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General information
Summary

The object of study in this course is the power and information elements of mechatronics and robotics
systems designed to convert electrical energy and control this process. The subject of the discipline is the
acquisition of theoretical and practical knowledge about the components of an automated electric drive,
which will further allow designing mechatronics and robotics systems.

Course objectives and goals

To form students’ concepts and provide knowledge about the basic elements that make up mechatronics and
robotics systems. To develop the ability to determine the principles of construction and normal functioning
of elements of electrical engineering complexes and systems. Develop the ability to develop and calculate
schemes of electrical installations for various purposes, determine the composition of their equipment and
calculate operating modes, the ability to use reference literature, equipment catalogs, modern methods of
calculation, design and analysis of the operation of components of electric drives.

Format of classes

Lectures, calculations, self-study and consultations. Final control — exam.

Competencies

The ability to solve complex specialized tasks and practical problems related to the operation of electric
machines, devices and automated electric drives. Obtaining and using professional knowledge and understa-
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nding related to the process of using and consuming electricity by means of an electric drive in compliance
with the specified parameters of technological processes and the quality of electricity. The ability to perform
appropriate calculations for the analysis of transient and steady modes of operation of electric drives and
mechatronic modules and systems. The ability to draw up and calculate diagrams of electrical installations
for various purposes, determine the composition of their equipment and optimize their operating modes.

Learning outcomes

The ability to evaluate the parameters of electrical engineering, electrical power and electromechanical
equipment and relevant complexes and systems and to develop measures to increase their energy efficiency
and reliability. To analyze processes in electric power, electrotechnical and electromechanical equipment
and corresponding complexes and systems. To have the methods of synthesis of electric power,
electrotechnical and electromechanical installations and systems with specified indicators. To evaluate the
reliability of the operation of electric power, electrotechnical and electromechanical systems. To be able to
collect and interpret the necessary data and determine the current state and trends in the development of
electric drive systems, in particular with the use of modern information and computer technologies.

Student workload
The total volume of the course is 90 hours (3 ECTS credits): lectures — 48 hours, self-study — 42 hours.

Course prerequisites

Physics, Theoretical basics of electrical engineering, Power elements of mechatronics and robotics systems,
Electric machines, Electrical devices, Basics of circuit engineering, Basics of electronics

Features of the course, teaching and learning methods, and technologies

The learning process in this discipline involves lectures, independent work and consultations. When conduc-
ting lectures, the text of lectures prepared and distributed to students in advance is used. At the same time,
there is an opportunity to examine some sections of the lecture material in more detail and to carry out cur-
rent control with the help of test control works. The calculation task is related to the selection and calcula-
tion of mathematical models of protection elements, elements of generating command signals, elements of
the control system and coordinate sensors. During independent work, the student must study sections, topics
according to the recommended literature, specified by the work program of the academic discipline.

The quality control system of students' education includes ongoing control and final control in the form of an
exam. Current control is implemented in the form of a survey, conducting test control works. Control of the
component of the work program, which is mastered during the student's independent work with additional
lecture material, is carried out by checking notes. Semester control is conducted orally based on exam tickets
in the amount of educational material determined by the curriculum and in the terms established by the
curriculum. The student is considered admitted to the semester exam in the academic discipline, provided
that he completes the test tests provided by the educational program in the discipline.

Program of the course

Topics of the lectures

Topic 25. Latitudinal - pulse converters (LPC). Principles of construction. Typical schemes.

Topic 26. Latitude - pulse modulator for SHIP.

Topic 27. Static and dynamic characteristics of SHIP.

Topic 28. Thyristor AC voltage converters.

Topic 29. Thyristor switch.

Topic 30. Direct frequency converters. Power schemes, operating principles and characteristics.

Topic 31. Frequency converters with a direct current link and a current or voltage inverter, or pulse width
modulation.

Topic 32. Command and setting devices.

Topic 33. Intensity sensors.

Topic 34. Unified control devices. Operational amplifiers and regulators based on them.

Topic 35. Unified control devices. Operational amplifiers and regulators based on them. Continuation.
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Topic 36. Sensors and measuring circuits. Structure and properties of analog and digital sensors.
Topic 37. Displacement sensors.

Topic 38. Speed sensors.

Topic 39. Voltage and current sensors.

Topic 40. Acceleration, dynamic current, EMF sensors.

Topic 41. Technological sensors (temperature, strain gauge, inductive).
Topic 42. Technological sensors (vibration, pressure, moment).

Topic 43. Matching devices.

Topic 44. Matching devices. Continuation.

Topic 45. Analog-to-digital and digital-to-analog converters.

Topic 46. Functional converters.

Topic 47. Functional converters. Continuation.

Topic 48. Schemes of galvanic branching.

Topics of the practical and laboratory classes

Practical and Laboratory classes are not scheduled

Self-study

Semester control is conducted orally based on exam tickets in the amount of educational material
determined by the curriculum and in the terms established by the curriculum. The student is considered
admitted to the semester exam in the academic discipline, provided that he completes the test tests provided
by the educational program in the discipline.

Course materials and recommended reading

1. Tykasos 1.0., Kynuerko T.F0. EnemeHmu aemomamu308aHoz2o esekmponpusoda. YacmuHa nepwa. Kepo-
8aHI nepemeoprosaui enekmpu4Hoi eHepaii 015 enekmponpueodis — Xapkie.: HTY «XIIl», 2022 p. -204 c.

2. Kaninos A. I, MeavHukog B. EaemeHmu asmomamu3o8aHo2o eekmponpugoda : Hagy. hocioHuk / A. I1.
Kazinos, B. 0. MeavHukos. - Kpemenuyk : BudasHuymso III1 lllep6amux O. B, 2014. - 276 c.

3. 3imin E. H .Enekmpoo6.1adHaHHS npomMucao8ux nionpuemcms i ycmaHosok: niopyuHuk / E. H. 3umiH,
B.LIIpeobpadicencokut, 1. I. Yysawes. - 2-e sud., [lepepob. i don. - K.: Buwa wkoaa, 1981. - 552 c.

4. Teopia enekmponpusoda: [liopyuHuk / M.I". [lonosuu, M.I" Bopuciwk, B.A. l'aspuatok ma iu.; 3a ped. M.T.
Ilonosuya. - K.: Buwa wkoaa, 1993. - 494 c.

5. Erickson, Robert W. Fundamentals of Power Electronics. New York, NY: Chapmané& Hall, 1997. ISBN:
9780412085413.

6. EnexmpoHika i mikpocxemomexuika : IlidpyuHuk 045 suuy. Hasy. 3aka. oceimu : Y 4-x m./ B.I. Cenvko, M.B.
Ianacenko , €.B. Cenbko ma iH.; I1id ped. B.I. Cenvka. — K.: TBO "BudasHuymeo O6epezu", 2000. - T.1.
Enemenmua 6a3a esnekmpoHHuUx npucmpois.— 309 ¢

7. Krein, Philip T. Elements of Power Electronics. New York, NY: Oxford University Press, 1998. ISBN:
9780195117011.

8. [lonosuy M.T",, JlosuHcwkuii 0.10., Kaenikoe B.b. ma iH. EnekmpomexaHiuHi cucmemu agmomamuyuHo20
KepyeaHHs ma esaekmponpueodu. Haeu. noci6. / M.I'. [lonosuy, O.10. JlosuHcokull, B.b. Kaenikos ma iH. - K.:
Ju6ios, 2005. - 680 c.

9. Richard Crowder. Electric Drives and Electromechanical Systems: Applications and Control / Richard
Crowder. - Newnes, Published Date: 2006. - 312 p.

10. llepemsoprosasibHa mexHika. [lidpyuHuk : 4. 2/ K0.11. 'onuapos, 0.B. Bydvonnuli, B.I. Mopo3os ma iH., 3a
ped.. B.C. Pydenka. - Xapkis: ®osio, 2000. - 360 c.

11. Ocmposepxos M. 4. [Ipomucaosa enekmpoHika: HanienpogidHukosi hepemeoprogaui 3SMIHHOI Hanpyau 8
nocmiliHy Haeu. nocib. / M. . Ocmpoeepxos, B.1. Cenvko, B.1. Yubesic; K1l im. Izops Cikopcvbkozo. — Kuis: KIII
im. lzops Cikopcokozo, 2021. - 341 c.

12. Kazaukoscvkuti M.M. Komnaekmni enekmponpueodu. Hasuy. noci6nuk. [JHinponemposcok: HI'Y, 2003. -
266 c.

13. Yexem E.M., Mopdau B.I1., Co6osaee B.M. beanocepedHi nepemeoprogayi yacmomu 05 eJeKmponpugood.
- K.: Hayk. dymka, 1988. - 224 c.

H@H National Technical University

Information Elements of Mechatronics and Robotics Systems “Kharkiv Polytechnic Institute”



14. lllasvokin 0.0. Cusosi HanienpogidHukosi nepemeopiogayi eHepzii: Hagy. nocibHuk / 0.0. [llagbo/KiH;
Xapkis, HaO. yH-m. micbK. 2ocn-8a im. 0.M. bekemoea. -- Xapkie : XHYMT im. 0.M. bekemoea, 2015. - 403 c.
15, Muxaavcokuti B.M., Cobosee B.M., Yexem E.M. BekmopHa wupomHo- iMnyabCcHA MOOYAAYisi 8 Mampuy-
Hux nepemeoprosayvax. HasuaavbHuil nocibHuk. - K.: In-m eaekmpodurnamiku HAH Ykpainu, 2003. - 74 c.

16. Rashid, Muhammad H. SPICE for Power Electronics and Electric Power. 2nd ed. Boca Raton, FL: CRC
Press, 2006. ISBN: 9780849334184.

17. Blaschke F. “The Principle of Field Orientation as Applied to the NEW Transvector Closed-Loop System
for Rotating-Field Machines,” Siemens Review, Vol. 39, No. 5, 1972, pp. 217-220

18. Malesani L., Rossetto L., Tenti P. Tomasin P.,”"AC/DC/AC PWM Converter with Reduced Energy Storage in
the DC Link”. IEEE Trans. Ind. Appl, No2,1995, pp.287-292.

19. Malinowski M., Kazmierkowski M., Hansen S., Blaabjerg F., MarquesG., “Virtual-flux-based direct power
control of three-phase PWM rectifiers”. IEEE Trans. Ind. Appl, No4,2001, pp.1019-1027.

20. [lonosuy H.I'. Enemenmu agmomamu3ogaHozo eaekmponpusoda /H.I.Ilonosuu, B.A.I'agpuiok,
0.B.Kosasvuyk, B.1.Tepsiee . K.: YMK BO, 1990. — 260 c.

21. Pydenko B.C. [Ipomucaosa enekmpotnika: Ilidpyunuk / B.C. Pydenko, B.A. Pomawko, B.B. Tpugoniok, K.: -
Ju6ide, 1993. - 432 c.

22. Kazaukoscvbkuil M.M. KeposaHi sunpsmasnui. - [[Hinponemposcovk: HI'A Ykpainu, 1999. - 228 c.

23. Tykanoe 1.0., Kynuenko T.I0 MemoduuHi 8ka3ieKu 00 8UKOHAHHS PO3PAXYHKOBUX pobim 3 ducyun/iHu
«Enemenmu asmomamusoeaHozo esnekmponpugody». Yu6080-memoduyuHe 3a6e3ne4eHHs CaMoCmitiHoi
po6omu cmydenmis. -Xapkis: HTY X111, 2022 2. - 40 c.

Assessment and grading

Criteria for assessment of student Grading scale

performance, and the final score structure Total  National ECTS

Description of the final score structure, course points

requirements, and necessary steps to earn points, 90-100 Excellent A

especially paying attention to self-study and 82-89  Good B

individual assignments. 75-81  Good C
64-74  Satisfactory D
60-63  Satisfactory E
35-59  Unsatisfactory FX

(requires additional learning)

1-34 Unsatisfactory (requires F

repetition of the course)

Norms of academic integrity and course policy

The student must adhere to the Code of Ethics of Academic Relations and Integrity of NTU "KhPI": to
demonstrate discipline, good manners, kindness, honesty, and responsibility. Conflict situations should be
openly discussed in academic groups with a lecturer, and if it is impossible to resolve the conflict, they should
be brought to the attention of the Institute's management.

Regulatory and legal documents related to the implementation of the principles of academic integrity at
NTU "KhPI" are available on the website: http://blogs.kpi.kharkov.ua/v2/nv/akademichna-dobrochesnist/

Approval

Approved by Date, signature Head of the department
Bohdan VOROBYOV

Date, signature Guarantor of the educational program
Mykola ANISHCHENKO
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