ISSN 2079-1372 Problems of Tribology, V. 31, No 3/121-2026, 6-12

/\ Problems of Tribology
P Website: http://tribology.khnu.km.ua/index.php/ProbTrib

E-mail: tribosenator@gmail.com

DOI: https://doi.org/10.31891/2079-1372-2026-121-3-6-12

Implementation of the process of forming regular micro-reliefs on the
working surfaces of connecting rod bearings

V.0. Dzyurall0-00021801-2419 1 R [zhyyakQ0-0008-9170:2126

Ternopil Ivan Puluy National Technical University, Ukraine
E-mail: volodymyrdzyura@gmail.com

Received: 20 June 2026. Revised 10 July 2026. Accept: 22 July 2026

Abstract

The article presents the results of designing a technological operation for the formation of a Type II regular
mesh micro-relief with triangular grooves, performed using a vibration-free method in a single pass on the inner
cylindrical surface of connecting rod bearings. The technological operation is implemented utilizing a specially
designed tool by machining a pair of connecting rod bearings within a split holding fixture. The connecting rod
body for the specified bearing size was used as the holding fixture. The required depth of the micro-relief grooves
is achieved through a dimensional analysis of the developed special tool designed for the plastic deformation of
the connecting rod bearing surface. Relative micro-relief areas of 14.9% and 28.5% were obtained by determining
the appropriate feed rate and tool rotational speed. Experimental samples of connecting rod bearings for a Volvo
V50 1.6 HDI vehicle, with the geometric parameters Dyine = 47.0 mm and Biine = 16.9 mm, were produced with
the formed regular micro-relief. The process was executed at an axial tool feed rate of fi, = 19.43 mm/rev (for the
28.5% area) and fi; = 39.56 mm/rev for the 14.9% area, utilizing a HAAS VF-B/40HE CNC vertical milling
machine. It has been established that this technological operation can be performed either during the finishing
stage of machining the copper-lead base of the bearing (which has a thickness of 250-400 pm) immediately prior
to the application of protective metal layers of nickel, copper, and/or composite materials, or after the application
of the protective coating. The creation of a regular micro-relief ensures high operational reliability, enhanced
durability, and the stable performance of both the connecting rod bearings and the internal combustion engine as
a whole.
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Introduction

Modern internal combustion engines (ICEs) are highly sophisticated mechanisms that convert thermal
energy into mechanical energy. However, as their design becomes more complex, there is a noticeable trend
towards a reduction in their operational lifespan. In contrast to the durable engines of previous decades, modern
turbocharged engines (particularly low-displacement gasoline units subjected to high thermal loads) frequently
exhaust their service life before reaching a mileage of 150,000 km. Stringent environmental standards also exert a
negative impact on engine durability: in an effort to minimize toxic emissions and optimize combustion,
manufacturers increase the compression ratio of the fuel-air mixture, thereby imposing additional loads on engine
components. The scientific literature has already addressed a range of issues concerning the reliability,
performance characteristics, and durability of ICE components [1]. To gain a profound understanding of the
physical and mechanical processes occurring within friction zones, it is essential to systematically investigate the
impact of operating conditions on the overall service life of the engine [2]. Consequently, the systematization and
analysis of operational damage in automotive plain bearings (connecting rod bearings) remains a highly relevant
objective in modern mechanical engineering [3—6]. Connecting rod bearings are among the most heavily loaded
components of an ICE. Operating as plain bearings, they function under conditions of extreme temperatures and
high specific pressures. Given that their working surfaces are continuously subjected to friction, the optimization
of tribological conditions is a fundamental prerequisite for ensuring the reliable and uninterrupted operation of the
engine.
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The mounting conditions and stiffness parameters of automotive plain bearings (particularly connecting
rod bearings), which are among the most critical components of internal combustion engines (ICEs), are
determining factors in the formation of their stress-strain state during operation. Based on the simulation of the
technological operations of forming and fitting, the patterns of residual stress generation and their correlation with
cyclic operational deformations induced by piston kinematics have been established [7, 8]. Furthermore,
distinctions between hydrodynamic and elastohydrodynamic lubrication regimes have been identified, and the
direct influence of bearing mounting parameters on the spatial distribution of hydrodynamic pressure has been
demonstrated. Under normal operating conditions of modern ICEs, the thickness of the hydrodynamic lubricating
film in plain bearings varies within the range of 1-20 pm (0.001-0.02 mm) [9-12].

At high rotational speeds and optimal lubricant viscosity, the film thickness can reach 15-20 um, whereas
at low speeds under increased load conditions, it is reduced to a few micrometers. A decrease in the lubricating
film thickness to below 1 pm induces partial direct contact between the mating surfaces of the friction pair, leading
to their intensive wear. An analysis of the causes of connecting rod bearing failures indicates that, under significant
loads, insufficient lubrication of the contact zone is one of the primary reasons for their breakdown. This results
in a shift in interaction regimes, causing a transition from Zone II (semi-fluid friction) to Zone I (boundary friction).
Consequently, the formation and maintenance of a stable lubricating film is a priority objective for normalizing
operating conditions and achieving the designed service life of the friction pair. An effective technological solution
to this problem is the application of micro-grooved bearings (MGBs) — plain bearings with circumferential micro-
grooves machined on their working surfaces [13, 14].

Compared to conventional non-profiled bearings (NPBs), MGBs are distinguished by a number of
significant operational advantages. Specifically, they demonstrate enhanced resistance to seizure (scuffing) and
fatigue failure, provide a lower operating temperature regime under high loads, and are characterized by improved
starting properties at low temperatures [15, 16].

The formation of a regular micro-relief on the working surfaces of the bearings is objectively accompanied
by a partial reduction in their relative load-bearing area. However, according to static calculations [17], the
application of micro-grooves does not lead to a decrease in the load-carrying capacity of the bearing. Highly
indicative are the results of studies investigating the operating time to seizure under conditions of an artificial
interruption of the lubricant supply [17]. Unlike standard bearings, where premature seizure was recorded in three
out of five test samples, the bearings with a micro-relief functioned stably for an extended period without any signs
of critical failure. Such operational performance convincingly confirms the high capacity of micro-grooved
bearings to accumulate and retain lubricant within the contact zone of the friction pair.

To prevent the occurrence of operational defects, it is proposed to form a regular micro-relief on the
working surfaces of the connecting rod bearings. This technological solution contributes to increasing the
temperature threshold for the onset of seizure between the contacting surfaces in the «bearing—journal» tribological
pair [18]. Previous studies have demonstrated that the application of a micro-relief on cylindrical surfaces with the
following parameters: relative area of the micro-relief F, = 25-45%, groove inclination angle y = 25-32°, and
groove depth /i = 22-27 um, guarantees the formation of a lubricating film with a thickness of 3—-3.5 um [19].

The high effectiveness of forming regular micro-asperities to optimize the performance characteristics of
friction surfaces is further corroborated by the research findings of other authors [20-22]. In light of this, the
development of a technological process for applying a regular micro-relief to the working surfaces of connecting
rod bearings emerges as a highly relevant scientific and applied objective in modern automotive engineering. The
successful resolution of this task will enable a substantial increase in the overall service life of internal combustion
engines.

The aim of this work is to develop and implement a technological process for forming a Type II regular
micro-relief on the working surfaces of connecting rod bearings using a vibration-free plastic deformation method.
The study also aims to determine the technological parameters required to obtain specified relative micro-relief
areas and to experimentally validate the proposed process on connecting rod bearings of an internal combustion
engine.

Research materials and methodology

The design of the technological operation for forming a regular micro-relief was carried out using a
specially developed tool. These micro-reliefs are formed on the inner surface of the connecting rod bearings of a
Volvo V50 1.6 HDI vehicle with the following geometric parameters: Dying = 47.0 mm; Bine = 16.9 mm, during
their machining in a holding fixture (Fig. 1).

To calculate the relative area of the micro-relief, equation (1) was utilized, which allows for establishing
the relationship between the area of the micro-relief grooves and the forming parameters.
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where B,ing — width of the connecting rod bearing, mm;
D,ing — diameter of the inner cylindrical surface of the connecting rod bearing, mm;
ni, — number of deforming elements involved in the formation of the micro-relief, units;
by — width of the micro-relief groove, mm;
Yeg — angle between the micro-relief grooves, deg;
Ne.g.10r — total number of groove intersections, units.
Taking into account the geometric parameters of the connecting rod bearings, a schematic layout of the
regular micro-reliefs was developed with two values of the relative micro-relief area: 28.5% and 14.9% (Fig. 1).
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Fig. 1. Unfolded view of two pairs of Volvo V50 1.6 HDI connecting rod bearings for the formation of regular micro-
reliefs with a relative micro-relief area of 28.5% and 14.9%

In this case, the axial feed of the tool fi, is determined from equation (2).

f.o=mD 1g(y /2) 2)

in ring”~ " cg

Thus, the feed rate required to achieve a relative micro-relief area of 28.5% is fi» = 19.43 mm/rev, whereas
for an area of 14.9%, it is fi;, = 39.56 mm/rev. The calculations were performed taking into account that the
deforming elements form a groove with a width of 0.5 mm.

The formation of a regular micro-relief on the working surfaces via plastic deformation significantly
reduces the height of surface micro-asperities, particularly those involved in contact interaction during the
initiation of the adhesive seizure process. The generation of the regular micro-relief on the working surface must
be carried out during the finishing stage of machining the copper-lead base of the bearing, which has a thickness
of 250400 pm. Only after the regular micro-relief has been formed should the protective metal layers of nickel,
copper, or composite materials be applied. A dimensional analysis [24] of the tool design was conducted using the
method of complete interchangeability by solving the inverse problem of the dimensional chain. Based on the
performed calculations, the nominal dimensions and tolerance zones of the tool's closing link were determined,
taking into account the elastic and elasto-plastic deformation of the surface layer material. The proposed tool
design (Fig. 2) provides the capability for the continuous adjustment of the protrusion height of the deforming
elements within a range of 47—48 mm.
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Fig. 2. Tool for forming a regular micro-relief on the inner surface of connecting rod bearings:
a —drawing; b — actual view 1 — tool body; 2 — front and rear nuts; 3 — cage; 4 — deforming elements; 5 —
magnet

The application of the developed tool enables the formation of surfaces with an optimal relative micro-
relief area, thereby enhancing the oil retention capacity and operational reliability of internal combustion engine
connecting rod bearings.

Adjusting the protrusion height of the deforming elements allows them to penetrate the surface of the
connecting rod bearings to various depths, consequently forming grooves of varying widths.

It was decided to use the base of the connecting rod for these bearings as the technological tooling (the
holding fixture), since its internal mounting diameter is precisely fitted to the outer diameter of the connecting rod
bearings (Fig. 3). The fixture possesses sufficient stiffness to ensure the plastic deformation of the bearing surface.

Fig. 3. Split holding fixture for the formation of regular micro-reliefs on the working surfaces of connecting rod
bearings: 1 — fixture body; 2 — connecting rod bearings; 3 — fastening elements

The process of forming the micro-relief grooves was performed on a HAAS VF-B/40HE CNC vertical
milling machine. The regular micro-reliefs obtained on the working surfaces of the connecting rod bearings are
shown in Fig. 4.
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Fig. 4. Internal combustion engine connecting rod bearings: a — without the formation of a regular micro-relief; b —
with the formation of a regular micro-relief using a ©3.5 mm deforming element and a relative micro-relief area of
14.9%; ¢ — with the formation of a regular micro-relief using a ¥4.0 mm deforming element and a relative micro-
relief area of 14.9%; d — with the formation of a regular micro-relief using a 33.5 mm deforming element and a
relative micro-relief area of 28.5%

The depth of the grooves in the formed micro-relief is related to their width, as the grooves are formed
by a spherical deforming element. Therefore, by varying the diameter of the deforming element and positioning it
on different parts of the tool's conical surface, grooves can be formed within a relatively narrow yet sufficient
range of geometric parameters. An increase in the diameter of the deforming element widens the groove but
reduces its depth, and conversely, a decrease in the deforming element's diameter narrows the groove and increases
its depth. Altering the diameter of the deforming element changes not only the groove parameters but also the
physics of the interaction between the contacting surfaces. A smaller diameter of the deforming element results in
a smaller contact area, which consequently increases the specific pressures within the contact zone.

This groove shape in the formed micro-relief correlates with the optimal groove design for plain bearings,
which feature a "herringbone" geometry that ensures a guaranteed level of lubricant in the friction zone [25]. The
eccentricity ratio, number of grooves, spiral angle, groove width ratio, and groove depth are selected as the key
factors for designing a spiral-groove plain bearing. Under normal operating conditions, the heat generated by
friction is dissipated and absorbed by the engine housing; wear debris is minimal and is continuously removed by
the lubricant circulating within the friction zone.

Although the groove formation operation demonstrated excellent results regarding the shape of the
formed micro-relief grooves, this process leads to the destruction of the antifriction coating and the formation of
material pile-ups at the edges of the created grooves, which can negatively affect operational performance.
Therefore, the process of forming the regular micro-relief grooves should be carried out prior to the application of
the antifriction coating.

Conclusions

A technological operation was developed for the formation of Type II regular micro-reliefs on the inner
cylindrical surfaces of a pair of connecting rod bearings by machining in a split holding fixture using a vibration-
free method in a single pass. To implement the process of forming the regular micro-relief (RMR) on the working
surfaces of Volvo V50 1.6 HDI connecting rod bearings, a special tool was designed and manufactured based on
dimensional analysis. The operating parameters of the tool were calculated in accordance with the required value
of the relative micro-relief area to be achieved. The implementation of this operation made it possible to form the
designed regular micro-relief with the specified geometric parameters.
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J3opa B.O., Ixusak T.P. Pearnizamis nporecy ¢hopMyBaHHS PEeryIIpHUX MiKpopenbediB Ha poO0INX

TMOBEPXHAX MATYHHUX HiZ[IIII/IHHI/IKiB

B crarTi HaBemeHO pe3yNbTATH NMPOCKTYBaHHSA TEXHOJOTIUHOI omepamii (opMyBaHHS PETYISPHOTO
ciTyacroro Mikpopenbsedy Il Tumy i3 kanaBkamu TpUKyTHOT (hopmu Oe3BiOpaniitHUM cr1ocoOOM 3a OMH POOOYHIA
Xil Ha BHYTPIIIHIM LWIIHIPUYHINA MOBEPXHI MIATYHHHMX BKJIaIUIIIB. TeXHOJIOTIYHY ONepaliio peati3oBaHo 3
BUKOPUCTAHHS CIICHiaTbHO PO3POOICHOTO IHCTPYMEHTYy OOpoOKOr0 B po30ipHiil 00oiiMi mapw mIaTyHHHX
BKJIQIWIIIB. B siKOCTi 000MH BHKOPHUCTAHO KOPITYC IIATyHa VIS JAHOTO THUIIOPO3MIpPY IIATYHHUX BKJIAIHIIIB.
HeoOxinny rauOuHy KaHaBOK Mikpopenbedy peanizoBaHO 3a paxyHOK pPO3MIPHOTO aHaili3y KOHCTPYKIIi
CIPOEKTOBAHOTO CIEHIaIbHOTO IHCTPYMEHTY [UISl IIIACTHYHOTO e(hOpMyBaHHS MOBEPXHI MIATYHHOTO BKJIAJHIIA.
BigaocHy momy mikpopenbedy y 14,9% Tta 28,5% mocarayTo BU3HAYEHHSM BiJIOBIIHOI BEIWYMHHU MOAAYI Ta
4acTOTH 0OepTaHHs IHCTpyMeHTY. OTpHMaHO JOCIIIHI 3pa3Ky IATYHHUX BKJIQAUILIB U1 aBToM0oO1Is Volvo V50
1.6 HDI Ta mapamerpamu Dying = 47,0 mm; Bring = 16,9 mm i3 copMOBaHUM pEryJIsipHUM MIKpOpETbe(POoM.
[Ipouec peanizoBaHO IpH OCBOBIH MOAadi IHCTPYMEHTY ckiaznae fi, = 19,43 MM/00, a it miomi 14,9% — fi, =
39,56 mM/00 Ha BepTuKanbHO-(pesepromy Bepctati 3 UIIK HAAS VF-B/40HE. BceranoBneHno, mo naHy
TEXHOJIOTIYHY OIlepallilo MOXKHa BHMKOHYBAaTH sIK Ha craiaii (iHinHOi 0OpOOKM MiIHO-CBUHIIEBOI OCHOBHU
BKJIQ/IIIIA, TOBIIUHA SKOi cTaHOBHUTH 250-400 MKM, Oe3mocepeqHbO Mepea HAHECEHHSIM 3aXHCHHUX METalleBHX
IIapiB HIKEIO, Mifi Ta/ab0 KOMITO3UTHHUX MaTepialliB Tak 1 MicIs HaHECEHHS 3aXUCHOTO MOKPUTT. CTBOpEHHS
peryssipHOro Mikpopeabedy 3a0e3Meuyroud BUCOKY eKCIUTyaTaliiHy HaJifiHiCTh, JOBrOBIYHICTh Ta CTAOILIbHY

po0OTY MIATYHHMX BKJIAJUIIIB i ABUTYHA BHYTPIIIHHOTO 3TOPSHHS B LIIJIOMY.

Kaw4oBi ciaoBa: matyHHI BKIAIWIN, TEXHOJOTiS, IHCTPYMEHT, MapaMeTpH, peXuMu (HopMyBaHH,
peryspHUil MiKpopemsed



