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Abstract:This article highlights the importance of analyzing the problems encountered in the
design of worm gears and proposing appropriate solutions to improve the reliability of
manufactured machines.It also emphasizes the significance of developing highly effective
proposals based on innovative approaches to ensure the production of high-quality and reliable
machines.
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AnHoTanus: Ym0y Makojaja WOuiad YMKApWIaéTraH MAIMlUHAIAPHUHT HWIIOHWIMIIUTHHA
OILLIMPHILA YEPBSIKIN y3aTMalapHU JOWHUXAJAlIIard MyaMMOJIApHU TaxJIMJI ATHIL Ba 3apypuit
edrMITIap TaKIUQ STUII A013ap0 Macasia SKaHJIUry 0aéH STUITaH.

[yHuHrAeK YHIa WHHOBAIIMOH EHIONITaH XO0JIa UIIUTa0 YMKApHUIIIa FOKOpU caMapa OepyBUYH
TakiauIapHu UIIA0 YMKUIIHUHT, IOKOPU cU(ATIM MIIOHYWIM MallMHAJIApHU Talépiamiiaru
aXaMUSTH TaKUJJIaHTaH.

Kanur cy3aap: 4epBsSkiaM y3aTMma, JIOMHXANAll pako0arOapIoll, WIIOHWIN KOMIICTEHITHUS,
MaIlIlHa.

AHHOTauusi:B 1aHHOW cTaThe paccMaTpuBaeTCs AaKTyaJbHOCTh aHalmmM3a Hpodiem,
BO3HUKAIOIIKX [IPU IPOEKTUPOBAHUM YEPBAYHBIX II€pesad, U NMPEAJIOKEHNHN 110 UX PELICHUIO C
LI€JIbIO MOBBIIIEHUS HAJAEKHOCTU pa3padaThIBAEMbIX MaIIIMH.

Taxke B craThe MOAYEPKUBACTCS BAKHOCTH Pa3pabOTKH BBHICOKOA(PPEKTHUBHBIX MPEITI0KCHUN
Ha OCHOBE MHHOBALIMOHHOIO MOJAXO0Ja I IPOU3BOJACTBA HANEKHBIX U BBICOKOKAYECTBEHHBIX
MalInH.

KiarwueBble cjoBa: ucpBdYHad II€peaadya, IMIPOCKTUPOBAHUC, KOHKypeHTOCHOCO6HOCTI),
Ha,I[é)KHOCTB, KOMIICTCHI WA, MalllMHA.

1. Introduction

Ensuring the reliable operation of power transmission components in machine
manufacturing contributes to the overall reliability of the machine. Therefore, students pursuing
a bachelor's degree in the field of automotive and tractor engineering are expected to have a
thorough understanding of how to design high-quality and reliable worm gear transmissions,
just like any other type of transmission, and how to ensure their operational efficiency [1].
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Hence, improving the training of engineering personnel with high competence in the
design of mechanical transmissions at the bachelor's academic level is a pressing issue for the
design and production of high-quality and reliable machines.

The production of quality, competitive, and reliable machines is directly related to the
quality and content of education. It is of great importance to carry out scientific and analytical
monitoring of existing educational literature, identify and eliminate shortcomings, and train
qualified, competitive specialists based on the real demands of the economy — all of which
contribute to enhancing the reliability and efficiency of manufactured machines.

2. Methodology

According to the curriculum of the subject "Machine parts", which constitutes the final
stage of general technical training in the educational process, students are expected to complete
a course project as part of lectures, practical sessions, laboratory work, and independent study.
Based on the tasks of the course project, students are required to design cylindrical, conical,
worm, chain, and belt drives, and to evaluate their quality indicators through analytical
calculations. The completion of the course work or project marks the end of the student's
general technical training phase.

Higher education pedagogy deals with the issues of education and upbringing of
students in higher educational institutions [2]. From this perspective, during the process of
designing machines, students face specific challenges when performing reflective tasks such as
calculation and drawing exercises, or completing course projects — particularly in the design of
worm gear drives.

An analysis of the root causes of this situation revealed the following main difficulties:

In particular, at the initial stages of the design process, students often lack adequate
skills in selecting appropriate materials for the transmission. They also experience challenges in
independently designing worm gear drives, finding proper solutions to engineering problems
based on industry standards, and effectively utilizing reference literature.

The conclusion to be drawn from this situation is that the primary issue requiring a
solution in education and training is underpinned by a second, deeper problem.

“Today, the methodology for teaching exact and natural sciences is criticized for its
complexity, the disconnect between theoretical knowledge and practical application, the lack of
continuity in curricula, and the unsatisfactory content and quality of textbooks™ [3].

Scientific research conducted to eliminate the above-mentioned shortcomings has shown
that, in the process of machine creation, there is still a lack of full integration between
theoretical and practical knowledge in the instructional materials related to the design of worm
gear drives.

The inconsistency between theory and practice has always been a persistent issue in
education [4]. The following examples can be given as evidence of this.

1. The table of mechanical properties—specifically contact and bending stresses — of
materials used for selecting appropriate materials in the design of worm gear drives is either
completely absent in theoretical literature [6, 8], or, although it is presented in some sources |5,
71, it is only suitable for introductory familiarization with the materials, not for practical design.

In particular, the values of yield strength (0;) and ultimate strength (0,) are provided, but

the mechanical properties necessary for evaluating contact and bending stresses—critical for
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actual design—are not included. Therefore, despite their presence in some literature, these
tables are insufficient for practical engineering purposes in worm gear design.

2. In practical calculations of the transmission, the formula for determining the
allowable bending stress for the selected material is given in practical literature [9] in the

form: [0or]=Kp [Oor] while in theoretical literature [7], it is presented as:
[0r]=[0c]oKeL <[Ok]max However, this formula is not provided in theoretical literature sources
(5, 6,7].

The formula for determining the center distance is given in theoretical literature [6, 7, 8]
in the following form:
Eel T2
[on]?(a/z2)

In theoretical literature [5], it is presented in the following form:

2,=0,625(q /2, +1)

2
70
aW—O 625(q/22 +1)\/l(Q/Z Yo l ToKy,
vp

In practical literature [9], it is presented in the following form:
2

a—<22+1)3 170 T.K
" \q Zio) ©

4. The formula for calculating the module is m=2a,,/(z,+q) [5, 6, 7, 8] which is
generally not presented in theoretical literature.

5. The theoretical literature does not provide tables for the module m, the lead angle y
of the worm thread, the permissible contact stresses according to the bending condition of the
worm wheel tooth, tables of variations for the module mmm and the relative diameter q of the
worm (GOST 2144-76), nor tables of the dynamic load factor K, values used to determine the
accuracy class of the transmission.

6. For worm gears, the load coefficient for both contact and bending stresses is taken as
equal and is calculated using the following formula:

KH:KF:KBKV
additionally, here:, Kg- coefficient accounting for uneven load distribution; K, - coefficient
accounting for dynamic load in the transmission. This formula is presented in theoretical
literature [5, 6, 7, 8], along with the values of the corresponding coefficients. In practical
literature [9] and theoretical literature [7, 10], the coefficient -Kg , which depends on the
deformation of the worm and changes in the load characteristics, is calculated using the
following formula:

KB—1+( )(1 X),

here, 0- the deformation coefficient of the worm, and its value is given in the corresponding
table. This table, as well as the value of xxx in the formula, are respectively provided in
practical literature [9] and theoretical literature [7, 10].

Kg— in theoretical literature [6, 7, 8], it is recognized as the coefficient accounting for
load concentration, but in practical literature [9], it is called the coefficient of uneven load
distribution. In theoretical literature [10], the theoretical load concentration coefficient under
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seizure-free conditions is given as follows:

223

It is noted that under constant load in the transmission, there is a risk of complete
seizure and no-load concentration, meaning Kg=0 . However, under variable load, load
concentration persists, and the efficiency coefficient of load concentration is determined by the
following formula:

Zy 3
KB=1+(§) (1—x).

Thus, it can be seen that Kg—  in theoretical literature [3, 4, 5] is referred to as the
coefficient accounting for load concentration or uneven load distribution along the tooth length;
in theoretical literature [10], it is called both the theoretical load concentration coefficient and
the efficiency coefficient of load concentration. In practical literature [9] and theoretical
literature [5], as mentioned above, it is called the coefficient of uneven load distribution.

In fact, due to the large distance between the worm shaft bearings, bending of the worm
shaft causes uneven load distribution along the tooth length. This, in turn, leads to a higher load
effect at certain points along the tooth length, i.e., load concentration.

This aspect causes the Kg  coefficient to have two different names in theoretical
literature [6, 7, 8]. This reflects that the same coefficient is sometimes named differently within
the same literature or varies in terminology across different sources.

7. The calculation formula for worm gear contact stress according to theoretical
literature [5] is as follows:

170 |/z,/9+1\°
oy= \/( 2/4 ) TzKHSO'Mp,

B Z3/9 Ay
and in theoretical literature [6]:

Evei T2KCOS2Y
oy=18 ——=|On|,
: jd§d168a65|n2a (0]

and in theoretical literature [7, 8]:

Ey e ToKCOS2
0H::|-,18\/ el 2 1 y/[UH],

d3d,de,&sin2a

is given in the following form.
In practical literature [9], it is given in the following form:

8. The calculation formula for contact stress of the worm gear according to theoretical
literature [5] is as follows:

GF:O,7YF % =O0Fp,
mn
According to theoretical literature [6, 8], it is as follows:
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FioKe
0=0,7Yr ——=<|0¢],
F F by, [OF]
In theoretical literature [7], it is as follows:

FK
0:=0,74Y; B‘Z F

m. <[0¢],
is given in the following form.
In practical literature [9], it is given in the following form:
_ 1.2T,KYe
OF Zzbzmz l

Based on the evidence presented above, the formulas related to the design of worm
gears are given in different forms in various literature sources, and the same physical quantities
are expressed using different names. Furthermore, the tables, standards, and calculation
methodologies necessary for designing worm gears are often insufficiently covered. These
inconsistencies in formulas and terminology cause confusion and uncertainty among students.
Therefore, there is a need to address the aforementioned shortcomings in order to train qualified
specialists with competencies for high-quality and reliable worm gear design.

The purpose of education determines the content and methods of teaching [11]. Higher
education didactics is an initiative aimed at improving the quality of teaching in higher
education institutions [12]. Therefore, to eliminate the inconsistencies mentioned above, which
are identified as the main cause of difficulties faced by students, and to ensure the design of
high-quality and reliable machines, it is necessary to develop a set of didactic materials focused
on developing worm gear design skills. These materials should form the necessary professional
competencies based on integration and be promptly introduced into the educational process.

By ensuring the consistency between theoretical and practical formulas in calculations,
it is possible to eliminate confusion and ambiguity, thereby achieving a unified approach [13].

Therefore, in order to address the first issue raised in this article — namely, improving
the quality and efficiency of training specialists capable of designing high-quality, competitive
machines, as well as ensuring full integration of theory and practice in education — the
following measures must be implemented:

a) to eliminate all ambiguities arising in the design of worm gear transmissions, it is
necessary to ensure the consistency and clarity of formulas used in design by integrating theory
and practice;

b) to eliminate all ambiguities arising in the design of worm gear transmissions, it is
necessary to ensure the consistency and clarity of formulas used in design by integrating theory
and practice;

c) In line with conceptual requirements, to effectively develop practical skills, the
calculation methods used in theoretical and practical literature must be compatible — or at least
closely aligned — thereby ensuring integration of theory and practice;

d) all necessary tables required for the design of worm gear transmissions should be
included in theoretical sources, and the rules for their correct usage must be clearly and
understandably explained, as this is of great importance.

Knowledge that is not connected to practice is quickly forgotten. Therefore, one of the
important principles of pedagogy — the necessity of applying "the unity of theory and practice in
education" in the learning process — holds great significance [14].
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Therefore, in our opinion, the second set of issues raised in the article can be addressed
by implementing the following measures:

a) in order to effectively develop students' skills in selecting appropriate materials for
worm gear transmissions, it is essential that the necessary information is provided in theoretical
literature and explained during lectures;

b) to foster independent thinking in the design of worm gear transmissions,
contradictory information and factors leading to confusion in the literature should be eliminated;

c) standards related to worm gear transmissions should be reflected in theoretical
literature, and the procedures for using these standards should be covered in lectures to help
students improve their ability to find correct solutions to problems based on industry standards;

d) to sufficiently develop the skill of proper use of literature, the guidance provided for
course works and projects should be aimed at encouraging reliance on primary theoretical
sources.

Conclusion and Remarks

Improving the quality of worm gear design problems finds its solution not only in
practical technical literature but also through the development of practical skills, abilities, and
competencies. These should be implemented in the form of appropriate practical tasks,
delivered through lectures, practical and laboratory classes, as well as independent learning, all
logically interconnected and following each other coherently. New educational materials aimed
at this integrated approach need to be developed.

To effectively form and develop knowledge, skills, qualifications, and professional
competencies in worm gear design, a complete and consistent connection between the
information presented in theoretical and practical literature must be ensured. This is because
essential professional skills and competencies are formed precisely on the basis of an organic
link between theoretical knowledge and practical experience.

Conclusion

The analysis of this scientific research leads to the following important conclusion: To
ensure the reliable operation of worm gears in mechanical engineering, it is necessary to further
systematically develop students’ design competencies related to worm gear design, as well as
personal qualities such as creative thinking ability and intellectual potential.

Furthermore, it is of great importance to create didactic materials based on innovative
pedagogical technologies that ensure the integration and unity of theory and practice, and to
introduce them into the educational process.

In addition, effective utilization of the experiences of leading global higher education
institutions and manufacturers, as well as the transition from a theoretical education system to a
practical education system — focused on developing necessary skills and competencies — once
again confirms the urgency of this issue.
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