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General information
Summary

The course studies basic information on physical, physiological and measurement acoustics and
calculation methods for analyzing noise and vibrations of electrical machines.

Course objectives and goals

The purpose of studying the academic discipline is to prepare masters in specialty 141 "Electrical Power
Engineering, Electrical Engineering and Electromechanics”, to provide future masters with theoretical
and practical knowledge in the field of using methods for analyzing noise and vibrations of electrical
machines and ways to eliminate them.

Format of classes

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

Competencies

Ability to abstract thinking, analysis and synthesis.

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.
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Ability to generate new ideas, make informed decisions, show creativity and systems thinking, identify
and assess risks.

Knowledge and understanding of the patterns, mechanisms and consequences of equipment failures,
ability to develop and implement measures to increase reliability, efficiency and safety in the design and
operation of equipment and facilities in the power industry, electrical engineering and electromechanics.
Awareness of the need to constantly expand one's knowledge of new technologies in power industry,
electrical engineering and electromechanics.

Ability to apply the acquired theoretical knowledge, scientific and technical methods and relevant
software to solve scientific and technical problems and conduct scientific research in the field of power
industry, electrical engineering and electromechanics.

Ability to apply existing and develop new methods, techniques, technologies and procedures to solve
engineering problems, in particular when designing and operating facilities in the field of electric power,
electrical engineering and electromechanics.

Ability to apply analytical methods of analysis, mathematical modeling and perform physical,
mathematical and computational experiments to solve engineering problems and when conducting
scientific research.

Ability to apply information and communication technologies and programming skills to solve typical
problems of engineering and scientific activities in electric power, electrical engineering and
electromechanics.

Ability to use laws and engineering principles, high-level mathematical apparatus for designing,
modeling, constructing, manufacturing, installing, operating, maintaining and disposing of facilities in the
field of electric machines, electrical devices, electrical household appliances and electric transport.
Ability to apply methods of calculation, measurement, diagnostics of noise and vibration sources in
electromechanical devices.

Learning outcomes

Find options for increasing the energy efficiency and reliability of electrical, electrical and
electromechanical equipment and related complexes and systems.

Determine a plan of measures to increase the reliability, operational safety and extend the service life of
electrical, electrical and electromechanical equipment and related complexes and systems.

Analyze processes in electrical, electrical and electromechanical equipment and related complexes and
systems.

Adhere to the principles and rules of academic integrity in educational and scientific activities.
Communicate fluently orally and in writing in the state and foreign languages on modern scientific and
technical problems of electrical 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 devices, electrical appliances and electric transport.

Collect and interpret the necessary data, determine the current state and trends in the development of
indicators and characteristics of electrical equipment in the field of electrical machines, electrical
appliances, electrical household appliances and electric transport, in particular with the use of modern
information technologies.

Identify sources of noise and vibration, calculate, measure and eliminate the causes of vibration, know the
latest achievements in the theory of noise and vibration in electromechanical devices.

Student workload

The total volume of the course is 120 hours (4 ECTS credits): lectures - 32 hours, practical classes
(workshops) - 16 hours, self-study - 72 hours.

Course prerequisites

The course is based on the bachelor's degree program.
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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-questioning, practical classes, engineering seminar, interview,
consultation.

Practical classes use a competency-based approach to learning, game methods, and focus on the use of
information technologies in determining noise and vibration levels of electrical machines.

Program of the course

Topics of the lectures

Topic 1. Introduction. Basic concepts of acoustics

The relevance of the problem of studying noise and vibration of electrical machines. The effect of noise
and vibration on the human body. Basic concepts of acoustics (sound, noise, sound field, vibration).
Classification of noise depending on the nature of the source.

Topic 2. Physical characteristics of sound

Sound pressure, sound power, sound intensity, sound speed, sound wavelength, sound frequency,
vibration velocity, vibration acceleration, vibration displacement. The relationship between sound
pressure power and sound intensity. Sound pressure and sound intensity with the simultaneous action of
several sound sources. The relationship of sound pressure and sound intensity with vibration velocity.
Topic 3. Physiological characteristics of sound

Auditory perception zone, sound loudness, sound pitch, sound timbre. Relationship of physiological
characteristics with physical ones.

Topic 4. Oscillations of mechanical systems with lumped parameters

Free and forced oscillations of mechanical systems with lumped parameters. Equations of free and forced
oscillations in a system with lumped parameters with one degree of freedom and types of their
measurement. Amplitude of the oscillation velocity of a system with lumped parameters with one degree
of freedom in the presence of viscous friction. Mechanical resistance. Resonance in systems with lumped
and distributed parameters.

Topic 5. Units of measurement of noise and vibration

Decibel, decade, octave. Levels of sound power, sound intensity, sound pressure, loudness, sound,
vibration velocity and vibration acceleration. Relationship between levels of sound power, sound
intensity and sound pressure. Levels of sound pressure and sound intensity with simultaneous action of
several sound sources. Relationship between levels of sound pressure and sound intensity with vibration
velocity level. Relationship between levels of vibration velocity and vibration acceleration.

Topic 6. Circular ring oscillations.

Natural forms and natural frequencies of bending vibrations of a free circular ring. Calculation of
vibrations of a free circular ring. Change of natural forms and natural frequencies of vibrations of a free
circular ring when it is rigidly fixed at two points.

Topic 7. Transverse (flexural) vibrations of rotating shafts

Modeling of shafts of variable cross-section in the study of their bending vibrations. Equation of motion of
a weightless shaft with a disk rotating in rigid bearings (frictionless) and the type of its solution.
Dependence of dynamic deflection of a weightless shaft with a disk rotating in rigid bearings on the
frequency of rotation. Resonance of bending vibrations of a weightless shaft with a disk. Critical
frequency of rotation of the shaft. Cancellation of natural forms of vibrations of weightless shafts with a
disk rotating in rigid and elastic disks.

Topic 8. Transverse (flexural) vibrations of rotating shafts

Eigenforms and natural frequencies of flexural vibrations of shafts with distributed mass (of constant
cross-section) rotating in rigid and elastic bearings. Rigid and elastic shafts. Critical frequency of rotation
of the second kind.

Topic 9. General information about sources of noise and vibration of electrical machines

Sources of noise and vibration of electrical machines. Factors affecting the ratio of noise and vibration
sources in electrical machines. Distribution of noise and vibration sources in electrical machines.
Distribution of noise and vibration sources of electrical machines by methods of sequential extraction
(attenuation) of sources and spectral analysis.

Topic 10. Magnetic noise and magnetic vibration of induction motors
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Calculation of magnetic forces in the air gap by the method of harmonic conductivities. Magnetomotive
forces of stator and rotor windings. Magnetic conductivity of the air gap. Magnetic field in the air gap.
Topic 11. Magnetic noise and magnetic vibration of induction motors

Radial and tangential forces created by magnetic fields. Calculation of magnetic vibration of the housing
of an induction motor.

Topic 12. Magnetic noise and magnetic vibration of induction motors

Factors affecting magnetic noise and magnetic vibration of induction motors (slot skew, air gap
eccentricity, steel saturation, uneven distribution of currents in a winding with several parallel branches,
non-sinusoidality of voltage and current, asymmetry of currents in the phases of the stator winding,
technological and design factors).

Topic 13. Vibration of electrical machines excited by mechanical imbalance of the rotor

Engineering methods for calculating the rotational speeds of a rigid rotor (Friedman method,
approximate methods).

Topic 14. Vibration of electrical machines excited by mechanical rotor imbalance

Types of unbalance of rigid rotors. Calculation of vibration of electrical machines caused by rotor
imbalance. Vibration attenuation at the critical speed of the second kind.

Topic 15. Balancing of rotors of electrical machines

Basic concepts. Static and dynamic balancing.

Topic 16. Ventilation noise of electrical machines

Causes of ventilation noise. Calculation of ventilation noise. Factors affecting ventilation noise.

Topics of the workshops

Topic 1. Analysis of standards for noise of electric machines. Analysis of standards for vibration of electric
machines.

Topic 2. Calculation of vibrations of the stator of an induction motor.

Topic 3. Calculation of magnetic vibration of the housing of an induction motor.

Topic 4. Calculation of magnetic noise emitted by the housing of an induction motor.

Topic 5. Calculation of the critical speed of the rotor of an induction motor.

Topic 6. Calculation of vibration created by mechanical imbalance of the rotor.

Topic 7. Calculation of vibration created by rolling bearings.

Topic 8. Calculation of vibration at the rotor speed.

Topics of the laboratory classes

The curriculum does not include laboratory classes.

Self-study

The course involves the implementation of the calculation task "Calculation analysis of magnetic noise
and mechanical vibration of an asynchronous motor". The calculation task contains a report on the
calculation according to the individual 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. Beltran-Carbajal, F. (Ed.). (2015). Vibration analysis and control: New trends and developments, 1st ed.,
Chapter 4, pp. 56-89.
https://www.researchgate.net/publication/270339010 Vibration Analysis and Control -

New Trends and Developments
2. Bies, D. A, & Hansen, C. H. (2009). Engineering noise control: Theory and practice, 4th ed., pp. 112-135.
Boca Raton, FL: CRC Press.
https://books.google.com/books?id=v98PaeB8nQkC&printsec=frontcover
3.Janda M. Vibration Simulation of Electric Machines / M. Janda, K. Jandova. Submitted: 09 May 2017
Reviewed: 07 November 2017 Published: 20 December 2017.
DOI: 10.5772 /intechopen.72266 https://www.intechopen.com/chapters /58215
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4.BS IS0 10816-1:1995+A1:2009. Mechanical vibration - Evaluation of machine vibration by
measurements on non-rotating parts — Part 1: General guidelines.
https://hd.vistapayesh.com/documents/BS-ISO/BS-1SO-10816-1-1995%202B%20A1-2009-2010.pdf
5.1EC 60034-9:2021. Rotating electrical machines - Part 9: Noise limits. International Electrotechnical
Commission. https://webstore.iec.ch/publication/66184

6.1S0 1680:2013. Acoustics - Test code for the measurement of airborne noise emitted by rotating
electrical machines. International Organization for Standardization.

https://www.iso.org/standard /63318.html

7. Carlos Aroeira. Vibration analysis in electric motors. Technical articles /Published: 5 February 2024.
https://www.dmc.pt/en/analise-de-vibracoes-em-motores-eletricos

Assessment and grading

Criteria for assessment of student Grading scale
performance, and the final score structure Total National ECTS
100% of the final grade consists of the results of the points
exam (40%) and the current assessment (60%). The 90-100  Excellent A
exam is conducted according to exam tickets in oral 82-89 Good B
form. The current assessment consists of grades for 75-81 Good C
tests (2 of 20 points each) and the defense of a 64-74 Satisfactory D
calculation task (20 points). 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 28.08.2024 Head of the department
Andrii YEHOROV
28.08.2024 Guarantor of the educational
program
Yevhen BAIDA
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