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The composition of the coating used in the piston ring has a great
effect on friction and wear in combustion engines. In the present
study, the wear behavior of three samples of TU3 engine rings with
hard chromium, chromium nitride, and diamond-like carbon coatings
were studied and compared. Various coating properties including
chemical composition, microstructure, thickness, roughness, and
hardness were studied. Furthermore, the microstructure and wear
mechanism was studied using a scanning electron microscope (SEM)
and energy dispersive analysis (EDX). A reciprocating wear test device
was used to check the wear behavior of the piston rings. Finally, an
attempt was made to investigate the relationship between properties
and tribological behavior created in piston rings. The high hardness
and presence of graphite as a solid lubricant were among the most
important factors for the appropriate wear behavior of the piston ring
with a diamond-like carbon coating. Due to the lack of complexity and
high hardness, the piston ring with hard chromium coating had a
sticky wear mechanism and did not show proper wear behavior. The
worst wear behavior was observed in the piston ring sample with
chromium coating. Low adhesion to the substrate, low hardness, high
roughness and thickness, and single layer could be considered as the
mostimportant factors of inappropriate wear behavior of this sample.
In addition, the results showed that the wear resistance of diamond-
like carbon coating is almost four times that of chromium nitride
coating and six times that of hard chromium.

& ©2023 Technical and Vocational University, Tehran, Iran. This article is an open-access article
e distributed under the terms and conditions of the Creative Commons Attribution-Noncommercial 4.0

International (CC BY-NC 4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://karafan.tvu.ac.ir/?lang=en
https://karafan.tvu.ac.ir/article_168330.html?lang=en
https://orcid.org/0000-0001-9829-7954
https://orcid.org/0000-0003-4377-8894
https://orcid.org/0000-0001-6675-6335
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796

Alireza Hajialimohammadi and et al. Experimental Investigation on the Effect of Using...

EXTENDED ABSTRACT

Introduction

Piston rings are one of the integral components of internal combustion engines. The
piston ring is responsible for establishing a gas seal between the combustion chamber and
the crankshaft chamber, transferring the heat generated from the piston to the cylinder wall
and the cooling system, and limiting the amount of oil that is transferred from the crankshaft
to the combustion chamber. The rings must match the grooves of the piston and the cylinder
wall. The piston ring is exposed to wear due to its function in the internal combustion engine
because the temperature in this part of the engine is high. Nowadays, according to the
development of internal combustion engines by different companies around the world, the
use of new coatings in the manufacturing of the piston rings is suggested. Thus far, various
coatings have been utilized for piston rings for use in combustion engines. One of these
common coatings is the use of hard chromium coatings. These coatings are in demand in
the automotive industry due to their thickness and adhesion to the base metal. However,
today, different coatings are used for rims such as chromium -ceramic composites,
chromium nitride, diamond-like carbon, and nano scale coatings. Due to their low cost and
availability of chromium and vapor phase physics coating methods, hard chromium
coatings are one of the suitable coatings for internal combustion engine piston rings.
However, it is necessary to study different coatings and coating methods and one method
of studying piston ring properties is using wear test.

Methodology

To study the properties of the piston ring in the wear test, three different coatings of
hard chromium, chromium nitride (CrN) and diamond-like carbon (DLC) were used. In the
wear testing machine, it was not possible to use a complete ring, and a segment was used.

Figure 1. Piston ring wear sample after cutting
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In order to study the tribological behavior of the piston ring under real conditions, the
wear test was performed in the absence of lubricant to simulate the most acute working
conditions of the piston ring. A wear test was performed for a distance of 500 meters for
each piston ring sample. According to the limitations of the wear test device, the sliding
speed between the piston ring and the cylinder liner was setat 0.35 m/s. The piston ring
was pressed to the cylinder liner body, so the force was selected in the range of 10 to 50
Newton. In addition, the humidity was controlled and set at 35+5. The purpose of this
research was to investigate the wear behavior of piston ring with three types of chromium
coating, chromium nitride and diamond carbon with thicknesses of 100, 30 and 25
microns, respectively.

Results and discussion

The graphs of the coefficient of friction according to the distance traveled for the sample
of the piston ring with hard chromium coating, chromium nitride and diamond-like carbon
are shown in Figure 2. In the wear test of the piston ring with diamond-like carbon coating,
the highest friction coefficient was observed at the beginning of the movement due to the
high roughness of the coating surface. However, with the passage of time and the lubrication
effect of graphite in the coating structure, the friction coefficient decreased (a). The friction
coefficient was low at the beginning of the test for hard chromium coating, but after time
passing, the friction coefficient increased significantly. The corresponding friction diagram
also illustrated many fluctuations (b). In the wear test of the piston ring with chromium
nitride coating, due to the high wear at the beginning of the movement, the friction
coefficient was high because the chromium nitride coating structure is highly dependent on
the coating parameters and there is a possibility of non-uniform coating of the piston ring.
As a result, some areas of the piston ring had different thicknesses. With time passing, the
amount of friction coefficient decreased significantly and increased again in the final stages
of the test.
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Figure 2. Friction coefficient according to the distance traveled by the ring sample with cover: a) Diamond-
Like Carbon, b) Hard Chromium, c¢) Chromium Nitride

Conclusion

According to the research conducted on the piston rings of the TU3 commercial engine
produced in Iran and wear tests for three types of hard chrome coating, the results showed
that the wear resistance of diamond-like carbon coating was almost four times that of
chromium nitride coating and six times that of hard chromium. Furthermore, by using EDX
and SEM results, adhesive wear was detected from the worn surface of the piston ring with
hard chrome coating. The SEM images prepared from the worn surface of the piston ring
with chromium nitride coating also indicated the occurrence of abrasive and adhesive wear
on the surface of the piston ring. Graphite acts as a solid stabilizer in the diamond like carbon
coating, and the presence of diamond reduces the wear losses of this sample.
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