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STUDY OF THE FORMS AND PURPOSE OF MACRO-RELIEF ON THE WORKING SURFACES
OF CYLINDRICAL PARTS

Yuriy PALADIYCHUK, Candidate of Technical Sciences, Associate Professor
Artur HOROVYI, Postgraduate
Vinnytsia National Agrarian University

HAJIAI{IFI‘I}’K KOpiii bornanoBu4, K.T.H., JOLIEHT
Ir'OPOBUMU Aptyp BoroagumupoBuy, actipant
BinHnIbKHIA HAITIOHATHHAUN arpapHAN YHIBEPCUTET

Modern trends in engineering and agricultural industry emphasize the importance of using methods
and tools to improve the reliability of individual parts and products as a whole, as well as to reduce the cost
of products. The reliability of machine parts is determined by a number of parameters, such as strength, wear
resistance, vibration and thermal resistance. In order to achieve these criteria for the reliability of machine
parts, it is necessary to take into account various manufacturing methods and improve material processing
technologies. An important aspect is also the use of composite and innovative materials that can significantly
improve the characteristics of products. In addition, the introduction of automation and digital technologies
allows to optimize production processes and reduce the probability of defects.

The study of the forms and purpose of macroreliefs on the working surfaces of cylindrical parts is an
actual problem in the field of metalworking and mechanical engineering.

The subject of analysis was the properties and effectiveness of macroreliefs in the metalworking
process, in particular their influence on the quality and functionality of products. The work includes an
overview of various types of macroreliefs, their purpose and application in production conditions, taking into
account the specific requirements of the technological process.

The methods of forming macroreliefs, including processing technologies and their influence on the
technical characteristics and quality of the final product, are highlighted. The results of the study showed that
the use of macroreliefs can improve the technological capabilities of processing parts, ensure an increase in
their strength and stability, as well as improve the appearance and aesthetics of the product.

The obtained results are of practical importance for engineers and designers engaged in the
development and production of cylindrical parts in various industries, such as automotive, mechanical
engineering, aerospace and other industries where it is important to achieve optimal quality and production
efficiency.

Key words: research, macroreliefs, working surfaces, cylindrical parts, forms, purposes.

Fig. 14. Ref. 8.

1. Problem formulation

One of the methods of improving the physical and mechanical properties of cylindrical parts is the
formation of macroreliefs with an integrated tool during deforming drawing.

Macroreliefs are profiles of the work surface that create channels for parts caused by physical and
technological processes. In materials science, macroreliefs can be visible on the raw surfaces of materials or created
specifically for certain functions. These channels can vary in shape, size, and depth, and they affect the distribution
and movement of lubricant, coolant, or gas across the surface, which is important for various applications. Macro
reliefs help reduce friction and wear, providing longer life for materials in mechanical systems.

Macrorelief profiles are channels on the surfaces of parts (Fig. 1.1.), which can be of different depths
and shapes, used to control the physical processes of machine nodes. Macrorelief profiles include hand tool
enhancements, firearms and explosives enhancements, jointing and rolling for a variety of needs and materials,
efficient milling cutters for woodworking and other materials, and embossed shafts for better blade retention
and aesthetic appeal. the appearance of parts and products.

Engineering, Energy, Transport AIC s licensed under a Creative Commons Attribution 4.0 International License
STUDY OF THE FORMS AND PURPOSE OF MACRO-RELIEF ON THE WORKING SURFACES OF
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It is promising to use macroreliefs in nodes and mechanisms to control fluid flows, reduce friction and
wear, supply lubricating and cooling fluid, create residual reservoirs for lubricants or dirt, improve the
frictional properties of parts, use to control longitudinal movement in connection with rotating and in general,
increasing the reliability, functionality and service life of parts.

In Autodesk Fusion 360, for example, several different types of reliefs were designed on the machining
surface for forced chip separation (Fig. 1.)

a b c d

Fig. 1. Types of macrorelief profile:

a) relief formed due to two self-rotating relief-forming sections with the same angle of deforming
elements on them, left and right rotation; b) relief, where on one relief-forming section the angle of the
deforming element has been changed to a greater side relative to the first section, where the angle of the
deforming element has remained unchanged; c) when the angle of the deforming elements is reduced, the
groove formation step increases; d) with unilateral rotation of one relief-forming section.

The use of macroreliefs of various profiles and groove shapes in hydro, pneumatic and other nodes
where the bypass of technical fluids plays a significant role, makes it possible to improve the uniformity of
pressure distribution and reduce friction, can provide control of speed and direction of movement, and in nodes
such as shock absorbers serve to improve absorption of shocks and stability of the car during movement.

2. Analysis of recent research and publications

In modern mechanical engineering, high demands are placed on processed materials, in particular, on
the quality of structural carbon steels. The specifics of these requirements cover aspects such as the range of
blanks, which include pipe rolls, as well as mechanical properties such as tensile strength (88), which is in the
range of 260 to 610 MPa, and the hardness according to the HV method, which is from 650 to 2000 MPa.

One of the examples of the use of macroreliefs is the manufacture of carvings.

In this case, macroreliefs are used to create ridges and grooves of different profiles (Fig. 2.), which
form threads necessary for connecting various elements of machines, equipment, mechanisms and creating
gears.
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Fig. 2. Kinds of macrorelief groove profile
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An illustrative example of the formation of
such macroreliefs is a ball-screw transmission
(Fig. 3.) where the motion transmission method uses
a screw shaft with grooves of a spherical profile, in
which balls are placed. As the shaft rotates, the balls
circulate in the grooves, which causes the nut with
the same relief to move along the shaft.

Such a system provides high efficiency and
accuracy of movement, and also saves electricity, as
it requires less torque for operation. It is worth noting
that the formation of such reliefs is possible in many
ways, but the most effective can be considered the
rolling method, which has forming rollers as
working elements (Fig. 4) and uses the method of
surface plastic deformation.

M

Fig. 4. Rolling method and forming rollers

The method of surface plastic deformation includes mechanical impact on the surface layer of the
material in order to change its crystal lattice and structure. During this process, deformation forces force the
atoms of the material to move, which can lead to a change in their position in the crystal lattice.

Fig. 5. The process of surface plastic deformation

The sliding of atomic layers takes place, first of all, along those planes, the direction of which forms
an angle of 45° (Fig. 5, a) relative to the direction of action of the compressive force R. As a result of plastic
deformation (Fig. 5, b), the crystals are stretched in the direction of the greatest flow of metal and acquire
elongated shape (Fig. 5, ).

A similar method can be used to create macroreliefs on various hand tools, devices, buttons and other
objects. For example, they can be used on medical instruments to facilitate their maintenance, identification
and cleaning.

The following are important functions of macroreliefs:
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1) Improved grip: the macro-relief structure of such tools provides a better grip, which makes it easier
to hold onto the handle when using various tools or tools, such as medical tools, wrenches, screwdrivers,
dumbbells, vultures, weapons, etc.;

2) Improved control: Macro relief helps provide better control over tools or implements, reducing the
risk of losing control or slipping while working. This contributes to the improvement of safety and efficiency
of tasks;

3) Reducing the load on the hands: macroreliefs allow you to distribute the weight over a larger surface
area of the hand, which reduces stress and the risk of injury to the hands during work. This helps to maintain
comfort during long-term use of work tools or tools.

Many technological processes can be used to form such macroreliefs (Fig. 6), but it is worth paying
attention to those methods that make it possible to form them on cylindrical surfaces:

1) Laser engraving;
2) Milling or lathe engraving;
3) Knurl.

Fig. 6. Macroreliefs on hand tools

Although macroreliefs can be formed through laser engraving, there are a number of disadvantages
that make this method ineffective and unattractive for constant use, namely:

— limited Engraving Depth: Laser engraving can be limited in processing depth, meaning the macro
reliefs may not be deep enough to effectively improve grip and perform the desired functions;

— high costs: Laser equipment and its operation can be extremely expensive, especially for small
production or individual projects;

— potential for thermal warping: The laser engraving process can heat up the metal surface, which
can cause thermal warping, especially in thin or small parts;

— material limitations: Some materials may be less suitable for laser engraving due to their
composition or structure. For example, some metals can be difficult to process due to high thermal conductivity
or reaction to laser exposure.

Macroreliefs can be created by engraving on milling and turning machines using various cutters and
cutters. However, for the effective formation of such reliefs, it is recommended to use CNC machines with at
least four axial directions. This is explained by the fact that the specifics of the work of traditional lathes and
milling machines do not always allow to effectively form such reliefs.

The most effective method of creating relief for improving the grip on various tools and instruments
is the rolling method. In this method, a special tool is fixed, usually on the lathe, in the cutter holder or tailstock.
It is a highly efficient multi-roll device that allows you to create a macrorelief in the form of a grid in a single
pass, without the need to spend time repositioning or readjusting the tool, as is necessary with the single-roll
method.

This method is also effective for the manufacture of slotted joints with a triangular profile (Fig. 8 c),
we can separately emphasize the tool shown in Figure 7, which is an effective solution for the formation of
short longitudinal reliefs (slots), such a tool ensures high accuracy of their formation and reducing the load on
the machine components (reducing the compression of the part).
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Fig. 7. Rolling tool

The tool is based on the method of surface-plastic deformation, which makes it possible to form
macroreliefs in the form of a grid, thread, notch and other reliefs.

The method is based on the plastic properties of the metal, which allows obtaining residual deformation
without violating the integrity of the material, forming takes place without removing chips. The tool (roller or
rollers) is pressed into the material, which leads to surface deformation and forms the corresponding profile.
This approach makes it possible to simplify the processing process and reduce waste.

Fig. 8. Profile types of slotted joints: a) — rectangular profile; b) — involute profile; ¢) — triangular
profile

Macroreliefs in the form of longitudinal straight channels on the surface make it possible to form slots,
which is an effective and reliable way of connecting various types of moving (sliding) and static shafts, such
as half-axles, cardan shafts, couplings, etc.

Such connections have a higher load capacity compared to the alternative key method, which creates
a lower stress concentration in the shafts, which ensures their higher durability, contributes to better centering
of parts on the shafts, and is more convenient for mass and serial production.

They are also distinguished by the types of reliefs (Fig. 8).

Slotted joints can have different types of profiles, such as rectangular (Fig. 8, a), involute (Fig. 8, b)
and triangular (Fig. 8, c). The choice of a specific profile depends on specific requirements for strength, load
and other factors that affect the functionality of the slotted connection.

Rollers, or rollers, are specialized equipment designed for grinding, crushing, pressing loose materials
and grain crops. They are used both in food and in other industries where they are of great importance.

As an example, the flour mill rollers shown in Figure 9 a are used for grinding cereals and are a key
component of mills in flour mills, which can be manufactured by rolling.

The grain grinding process is carried out by rolling the grain between a pair of rolls with macroreliefs
on them, which rotate in opposite directions, and due to the pressure, the grain is split, then in turn it is divided
into fractions for further processing, from which bran and flour are formed.

In Figure 9. b depicts rollers, or as they are also called rollers, intended for use in granulators that
directly press raw materials into the matrix, which contributes to the formation of finished granules. For better
performance and productivity, macrorelief is formed on them in the form of longitudinal grooves and, unlike
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flour mill rollers, they have a larger step around the circumference and depth of the groove, which complicates
their manufacture by rolling.

a b
Fig. 9. Rollers of flour milling and granulation equipment: a) — flour mill rollers; b) — granulator rollers

Slotted joints can have different types of profiles, the choice of a specific profile depends on the
strength requirements and other factors affecting the functionality of the joint.

Markroreliefs on the shells of fragmentation warheads are geometric features on their surface, specially
created to optimize the mechanism of destruction during an explosion. These reliefs consist of a system of
ridges and grooves located along the contour of the shell. When an explosive is triggered, they play the role of
controlling the destruction mechanism, directing the energy of the explosion and maximizing the formation of
fragments.

Fig. 10. Fragmentation projectile

Each of the methods of forming macroreliefs on the shells of shrapnel combat units or similar has its own
unique characteristics that should be taken into account when choosing the optimal approach to processing materials.

Boring machines are known for their ability to create deep and detailed grooves, which can be
important for certain applications that require a specific depth of relief. However, the process of working on
tanning machines can require considerable effort and time, which can complicate production processes.

Planers, on the other hand, typically provide a smooth surface with less roughness, which can be
important for some applications where high surface quality is a priority. However, they can be less effective
in creating complex shapes, and require specialized tools to achieve certain geometric configurations.

Multi-axis CNC lathes and milling machines open up wide possibilities for creating complex and
detailed reliefs thanks to the software control of the movement of the tool. However, they can require
significant hardware, cutting tool and programming costs, as well as specialized expertise to set up correctly
and use effectively.

Fig. 11. Types of cutters for gear cutting machines: a) — corn; b) — a shaper layer.
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Gear cutting machines are known for their ability to provide a strong and stable relief, which can be
important in demanding operating conditions. However, they can be limited in creating complex geometric
surfaces and require specialized tools to achieve certain shapes.

It is worth noting that most of the milling cutters used on tooth-cutting machines have a corn-type
macrorelief (Fig. 11, a).

As an example, controlled grooves make it possible to form cutting elements. A shaper (Fig. 11, b)
used for performing intermediate and final planing operations, as well as for processing surfaces that have both
curved and straight shapes, according to the established template.

In addition, this type of milling cutter is often used for processing arched decorative products, and
finds its application in other areas of material processing.

The common disadvantages of these processing methods include the fact that they are all performed
by cutting, without significant impact on the processed surface, which can reduce the effectiveness of using
such reliefs, for more effective operation, it is necessary to change the material structure in the groove zone.

3. The purpose and objectives of the research

The purpose of the experimental study is to determine the potential possibilities of using macroreliefs
in the nodes and mechanisms of machine-building and agricultural equipment to control fluid flows, reduce
friction and wear, improve the functional characteristics of parts and increase their reliability and service life.

To achieve the set goal, you need to solve the following tasks:

— to analyze modern trends in mechanical engineering and agriculture related to the use of
macrorelief;

— to compare the physical and mechanical properties of cylindrical parts with macroreliefs during
deforming drawing

— determine the influence of the profile of macroreliefs on the performance characteristics of machine
components, in particular, control of fluid flows and reduction of friction;

— to assess the effectiveness and practical application of the developed methods and technologies for
the formation of macroreliefs in various industries;

— taking into account the received information, draw conclusions.

4. Results of the researches

Broaching machine with broaching is an important element of metal cutting equipment, which is used
for processing through holes and outer surfaces of parts. Its functionality allows you to quickly and efficiently
perform cutting, milling and processing of materials, ensuring high accuracy and quality of manufactured parts.

This tool is capable of working with many types of materials, including metals, plastics and composite
materials, making it a versatile production tool. The use of a broaching machine with broaching allows you to
increase processing productivity, reduce the time of manufacturing parts and ensure high quality of the final product.

In addition, this tool can be equipped with a variety of additional features, such as automatic control
systems, cooling and lubrication systems, which further increase its efficiency and productivity. As a result,
the broaching machine is an essential tool for production processes where it is important to achieve high speed
and precision in processing parts.

The modern industry of tools in mechanical engineering and metalworking actively uses optimal
designs of tools specially developed for the relevant production conditions [4]. This series includes combined
broaches and other complex tools that work according to the kinematic broaching scheme. They are
characterized by high productivity, as they can simultaneously operate many working edges, the total length
of which can vary from several hundred to several thousand millimeters. Combined broaches can be the basis
for creating tools for forming reliefs.

There are five types of broaching, depending on their configuration and the method of interaction with the part:

1) Round and slotted parts: The broaching type has a round shape at one end and a slotted shape at the
other, allowing it to be used for machining parts with different types of holes or cutouts;

2) Slotted and round parts: The slotted shape is located closer to the end of the broach, which makes
it easier to cut or mill parts with protrusions or protruding elements;

3) Round, slotted and chamfered parts: the broach has a round shape at one end, slotted at the other,
and chamfered at the side, which allows cutting, milling and chamfering to be performed simultaneously;

4) Chamfered, round and slotted parts: the chamfered form is located closest to the end of the broach,
which allows for chamfering, as well as cutting and milling;
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5) Chamfering, slotting and round parts: the chamfering part is also located closer to the end of the
broach, which allows chamfering, cutting and milling to be performed with optimal efficiency.

Each type of broaching has its own characteristics and applications, which depend on specific
production needs and requirements for processed parts.

For the most part, broaches are used in multi-series and mass production, which makes it a progressive
metal-cutting tool of a highly specialized series, which is due to its high price.

The deforming-cutting broach (Fig. 12) consists of several main components. The first is the front
shank (1), which serves as the basis for the entire structure. Next come the deforming elements (2), which are
located among themselves and are separated by distance bushings (3), all these elements are strengthened on
the mandrel (4). The last component is the cutting part (5), which is connected to the mandrel by welding.

- The following parts are distinguished in the drawing:

- front guide (A);

- deforming section (B);

- intermediate guide (C);

- draft (D);

- auxiliary (E);

- cleaning (F);

- calibrating (G) part of the cutting section (5);

- rear guide (H).

The cutting section is made of P6M5 high-speed steel according to the group scheme, taking into
account the previous cold deformation hardening of the processing material (PM) and the parameters of the
non-contact deformation wave. Longitudinal chip splitting in the case of drawing deep holes is also taken into
account [4].
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Fig. 12. Deforming-cutting broaching.

The method consists in the fact that one or two dividing elements 2 are installed on the drawing
(Fig. 13) behind the deforming element 1 at an angle to the axis of the tool, the working edges 3 of which have
the profile of the formed grooves.

Fig. 13. The working part of the broaching with deforming sections.

Thanks to this, when these elements enter the hole, a tangential force occurs, under the action of which
the element rotates, which makes it possible to provide a system of helical grooves, including intersecting
ones, if necessary, and opens up new possibilities in metalworking.

For example, most types of firearms, with the exception of shotguns and special smoothbore weapons,
have grooves in the middle of the barrel, fig. 14.

63



Ne 2 (125)/2024 TeXHiKa, C€HEPreTHuKa,

%)\? % TpaHcnopt AIIK
E ~ Vol. 125, N2 2 / 2024

Fig. 14. Macroreliefs on the elements of barrel weapons

They ensure the rotation of the bullet, which, in turn, can have a similar relief to the barrel, in order to
stabilize its movement during flight, which contributes to increasing the range and accuracy of shooting.

The rifling forms macroreliefs from spiral grooves cut inside the barrel, which works by rotating the
projectile on its axis, causing gyroscopic forces that stabilize the rotation throughout flight; tight threads will
spin the ball faster, while loose threads will spin the ball slower. The speed at which the ball spins is very
closely related to how stable it will be; too slow and the bullet will flip in the air, too fast and the bullet may
fly apart. The rate of rotation caused by rifling is determined by the pitch or rate of twist, their depth, and the
shape of the rifling, which describes how loosely or tightly formed the rifling is inside the barrel of the weapon.

5. Conclusions

A broaching machine with a broaching machine is a key element of metal cutting equipment capable
of processing through holes and external surfaces of parts. Its functionality allows you to quickly and
efficiently perform cutting, milling and material processing operations with high precision and quality.

A broaching machine can work with a variety of materials, including metals, plastics and composites,
making it a versatile tool for manufacturing needs. The use of a broaching machine with broaching allows you
to increase the productivity of processing, reduce the time of manufacturing parts and ensure the high quality
of the final product.

Modern industry actively uses optimal draft designs that allow to increase productivity and efficiency of processing.

There are five types of broaches depending on their configuration and method of interaction with the
part, each of which has its own characteristics and application. Broaches are used mainly in multi-series and
mass production, which is due to their high price and specialization in specific types of processing.

Deforming-cutting broaches consist of several components that ensure their functioning and efficiency
in the processing process.

The method of using broaches with deformable sections allows obtaining macroreliefs on parts, which
expands the possibilities of metalworking and ensures high quality and stability of products
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JOCHITKEHHSA ®OPM I TIPUBHAUYEHHSA MAKPOPEJILE®IB HA POBOUYUX ITOBEPXHSIX
OWITHAPUYHUX JETAJIEN

Cyuacni meHOeHyii 8 MauWUHO0Y0y8aHHI MaA CLIbCLKO2OCNOOAPCHKIl NPOMUCIO80CHI NIOKPECTIOI0Mb
BAJICIUBICb BUKOPUCMANHS MemOOi8 ma 3aco0i8 0Jist ROJINUEHHs HAOTUHOCMI OKpeMux Oemanell ma upooie
8 YINOMY, a MAK0JIC 0I5l 3HUNCEHHS eapmocmi npodykyii. Haoitinicms demanetl mawun 8U3HA4AEMbCS pAOOM
napamempis, makux AK MIYHicmb, CMIUKICMb 00 3HOWLY8AHHS, iOpayilina ma mepmiyHa cmitikicmo. [[ns
00CscHeHHs Yux Kpumepiie HAOIUHOCMI Oemanell MAauiuH, HeoOXIOHO 6paxosysamu pIi3HI  Memoou
BUCOMOBIEHHS MA 800CKOHANEHHS MEXHOI02I 00poOKu mamepianie. Bajcnueum acnekmom € makxooic
BUKOPUCMAHHA KOMNO3UMHUX MA [HHOBAYIHUX Mamepianie, sAKI MOJXCYMb CYMMEBO NOKPAWUMU
xapaxmepucmuxu 6upo6ig. OKpim mozo, 6Npo8aodI’CeHHs ABMOMAMU3AYIT Ma YUDPOBUX MEXHONO02I 0038015€
ONMUMIZYy8amu 6UPOOHUYL npoyect i 3MeHUUmu UMOSIpHICMb Oepexmis.

Locnioscenns ghopm ma npusHaueHHs MaKpopenbeqhie Ha poooyUx NOBEPXHAX YULTHOPUYHUX Oemanell
€ AKMYaIbHOI0 NPOOAEMOIO 8 2ATY3i MemanoobpobKu ma mawurHodydyeanus. Poseopnyma anomayis:

Ilpeomemom awnanizy cmaiu 61acmMusocmi ma e@eKmueHicmb MaKkpoperve@ie vy npoyeci
MemanoobpoOKu, 30kpema ix 6naus Ha AKicmv ma QyHKYIoHaIbHICMb 6upodie. Poboma ekitouae 0ensd pisHux
munie Makpopenveqis, iXHE NPUSHAUEHHSA MaA 3ACMOCYBAHHA V GUPOOHUYUX YMOBAX, 3 YPAXYBAHHAM
KOHKPEMHUX 8UMO2 MEXHOI02IUHO20 NPOYEC) .

Buceimneno memoou popmysanusi maxkpopenveghis, exmouarouu mexnoaoeii 0opooxu ma ix eniug Ha
MeXHIYHI XapaKkmepucmuku ma sxKicms KiHyegozo npodykmy. Pesymbmamu O00CHiONMCEHHs NOKA3AMU, WO
BUKOPUCMAHHA  MAKpOpenvehie Modce NOKPAWUMU MEXHONO02IUHI  MOodcaugocmi  0bpodoku  Odemainel,
3abesneyumu ni0SUUEHH IXHbOI MIYHOCMI MaA CMIUKOCMI, 4 MAKOXMC NOJINWUMU 3068HIUHIL U210 ma
ecmemuyHicms upooy.

Ompumani  pe3yibmamu Marwms HPpAKMUYHE 3HAYEHHA OAA iHJICeHepie ma Ousalinepis, o
3aUMArOMvbCsi Po3POOKOI0 MaA BULOMOBTEHHIM YUTIHOPUYHUX Oemanell Y pPI3HUX 2any38X NPOMUCTOBOCHI,
MAKUX K agmomoodinedy0y8ants, MAuUHOOYOV8anHs, AepOKOCMIUHA Ma THWI 2any3i, 0e 8adCIUB0 00csaemu
ONMUMATBHOI AIKOCMI Ma egheKMUBHOCMI 8UPOOHUYMEA.

Knwuogi cnosa. oocniosxcenus, maxpopenvedu, poboui nogepxwi, yuninopuuni demani, opmu,
NPUHAYeHHs.

Puc. 14. Jlim. 8.
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