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General information 

Summary 

The discipline studies special issues of research into thermal and ventilation processes in electrical 
machines and the features of their calculation. 
 

Course objectives and goals 

The purpose of studying the discipline is to acquire knowledge of the principles of constructing 
equivalent hydraulic circuits of DC machines, turbo and hydrogenerators, asynchronous and synchronous 
motors; conducting ventilation calculations using modern computer software packages; studying 
stationary and non-stationary thermal processes in electrical machines; calculating coolers for electrical 
machines, and acquiring practical skills in modeling the temperature field in electrical machines of 
various types. 
 

Format of classes 

Lectures, laboratory work, practical classes, consultations, self-study. Final control in the form of an exam. 
 

Competencies 

The ability for abstract thinking, analysis and synthesis. 
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Ability to search, process and analyze information from various sources. 
Ability to use information and communication technologies. 
Ability to apply knowledge in practical situations, work independently and in a team. 
The ability to generate new ideas, make informed decisions, demonstrate creativity and systems thinking, 
and identify and assess risks. 
The ability to apply the acquired theoretical knowledge, scientific and technical methods and appropriate 
software to solve scientific and technical problems and conduct scientific research in the field of electric 
power, electrical engineering and electromechanics. 
The ability to research, analyze, apply, scientifically substantiate the choice of materials, equipment and 
the application of technological measures for the implementation of the latest technologies in the field of 
electrical machines, electrical appliances, electrical appliances and electric transport. 
The ability to apply analytical methods of analysis, mathematical modeling, and perform physical, 
mathematical, and computational experiments to solve engineering problems and conduct scientific 
research. 
 

Learning outcomes 

Adhere to the principles and rules of academic integrity in educational and scientific activities. 
Communicate freely orally and in writing in the state and foreign languages on modern scientific and 
technical problems of electric power, electrical engineering and electromechanics. 
Use laws and engineering principles, high-level mathematical apparatus for design, modeling, 
construction, production, installation, operation, maintenance and disposal of objects in the field of 
electrical machines, electrical appliances, electrical household appliances and electric transport. 
Collect and interpret the necessary data, determine the current state and development trends of 
indicators and characteristics of electrical equipment in the field of electric machines, electrical 
appliances, electrical household appliances and electric transport, in particular with the use of modern 
information technologies. 
 

Student workload 

The total volume of the course is 150 hours (5 ECTS credits): lectures - 32 hours, laboratory work – 16 
hours, practical classes – 16 hours, self-study - 86 hours. 
 

Course prerequisites 

The discipline is based on the bachelor's degree program. 
 

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

Lectures are conducted interactively using multimedia technologies. Active forms of classes are used: 
lecture, lecture-dialogue, lecture-questionnaire, laboratory classes, practical classes, engineering seminar, 
interview, consultation. 
Laboratory work involves familiarization with methods for determining thermal and ventilation 
parameters of electrical machines. 
Practical classes use a variable approach to learning, with emphasis on the use of information 
technologies in determining the thermal and ventilation performance of electrical machines. 
 

Program of the course 

Topics of the lectures 

Topic 1. Ventilation calculations 
General information. Independent ventilation system. Depending on the direction of air exchange. 
Topic 2. Ventilation system connection and design of electrical machines 
Types of ventilation systems. Classification of ventilation systems. 
Topic 3. Basic relationships in ventilation calculations and aerodynamic supports 
Basic ratios.  Aerodynamic supports. 
Topic 4. Ventilation calculation of an electric machine 
Ventilation replacement scheme. Ventilation calculation sequence. 
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Topic 5. Types of fans. static characteristics 
Fan types. Characteristics of centrifugal fans. 
Topic 6. Heat resistance classes and operating modes electrical machines 
Power losses. Insulation material classes. The operating mode of an electrical machine. 
Topic 7. Methods of heat transfer 
Heat transfer. Thermal conductivity coefficients. Heat transfer methods. 
Topic 8. Surface heat transfer coefficient and heating process 
Determination of the heat transfer coefficient from the surface. Determining the coefficient α using 
dimensionless similarity numbers. Reynolds number. Prandtl number. Heat transfer coefficients from the 
surface of existing electrical machines. Heating a homogeneous body. 
Topic 9. Thermal replacement scheme 
Equivalent thermal diagrams. Plan for compiling and calculating thermal replacement schemes 
Topic 10. Thermal replacement diagram 4a series induction motor 
Equivalent thermal diagram of a serial 4A motor with a rotation height of 160 mm and a degree of 
protection IP44 
Topic 11. Calculation of thermal substitution schemes 
Application of the nodal potential method for calculating equivalent thermal circuits. Refined thermal 
equivalent circuit.  
Topic 12. Thermal diagram of replacement of an induction motor with ip23 protection degree 
Thermal diagram of the replacement of an asynchronous motor with a squirrel-cage rotor of the 4A series 
with a degree of protection IP23 and a height of the axis of rotation from 160 mm to 250 mm inclusive. 
Thermal replacement diagram of an induction motor of the DAZO type. 
Topic 13. Temperature difference in anchor winding insulation and its impact on the external surface 
Simplified estimates of heating of electrical machines. Temperature drop in armature winding insulation. 
Excess external surface temperature. 
Topic 14 Heating process of electrical machine windings 
Excessive temperature of the frontal parts. Winding overtemperature. Local overheating. Simplified 
calculation of non-steady heating mode. 
 

Topics of the workshops 

Topic 1. Formulas and coefficients used in thermal and hydraulic calculations. 
Topic 2. Tasks on thermal processes. 
Topic 3. Tasks on thermal processes. 
Topic 4. Centrifugal fan calculation. 
Topic 5. Centrifugal fan calculation. 
Topic 6. Ventilation calculation of a dc motor. 
Topic 7. Ventilation calculation of a dc motor. 
Topic 8. Ventilation calculation of a dc motor. 
 
 

Topics of the laboratory classes 

Laboratory work 1. Study of the operation of a centrifugal fan. 
Laboratory work 2. Study of the structure of asynchronous machines with measurement of stator 
winding resistances. 
Laboratory work 3. Research on electric motor heating. 
Laboratory work 4. Research of braking schemes for induction electric motors. 
Laboratory work 5, Research of transient processes during heating and cooling of an ac electric motor. 
Laboratory work 6. Research of transient processes during heating and cooling of an ac electric motor. 
Laboratory work 7. Research on heating of traction motor windings. 
Laboratory work 8. The protection of laboratory works. 
 

Self-study  

The discipline involves the performance of the calculation task "Thermal calculation of a closed induction 
motor using the method of thermal equivalent circuits". The calculation task contains a report on the 
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calculation according to the selected option. Successful defense of the calculation task is estimated at 20 
points and is included in the examination grade. 
Students are recommended additional materials (videos, articles) for independent study. 
 

Course materials and recommended reading 

1. Electric Machines: Steady State, Transients, and Design with MATLAB - S. A. Nasar, Syed A. Nasar, Ion 
Boldea. Taylor & Francis Group, 2009. 
2. Boglietti, A., Cavagnino, A., Staton, D., Shanel, M., Mueller, M., & Mejuto, C. (2009). Evolution and Modern 
Approaches for Thermal Analysis of Electrical Machines. IEEE Transactions on Industrial Electronics, 
56(3), 871-882. https://doi.org/10.1109/TIE.2008.2011622 
3. Boldea, I., & Tutelea, L. N. (2021). Electric Machines: Design and Analysis of Thermal Systems. CRC 
Press. https://doi.org/10.1201/9781003216018 
4. Staton, D., Chong, E., Pickering, S., & Boglietti, A. (2022). Cooling of Rotating Electrical Machines: 
Fundamentals, Modelling, Testing and Design. The Institution of Engineering and Technology.  
Ion Boldea. Induction Machines Handbook: Steady State Modeling and Performance. Third edition, 2020. 
5. Pyrhönen, J., Jokinen, T. and Hrabovcová, V. Losses and Heat Transfer. In Design of Rotating Electrical 
Machines (eds J. Pyrhönen, T. Jokinen and V. Hrabovcová). 2013. 
https://doi.org/10.1002/9781118701591.ch9. 
6. Rezzoug A., Zaim M.E-H. (Eds.) Non-conventional Electrical Machines. ISTE Ltd and John Wiley & Sons, 
Inc., 2012. 
7. Ostashevs'kij M.O. Thermal calculations of electric machines Study guide. Kharkіv, HNUMG іm. O.M. 
Beketova, 2020. 
8. Gembarovic, Jozef & Löffler, Martin. Simple algorithm for temperature distribution calculations. 
Applied Mathematical Modelling – 28. 2004. 173–182. https://doi.org/10.1016/S0307-904X(03)00129-
X. 
9. Nikolskyi, O. I. Modeling of thermal processes in REA: study guide / O. I. Nikolskyi, O. P. Sheremeta. – 
Vinnytsia: VNTU, 2017. 
10. Mayboudi, Layla S. Comsol Heat Transfer Models. Mercury Learning and Information, 2020. 
Kucheriava І.M. Computer modeling of thermal processes in single-phase transformer considering 
anisotropic thermal properties of active elements // Tekhnichna elektrodynamika. – 2014. – No. 1. – Pp. 
20–27. 
11. Lussier D.T., Ormiston S.J., Marko R.M.  Theoretical determination of anisotropic effective thermal 
conductivity in transformer windings // International Communications in Heat and Mass Transfer. – 
2003. – Vol. 30. – No. 3. – Рp. 313–322. 
 

Assessment and grading  

Criteria for assessment of student 
performance, and the final score structure 

100% of the final grade consists of the results of the 
exam (30%) and the ongoing assessment (70%). The 
exam is conducted using oral exam papers. The 
ongoing assessment consists of grades for tests (2 to 
11 points), laboratory work defense (7 to 4 points), 
and calculation task defense (20 points). 
 
 

Grading scale  

Total 
points 

National ECTS 

90–100 Excellent A 
82–89 Good B 
75–81 Good C 
64–74 Satisfactory D 
60–63 Satisfactory E 
35–59 Unsatisfactory 

(requires additional 
learning) 

FX 

1–34 Unsatisfactory (requires 
repetition of the course) 

F 
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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/  
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