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ABSTRACT

Serhiienko SCreation of methods for threBmensionalmodeling, design,
calculation and implementation of muttomponent structures in the production of
large DC machine$. A qualifying scientific work as a manuscript.

The thesis for a degree of Doctor of Philosophy (PhD) in specialty 134
Aerospace Enginemg (13 Mechanical Engineering)i National Aerospace
University "Kharkiv Aviation Institute”, Kharkiv, 2026.

The dissertation work is purposed to the creation of methods for
threedimensional modeling and design of midéimponent structures in productioh
large direct current machines (LDCMs) to solve urgent issues of increasing the
reliability of their design and ensuring flexibility of production. The distribution of
stresses and deformations within the LDCM frame was calculated to determine critica
loads associated with the specifics of the performance of technological operations. Th
design and calculation of the stress#dhined state of the LDCM body parts during
manufacturing and operation were considered. At the same time, both classice
electomagnetic forces and efforts during the performance of technological operations
necessary for mechanical processing and assembly of such objects, as well as duri
transportation, were taken into account for the first time. In terms of determining
mechanial stresses, it was established that the safety margins of the designed structu
allow ensuring the strength of the frame elements during the manufacture of LDCMs
and safe operation during operation without restrictions on loads and operating mode

Threedimensional analysis of the stresssrhined state of the structure during
technological operations, namely tilting, lifting and moving the frame of the LDCMs
without poles and with poles, showed that the values of mechanical stresses an
deformations tht arise in the joints of the basic version of the frame exceed the
permissible limits, which leads to significant deformation of the structure. The work
designed the structure of the frame with additional stiffening ribs and performed
calculations of thestresseskstrained state of the unit. The analysis of the reinforced
structure showed that during technological operations, the mechanical stresses th

arise do not exceed the permissible ones, and all deformations are in the elastic zone



the used matal.

Additionally, issues of testing of electrical machines are considered, taking into
account the implemented modern European standards that require updating of existir
testing methods for electrical machines and test equipment.

The purpose of the disdation is to develop methods for studying the
stressegstrained state of the structural elements of the LDCMSs, in particular of the
frame, in a threelimensional setting using the finite element method, the application
of which shall allow reducing thesidual stresses of the frame during its production.

The first section of the dissertation is purposed to a systematic review of the
designs of large DC machines and the problems of manufacturing of their component:
The design features of a large DC maehiadopted for further calculations are
considered. An analysis of modern methods for determining loads on the structure i
carried out. The force factors that affect the stress@ihed state of the structural
elements of an electric machine when pemniog technological operations of slinging,
tilting and transferring are determined. An analysis of such a physical phenomenon a
residual stresses is carried out, the causes of their occurrence are established a
methods for their reduction are determined

In the second section, an improved method for determining the stsssiedd
state of the structural elements of the LDCMs in a thigeensional formulation using
the finite element method, taking into account all force factors acting during operatio
and manufacture, is developed. The results of calculating the ststsmedd state of
a large DC machine frame in a thh@ienensional formulation using the finite element
method are presented. The distribution of stresses and deformations of thandasic
modernized frame structures is determined. Based on the calculations, the
effectiveness of the frame design with two fastening belts to reduce residual stresse
during its lifting and tilting is confirmed.

In the third section, the results of the stuwd the SSS of the modernized frame
are verified by the Hot Spot Stress (HSS) method in the linear surface extrapolatior
(LSE) formulation and the method of convergence by the size of the elements of the

calculation grid. The results of the results cogesice test indicate the high accuracy
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of the method for calculating the SSS of the frame. The values of stresses an

displacements in critical zones satisfy the requirements for permissible levels for the
selected structural material in all considered loagks both during the operation of the
electric motor and during the performance of technological operations for lifting and
tilting of the frame.

The fourth section presents the methods of testing of electrical machines used t
confirm the reliability ofthe developed methods for determining the stressathed
state. The main types of tests of DC electric machines are considered, revised based
the results of bringing the base of standards used in Ukraine to modern Europea
standards. Separately, hetls of control and adjustment of switching processes in DC
machines are presented, which is one of the key issues that need to be resolved
ensure reliable lonterm operation of such electrical machine equipment.

The result of the carried out researcieethe development of effective methods
for modeling the stressestrained state of assemblies and structural elements of large
DC machines, in particular of the frame, throughout the entire cycle of their production
and operation which were put in tcaptice.

The use of research methods in thdemensional formulation allows
determining the stresses of structural elements that were previously impossible t
estimate using existing methods of simplified analytical calculations, which opens up
broadprospects for ensuring the proper mechanical strength of the LDCMs both during
manufacture and operation, which will contribute to increasing the reliability of this
electrical mechanical equipment used as an electric drive in many industries ir
Ukraine.

The presented research work provides a scientifically substantiated method fo
reducing residual stresses in the frame of a LDCM during its production, which makes
it possible to optimize the design of new DC electric machines and provides flexibility
to the production processes of electrical machinery equipment.

The results of the dissertation work were used at LLC "KHEMZ" (Kharkiv) in
the design of new and reconstruction of existing large DC machines. In addition, the

results of the work were implementerthe scientific and methodological processes of
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the Department of Aerohydrodynamics of the National Aerospace University "Kharkiv

Aviation Institute".

The next step of the research will be the creation of methods and algorithms fol
calculating the stresdestrained state of the active parts of the new generation of
LDCMs. The development of research in this direction will allow to increase the
reliability of the structural elements of the machines and ensure the efficient use o
production capacities.

Scientific novelty of the work:

1. A new method for calculating of the stressémined state of a large DC
machine frame has been created for the first time, which, unlike existing ones, allow:
taking into account technological and basic force factors ihreetlimensional
formulation.

2. The algorithm for setting boundary conditions for thil@eensional models
of structural components of electrical machines has been improved in terms of ¢
detailed description of loads at different moments of the produeinchoperation
cycle.

3. The algorithm and methodology for testing of electric machines have been
improved in terms of their compliance with the requirements of the implemented
modern European standards.

4. Existing engineering methods for determining Hteessedstrained state
based on classical strength theory have been further developed in terms of improvin
the accuracy of stress distribution based on mathematical modeling of the structure
taking into account the threémensional distribution of tedological and basic force
factors.

Practical significance of the obtained results:

1. The developed method for determining the strestathed state of the
LDCMs frame, taking into account the loads that arise during technological operations
during the mnanufacturing process and during the operation of the finished product,
allows confirming the operability of the housing design not only for the main operating

modes, but also for technological operations (lifting, turning over).
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2. Based on the developecethod, the creation of additional stiffeners was
justified, which provides reinforcement of the structure of the LDCMs frame to prevent
unacceptable deformations during technological operations.

3. Recommendations have been developed for testing of Dieleachines,
based on the implemented modern European standards.

The methods developed in the work for thddmensional calculation of stress
distribution can be used in the study of the stressedned state of other electrical
mechanical equipment.

The obtained scientific results can be used by organizations specializing in the
field of research and operation of electrical mechanical equipment, design bureaus
research and design organizations, aerospace universities and other organizatio
specializng in the field of operation and research of electrical mechanical equipment.

Keywords: electrical mechanical equipment, DC machine, frame,
stressegstrained state, finite element method, mechanical stresses, strength, turnin

over, slinging.
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von Mises (Mf/mm*2 (MPa))
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van Mises (Mfmm~2 (MPa))
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