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IMPROVING THE PROCESSING QUALITY
OF CYLINDER LINERS USING COMBINED TECHNOLOGY

Abstract. Due to the use of surface engineering methods, a combined technology for processing the
working surface of internal combustion engines cylinder liners has been developed. The advantages and
disadvantages of traditional liners processing technologies are analyzed, which allowed identifying
ways to improve them. A new technological process of cylinder liners processing is proposed, which
includes operations of deforming broaching and finishing antifriction non-abrasive treatment. The
technological equipment and tools for the chosen technological process realization are chosen.
Experimental studies of the proposed technical solutions feasibility are carried out. The microrelief of
the treated surface, roughness parameters, hardness distribution according to the wall thickness were
determined for the studied liners, and the amount of wear was determined for the liners after running-in.
Parameters analysis of geometric, mechanical and tribological characteristics of the liners working
surface, processed by the existing and proposed technology showed significant advantages of the latter.
There is an increase in the productivity of processing part up to 4 times, reducing the cost of the tool up
to 3 times, and in general — reducing the cost of restoring the liner. It is proved that the use of the
proposed technology allows improving the physical-mechanical characteristics of the working surface:
strengthening the surface layer to a depth of 0.3 mm, as well as obtaining a roughness close to the
operational.

Keywords: deforming broaching; finishing antifriction non-abrasive treatment; cylinder liner;
roughness; hardness; durability.

Introduction

Improving the quality of products in many cases depends on the surface layer
properties of the parts working surfaces that are part of the product. Therefore,
when choosing a material, processing technology should distinguish between the
functions of the core and the surface layer of the part. This design and
technological concept of product creation is not only strategic but also universal, as
it dominates throughout the life cycle of the product, in particular, in its
manufacture, operation and repair, as well as in the restoration of individual
components and parts.

To date, many methods have been developed that affect the surface layer
properties of the machine parts working surfaces [1-2]. Each of these methods
affects the operational properties of working surfaces through a complex of
geometric and physical-mechanical characteristics of the surface layer. First of all
it is accuracy, roughness, bearing surface area, a microrelief, strengthening,
residual stresses, microstructure, texture, adhesive properties of the coating and the
base, a resource of plasticity used.
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The complex of a surface layer physical-mechanical and geometrical
characteristics of friction surfaces received in the course of processing allows
increasing wear resistance, fatigue strength, antifriction properties, durability of
landings with tension and other properties.

The above determines that the priority of modern mechanical engineering is
the engineering of machine parts surfaces, which is to develop new combined
technologies that can effectively affect the working surface layer of the part to
control its composition, structure and properties.

Literature Review

The most effective processes of engineering the machine parts surface, both
in the main and in the secondary (repair and restoration) production are combined
(hybrid) technologies.

As an example, consider the existing technological process of the cylinder
liner working surface processing made of modified gray cast iron SCH20.

According to [3], the condition of the liners surface layer is one of the main
factors determining the resource and reliability of the engine. The existing
technological process, which includes boring operations with subsequent honing,
does not provide the optimal combination of mechanical and geometric
characteristics of the working surface. Therefore, engines equipped with such
liners are subjected to many hours of running-in on the stand for running-on
friction surfaces. This provides the transformation of the initial roughness to
equilibrium, the redistribution of residual stresses, etc.

In work [4] the researches of the existing technological process, and also data
on influence of deforming broaching on a working surface condition of the
processed liner are given and the new technological process of liners processing
using cold plastic deformation with the subsequent final honing is offered. The
proposed technological process has advantages over the existing one due to the
treated surface with improved mechanical characteristics and roughness close to
equilibrium that is technological microrelief is almost no different from the
microrelief formed during the liners operation process.

However, this technological process has a significant drawback. After the
clean honing operation, abrasive microparticles inevitably remain on the working
surface of the liner, which leads to accelerated wear of the piston rings. Fig. 1 (a, b)
shows fragments of the car piston rings, which can be seen longitudinal traces due
to the action of abrasive particles placed on the working surface of the liner.

The aim of this study is to develop a new technological process that combines
deforming broaching operation and antifriction coatings application operation by
finishing antifriction non-abrasive treatment (FANT), which will allow to provide
on a working surface of a liner the complex of geometrical and mechanical
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characteristics of the processed surface favorable in relation to wear resistance with
simultaneous improvement of antifriction properties.

Figure 1 — Piston ring fragments with traces of abrasive wear (liner after
treatment according to the existing technological process, including honing)

Research Methodology

The experiments were performed on a batch of 24 liners of boosted diesels
made of modified cast iron (type SCH20) when restoring them to the first repair
size. In the process of processing it is necessary to remove the allowance of 0.5
mm. 8 liners were processed according to the existing technological process:
boring, honing and polishing. The remaining liners were processed by deforming
broaching on a vertical broaching machine mod. MA7U-750 in conditions of ISM
named after V.M. Bakul NAS Ukraine (Fig. 2).

The tool for broaching is made on the researches basis carried out by authors
[5] and consists of a cutting ring on both sides of which groups from hard-alloy
deforming elements are placed.

The tool provides the necessary allowance removal for 1 pass that allows
reducing hole processing complexity in 4 times. After broaching, the working
surface of 8 liners was polished with fine-grained diamond bars ASM20/14 ML1.
The remaining 8 liners were processed using FANT technology on a vertical
honing machine mod. 3M83 in the following modes: pressure of the brass tool
P = 6 MPa, rotation speed of the tool V = 0.996 m/s, reciprocating motion speed
V1=0.24 m/s.

Repaired engines, in each of which were installed 4 liners, processed
according to the existing technological process, and two liners, processed
according to the following technological processes: deforming broaching —
polishing; deforming broaching — FANT, was subjected to 2-hour run-in. Then the
engines came into operation. The study of the liners working surfaces
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characteristics, treated using the considered technological processes, was carried
out after running-in the engine.

=
1

Figure 2 — The process of the ICE liner processing
by deforming — cutting — deforming broach

The microrelief of the treated surface, roughness parameters and hardness
distribution according to the wall thickness were determined for the studied liners,
and the amount of wear was determined for the liners after running-in.
Measurement of the liner working surface wear was performed on a profilograph —
profilometer "Talysurf-5". Wear resistance was assessed by linear wear recorded
by profilograms taken at a base length of 120 mm. Also on the profilograms taken
from the liner surface after processing and running-in, determined the roughness
parameters.

The profile of the profilograph was discretized and processed on a PC. In
addition to the roughness parameters, histograms were constructed that reflect the
empirical law of roughness ordinates distribution. The experimental distribution
law was approximated by a number of theoretical distribution laws. The
conformity of the experimental distribution law with the theoretical one was
assessed by criterion y? [6], with 95% probability.

According to the profilograms taken from the working surfaces of the liners
after processing and running-in, the mutual correlation functions of the roughness
profiles were additionally calculated.
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The Vickers hardness of the liners surface layer, treated in accordance with
the considered technological processes, as well as its distribution by wall thickness
were measured on the device HPO — 250 at a load of 50 N.

Results

Table 1 shows the parameters of geometric, mechanical and tribological
characteristics of the ICE liner working surface, treated by the existing process,
developed by the authors [4] and according to the proposed process.

Table 1 — Parameters of microrelief roughness and ICE liners working surfaces frictional
indicators (above the line — data after processing, below the line — after running-in)

g 2
Type of g g g g = g & cE
processing | = o = = = 2 < e % z §
& E & | & |7 |1 |4 |2 |5aF
=3
e
Deforming |y og | 15 | 78 | 235 | 59 | 52 | 146 | 2,02
broaching
Bdoorir;)?; 145 | 138|107 | 245) 43 | 24 | 90 | 235|
u —_— T~ P P ’
hening 0,20 2,4 | 166 | 046 | 49 | 38 | 125 | 235
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honing ' ' ' ’ > :
Deforming | g1 | 721| 52| 06 | 68 | 62 | 164 | 2,86
broaching + 016 16 | 102! 0281 &5 59 | 162 | 2,85 4.2
EANT , , , : 65 | 59 | 162 | 2

Analysis of the data in Table 1 shows that the operation of deforming
broaching significantly improves the surface layer microrelief, which in this case
(Fig. 3) has support sites alternating with cavities and playing the role of
lubrication tanks during operation.

It should be noted that the operation of deforming broaching significantly
increases the parameter Sy, in comparison with boring, which, according to the data
presented in works [7, 8], increases the fatigue strength of the treated surface.
Moreover, the use of finishing operations after broaching also leads to an increase
in this parameter, especially when using FANT.
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Figure 3 — Microroughnesses profilograms of the ICE liner working cavity
after processing: a) boring; b) boring + honing; ¢) deforming broaching;
d) deforming broaching + polishing; e) deforming broaching + FANT

After running-in, the height parameters of roughness decreased slightly, and
the supporting lenght of the profile and the step along the midline did not change.
The microrelief of the surface treated by the existing technological process differs
from the microrelief obtained after treatment, in accordance with the technological
processes based on broaching. Particularly noticeable differences in the values of
the profile supporting length.

In the process of running-in, the values of the roughness height parameters
also decrease, but in contrast to the microrelief obtained after broaching, the
average step of the profile microroughnesses along the midline and the profile
supporting length increased markedly. Therefore, the change in the roughness
parameters obtained by the existing technological process during operation is more
significant than when using technological processes based on broaching. This
indicates the difference in the restructuring of the roughness technological
parameters obtained after the compared technological processes during their
operation.

Comparison of two technological processes based on broaching showed that
the technological roughness and microrelief of the treated surface are very close.
Although when using FANT the parameters of technological roughness R, and Sy,
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are slightly better, this is explained by the process of rubbing the antifriction
material on the liner working surface.

Roughness reconstruction was evaluated according to the method described in
work [9], comparing the laws of roughness ordinates distribution after processing
and operation. The distribution of the surface roughness ordinates treated by
technological processes based on broaching corresponds to Weibull law (Fig. 4 a,
b).
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Figure 4 — Laws of roughness ordinates distribution:
1 — after processing; 2 — after operation.
Treating by technological process on the basis of broaching:
a) broaching and honing; b) broaching and FANT; c) the existing technological process

It should be noted that after operation the law of roughness ordinates
distribution for the considered technological processes practically does not change
(Fig. 4 a, b, curves 2). This indicates a slight restructuring of the rough layer during
operation, which is confirmed by the analysis of mutual correlation functions of the
roughness profiles recorded before and after operation. The value of the coefficient
of their mutual correlation is greater than zero that is in the process of the engine
running-out on the liner working surface reproduces the roughness, which is close
to technological. The given data testify to insignificant transformations of the liner
surface layer treated by technological process on the basis of broaching.

However, two technological processes are considered, which include the
broaching operation with subsequent finishing operations: honing and FANT are
somewhat different. Thus, after the clean honing operation, abrasive microparticles
remain on the treated surface, which impairs the wear resistance of the surface,
interaction with the piston ring surface and leaving traces on it in the form of
longitudinal lines (Fig. 1). These shortcomings are reflected in the amount of wear.
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The minimum wear of the liner surface is observed when processing using FANT
and after two hours of running-in is 4.2 um. At the same time, the wear of the liner
surface when processing it after broaching by honing is slightly higher and is
5.6 um.

Another picture is observed in the analysis of data obtained on the liners,
processed by the existing process, which includes the operations of boring and
honing. In this case, the roughness ordinates distribution, determined by the
method [9], obeys the law of normal distribution (Fig. 4, c). During operation, the
type of distribution law changed became logarithmically normal and approached
Weibull distribution law. This means that after the restructuring that took place
during operation, the difference in the nature of the profiles ordinates distribution
treated by technological processes based on boring and broaching has decreased
significantly. Some difference in the roughness ordinates distribution of the
running-in surfaces is due to the influence of the treated surface initial state,
namely — technological inheritance. Analysis of profiles mutual correlation
functions confidence intervals before and after operation shows that the value of
the cross-correlation coefficient is 0 that is during engine operation process on the
liner working surface occurs a rough layer restructuring and a new microrelief is
formed, completely different from the technological one.

Thus, the given material testifies that the most effective of the considered
technological processes is the process consisting of operations of broaching and
FANT. It provides minimal transformation of the rough layer during operation
process, improved typological characteristics and the absence of abrasive particles
on the treated surface and minimal wear of the liner working surface during
operation.

Comparison of physical-mechanical characteristics of the surface layer treated
by two different technological processes (boring, honing and broaching, FANT)
showed a large difference between them (Fig. 5). The operation of deforming
broaching significantly (up to 25%) strengthens the surface layer of the liner
material. Depth of hardening thus reaches about 0.3 mm that guarantees existence
of the strengthened material in friction pair even at long operation. Thus, the
combination of cold plastic deformation and FANT allowed developing a
successful version of the technological process for the diesel liner inner surface
treating made from gray modified cast iron.

As shown by the results of technical-economic calculations, the use of the
developed technological process can increase the productivity of the hole
processing up to 4 times, reduce tool costs by 3 times, which reduces the cost of
restoring the liner by about 4 times. Moreover, the use of the proposed
technological process provides a liner working surface with improved physical-
mechanical and tribological characteristics and roughness close to equilibrium.

128



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 96

HY GPai\
TNl
a

1;. ] ®

24

[ ]
[ ]

20
g ar qz a3 L mm

Figure 5 — Hardness distribution according to the wall thickness
of the diesel liner during processing: a — according to the new technological
process (e — after broaching; A — after broaching and FANT);
b — according to the existing technological process (boring and honing)

Conclusions

1. The expediency of combining the cold plastic deformation operation and
FANT, which allows offering the technology for processing the cylinder liners of
internal combustion engines.

2. A new technological process of ICE liners processing has been developed,
which includes deformation broaching operations and FANT, which provides
receiving a working surface of the part with improved physical-mechanical and
tribological characteristics and roughness close to equilibrium.

3. The effectiveness of the proposed technology is confirmed by improving
the operational characteristics of the cylinder liners working surface.
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NIABUIEHHA AKOCTI ObPOBKH I'lUIb3 IIUJITHJPIB
3ACTOCYBAHHSM KOMBIHOBAHOI TEXHOJIOT'TI

AHoTanis. 3a paxynox euxopucmanms Memooié IHJICeHepii NOoGepxXHi po3pobieHo KoMOIHOGaHA
mexHon02is  00poOKU  poOOUOI NOGEPXHI  2iNb3 YUNIHOPIE O0BUSYHIE GHYMPIUHBO2O 320PAHHSL.
Ilpoananizosani nepesazu ma HeOOMKU MPAOUYILHUX MEXHOA02IU 00poOKuU 2inbs. Tlokasano, wo nicis
BUKOPUCMANHSL IHIWHOT Onepayii XOHiHeY8an s Ha POBOYIll NOBEPXHI 2LNb3U 3ANUUAIOMbCS AOPAZUBHI
MIKpoYacmiu, wo npuzeo0ums 00 NPUCKOPEHO20 3HOCY NOPUIHeSUX Kineys. 3anponoHoeaHo HoGul
mexHoN02IuHUIl npoyec 0OPoOKU 2inb3 YuniHopis, wo emiuye onepayii KOMOIHOBAHO20 NPOMALYEAHHS
ma Hamecemws NoKpummié @IiniwHoI0 anmugpuryitinolo 6beszabpazusHolo 06pobroio. Bubparno
MEeXHON02IUHe OCHAWEHHsT ma THCMpyMeHm OJsi peanizayii mexuonoziuno2o npoyecy. IIposedeni
eKCnepuMenmanbHi  00CNiONCeHHA OOYIIbHOCMI  3aNPONOHOBAHUX MeXHIYHUX piuieHb. Bueuenms
Xapakmepucmuk —poOouUx NOGepXOHb  2ilb3, 00pobreHuUX 3 GUKOPUCMAHHAM — PO3IAHYIMUX
MEXHON02IUHUX NPOYeECiB, 30IUCHIOBANIOCS NIC 0OKAMKU 08U2YHA. [t Q0CTIONCYBAHUX 2Lb3 BUSHAYEHO
MIKpopenvegh 0bpobieHol noepXHi, napamempu wopcmKocmi, po3nooil meepoocmi 3a MoSUWUHOK
CMIHKU, a O 2ib3 Nica 00KamKu — 8eIUHUHY 3HOCY. AHANI3 napamempis 2eoMempudHUX, MexaHiuHux
ma  mpubono2iuHUX XapaKmepucmux pobouoi noeepxui 2inb3, 00poOIEHUX 3a  iCHYIOY0I0 ma
NPONOHOBAHOI0  MEXHOJIO2IEI0, NOKA3a6 CYmMMmeESi nepegazu  OcmanHboi. Bcmanoeneno,  ujo
BUKOPUCAHHS KOMOIHOBAHO20 NPOMAZYBAHHA 00360JI5€ CHOPMYS8aAmuU MIKPOPENbedh NOBepxXHE6020
wapy, AKul A613€ cobol ONOpHI NAOWAOKU 13 6NAOUHAMU, AKI 2pPAlOMb DOMb  3MAULYEATbHUX
pesepsyapie npu excniyamayii. Hanecenns noxpumms ¢iniwnoro anmugpuxyitinoro dezabpasuenoio
00pOoOKOI0, CYMMEBO He 3MIHIOIOYU MIKPOpenbed, niosuwye aHmu@puKkyitini 61acmugocmi no8epxHi.
Josedeno, wjo 3acmocysanns po3podaenoi mexnonoeii 06pooKu 2inb3 yurinopie 3abesneuyc ompumanis
wopcmrocnii, OU3bK0I0 00 eKCIYamayitinoi, 3MiyHeHHs NOGepXHe8o2o wapy Ha eanubuny 00 0,3 mm,
noainweni mpuboao2iuHi xapaKxmepucmuxu, 6i0CYmMHICmb YacmuHoK adpasusy Ha 0opoodieHit nosepxHi
| MIHIMATILHULL 3HOC POOOYOT NOBEPXHI 2ib3u npu il excnayamayii.
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