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Abstract 

This study explores the application of fuzzy logic for controlling electric motors by analyzing 

key parameters such as vibration, sound frequency, and electromagnetic flux. Traditional motor 

control systems often struggle to efficiently handle the uncertain and nonlinear conditions that 

affect motor performance. By employing fuzzy logic, which models human-like decision-

making with uncertainty, we can achieve a more responsive and adaptive control system for 

electric motors. Our research builds on recent advancements in fuzzy logic systems, illustrating 

the effectiveness of this approach through a rule-based model, simulated performance results, 

and specific control scenarios. 

 

 

Introduction 

Electric motors are integral components in various industrial systems, where reliability and 

efficiency are crucial. However, motors are subjected to numerous external influences that can 

affect performance and potentially lead to faults. Traditional control systems, such as PID 

controllers, struggle with nonlinear behaviors and uncertainties present in the system. Fuzzy 

logic has emerged as an alternative to conventional control techniques, providing robustness by 

accommodating uncertainties and allowing for intuitive, rule-based decision-making. 

The primary parameters influencing motor performance include: 

• Vibration: Excessive vibration indicates misalignment, bearing wear, or imbalance. 

• Sound Frequency: Variations in sound frequency can signal operational disturbances. 

• Electromagnetic Flux: Changes in flux impact motor torque and can signify electromagnetic 

interference or overload conditions. 

This paper discusses the design of a fuzzy logic-based control system that uses these three 

parameters to regulate motor operation. We employ a rule base consisting of ten membership 

functions and illustrate its application with simulated results. 

 

2. Methods 

2.1 Fuzzy Logic Control System Design 

The fuzzy logic control (FLC) model employs a rule base to interpret motor status based on 

inputs from vibration, sound frequency, and electromagnetic flux sensors. Each input parameter 

is represented by a range with corresponding membership functions to describe motor behavior 

in qualitative terms. 
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2.2 Membership Functions and Ranges 

The parameter ranges were divided as follows: 

• Vibration: 0–8 mm/s (Low to Very High) 

• Sound Frequency: 50–180 Hz (Very Low to Very High) 

• Electromagnetic Flux: 0–3.5 Weber (Very Low to Very High) 

Each parameter has 10 membership functions to capture the various states of motor operation. 

Membership functions cover the full range of each parameter, creating overlapping states such 

as "Very Low," "Low," "Medium," "High," and "Very High." 

 

2.3 Rule Base Development 

Our rule base consists of 10 rules based on combinations of the three input parameters, designed 

to reflect the motor’s operational status. For instance: 

• Rule 1: If vibration, sound frequency, and electromagnetic flux are all “Very Low,” then the 

motor status is “Normal Operation.” 

• Rule 7: If all parameters are “High,” then “Take Action” is required. 

 

2.4 Control Output Mechanism 

The fuzzy logic controller provides three main outputs: 

1. Normal Operation: Motor operates under typical conditions. 

2. Monitor Closely: Increased observation needed for potential issues. 

3. Take Action: Immediate intervention is required to prevent motor damage. 

Each of these outputs is assigned based on the degree of membership and a defuzzification 

method, such as the centroid method, to translate fuzzy values into actionable control signals. 
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3. Results 

3.1 Simulation Setup 

Simulations were conducted in MATLAB with a model electric motor subjected to fluctuating 

external conditions. Each input parameter was varied within its range, triggering different fuzzy 

rules based on observed changes. 

 

3.2 Membership Function Results 

The membership functions effectively covered the input ranges. For example, in the case of a 

sound frequency shift from 70 Hz to 160 Hz, the system detected the shift from “Very Low” to 

“High,” activating the “Monitor Closely” and “Take Action” rules at appropriate thresholds. 

 

3.3 Fuzzy Logic Control Performance 

The fuzzy logic controller showed improved responsiveness to changing conditions compared to 

a PID controller. In instances where vibration or flux rapidly increased, the fuzzy logic system 

reacted by escalating from “Monitor Closely” to “Take Action” within seconds, whereas PID 

control lagged due to tuning limitations. 

 

3.4 Comparative Analysis 

The fuzzy logic model’s adaptability and quick response to variable inputs highlight its 

advantages over traditional control. The model is especially beneficial for unpredictable changes 

in the motor's operational environment, where classical control systems may struggle to maintain 

stability. 

 

4. Discussion 

4.1 Advantages of Fuzzy Logic in Motor Control 

Fuzzy logic enables better handling of nonlinear behaviors in motor control, as demonstrated by 

the simulation results. The qualitative, rule-based approach allows the system to interpret 

complex signals, such as a slight increase in vibration or a sound frequency shift, which 

traditional models might overlook. 

 

4.2 Limitations and Challenges 

The fuzzy logic model requires substantial computational resources for real-time applications, 

particularly in complex systems with multiple rules and membership functions. Additionally, 

fine-tuning the membership functions to accurately represent motor performance under varying 

conditions can be challenging and requires domain expertise. 

 

4.3 Future Research 

Future research could focus on integrating adaptive fuzzy logic that adjusts membership 

functions dynamically based on real-time feedback. This improvement could further enhance the 

robustness of fuzzy logic control for electric motors, especially in high-stakes industrial 

environments where downtime is costly. 
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5. Conclusion 

The fuzzy logic control model developed in this study successfully managed motor operations 

by monitoring vibration, sound frequency, and electromagnetic flux. With a flexible rule base, 

the model proved effective in maintaining motor stability and detecting conditions requiring 

intervention. The results support the feasibility of implementing fuzzy logic as a supplementary 

or alternative approach to PID control in electric motor systems, especially in scenarios where 

uncertainty and variability are prevalent. 

By integrating fuzzy logic with electric motor controls, industries can benefit from enhanced 

performance monitoring and decision-making, ultimately improving operational efficiency and 

reducing the risk of equipment failure. 

 

References 

1. Sh. Djuraev, D. To’xtasinov. Enhancing performance and reliability: the importance of 

electric motor diagnostics // Interpretation and researches. 2023. Vol.1, Iss.10  

2. Sharibaev N.Yu., Djuraev Sh.S., Toxtasinov D.X. Priorities in determining electric motor 

vibration with ADXL345 accelerometer sensor // Al-Farg’oniy avlodlari. 2023. Vol.1, Iss.4, 

pp.226-230 

3. А.А.Мамаханов, Ш.С.Джураев, Н.Ю.Шарибаев, М.Э.Тулкинов, Д.Х.Тухтасинов. 

Устройство для выращивания гидропонного корма с автоматизированной системой 

управления // Universum: технические науки. 2020. No 8-2 (77), pp.17-20 

4. D. To‘xtasinov. Mathematical model of the relationship between the vibration of the electric 

motor and the defect in the bearing // Interpretation and researches. 2024. Vol. 2, Iss. 11, pp.75-

78 

5. Д.Х. Тухтасинов, М.А. Исманов. Совершенствование системы управления колонной 

синтеза аммиака на основе нечеткой логики // Экономика и социум. Vol.12, Iss.55, pp.1236-

1239 

6. U. Erkaboev, R. Rakhimov, J. Mirzaev, U. Negmatov, N. Sayidov. Influence of the two-

dimensional density of states on the temperature dependence of the electrical conductivity 

oscillations in heterostructures with quantum wells // International Journal of Modern Physics B. 

38(15), Article ID 2450185 (2024). 

7. U.I. Erkaboev, R.G. Rakhimov. Determination of the dependence of transverse electrical 

conductivity and magnetoresistance oscillations on temperature in heterostructures based on 

quantum wells // e-Journal of Surface Science and Nanotechnology. 22(2), pp.98-106. (2024)  

8. U.I. Erkaboev, N.A. Sayidov, J.I. Mirzaev, R.G. Rakhimov. Determination of the temperature 

dependence of the Fermi energy oscillations in nanostructured semiconductor materials in the 

presence of a quantizing magnetic field // Euroasian Journal of Semiconductors Science and 

Engineering. 3(2), pp.47-52 (2021). 

9. R.G. Rakhimov. Clean the cotton from small impurities and establish optimal parameters // 

The Peerian Journal. 17, pp.57-63 (2023). 

10. U.I. Erkaboev, N.A. Sayidov, U.M.Negmatov, J.I. Mirzaev, R.G. Rakhimov. Influence 

temperature and strong magnetic field on oscillations of density of energy states in 

heterostructures with quantum wells HgCdTe/CdHgTe // E3S Web of Conferences. 401, 01090 

(2023) 



Volume 2, Issue 11, November 2024  ISSN (E): 2938-3757 

 

250 | P a g e  
 
 

11. U.I. Erkaboev, N.A. Sayidov, U.M.Negmatov, R.G. Rakhimov, J.I. Mirzaev. Temperature 

dependence of width band gap in InxGa1-xAs quantum well in presence of transverse strong 

magnetic field // E3S Web of Conferences. 401, 04042 (2023) 

12. Kadirov D.T.,  Rasulev A.X., Gaibnazarov S.B., Nosirova S.Sh., Urmanov I.R. Improving 

The Safety Stability Of Algorithms For Recurrent State Estimation Based On The Methods Of 

Conditionally Gaussian Filtering // Turkish Journal of Computer and Mathematics Education. 

2021. Vol.12, No.7, pp.3306- 3315 

13. Kodirov D.T. Algorithms for sustainable adaptive evaluation of the state of the stochastic 

control objects // International scientific review. 2019. Iss. LVII, pp.25-26 

14. D.T.Kodirov, F.M.Kodirova, B.Haydarov, U.Negmatov. Algorithms For Stable Estimation 

Of The Extended State Vector Of Controlled Objects // Solid State Technology. 2020. Vol.63, 

Iss.6, pp.14903-14909 

15. Д.Т.Кодиров, Ф.М.Кодирова. Алгоритмы совместного оценивания вектора состояния 

и параметров динамических систем // Universum: технические науки. 2021. Iss. 7-1(88), 

pp.66-68 

16. Кодиров Д.Т. Алгоритмы устойчивого многошагового оценивания состояния 

нелинейных стохастических систем // Международный научно-технический журнал 

«Химическая технология. Контроль и управление». Ташкент, ТашГТУ. №5, 2017. -С.66-

71. 

17. Х.О.Абдуллаев, М.С.Богданович, Л.А.Волков, В.Г.Данильченко, П.Г.Ильменков. 

Механизм усиления и кинетика фототока в вертикальных фотопроводниках на основе 

гетероструктуры AlGaAs−GaAs // Физика и техника полупроводников, 1987, Том 21, 

Вып.10, стр.1842–1846 

18. X.О.Абдуллаев, В.И.Корольков, М.В.Павловский, Е.В.Руссу, Т.С.Табаров. 

Исследования планарных фотосопротивлений на основе InGaAs/InP со скрытым p+-

затвором // Физика и техника полупроводников, 1990, Том 24, Вып.11, стр.1969–1972 

19. Abdullayev X.O., Abduxalimov I.I., «Avtomatik boshqarish sistemasidagi o‘tish jarayoniga 

xarakteristik tenglama ildizlarining ta’siri». “Iqtisodiyot tarmoqlari va ijtimoiy sohaning 

energiya samaradorligini oshirishga qaratilgan avtomatlashtirish va energetika muammolarni 

yechishda ilg`or innovatsion texnologiyalarda ta’limni o`rni”. Xalqaro konferensiya. Namangan, 

2021. 

20. Khakim O.Abdullayev, Dilmurod T.Qodirov, «Basic conepts of the state space method». XI 

International Annual Conference “Industrial Technologies and Engineering – ICITE-2022, 

Shimkent, Kazakhstan, 2022. 

21. Abdullayev X.O.,Toshpo`latov Q.Ya.,Abduxalimov I.I., «Ishlab chiqarishni 

avtomatlashtirishning ijtimoiy ahamiyati». “Texnologik jarayonlarni avtomatlashtirish 

tizimlarini ishlab chiqarishning rivojlanishdagi o`rni va vazifalari”. Xalqaro konferensiya. 

Farg`ona, 2021. 

22. Dilmurod Qodirov, Mukhammadziyo Ismanov. Stable algorithms for the identification of 

delayed control objects based on input and output signals // AIP Conference Proceedings. 2024. 

Vol.3045, Iss.1, 030103 



Volume 2, Issue 11, November 2024  ISSN (E): 2938-3757 

 

251 | P a g e  
 
 

23. Ismanov Muhammadziyo, Mirzaikromov Xamidilloxon. Data collection system in the 

management of technological processes // International journal of advanced research in 

education, technology and management. 2023. Vol.2, No 6, pp.236-243 

24. Mukhammadziyo Ismanov, Abdusamat Karimov. The action of shock waves on cylindrical 

panels // AIP Conference Proceedings. 2024. Vol.3045, Iss.1, 030101 

25. Abdusamat Karimov, Mukhammadziyo Ismanov. Analysis of errors of optoelectronic 

moisture meters // International journal of advanced research in education, technology and 

management. 2023. Vol.2, No 5, pp.391-401 

26. Karimov A.I., Ismanov M.A. Modeling the Method of Linear Approximation of Signals in 

SPLC (Sensor Programmable Logic Controller) // International Journal on Orange Technologies. 

2021. Vol.3, Iss.10, pp.55-59 

27. Djuraev, A., Sayitkulov, S., Rajabov, O., Kholmirzaev, J., & Haydarov, B. (2022, 

December). Analysis of the impact effect of a piece of cotton with a flat surface with a multi-

sided grates slope. In Journal of Physics: Conference Series (Vol. 2373, No. 2, p. 022048). IOP 

Publishing. 

28. Жураев, А. Д., Холмирзаев, Ж. З., & Хайдаров, Б. А. (2022). Разработка эффективной 

конструктивной схемы колосников на упругих опорах и оптимизация параметров 

очистителя хлопка. Механика и технология, (Спецвыпуск 2), 9-15 betlar. 

29. Haydarov Bahtiyor Abdullajon o’g’li. "Paxtani mayda chiqindilardan tozalash jarayonida 

ko‘p qirrali qoziqcha tayyorlangan qoziqchalarning paxta sifat ko‘rsatkichlariga ta’sirini o 

‘rganish. Journal of new century innovations 19.2 (2022): 137-141 betlar. 

30. Haydarov Bahtiyor. "Takomillashtirilgan qoziqli baraban mayda ifloslik tarkibiga ta'sirini 

tahlil qilish." Ijodkor o'qituvchi 2.20 (2022): 7-9 betlar. 

31. М.А. Исманов, Б.А. Хайдаров, И.У. Ибрагимов, С.Х. Киргизова. Организационная 

система управления предпринимательской деятельности // Экономика и социум. 2019. 

Vol.12, Iss.67, pp.498-501 

32. D. Kodirov, A. Askarov. Algorithms for synthesis of observing devices based on operator 

representation of external forces // AIP Conference Proceedings. Vol. 2789, No. 1, 040121. 

33. А.А. Аскаров. Роль метода нечеткой логики при обнаружении пожаров на 

производстве // Лучшие интеллектуальные исследования. 2023. Vol. 10, No. 3, pp.126-130. 

34. A.A. Asqarov. The importance of the MQ-2 sensor in fire detection // International journal 

of advanced research in education, technology and management. 2023. Vol. 2 No. 6, pp.264-269 

35.  A.A. Asqarov. Mikroprotsessorni boshqarish va ma'lumotlarni qayta qilish birligini tuzilik 

va asosiy diagramasini ishlab chiqish. // International journal of advanced research in education, 

technology and management. 2022. Vol.19, Iss.2,  pp.107-113 

36. S. Ruzimatov, A. Asqarov. Mathematical Model Of Textile Enterprise Sales Prevention // 

Texas Journal of Multidisciplinary Studies. 2022. Vol.8, pp.88-90 

37. Тошпулатов К. Менеджмент: природа и структура организаций, и роль 

оргуправленческого мышления // Новости образования: исследование в XXI веке. 2023. 

Vol.1, Iss.11, pp.279-282. 

38. Тошпулатов К. Современная теория управления: новые подходы и методы // Journal 

of innovations in scientific and educational research. 203. Vol. 6, Iss. 5, pp.288-292. 



Volume 2, Issue 11, November 2024  ISSN (E): 2938-3757 

 

252 | P a g e  
 
 

39. Насритдинов Б., Тошпулатов К. Автоматизация системы экономики: эволюция и 

перспективы // Научный Фокус. 2023. Vol. 1, Iss. 2, pp.485-489. 

40. Насритдинов Б., Тошпулатов К. Экономика будущего: как автоматизация изменит 

структуру производства // Новости образования: исследование в XXI веке. 2023. Vol. 1, 

Iss. 12, pp.25-28. 

41. N. Parpiyeva. Automatic control system of pressing equipment parameters // Ethiopian 

International Journal of Multidisciplinary Research. 2024. Vol.11, Iss,3, pp.147-153. 

42. Х. Парпиев, А.Б. Гафуров, П.Д. Ласточкин, Н.Х. Парпиева. Прочная 

супергидрофобная хлопчатобумажная ткань для фильтрации масляно-водяных смесей // 

Технология текстильной промышленности. 2023, № 2 (404), pp.83-91 

43. Adkhamjon G., Bilolxon T. Preparation and application of colored antibacterial cotton fiber 

based on microstructural control // 7th-ICARHSE. International Conference on Advance 

Research in Humanities, Applied Sciences and Education. 2022. pp.9-13 

44. Yoqubjanov A. Ekspert tizimining tuzilishi va hususiyatlari // Interpretation and researches. 

2024. Vol. 11, Iss.33, pp.59-65. 

45. Ёкубжанов А. Роль автоматизации в повышении эффективности технологических 

процессов // Новости образования: исследование в XXI веке. Vol. 1, Iss. 12, pp.51-54. 

46. Рахимов Я.Т., Ёкубжанов А.О. Загрязнение природных сред в Республике Узбекистан 

и пути их решения // Перспективы развития науки и образования в современных 

экологических условиях. 2017. pp. 25-28 

47. X.Madaliyev. Creation of interface through app design of matlab software for automatic 

determination of loads on roller machine worker shaft // Interpretation and Researches. 2023. 

Vol.1, Iss.10.  

48. Sh.S.Djurayev, X.B.Madaliyev. Traffic flow distribution method based on 14 differential 

equations // Intent Research Scientific Journal. 2023. Vol.2, Iss.10, pp.1–10.  

49. Б.А.Хайдаров, Х.Б.Мадалиев. Совершенствование технологии очистки хлопка - 

сырца от мелких сорных примесей // Экономика и социум. 2022. Vol. 4(95)-1, pp.561-564. 

50. Kh.B.Madaliev, D.X. Tukhtasinov.  Development of an openness profile for a logical 

control system for technological equipment // Ijodkor o'qituvchi. 2022. Vol.2, Iss.20, pp.215-217 

51. M.Ismanov, A.Asqarov, H.Madaliyev, D.Fayzullayev. Theoretical and experimental study 

of the law of distribution of non-stationary heat flux in raw cotton stored in the bunt // AIP 

Conference Proceedings. 2023. Vol.2789, Iss.1, 040106. 

52. Y.A.Valijon o‘g‘li, J.E.Shavkat o‘g‘li, S.H.Hakimjon o‘g‘li, M.F.Farxod o‘g‘li. Sun’iy 

intellektda bilimlarni tasvirlash modellari // Tadqiqotlar. 2023. Vol.28, Iss.5, pp.22-30. 

53. Y.A.Valijon o‘g‘li, N.Y.Saydulla o‘g‘li, N.S.Shavkat o’g’li, X.S.Ubaydulla o'g'li. Fuzzy 

moduli yordamida noqat’iy boshqarish sistemalarni qurish // Tadqiqotlar. 2023. Vol.28, Iss.5, 

pp.31-37. 

54. Y.A.Valijon o‘g‘li, X.R.Davlat o‘g‘li, G.A.Tirkash o‘gli. Fuzzy logic yordamida sistemani 

sugeno tipida loyihalash // Journal of new century innovations. 2023. Vol.43, Iss.2, pp. 97-106 

55. A.V. Yo‘ldashev. Ob’yekt holatlarini tashxislashning intellektual modelini shakllantirish 

tamoyili // Экономика и социум. 2024. Vol. 3(118)-2, pp.436-440. 



Volume 2, Issue 11, November 2024  ISSN (E): 2938-3757 

 

253 | P a g e  
 
 

56. D.Z.Fayzullayev. Mexbios development studio software package for developing control 

programs and modeling electric drive systems // Web of scientist: International scientific 

research journal. 2022. Vol.3, Iss.5, pp. 1964-1967 

57. D.Fayzullayev, S.Ruzimetov. Develops an Alarm System in the Alarm Bath and an 

Adaptive Power Adjusment System // International Journal on Orange Technologies. 2021. 

Vol.3, Iss.12, pp.178-182. https://dx.doi.org/10.31149/ijot.v3i12.2537 

58. А.Н.Шарибаев, Р.Н.Шарибаев, Б.Т.Абдулазизов, М.Р.Тохиржонова. Проблемы в 

области глубокого обучения с подкреплением // Форум молодых ученых. 2023. Vol.6, 

Iss.82, pp.420-422 

59. E.Sharibaev, O.Sarimsakov, R.Sharifbaev. Process monitoring of devil machine electric 

engine in cotton primary processing enterprises // AIP Conference Proceedings. 2023. Vol.2700, 

Iss.1, 050024 

60. Р.Н.Шарибаев, Ш.С.Джураев, М.Р.Тохиржонова. Улучшение классификации по 

сортам коконов с использованием сверточных нейронных сетей // Теория и практика 

современной науки. 2023. Vol. 6, Iss.96, pp.212-214. 

61. Р.Н.Шарибаев, Р.Н.Шарифбаев, С.С.Шарипбаев. Задача полупроводниковых 

датчиков в мехатронных системах // International Conference on World Science and Resarch. 

2024. Vol.1, Iss.2, pp.5-8. 

62. Н.Ю.Шарибаев, А.Эргашев, А.Мамадалиев, Р.Н.Шарифбаев, С.Х.Киргизова. 

Исследование спектра рассеяния света использованием дельта-функций // Экономика и 

социум. 2019. Vol.12, Iss.67, pp.1150-1153. 

 

 

 

 

https://dx.doi.org/10.31149/ijot.v3i12.2537

