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General information

Summary

The discipline studies the basics of designing DCMs for general industrial purposes, methods of
electromagnetic, thermal, and ventilation calculations, principles of design development and mechanical
calculations of the main parts and assemblies of DCMs, and basic issues of DCM production.

Course objectives and goals

The purpose of studying the discipline is to gain knowledge of modern methods of designing general-
purpose DCMs, their production technology, as well as to acquire practical skills in making well-founded,
independent engineering decisions when implementing a course project on designing a general-purpose
DC motor and laboratory classes at a specialized enterprise.

Format of classes

Lectures, laboratory work, practical classes, independent work, consultations. Final control - exam.

Competencies

The ability for abstract thinking, analysis and synthesis.
Ability to search, process and analyze information from various sources.
Ability to use information and communication technologies.
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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 .

Ability to manage projects and critically evaluate their results.

Awareness of the need to constantly expand one's knowledge of new technologies in electrical power
engineering, electrical engineering, and electromechanics.

Knowledge and understanding of modern technological processes and systems of technological
preparation of production, technical characteristics, design features, purpose and rules of operation of
electrical power, electrical engineering and electromechanical equipment and devices.

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

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.

The ability to apply information and communication technologies and programming skills to solve typical
engineering and scientific problems in power engineering, electrical engineering, and electromechanics.
The ability to use laws and engineering principles, high-level mathematical apparatus for the 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.
The ability to research, analyze, apply, and scientifically substantiate the choice of materials, equipment,
and the application of technological measures for the implementation of the latest technologies in the
field of electric machines, electrical appliances, electrical household appliances, and electric transport.

Learning outcomes

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

Reproduce processes in electrical power, electrical engineering and electromechanical systems during
their computer modeling.

Master new versions or new software designed for computer modeling of objects and processes in
electrical power, electrical engineering, and electromechanical systems.

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

To master the methods of mathematical and physical modeling of objects and processes in electrical
power, electrical engineering and electromechanical systems.

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.

Plan and implement scientific research and innovative projects in the field of electrical power
engineering, electrical engineering, and electromechanics.

Solve professional tasks in the design, installation and operation of electrical, electrical engineering,
electromechanical complexes and systems.

Use laws and engineering principles, high-level mathematical apparatus for the 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 trends in the development 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.
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Student workload

The total amount of the discipline is 150 hours (5 ECTS credits): lectures - 32 hours, laboratory work -
16 hours, practical classes — 16 hours, independent work - 86 hours.

Course prerequisites

The discipline is based on the bachelor's educational program and the previous discipline "Electrical
Machine Production Technology".

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

Lectures are conducted interactively using multimedia technologies, and the information-receptive
method and the problem-based presentation method are used in their teaching.

Laboratory work involves familiarization with modern technological processes used at specialized
enterprises for the manufacture of DCMs.

In practical classes, a project approach to learning, game methods are used, and attention is focused on
the application of information technologies in the design of DCMs . In laboratory and practical classes,
reproductive and heuristic methods are used. When implementing a course project, elements of the
research method are used.

Course program

Topics of the lectures

Topic 1. Initial data for the design of DCMs (DCMs)

Advantages and areas of application of DCM. DCM of general and specialized purpose. Requirements for
the characteristics of DCM depending on its purpose. DCM design procedure

Topic 2. Machine constant. Selection of main dimensions and electromagnetic loads of DCMs

Main dimensions of the DCM, machine table. Influence of main dimensions and operating mode on the
parameters of the DCM. Selection of electromagnetic load: linear load and induction in the air gap.
Selection of the value of the pole overlap. Selection of the number of main poles

Topic 3. Calculation of the winding and tooth zone of the armature

The procedure for calculating the armature winding. Choosing the type of armature winding, winding
parameters. Characteristics of the main types of armature winding: simple loop and wave, complex loop
and wave, combined. Determining the parameters for each type of armature winding. Choosing the shape
of the grooves. Calculating the dimensions of oval semi-closed grooves. Filling an oval semi-closed groove.
Calculating the dimensions of rectangular open grooves. Filling a rectangular open groove

Topic 4. Calculation of additional pole winding

Purpose of the additional pole winding and requirements for it. Selection of the initial value of the air gap
under the additional pole. Determination of the dimensions of the additional pole core. Procedure for
calculating the additional pole winding

Topic 5. Magnetic circuit of the DCM

Purpose of calculating the magnetic circuit, calculation methods. Sections of the magnetic circuit of the
DCM, their characteristics. Choice of the shape and size of the air gap. Condition for correct choice of the
size of the air gap. Determination of the dimensions of the main pole and frame

Topic 6. Calculation of MMF on non-working stroke

Calculation of the air gap MMF. Air gap coefficient. Calculation of the armature tooth layer MMF.
Calculation of the armature back MMF. Calculation of the main pole core MMF. Calculation of the frame
MMEF. Calculation of the main pole and frame junction MMF. Determination of the saturation coefficient of
the magnetic system. Criteria for assessing the correctness of the magnetic system calculation

Topic 7. Calculation of MMF under load.

Anchor reaction, its types and the need to take it into account when designing a railway station.
Graphical -analytical method for determining the armature reaction. Criterion for stable operation of the
DCMs.

Topic 8. Calculation of the excitation winding

Main types of excitation of MMF, their areas of application. Procedure for calculating the winding of
parallel and independent excitation. Procedure for calculating the winding of series excitation
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Topic 9. Calculation of the main dimensions of the commutator and selection of brushes

Main dimensions of the commutator, the procedure for their determination. Limitations that must be
taken into account when choosing the dimensions of the commutator. Width of the commutation zone.
Main brands of brushes used in DCM. Procedure for determining the dimensions of brushes. Influence of
brushes on commutation

Topic 10. Calculation of switching parameters and additional poles.

Switching, types of switching. System for assessing the quality of switching. Switching parameters.
Reactive EMF, its definition. Influence of the conductivity of the slot scattering on switching. Clarification
of the dimensions of additional poles and winding parameters. Saturation of additional poles and its
limitations. Use of a double air gap under an additional pole. Methods of improving switching. Removal of
zones without sparking work

Topic 11. Determination of the mass of active materials and the efficiency of DCM

Determination of the mass of windings and magnetic core. Procedure for determining efficiency. Types of
losses in DCM. Electrical losses, their definition. Magnetic losses, their influence. Mechanical losses, their
composition and definition. Additional losses, their composition and definition

Topic 12. Calculation of engine and generator characteristics

Operating and mechanical characteristics of a DC motor. Procedure for calculating the characteristics of a
series-excitation motor. Procedure for calculating the characteristics of a parallel and independent-
excitation motor. Generator characteristics, procedure for calculating them

Topic 13. Thermal and ventilation calculations of DCM

Purpose of thermal calculation of DCM. Taking into account the heat resistance class of the insulation
system. Taking into account the DCM operating mode in thermal calculation. Methods of thermal
calculation of DCM, their characteristics. The essence and procedure of thermal calculation by the
simplified method. Purpose of ventilation calculation. DCM ventilation systems. Supply and exhaust
ventilation. The main dimensions of the fan that determine its parameters. Aerodynamic air resistance
and factors affecting it. Determination of aerodynamic air resistance

Topic 14. Design development and mechanical calculations of railway components

General layout of protected DCM units. Determination of the geometric dimensions of the armature coil.
Differences between a single-turn coil and a multi-turn coil . Methods of fastening the armature winding
in the slot and frontal part. Types of commutator design, criteria for choosing the type of design.
Determination of commutator dimensions. Mechanical calculation of an arched commutator.
Requirements for the DCM shaft. Determination of shaft dimensions. Mechanical calculation of the shaft
for strength, rigidity and critical speed. Selection and mechanical calculation of bearings

Topic 15. General issues of DCM production. Obtaining blanks for DCM parts

Main types of materials used in DCM. Technological processes used in DCM production and their brief
characteristics. Obtaining blanks of DCM parts: for the frame, shafts, bearing shields. Sequence of
technological operations for welding the frame. Annealing of welded structures or vibration treatment.
Use of stamping technology for manufacturing DCM parts. Technology for assembling main poles

Topic 16. Technology of mechanical processing (manufacturing) of shaft, frame and bearing shields

Main structural elements of the shaft. Main shaft machining operations: milling of ends and centering of
holes; roughing (turning); milling of keyways; thread cutting; grinding (finishing). Bed machining
schemes. Bed and locking surface machining, milling of lugs, drilling of holes and cutting of threads . Main
elements of the bearing shield, requirements for it. Main operations of bearing shield machining.

Topic 17. Technology for manufacturing armature winding coils

General requirements for technology. Boarding and cutting of blanks. Main operations for manufacturing
"hard" coils from rectangular wire. Main operations for manufacturing "soft" coils from round wire. Types
of insulation and its use for insulating armature coils

Topic 18. Technology for manufacturing coils of main and additional pole windings.

Technology of manufacturing coils from insulated round wire. Technology of manufacturing coils from
insulated rectangular wire. Technology of manufacturing coils from bare copper busbar (strip) by
winding on the edge and flat

Topic 19. Commutator manufacturing technology

Basic requirements for commutators. Technology for manufacturing commutator plates, including
“commutator riser”. Technology for manufacturing commutator gaskets and cuffs. Calibration of
commutator plates. Assembly of commutator plates and gaskets into a ring. Pressing and heat treatment.
Mechanical processing of a set of plates (obtaining a “dovetail”). Manufacturing of the housing and
pressure cone. Assembly of the commutator, heat treatment and its acceleration. Testing of commutators
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Topic 20. Technology of assembling an unwound armature and laying an armature winding

Preparation of the armature core sheets for assembly, stacking of the core sheets on the shaft and
pressing. Fixing the armature core on the shaft. Installing the commutator. Processing the armature core
grooves. Preparing the armature core for winding installation. Insulating the armature core grooves.
Inserting the armature winding coils according to the winding diagram. Fastening the armature winding
in the groove part using wedges or bandage, applying glass bandage to the front parts of the armature
winding. Connecting the ends of the winding coils by soldering or welding

Topic 21. Armature winding impregnation and drying technology

Technologies for impregnation of windings of electric machines. Technology and equipment for vacuum-
pressure impregnation of armatures. Drying (baking) of armatures. Control and testing of armature
winding. Final processing of armatures. Commutator winding. Armature balancing

Topic 22. Technology of assembling the stator (magnetic system) of DCMs

Packing of main and additional poles. Fastening of main and additional poles in the frame. Drawing up a
diagram of the connection of the windings of the main and additional poles. Control and testing of the
magnetic system. Manufacturing of brush holders, crossbar frame and brackets . Assembling the crossbar,
installing brushes and lapping them

Topic 23. Technology of assembling DCMs and their testing

Equipment required for machine assembly. Bearing installation. Inserting the armature into the bore of
the magnetic system. Setting the air gap. Installing the traverse and bearing shields. Checking and final
testing of the DCM. Reinforcing the machine

Topics of the workshops

Topic 1. Requirements for the characteristics of DCM for various purposes. Determination of initial data
for the design of a DCM. Selection of the main dimensions and electromagnetic loads of DCM. Selection of
the type of armature winding and calculation of its parameters. Construction of the armature winding
diagram

Topic 2. Calculation of the dimensions of the toothed zone of the anchor and filling the groove

Topic 3. Preliminary calculation of the winding of additional poles. Determination of the dimensions of
the sections of the magnetic circuit. Calculation of the MMF on the idle stroke. Construction of the
magnetic characteristic ®(Fo). Calculation of the MMF under load. Calculation of the excitation winding
Topic 4. Calculation of the main dimensions of the commutator, selection of the brand of brushes and
determination of their dimensions. Calculation of switching parameters, refinement calculation of
additional poles

Topic 5. Determination of the mass of active materials and engine efficiency. Calculation of the operating
and torque characteristics of a DC motor

Topic 6. Thermal and ventilation calculations of protected DCM

Topic 7. Layout of protected DCM units. Determination of overall and installation and connection
dimensions of DCM. Determination of the dimensions of the anchor coil. Calculation of the strength of
wedges. Calculation of the strength of the glass band

Topic 8. Test No. 1

Topics of the laboratory classes

Laboratory work 1. Research on the technology of manufacturing a bed DCM

Laboratory work 2. Research into the technology of manufacturing coils for the armature winding of the
DCM

Laboratory work 3. Research on the technology of manufacturing coils of the main and additional poles of
the DCM

Laboratory work 4. Research into the manufacturing technology of arch-type commutators

Laboratory work 5. Research on the technology of connecting the ends of the armature winding coils with
commutator plates

Laboratory work 6. Research on the technology of assembling the magnetic system of DCMs

Laboratory work 7. Defense of laboratory work

Laboratory work 8. Test No. 2
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Self-study

The discipline involves the completion of a course project "Design of a DC motor". The course project
contains an explanatory note and drawings of the designed DC motor according to the selected nominal
data option. Successful defense of the course project is estimated at 26 points and is included in the
examination grade.

Students are recommended additional materials (videos, articles) for independent study.

Course materials and recommended reading

Basic literature

1. Direct current electric machines: a manual / I. . Andreyko, V. G. Gaiduk; National University "Lviv.
Polytechnic". - Lviv: Publishing House of Lviv. Polytechnic, 2018.

2. Design of electric machines: a manual / D.V. Tsyplenkov, O.B. Ivanov, O0.V. Bobrov, V.V. Kuznetsov, V.V.
Artemchuk, M.O. Babyak ; National Technical University "Dnipropetrovsk Polytechnic". - D.: NTU "DP",
2020.

3. Tkachuk V.I. Automated design of DC commutator motors. - Lviv: Publishing house of the National
University “Lviv Polytechnic”, 2005.

of DCMs: a manual . / V. P. Shevchenko, O. V. Babushanov . - Odessa: Science and Technology, 2016.

5. Yukhymchuk V. D. Technology of production of electric machines: textbook / V. D. Yukhymchuk. - Kh.:
Tim Publishing Group, 2014.

6. Mechanical Engineering Technology for Electromechanics. / Yu. I. Chuchman . - Lviv: Publishing House
of the National University "Lviv Polytechnic”, 2001. 348 p.

7. Ostashevsky M. 0., Yukhymchuk V. D., Yuryeva O. Yu. Design of DC motors / Ed. Ostashevsky M. O.:
Teaching and method. Manual for course design for students of the Faculty of Electrical Engineering. —
Kharkiv: NTU "KhPI", 2002.

Additional literature

1. Ostashevsky M. O. Electric machines and transformers: a teaching manual. - 2nd ed,, revised. / M. O.
Ostashevsky, O. Yu. Yuryeva; edited by Dr. Tech. Sciences, Professor. V. I. Milikh. Kyiv: Karavela, 2023.
2. Milikh V. I. Letter designations of quantities and parameters of electric machines. - Kharkiv, NTU
"KhPI", 2007.

3. Conventional graphic designations of elements on electrical diagrams: methodological guidelines on
electrical engineering for teachers and students of electrical engineering specialties / compiled by V. D.
Yukhymchuk . - Kharkiv: NTU “KhP1”, 2009.
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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 (30%) and the ongoing assessment (70%). The 90-100  Excellent A
exam is conducted using oral exam papers. The 82-89 Good B
ongoing assessment consists of grades for tests (2 out ~ 75-81 Good C
of 10 points), laboratory work defense (6 out of 4 64-74 Satisfactory D
points), and course project defense (26 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 this 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 this resolve the conflict,
they should be brought this the attention of the Institute's management .

Regulatory and legal documents related this 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 08/28/2024 Head of the department
Andrii YEHOROV
08/28/2024 Guarantor of the educational
program
Yevhen BAIDA
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