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MONITORING OF THE ELECTRIC MOTOR PARAMETERS

The presented paper describes the creation of a monitoring system based on the IoT platform, designed to monitor the
parameters of an electric motor. Based on the obtained data, the operator is informed about the current state of the electric
motor and can intervene in time so that it is not suddenly damaged or destroyed. In the next phase of the research, a model of
predictive maintenance will be processed based on the obtained data. As a result, the operator will not have to estimate the
condition of the electric motor, but the system itself will suggest appropriate measures. Such a system will find application in
practice, but also in the teaching process, as the preparation of graduates for the modern monitoring systems, which are
increasingly used in practice, will be improved. The presented paper is a scientific and methodological publication.
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Urgency of the research. Monitoring is an activity in which the monitored values are
necessary for the process of evaluating the state of a certain system. Monitored values are
determined based on the environment or system, which is monitored. Monitoring is used in many
sectors, such as the environment (pollution of air or watercourses), industry (chemical,
engineering) and many others. The obtained and subsequently evaluated data can signal the
occurrence of potential or existing problems, or predict the future state of the monitored system.
Such a solution could save considerable financial costs, which are caused by unexpected failures
of the system and subsequent downtime, or elimination of the consequences of its failure.

Target setting. The aim of the research was to create a low-cost monitoring loT device that
would be able to monitor the electric motor for a long time. Based on the obtained data, it would
be possible to build a model of predictive maintenance of the electric motor and thus prevent
its unexpected failure.

Actual scientific researches and issues analysis. Monitoring systems are used mainly in
large industrial companies and help to save a lot of money by being able to detect equipment
failure in time, thus avoiding unplanned downtime or complete destruction of the equipment
[1]. Professional monitoring systems include, for example, WEG Motor Scan [2] or Smart
Condition Monitoring [3]. These monitoring devices are based on IoT and their principle of
operation is very similar. The devices send real-time recorded data on the status of the
monitored object to the cloud, where the user can monitor the current and previous state of the
monitored object. Professional monitoring devices also include a predictive maintenance
algorithm, i.e. they can analyze and recognize abnormal operating conditions and, based on
this, predict the life of the monitored system. It is possible to define critical values and set
alarms that trigger an alert and signal the need to check the device. The collected data are subject
to detailed diagnostics and analysis. The result is recommendations for performing maintenance
and taking specific measures. The system will provide staff with a detailed description of errors,
the cause of their occurrence and a proposal on how to proceed in eliminating the fault. This
issue is discussed in publications [4], [5], [6] and [7].

Uninvestigated parts of general matters defining. Existing professional solutions are
cost-effective, and this can be an obstacle to setting them into practice. The present article aims
to contribute to the development of affordable loT monitoring systems.

The research objective. Based on the results of this research, the creation of a model of
predictive maintenance of industrial equipment will be addressed in its next phase. Another
goal is to contribute to the teaching of modern monitoring systems and thus prepare students
for the current requirements of industries.

The statement of basic materials. The solution was focused on monitoring the parameters
of the electric motor, specifically on measuring rotor vibrations and stator temperature.
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Fig. 1 shows the construction of the electric motor and its individual parts. The basic
elements are the stator and the rotor. Part of the stator is the winding, the temperature of which
was monitored. There is a shaft on the rotor, which is mounted in bearings at both ends and its
vibrations are monitored during operation. These could indicate a rotor or bearing failure [8].
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Fig. 1. Electric motor [8]

By monitoring the vibrations and winding temperature, it is possible to prevent the most
common failures of the electric motor in time, which include:

e Bearing failures - are among the most common, accounting for almost 40% of all
failures of induction machines. These defects immediately create a series of shock vibrations
as the moving part of the bearing passes over the defect surface. These frequencies are unique
for each bearing size and rotational speed. Bearing failures are most often caused by incorrect
lubrication, improper mechanical loading, incorrect bearing assembly and the like. These faults
can affect all the parts of which the bearings are composed [8].

e Stator winding faults - most often due to overheating or design errors that cause a short
circuit. These faults cause an electrical imbalance on the individual stator coils [8].

e Rotor failures - are caused mainly by shaft deflection. Failure of the rotor can cause
mechanical damage to the entire electric motor [8].

As part of the research, a monitoring system was designed that is not costly. The monitoring
system built on the IoT platform was connected to the cloud, where the measured data were
collected and subsequently evaluated [9], [10] and [11].

An ESP32 microprocessor (Fig. 2) was used to monitor the parameters of the electric motor
in conjunction with sensors suitable for this solution.

Fig. 2. ESP32 DevKit [12]

The vibration sensor module based on the vibration sensor SW-420 and comparator LM393
is used to detect vibrations. The threshold can adjust using an on-board potentiometer. The
sensor module contains two LEDs - Power and status LEDs. The Power LED indicates the
power supply to the sensor. The status LED lights up when the sensor detects vibrations. During
no vibration, the sensor provides logic LOW and when the vibration is detected, the sensor
provides logic HIGH [13].
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Fig. 3. Vibration sensor SW-420 [13]

A DS18B20 digital sensor was used to measure the temperature. The sensor is manufactured
in several versions. In this case, a waterproof variant was chosen (Fig. 4), in which the sensor
is sealed in a stainless-steel rod. Such a solution was used to ensure the reliable operation of the
sensor even in adverse working conditions. [14]

Fig. 4. Temperature sensor DS18B20 [14]

Fig. 5 shows a proposed circuit diagram of the individual components needed to monitor
the condition of the electric motor. The SW-420 vibration sensor contains 3 wires: power supply
(VCC), ground (GND) and data (DO). The sensor is connected to the power supply by the red
wire, to the ground by the black wire and by the brown wire to the pin 22 on the ESP32 board.

The DS18B20 temperature sensor is also connected using three wires, the first is the power
supply, the second the ground and the third the data. The red wire is connected to the power pin,
the black wire to the ground, and the yellow wire is connected to data pin 15 on the ESP32
microcontroller. The power supply and data pin of the sensor must be interconnected by a resistor.

The sensors are powered via ESP32 via the VCC and GND pins, which are connected to
the power board.

Sw-20

Fig. 5. Equipment connection design

Fig. 6 shows the actual connection of the sensors and ESP32 according to the diagram
of Fig. 5.
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Fig. 6. Real connection

The Arduino IDE was chosen as the software environment for creating the driver, as this
software is compatible with almost all Arduino modules, including the ESP32. This software is
used to write, compile, and upload code to devices. The software is freely available for common
operating systems such as Linux, Windows and MAC. The Arduino IDE supports C and C ++. [16]

An example of the created code is shown in Fig.7.

37 |int EP =22:
38 |void setup (void)

39d[(

40 Serial.begin(115200); //Nastavenie rychlosti serial monitora
41 WiFi.mode (WIFI_STA):

a2 Thi k.begin(client); // Inicializécia ThingSpeak
43

44 //Senzor vibrécii

45 pinMode (EP, INPUT);

46 sensor.begin():

47 |}

48 |void loop (void)

498 {

50 if (WiFi.status() != WL_CONNECTED)

518

52 Serial.print ("Pripadjanie k SSID: "):
53 Serial.println(SECRET_SSID):

54 while (WiFi.status() != WL_CONNECTED)
558 {

56 WiFi.begin(ssid, pass):

57 Serial.print("."):

58 delay(5000):;

59 }

60 Serial.println("\nConnected.");

€l }

62 // senzor vibrécii

63 long measurement =TP_init ()’

€4 delay(0):

€5 Serial.print ("Vibracie: ");

66 Serial.println(measurement);

€7

€9 //senzor teploty

70 sensor.requestTemperatures();

71 while (!sensor.isConversionComplete()):; // &akanie kym je senzor pripraveny
72 Serial.print ("Teplota v °C: ");

73 Serial.println(sensor.getTempC()):

74

75 delay(0):

Fig. 7. Sample of code in Arduino IDE

The ThingSpeak product from MathWorks, the creator of the Matlab and Simulink
environment, was used as the cloud platform, thus ensuring mutual support of ThingSpeak and
Matlab [15]. Using Matlab code, a graphical representation of the measured data was created
in the ThingSpeak environment. The data is stored in channels, each of which can contain up

191



Ne 2(24), 2021 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

to 8 fields. An example of a created channel with realized temperature measurement can be

seen in Fig. 8. In the next phase of the research, the connection of Matlab and ThingSpeak will

be advantageously used in the creation of a predictive model in the Matlab environment.
Monitorovanie elektromotora

Channel ID: 1336048
Author: akrempasky8
Access: Public

Private View Public View Channel Settings Sharing 3

Add Widgets

Add Visualizations l

Export recent data

Channel Stats
Created: 13.days.age
Lastentry: ahoutllhoursage
Entries: 141

Temperature

Fig. 8. Channel of electric motor monitoring in ThingSpeak

After creating and testing the functionality of the monitoring system, its practical testing
was realised. A single-phase electric motor with a power of 15W and a maximum speed of 2780
rpm was used. It was powered from a 230V network with a frequency of 50Hz. The electric
motor was firmly attached to a wooden base with a sheet metal strap, backed with a rubber pad
to minimize vibration. Subsequently, the sensors were mounted to record the most accurate
values. The temperature sensor was installed directly on the stator winding and the vibration
sensor using a screw on the outer cover in which the rotor housing is located. The mounting of
the electric motor and the location of the sensors are shown in Fig. 9.

T

;

Fig. 9. Mounting of electric motor and sensors
In Fig. 10 is an example of measured vibrations.
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Fig. 10 Measured vibrations in ThingSpeak

After confirming the functionality of the system and finding out the limit values of
temperature and vibration, which were still considered standard, the notification part was created
in the ThingSpeak environment. This section serves as a warning when limit values are measured.
An example of the code is shown in Fig. 11. When the critical value is reached, the operator will
be notified via email, but it is possible to adapt the system to notification using other platforms.

m ThingSpeak"‘ Channels ~ = Apps ~ | Support~

MATLAB Code

1/ % ID kandla z ktorého si ¢itané ddaje o teplote
2| channellD = 1336048;
3

4 ¥APT key pre odosielanie upozorneni

5| alertApiKey = 'TAKIQEGCVRHQ1I5K)4HBA' 3

6

7 %URL Adresa pre odoslanie upozornenia

8| alertUrl="https://api.thingspeak.com/alerts/send";

9 options = weboptions("HeaderfFields"”, ["ThingSpeak-Alerts-API-Key", alertApiKey ]);
10

11 % Nizov predmetu v emailovom upozorneni

12| alertSubject = sprintf(“Teplota elektromotora”);

13

14/ % Citanie poslednych dat

15 TemperatureData = thingSpeakRead(channellD, 'NumDays',30, Fields',1});
16

17| % Kontrola a zadefinovanie poslednych preéitanych dat

18| lastValue = TemperatureData(end);

19| if (lastValue > 100)

20/ alertBody = ' Vysokd teplota elektromotora ';

21 elseif (lastValue < 100)

22 alertBody = ' Optimdlna teplota elektromotora ';

23 end

24| % Poziadavka na odoslanie emailu

25 try

26 webwrite(alertUrl , "body", alertBody, “subject”, alertSubject, options);
27 catch someException

28 fprintf("Failed to send alert: %s\n", someException.message);

29| end

Fig. 11. Created Matlab code in ThingSpeak
The resulting monitoring environment in ThingSpeak is shown in Fig. 12.
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Fig. 12. The resulting monitoring environment in ThingSpeak
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Fig. 13. Testing of the electric motor monitoring system

Conclusions. In the last phase, the overall testing of the resulting IoT monitoring system was
realised (Fig. 13). Long-term trouble-free operation of the electric motor was monitored and
subsequently, the fault states of the electric motor were simulated and monitored. The tests
confirmed the full functionality of the monitoring system, including the notification part. In the next
phase of the research, long-term data collection will be implemented, with several modes of
operation of the electric motor, including various fault conditions. The obtained data will be used
for the creation of a model of predictive maintenance in the Matlab environment. The result will be
a fully functional and autonomous low-cost monitoring system that can be used in practice [17].
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VIIK 621.313.33
Hampix Llapea, Anopiu Kpemnacokuii
MOHITOPHUHI TAPAMETPIB EJIEKTPOJABUI'YHA

Mouimopune - ye OdisnbHicmb, npu AKIl 8I0CMedICY8aHT 3HAUEHHS HeOOXIOHI Ol npoyecy oyiHKu cmary negHoi cucmemu. Om-
pumari ma 32000M onpaybo8ani Oami MOJICYMsb CUSHANIZYBAMU NPO BUHUKHEHHS NOMEHYIIHUX abo icHylouux npobiem abo nepedda-
uamu MaviOymHill cman cucmemu, Wo KOHMponoemscs. Take pivieHHs Modice 3a0uaoumu 3Ha4Hi Qinancosi gumpamu, sAKi CHpu4u-
HeHi HeChoodieaHumu 360amil.

Cucmemu MOHIMOPUHZY 3ACMOCOBYIOMbCS NEPEBAICHO Y BETUKUX HPOMUCTIOBUX KoMhaHiax. TIpogbeciiini cucmemu Monimo-
puney 3acnosani na loT, i ix npunyun pobomu dydice cxodrcuil. Ilpogeciiini npucmpoi MOHImopuHzy makodic 6KI04aIoms aneopumm
npoeHo3Ho20 0bcnyeo8ysanns. Icnyroui npogbeciiini piuients € eKOHOMIYHO HeBULIOHUMU, § Ye MOdice CIAmu NepeuKoooio O ix
3acmocyeanns Ha npakmuyi. L cmamma mae na memi 6necmu 6k1ao y po36umox 0ocnynHux cucmem motimopuney loT.

Memotio docniodcenms Oyno cmeopents nedopocozo npucmpoio 1oT ons monimopuney, aKuti 3Modice MpUSANULL 4ac KOHMPOTIO-
samu enexmpoosucyn. Ha ocnosi ompumanux oanux nepedbayiero nodyoysamu mooens npoQinakmuyHoco 06cny208y8aHHs enekK-
MpOO0BU2YTIOBAA, MUM CAMUM 3anobiemu 1020 HeoyIKy8aHoMy 8uxody 3 1ady. Inua yinb - HAGUAHHSA CNYOeHMI8 CYHACHUM cucme-
Mam MOHIMOPUH2Y, 20myI04U iX 00 ICHYIOUUX BUMO2 2ATY3L.

B pobomi 3anpononosana nognicmio gpynxyionansha neoopoea cucmema monimopuney loT, sika nonepeddicae onepamopa npo
00CASHEeH S KPUMUYHUX 3HAYeHb Ol enekmpoosuyta. 30ilicheno nosne mecmysanis cucmemu monimopuney loT. Tecmu niomeep-
ounu nosHy YHKYIOHATLHICMb CUCIeMU MOHIMOPUHS).

Ha ocnosi pe3ynomamis yboeo dociodicents na HacmynHomy emani 6yoe 61npoeaddiceHo doeeocmporosutl 30ip danux. Ompu-
Mani Oawi 6y0yms GUKOPUCIAHT OJi CIMBOPEHHS. MOOei NPOSHO3HO20 0DCTY208YBAHHS NPOMUCTOB020 OONAOHAHHS 8 cepedosULyi
Matlab. B pe3ynvmami nepobauacmocsa ompumamu NOGHICMIO PYHKYIOHATLHY | aBMOHOMMY He0opO2y CUCEMY MOHIMOPUHSY, SKY
MO2iCHA 6yOe BUKOPUCMO8Y8amMU HA NPAKMUYL.

TIpedcmasnena 6 cmammi ingpopmayia mae HayKo8o-memoOudHuI Xapaxkmep.

Knrouogi cnosa: monimopune, inmeprem peueil; xmapa, Apoyino; inmenexkmyansbre 006C1y208Y8aAHHSA, €l1eKMPUUHULL MOMOP.
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