the greater the difference in measurement
percentage.
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