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MNpBa MefyHapozHa koHdepeHumja ETVIMA
First International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts and professionals from the field of
technical sciences in one place as a forum for exchange of ideas, to strengthen the multidisciplinary
research and cooperation and to promote the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference where contributed more than sixty colleagues, from
six different countries with forty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’21 by presenting the results of their current research activities and by launching the new ideas
through many fruitful discussions.

We invite you and your colleagues also to attend ETIMA Conference in the future. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information in direct contact, as well as to enjoy the social events together.

The Organizing Committee of the Conference
IIPE/ITOBOP

Merynapoanata konpeperuuja Enexmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
opraHu3MpaHa oJi cTpaHa Ha ENeKTpOoTeXHUUKHUOT paKkynTeT npu YHuBep3uteToT [ome Jemues.
ETUMA wuma 3a men ma ru cobepe Ha €IHO MECTO HAYYHHUIUTE, Mpodecopute, eKCHEepTUTE H
npodeCHOHAIIINTE O] MTOJIETO Ha TEXHUYKUTE HAYKH U Ja IIpeJicTaByBa (OopyM 3a pa3MeHa Ha UJCH, a
IO 3ajKaHyBa MyJITHIUCIUIUTHHAPHOTO HCTPAXKYBamkhe U cOpadOTKa U J1a TH POMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamba M HUBHOTO BJIMjaHHE BpP3 CEKOj aclekT of kuBeewmeTo. Ce HazeBaMe JeKa OBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
UCTpaXyBamaTa U pa3BojoT Ha IIOJIETO HAa TEXHOJIOTHjaTa.

Kondepennujata ETUMA ce onpika online u Ha Hea Jjajioa CBOj JOIMPHUHOC MOBEKE OJ1 IIEECET aBTOPH
O]l IIECT PA3IIMYHK 3eMjU CO YETUPHECET TPYIA.

Cakame 512 ja nckakeMe Hamiata OJaroJapHOCT O CHUTE KOJIETM KOHM JOIpHHEcOoa 3a YCIEXOT Ha
ETHMA’21 co npe3eHTHpame Ha pe3yaTaTH O] HUBHUTE TEKOBHU HCTPaXKyBama U CO JAHCHPAme Ha
HOBH HJIEU NPEKY MHOTY IJIOJHHU TUCKYCHH.

Be nokanyBame Bue u Bammte xonern na 3emere ydectBo Ha ETVIMA u Bo mnanna. BepyBame nmexa
CIEIHHOT MaT K& UMaMe MOXHOCT Ja C€ CpeTHeMe, Ja pa3MEHUME HUJEH, 3HACHE U KOPHUCHU

I/IH(l)OpMaIH/II/I BO IUPEKTCH KOHTAKT, HO UCTO TaKa Ja Y)KMBaM€ 3a€IHO U BO APYIITBCHUTC HACTaHU.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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MEASUREMENT ON COMPENSATION CAPACITANCE IN
INDUCTIVE NETWORK BY MICROCONTROLLER
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Abstract

In the paper are presents the results of a practically realized prototype on an microcontroller circuit for
determined on the compensation capacitance in inductive network. In energy networks with high inductive
load the reactive energy is high and therefore these networks operate with a low power factor. In such
networks to reduce the reactive energy are installed compensating capacitors. The solution in the paper
determines the required capacitance in inductive networks to reduce reactive energy and increase the power
factor to one unit. The realized measuring circuit, in addition to determining the value of the compensation
capacitor, determines the current, voltage, active power, active energy and reactive energy. The circuit is
based on Atmega 328 microcontroller and smart power meter PZEMO004. The capacitance value is visualized
on an LCD display, and the values of current, voltage, active power, compensation capacitance and power
factor are displayed on a serial monitor on the computer.

Key words
Power meter, Microcontroller, Measurement capacitance.

1. Introduction

In power industrial plants, AC and DC motors are mainly used as actuators. They are inductive
consumers and contribute to increasing reactive power (energy). The increase of reactive power
is related to the decrease of the power factor and thus the decrease of the active power at the
same apparent power. In power plants with AC or DC motors connected directly to the power
network, the reason for the reduction of the power factor is the increase of the phase angle
between the voltage and the current. This increase is caused by the inductive nature of electric
motors.

The situation is similar at actuators supply by converters. Due to the change in the inductance
of the load leads to a reduction of the power transfer from the converter to the load.

From interest is the power transferred from the power network (or converter) on the load be
maximal. Often due to the change in the parameters of the output circuit of the converter, this
power is not always maximal [1], [2], [3]. To maintain maximum transferred power from the
converter to the load, is needed knowledge of the parameters that affect the power. Independent
of the type of process controlled by the converter, motor drive or induction device, etc., causes
leading to a reduction in the transferred power are related to increasing the phase difference
between the voltage and the current of the converter as well the deviation of duty cycle of value
0.5. The change in the phase difference is caused by the change of parameters (inductance,
resistance, and capacitance) of the output circuit of the converter. To changing the duty cycle
on the output voltage of the converter comes as a result of the need to change the effective
value of the output voltage, with target to controlling the output power of the converter. The
change on the phase difference leads to an increase in reactive power and a reduction in the
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active power of the converter. And reduction of the duty cycle from 0.5 increases the harmonic
distortion of the output voltage and current of the converter. Both reasons reduced the output
active power and efficiency of the converter [4], [5], [6] [7].

In Fig. 1 is shown the electrical scheme of inductive actuators which is supply from full bridge
converter. A typical inductive actuator is a device for induction heating of metal materials. The
nominal initial values of the actuator parameters are: R =0.24 Q, C = 26,6 uF and L = 26,5 pH

[8].
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Fig. 1. Electrical scheme of inductive actuators which is supply from full bridge converter.

In Fig. 2 shows the output voltage and current waveforms on the converter from Fig. 1. In
induction heating/melting and similar applications the heated workpiece equivalent electrical
parameters are part of the resonant circuit. As the work-piece temperature increases, its
equivalent resistance and inductance change, thus changing the circuit resonant frequency.
Consequently, the deviation of the switching frequency from the resonant one is also changed,
which results in undesired change of output power. The typical R and L change during metal-
piece induction melting is in the range of 50%. These real values are used as an example in the

following investigation giving the values for the resonant frequency wo = 37665 rad/s, fo =
5998 Hz [9], [10].
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Fig. 2. Output voltage and current waveforms on full bridge converter loading with inductive load.

The mode of induction heating changes the value of the resistance and inductance of the
resonant circuit of the converter. This leads to a change in the phase difference between the
current and the voltage of the converter and the change of the output power. In Table | are
given the values on the switching frequency fsw , output voltage Uo, output current lo, output
power P, and phase difference ¢ for chance the inductance for 20 %, i.e.: change on L from

21



26.5 uH on 31.5 pH.

TABLE I: VALUE ON OUTPUT CONVERTER PARAMETERS FOR CHANGE ON
INDUCTANCE FROM 20%

LR @ | fuw |l |U] P
[(wH] | [Q] | [ |I[kHZ] | [A] | [V] ]| [KVA]
26,5 | 0,24 | 500 | 6.27 | 208 56 | 107
315 | 0,29 | 31,34 | 6.27 | 145] 56 | 6,16

From Table I it can be seen that a change of R and L by 20% causes a change of the phase angle
for 63 % and change on the power for 58 %. In the Table Il is given value on compensation
capacitance which is needed to compensate for the change in inductance and the phase angle ¢
and the power Po to remain unchanged.

TABLE I: VALUE ON COMPENSATION CAPACITANCE AND POWER
L R C i fsw Io Uo PO
[uH] | [Q] | [wF] | [ |[kHz] | [A] | [V] | [KVA]
26,5 0,24 | 266 | 5.00 | 6.27 | 208 | 56 | 10,7
31,510,241 21.28 | 5.00 | 6.27 | 208 | 56 | 10.7

From Table I1 it can be seen that if a capacitor is installed in the circuit whose value is changed
by 20 %, it will compensate for the change in inductance and the circuit will operate with
constant power.

2. Design on microcontroller circuit for measurement on compensation capacitance

In this part an microcontroller (microcomputer) power meter is designed. The designed
solution will collect data for the current from current transformer and the voltage on which is
connected device in industrial power process. In the Fig. 3 is shown block diagram of the
specific microcontroller circuit, [8], [9], [10] [11].

calculated mesaurement
micmcnntmllelr values values
iy |1 _ _ industral
| power
— process
T process -
- signal
I —— | process
remote control | ~—W|* ety | power
1~ < | powermeter | CUTEM | device
Y = G | 4 ~1_F :
: voltage
e measurement
=" PF| & and
 — calculated

PC LCD
data display

Fig. 3. Block diagram of the specific solution of an microcontroller power meter.

The main part of this power meter is the microcomputer. In the solution is selected the
microcontroller Atmega 328P [12]. Microcontroller power meter takes data on the current and
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the voltage from the power device. The current data is taken with a current transformer. The
voltage data is obtained from the voltage of the device terminals. Based on the current and
voltage, the power meter calculates power, capactance and power factor and sends it to the
microcomputer together with the current and voltage data. In the Fig. 3 calculated values are
marked as: 1 is the data for voltage marked as V, 2 is the data for current marked as A, 3 is the
data for power marked as W, 4 is the data for capacitance marked as C, and 5 is the data for
power factor marked as PF. The power meter is connected to the microcomputer with the serial
port. Based on the values of these parameters, the microcontroller according to the developed
algorithm calculates the value of the compensation capacitance and displays it on the LCD
display. Also the microcontroller sends data on the current values of the quantities, on a
personal computer in serial monitor.

In the Fig. 4 is shown the connection diagram of the realized solution.

i2C 16x2 LCD Screen

elgg

pin A4 in Atmega
328P

pin A5 in A%mega
328P

PZEM-04T
.'m ag—
f—-’—! i ’ a Load
- _ ] ,

é’(zrggga pin Tx in Atmega
328P

pin Rx in Atmega
328P

Fig. 4. Connection diagram of the realized solution.

Figure 4 shows that the solution was realized using Arduino Uno Atmega 328P and a power
meter PZEM 004T, [13] .

2.1 Features of the used hardware

a.)Microcomputer Atmega 3238P

The Arduino Uno is an open-source microcontroller board based on the Microchip
ATmega328P microcontroller and developed by Arduino.cc. The board is equipped with sets
of digital and analog input/output (1/0) pins that may be interfaced to various expansion boards
(shields) and other circuits. The board has 14 digital 1/O pins (six capable of PWM output), 6
analog 1/O pins, and is programmable with the Arduino IDE (Integrated Development
Environment), via a type B USB cable. It can be powered by the USB cable or by an external
9-volt battery, though it accepts voltages between 7 and 20 volts. The word "uno™ means "one"
in Italian and was chosen to mark the initial release of Arduino Software.l! The Uno board is
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the first in a series of USB-based Arduino boards; it and version 1.0 of the Arduino IDE were
the reference versions of Arduino, which have now evolved to newer releases. The ATmega328
on the board comes preprogrammed with a bootloader that allows uploading new code to it
without the use of an external hardware programmer. In the Fig. 5a is shown electronic board
on Arduino Uno with build Atmega 328P mictrocontroller, and Fig. 5b is shown his pinoout.

DC Power Jack

Reset Input

Ground
Ground

b.)
Fig. 5. a.) Arduino Uno and b.) his pinout

b.)Power meter PZEM-004T

The power meter is mainly used for measuring AC voltage, current, active power, frequency,
power factor and active energy, the module is without display function, the data is read through
the TTL interface. PZEM-004T-10A built-in shunt have measuring range 10A, and PZEM-
004T-100Awith external transformer have measuring range 100A, [13] . In the fig. 6a is shown
the board on PZEM-004T power meter, and Fig. 6b is shown block diagram on this module.

The current signal is connected to power meter on the terminals NIN and NOUT, and the
voltage is connected on the terminals LIN and LOUT. The power meter is supply with 5 VDC
voltage. The terminals TX and RX are for serial communication.
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Fig. 6. a.) The board on PZEM-004T power meter, and b.) block diagram on this module.
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Function description

Voltage measuring range is 80~260V.

Current measuring range is 0~10A(PZEM-004T-10A); 0~100A(PZEM-004T-100A)
Active power measuring range is 0~2.3kW(PZEM-004T-10A); 0~23kW(PZEM-004T-
100A)

Starting measure power is 0.4W. Resolution is 0.1W.

Display format: <1000W, it display one decimal, such as: 999.9W. >1000W, it display only
integer, such as: 1000W. Power factor measuring range is 0.00~1.00, resolution is 0.01.
Frequency measuring range is 45Hz~65Hz, resolution is 0.1Hz.

Active energy measuring range is 0~9999.99kWh, resolution is 1Wh.,

Display format: <10kWh, the display unit is Wh(1kWh=1000Wh), such as: 9999Wh
>10kWh, the display unit is kWh, such as: 9999.99kWh

Over power alarm

Active power threshold can be set, when the measured active power exceeds the threshold, it
can alarm. Communication interface is RS485 interface.

Communication protocol

Physical layer use UART to RS485 communication interface. Baud rate is 9600, 8 data bits, 1
stop bit, no parity. The application layer use the Modbus-RTU protocol to communicate. At
present, it only supports function codes such as 0x03 (Read Holding Register), 0x04 (Read
Input Register), 0x06 (Write Single Register), 0x41 (Calibration), 0x42 (Reset energy).etc.
0x41 function code is only for internal use (address can be only OxF8), used for factory
calibration and return to factory maintenance occasions, after the function code to increase 16-
bit password, the default password is 0x3721.

The address range of the slave is 0x01 ~ OxF7. The address 0x00 is used as the broadcast
address, the slave does not need to reply the master. The address OxF8 is used as the general
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address, this address can be only used in single-slave environment and can be used for
calibration etc.operation.

The command format of the master reads the measurement result is(total of 8 bytes): Slave
Address + 0x04 + Register Address High Byte + Register Address Low Byte + Number of
Registers High Byte + Number of Registers Low Byte + CRC Check High Byte + CRC Check
Low Byte.

The command format of the reply from the slave is divided into two kinds: Correct Reply:
Slave Address + 0x04 + Number of Bytes + Register 1 Data High Byte + Register 1 Data Low
Byte + ... + CRC Check High Byte + CRC Check Low Byte Error Reply: Slave address + 0x84
+ Abnormal code + CRC check high byte + CRC check low byte.

3. Experimental results

The design of an microcontroller power meter are consists of hardware design and software
design.

Hardvare design

According to the description of the characteristics of the hardware components given above
and the main purpose of the paper, in the Fig. 4 is shows the electrical circuit of the WI-FI
smart power meter. The circuit consists of Arduino Uno, PZEM-004T power meter and LCD
display.

Software design

The software is written in micro C. Arduino Uno software is compatible with the Arduino IDE
platform. The software ensures that the microcomputer receives the signals from the power
meter and, after processing, displays the current values on the voltage, current, power, energy,
frequency and power factor on LCD display, sends them in serial monitor.

According to the above, the software consists of several steps.

Defining on variables and libraries:

#include <PZEMO004Tv30.h>

#include <SimpleTimer.h>

#include <LiquidCrystal.h>

#include <Wire.h>

#include <LiquidCrystal_12C.h>

Reading data on Serial Monitor:
float v = pzem.voltage(ip);
if (v<0.0)v=0.0;
Serial.print(v);Serial.print("V; ");
float i = pzem.current(ip);
if 1<0.0)i=0.0;
Serial.print(i);Serial.print("A; );
float p = pzem.power(ip);
if (p<0.0)p=0.0;
Serial.print(p);Serial.print("W; ");
Serial.print(Cap);Serial.print("uF ");
Serial.print("PF= ");Serial.print((p)/(v*i));
Building a data log file:
Serial.print(value());  // Read value from sensor and send its value to Excel
Serial.print(","); /l Move to next column

Reading data on display:
Icd.print(“name:");
Icd.print(variable);
Icd.print("unit™);
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In the Fig. 7a is shown the experimental prototype on microcontroller power meter, and the
Fig. 7b is shown the complete process microcontroller power meter.

a.) b.)
Fig. 7. Experimental results: a.) prototype on the microcontroller power meter and b.) the
complete process microcontroller power meter.

In the Fig. 8 is shown data for voltage, current, power, capacitance and power factor in serial
monitor.

; 0.06A; 10.00W; 0.S7uF PF= O.
; 0.06A; 10.00W; 0.S7uf PF= 0.70

0.06A; 10.00W;

s 0.06A; 10.00W;
; 0.06A; 11.00W;

46.136 -> 237.70V;
144:48.136 > 237.70V;
:44:50.136 -> 237.70V;

[11:44:52.176 -> 237.40V;
144:54.136 -> 237.40V;
1:44:56.136 -> 237.40V;

[11:44:58.136 -> 237.40V;
1:45:00.136 -> 237.70V;
11:45:02.136 -> 237.70V;
11:45:04.176 -> 237.10V;

[11:45:06.136 -> 237.10V;
11:45:08.136 -> 237.80V;
[11:45:10.136 -> 237.80V;
11:45:12.176 -> 237.60V;
11:45:14.136 —> 237.60V;
[11:45:16.136 -> 237.20V;
1:45:18.136 -> 237.20V;
11:45:20.176 -> 237.80V;
1:45:22.136 -> 237.80V;
}11:45:24.176 -> 237.90V;
[11:45:26.136 —> 237.90V;
1:45:28.136 -> 237.10V;
11:45:30.136 -> 237.10V;
11:45:32.136 -> 237.40V:

0.06A; 10.00W;
0.06A; 11.00W:
0.06A; 10.00W;
0.06A; 10.00W;
0.06A; 10.00W;
0.06A; 10.00W:
0.06A; 11.00W:
0.06A; 10.00W;
0.06A; 10.00W;
0.06A; 10.00W;
0.06A; 10.00W:
0.06A; 10.00W;
0.06R: 10.00W;
0.06A; 10.00W;
0.06A; 10.00W;
0.06A; 10.00W;
0.06€A; 11.00W;

0.57uF PF= 0.70
0.57uF PF= 0.70
0.51uf PF= 0.77
0.S7uF PF= 0.70
0.51uF PF= 0.77
0.57uF PF= 0.70
0.57uF PF= 0.70
0.S7uF PF= 0.70
0.57uF PF= 0.70
0.51uF PF= 0.77
0.57uF PF= 0.70
0.S7uF PF= 0.70
0.57uF PF= 0.70
0.57uF PF= 0.70
0.57uF PF= 0.70
0.57uF PF= 0.70

0.57uF BF= 0.70

0.57uF PF= 0.70
0.S7uF PF= 0.70

0.062; 10.00W: 0.
0.06A; 11.00W; 0.
0.06a; 11,00W:; 0.
0.06A; 11.00W; 0.51
0.063; 10.00W; 0.

0.06a;

1:45:34.136 -> 237.40V: 0.

11:45:36.136 -> 237.80V;

«

Fig. 8. The data for voltage, current, power, capacitance and power factor in serial monitor.

Conclusions

In the paper with theoretical analysis is designed and practically realized microcontroller power
meter. The power meter allows data on power, compensation capacitance and power factor to
be obtained only by measuring the voltage and current of a process device. Then these data are
processed, the required compensatory capacity is visualized on an LCD screen and data for
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voltage, current, power, capacitance and power factor are sent in serial monitor. The solution
also provides the ability for upgrade to remote control on the process quantities.
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