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The article examines the processes that occur during the operation of the mating surfaces of machine
parts, and analyzes the factors that influence their operational characteristics. Zokrema, the specificity of the
vicorization of polymer materials in the process of updating the seating shafts and housings under the
forging rollers was observed. The completeness of the separation of technological processes aimed at
increasing the wear resistance of the working surfaces of these parts has been demonstrated.

Theoretical dimensions are presented that allow one to determine the basic parameters of the
repeated bending of shafts, housings and rollers by rolling ways to compensate for changes in geometric
dimensions of the surface after operation. It is indicated that the durability of the work depends to a large
extent on ensuring the inviolability of the roller rings, which includes their checking. For this purpose, the
necessary tensions at the landings, plastic deformation of micro-irregularities on the surface of the parts
have been ensured, and methods of wear compensation have been introduced.

The advantages of the use of polymer materials, which are characterized by high physical and
mechanical strength, in technological processes of folding and updating parts have been analyzed. The use
of polymer compositions makes it possible to reduce the wear on the surface of parts and their surfaces, such
as reducing rubbing, as well as increasing the development of fretting corrosion. Protective, polymer
coatings perform the function of microshock absorbers, reducing stress in contact areas and increasing the
durability of working surfaces.

The problem of choosing the optimal type of polymer materials and the maximum permissible gap
and tension in the couplings, which will ensure the unbreakability of the rings and durability before they are
tested, is carefully examined.

The robot has identified the main directions of further investigations, regardless of the importance of
the power of polymer materials, which will ensure the greatest durability of the device during different types
of use. The research results indicate the promise of high-quality polymer materials for increasing the wear
resistance of working surfaces and extending the service life of robotic machines and equipment.
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Eq. 4. Fig. 2. Ref. 9.

1. Problem formulation
In the context of a constant increase in the intensity of motor transport equipment, an increase in its
power and speed of movement, as well as in connection with the constant increase in the Ukrainian market of
foreign high-value machines, the problem of high-quality repair of shaft seats for rolling rollers is becoming
more important.
Therefore, scientific research on the development, improvement and implementation of technologies
for restoring the seats of parts using polymeric materials is becoming particularly relevant.
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2. Analysis of recent research and publications

The wear resistance of the working surfaces of parts is one of the main factors affecting the service
life of machinery and equipment [1]. Accordingly, the level of demand for spare parts is often economically
unjustified due to the low durability of parts.

To understand the processes that occur during the operation of mating surfaces, we analyze the
factors that affect the performance of parts: first, these are the power and kinematic parameters of operation
(pressure on the working surfaces, the speed of relative movement of the mating surfaces, etc. ); secondly,
the nature of friction (with or without lubrication; friction of rest, sliding, rolling, or rolling with slipping);
thirdly, the type of lubrication (boundary, hydro- or gas-dynamic); fourthly, parameters characterizing the
physical and mechanical properties of the surface layers of parts (hardness, elastic modulus, shape deviation,
roughness, presence of a hardened layer, stress state, etc.); fifthly, the influence of external conditions and
environmental properties (temperature, humidity, exposure to aggressive liquids, etc.).

The durability of rolling stocks, in most cases, depends on the fit formed when connecting the rings
to the housing parts or shafts [2]. An increase in the gap or weakening of the tension between the seating
surfaces due to their wear leads to a deterioration in the load distribution between the rolling elements, and
subsequently to a decrease in the service life of the corresponding assembly units due to the misalignment of
the shaft axes, increased vibration, and increased dynamic loads [3].

The basis for the development of technological processes to increase the wear resistance of the
working surfaces of shafts (housings) for rolling stock is their lower hardness during manufacturing and
restoration (during manufacturing, the hardness is 48...54 HRC, during restoration - 18...24 HRC [4])
compared to the hardness of the rolling stock ring itself (up to 62 HRC).

It should be noted that today, due to the development of the chemical industry, a number of
polymeric materials with the necessary physical and mechanical properties have been created [5, 6]. This
makes it possible to use them both in the formation of assembly units and in the process of restoring the fit of
parts joints.

In particular, in repair production, the manufacturer applies polymeric materials to the threaded
surfaces of bolts on new parts of the repair kit, whether it is the brake system bolts or flywheel mounting
bolts (Fig. 1).

Fig. 1. Examples of the use of polymeric materials on threaded surfaces

The use of these materials is also due to the fact that the use of polymer compositions does not
require the use of expensive technological equipment [7] and is a technological process with low capital
investment.

3. The purpose of the article

Substantiation of the technological process of restoring the working surfaces of motor vehicle parts
for rolling rollers with polymeric materials.

4. Results of the researches

In the process of forming a composite unit, a fixed connection is ensured when the roller is installed
on the shaft with tension. The calculated tension value is determined based on the condition [8]:



Ne 3 (126) / 2024 TexHiKa, eHepreTuka,

% Tpancnopt AIIK
E < Vol. 126, N2 3 / 2024

N, =N +1,2(R,p + Ry ). (1)

po3p.

where Nmin = dmin — Dmax — the minimum recommended fit tension, which depends on the minimum
shaft diameter and maximum bore diameter; Rzp, R.q — is the height of the microroughness, respectively, for
the inner ring of the roll and the shatft.

The dependence considered assumes that when pressing the roll rings, the roughness of the shaft and
bore changes, which will be up to 60 % of the initial height of the irregularities. However, it should be noted
that when pressing on a part that has a lower hardness than the roll ring, the micro-irregularities are
plastically deformed, and as a result, the calculated tension value is reduced.

In tension fits, the amount of change in the initial microroughness of the shaft and bore can be
determined by the following relationship:

AR, =2(k,R 5 +kyR ). 2)

where ky — a coefficient that takes into account the amount of crushing of the roll's micro-

irregularities (k, = 0,1...0,2); kq — a coefficient that takes into account the amount of crushing of micro-
irregularities of the part (kq = 0,6...0,8).

Dependence (2) implies a change in the height of the micron irregularities of the roller hole by 20%
(the hardness for steel IIIX15 is 58...62 HRC), and the shaft or hole with a hardness of 48...54 HRC - up to
80% of the original.

It should be noted that during the repair operations of motor vehicles, shafts, bores and rollers are
often used after operation. Accordingly, the reuse of shafts, holes and rollers is possible provided that the size
of the shaft seating surface for the rolling roller should be increased by the amount of change in microness
after pressing and unpressing the joint.

The total change in micron irregularities after pressing the roller onto the shaft does not exceed
12...15 microns (at Rz¢ = 20 microns i Rzp = 5 microns).

One of the causes of malfunction of the shaft-inner ring connection is the weakening of tension during
operation due to changes in the microgeometry of the rolling elements and ring raceways. Accordingly, to reuse
rolling stock, it is also necessary to compensate for the change in the micro-irregularities of the rolling elements
and their inner and outer ring raceways by the amount of the change in micro-irregularities:

AR, =2k, (R, +2R4, ), 3)

where Rze., Rz — is the height of microroughnesses, respectively, of rolling elements and rolling raceways.

To realize condition (1), taking into account dependencies (2) and (3), provided that the shafts
(housings) and rolling elements are reused, it is necessary to compensate for the decrease (increase) in
surface dimensions according to the following dependence:

ARZ - 2(kaQZD + RZe.r. T ZRZt-r-)+ deRZd’ w

Thus, given that rolling rollers are standard products for which dimensional changes are not allowed,
it is possible to compensate for the total change in surface dimensions only by:

- increasing the size of the shaft by restoring technological operations;

- reducing the size of the hole by restorative technological operations;

- applying polymeric material to the outer ring;

- application of polymeric material to the shaft.

If the surfaces of the rolling elements on the shaft or in the housing are connected with a gap, the
ring starts to rotate immediately under load and wear products accumulate. The occurrence of fretting-
corrosion processes is manifested in the presence of red-brown thin stripes [9] (Fig. 2).

Therefore, it can be assumed that the presence of a polymer coating on the surface creates conditions
under which the course of fretting corrosion processes is slowed down. The polymer coating located in the
depressions of micro-irregularities is a micro-shock absorber, as it is in a state of hydrodynamic
compression. This leads to an increase in the durability of the working surfaces of the rolling mill parts, and
ultimately, to an increase in the durability of the composite unit of the technical object.

Thus, the main condition for ensuring the durability of working surfaces is to prevent the rollers from
turning, since the operating time before the ring starts to turn determines the durability of the joint.

The main factor that will determine the feasibility of using polymeric materials in the assembly of
rolling mill parts is the maximum allowable gap (tension), which will ensure resistance to ring rotation.
However, this requires further theoretical and practical research. Further research is also required to select
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the type of polymeric material that will ensure the greatest durability both when assembling the rolling mill
parts and when restoring the joints.
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Fig. 2. Appearance of fretting-corrosion processes in rollmg mills [7]

5. Conclusions

This paper substantiates the possibility of using polymeric materials in technological processes of
restoring the working surfaces of parts of rolling rollers of motor vehicles. The expediency of using
polymeric materials in the assembly of the corresponding machine units is also noted. Consequently, the use
of polymeric materials will reduce the wear of working surfaces and increase their durability.
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OBIPYHTYBAHHS TEXHOJOITYHOI'O MPOLECY BIJIHOBJIEHHS POBOYUX
IHOBEPXOHbD 3°€/IHAHb BAJIBHUIIb KOYEHHS

Y cmammi poseasnymo npoyecu, wo 8i00ysaromvcs nio 4ac eKCHIyamayii CNpaiceHux no8epxous
demaneti Mawiu, i NPOAHANIZ08AHO YUHHUKU, SIKI GNIUBAIOMb HA IX eKCHIyamayiini noxasHuku. 3oxpema,
00Ci0HCEHO 0COOIUBOCME BUKOPUCMAHHA NOJIIMEPHUX Mamepianie y npoyeci 6i0HOGNEeHHA NOCAOOUHUX
Micyv eanie ma xopnycie nio eanrvHuyi Kouerus. OOIPYHMOBAHO OOYINbHICHb PO3POONICHHS MEXHOLOSTUHUX
npoyecis, CnpaMOoBanUX Ha RIOBUUEHHS 3HOCOCTNILIKOCIT POOOYUX NOBEPXOHb YUX Oemanell.

Ilpeocmasneno meopemuuni 3anedxcHocmi, fAKi 00360JAOMb GU3HAYUMU OCHOBHI napamempu
NOGMOPHO20 BUKOPUCMAHHA 846, KOPNYCI8 | BANbHUYbL KOYEHHS ULISIXOM KOMNEHCYBAHHA 3MiH
2EOMEMPUUHUX PO3MIDIE NOBEPXOHb NIC/A eKcniyamayii. Busnauerno, wo 006208iunicms pobomu cnpsiiceHHs
SHAYHOI0 MIPOIO 3a1edcums 6i0 3a0e3neyeHHs HepyXoMOCmi Kileyb 8anbHUYI, WO BUKTIOYAE IX NPOBEPIMAHHSL.
s yvoco pospaxoeaHo HeoOXiOHI HamsAesu Y NOCAOKAX, BpPAX08YIOHU NIACMUYHE 0epOpMYBaAHHS
MIKpOHepigHOCell HOBEPXOHb Oemanel, a MaKolC HA8e0eHo Memoou KOMNEHcayii 3HOCY.

Ilpoananizoeano nepesazu GUKOPUCTNAHHA NONIMEPHUX Mamepianie, AKi Xapakmepusyrmves
BUCOKUMU (DIZUKO-MEXAHTUHUMU BACMUBOCAMY, Y MEXHOIOIUHUX NPOYecax CKAAOAHHSL Ma BI0HOGIEeHHS
Odemanell. Bukopucmarnusa nonimeprux KOMno3uyit 00360J5€ 3MEHUUMU 3HOC HOBEPXOHb Oemalell 3a805KU X
61ACMUBOCMIAM, AKI 3MEHWYIOMb MEPMsl, d MAKONC YHOGLIbHIOIMb PO3GUMOK (ppemine-koposii. 3oxpema,
NONIMepHI NOKPUMMS GUKOHYIOMb (DYHKYII0 MIKDOAMOPMU3AOPIE, 3HUNCYIOUU HANPYICEHHS Y 30HAX
KOHMAKmy ma nioguuyouu 008208i4HiCMb pOOOUUX HOBEPXOHD.

Oxpemo pozensHymo npobremamuxy GuOOpy ONMUMAIbHO20 MUNY NOJIMEPHUX Mamepianie ma
MAKCUMATILHO20 OONYCIUMO20 3A30pY A00 HAMSALY Y CIPANCEHHSX, SIKI 3a0e3neyyioms HepyXomicms Kileyb
ma cmitikicme 00 iX npo8epmManHs.

Y pobomi 3anpononosano OCHOBHI HANPAMKU NOOATNLUIUX OOCTIONCEHD, 30KpeMa 3 6UZHAYEHMS
6AACMUBOCMEN NONIMEPHUX Mamepianie, sKi 3abe3neyyiomv Haubiibuly 008206IUHICMb CHPANCEHb NPU
PisHUX ymosax excniyamayii. Pe3yniomamu 00cniodceHHs 6KA3VIOMb HA NePCHeKMUBHICIb SUKOPUCTIAHHSL
NONIMepHUX Mamepianié Ons NiOBUWEHHS 3HOCOCMIUKOCMI POOOYUX NOBEPXOHb MA PO3UWUPEHHS DecypCy
pobomu Mawur i 00IAOHAHHS.

Knrouoei cnosa: sanvruyi KoueHHA, 008208i4HICIb, 3HOC, 6IOHOBICHHS, NOLIMEPHI Mamepiau.
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