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Abstract 

It is of a vital importance to reduce the frictional losses in marine diesel engines. Advanced surface textures have 
provided an effective solution to friction performance of rubbing pairs due to the rapid development of surface 
engineering techniques. However, the mechanisms through which textured patterns and texturing methods prove 
beneficial remains unclear. To address this issue, the tribological system of the cylinder liner-piston ring (CLPR) is 
investigated in this work. Two types of surface textures (Micro concave, Micro V-groove) are processed on the cylinder 
specimen using different processing methods. Comparative study on the friction coefficients, worn surface texture 
features and oil film characteristics are performed. The results demonstrate that the processing method of surface 
texture affect the performance of the CLPR pairs under the specific testing conditions. In addition the micro V-groove 
processed by CNCPM is more favorable for improving the wear performances at the low load, while the micro-con‑
cave processed by CE is more favorable for improving the wear performances at the high load. These findings are in 
helping to understand the effect of surface texture on wear performance of CLPR.

Keywords:  Cylinder liner-piston ring (CLPR), Surface texture structure, Frictional and wear characteristic, Oil film 
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1  Introduction
The marine diesel engine is the heart of a marine sys-
tem. Cylinder liner-piston ring (CLPR) system is one 
of the major contributors for the mechanical losses in a 
diesel engine [1]. Surface texture of the cylinder liner is 
identified as one of the significant factors that improve 
the tribological properties of diesel engine with regard 
to wear (surface topography and running performance), 
oil consumption, fuel efficiency, lubrication oil (element 
concentration and wear particle), and so on [2]. For this 
reason, cylinder liner surfaces are processed by exercis-
ing immense attention. Many researches focus on the 
potential of using surface texturing on cylinder liners to 
improve the friction, wear, lubrication and reduce the 
friction, and designs of different geometric shapes and 

texturing parameters are investigated using numerical 
simulation and experimental methods [3, 4].

Through the early studies, Akamatsu et  al. [5] found 
that the surface concave can improve the life of the fric-
tion pairs operating in mixed/boundary lubrication 
regimes. Later on, various models including the numeri-
cal [6, 7], lubrication [8], and analytical [9, 10] ones were 
developed to study and reduce the friction between cyl-
inder liner and piston ring by alternating the shape, size, 
and pattern orientations of the surface textures.

For the experiments, various surface texturing meth-
ods [11–18] employed by the researchers. Such as laser 
surface texturing [11, 12], pulsed air arc treatment [13], 
electropolishing [14], reactive ion etching (RIE) [15], 
photochemical machining [16], maskless electrochemi-
cal texturing [17], micro computer numerical control 
(CNC) texturing [18], and so on. Among the different 
surface texturing techniques, laser texturing technique 
is one of the most widely used thermal energy based 
noncontact type advanced method. Etsion and Sher 
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[19] evaluated the effect of partially laser surface-tex-
tured piston rings through testing the fuel consumption 
and exhaust gas composition of a diesel engine. Hua 
et al. [12] investigated the effect of discriminating par-
tition laser surface micro-texturing on engine compre-
hensive performance compared the fuel consumption. 
Yousfi et al. [20, 21] found the effect of surface smooth-
ness and plateauness and theirs evolution during run-
ning-in tests. Then, they showed that ellipse patterns 
oriented at ring sliding direction contribute the most 
to reduce the friction coefficient using a reciprocating 
ring-liner tribometer. Grabon et  al. [22] compared the 
tribological behavior of honed cylinder liners with and 
without additional oil pockets created by burnishing 
method using reciprocating tester.

In the above existing works of CLPR, the various tex-
tured patterns were tested and compared. It seems that 
texture can lead to friction reduction and/or reducing 
the fuel consumption. However, the mechanisms through 
which textured patterns and texturing methods prove 
beneficial remains unclear. This is in part to the fact that 
the majority of research focused on comparing the per-
formance of the different textured patterns using the 
same texturing method, with few texturing methods of 
same pattern and oil film characteristic being attempted.

Up to date, limited quantity studies on the effect of 
the surface textures of cylinder liners with assistance of 
comparing the different texturing methods for better 
understanding of wear mechanisms and lubrication per-
formances. In addition, only a limited number of texture 
studies have used test rigs to measure and analyze the oil 
film characteristic response [23]. Of particular signifi-
cance is this work carried out by Costa and Hutchings 
[24] who investigated the influence of surface topography 
on lubricant film thickness for the reciprocating sliding 
of patterned plane steel surfaces against cylindrical coun-
ter bodies under conditions of hydrodynamic lubrication.

It is well known that the lubricant film characteris-
tic between cylinder liner and piston ring provides a 
key comparable parameter to evaluate the performance 
of CLPR. Various methods have been implemented to 
measure the oil film thickness [25]. Dearlove et  al. [26] 
simultaneously measured mid-stroke lubricant film 
thickness using the Laser Induced Fluorescence (LIF) 
and friction force in a single piston ring-floating liner. 
Mills et al. [27] applied the technique of Ultrasonic Sens-
ing in IC engine cylinder liner applications by mounting 
elements to the cylinder liner. Other methods such as 
capacitative [28], induction [29] also have been used to 
measure the oil film thickness between cylinder liner and 
piston ring. But each measurement technology has its 
strengths and weaknesses.

In conclusion, mainly due to the difficulty in perform-
ing such measurements under the running conditions of 
CLPR. As a result, there remain uncertainties regarding 
the mechanisms by which texturing method or surface 
texture effect the friction pairs of CLPR. Contact resist-
ance is an effective technique for representing the oil film 
characteristic of CLPR friction pair. This work aimed to 
study the influence mechanism of cylinder liner surface 
texture on the friction and lubrication performance of 
CLPR components. A series of experiments have been 
carried out on a reciprocating test rig. The oil film char-
acteristics between cylinder liner and piston ring were 
obtained using the contact resistance technology. Find-
ings of this work contribute to understanding of the 
influence of the texturing method and surface micro 
processing on the CLPR pair and can be referred to in 
practice.

2 � Experiment and Methodology
2.1 � Test Sample Preparation
In order to simulate the CLPR more realistic during the 
experimental tests, Specimens were cut from cylinder 
liner and piston ring, which material was typically applied 
in marine diesel engines. The specimen of cylinder liner 
was cut from boron cast iron cylinder liner (Figure 1(a)), 
the specimen of piston ring was cut from ductile cast 
iron piston ring (Figure 1(b)) and the CLPR mating graph 
(Figure  1(c)). The metrical parameters of the specimens 
were displayed in Table 1. Computer Numerical Control 
(CNC) Wire-Cut Electric Discharge Machining (EDM) 
was applied to process the specimens.

In the experimental tests, the micro-concave cylin-
der liner and micro V-groove cylinder liner were pre-
pared using different texturing methods. The selection 
of the geometries was based on existing work [1, 2, 8, 
22] in which a dimpled surface was reported to reduce 
friction although the influences of different process-
ing methods and mixed micro-groove structures were 
not take into account. The computer numerical control 
precision machining (CNCPM) was employed to pro-
duce the texted surface textures including the micro-
concave and micro V-groove. Meanwhile, the micro 
concave was obtained using the chemical etching (CE). 

a           b c
Figure 1  Image of the test samples: (a) cylinder liner, (b) piston ring, 
(c) CLPR mating graph
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And the parameters of micro-concave by the chemi-
cal etching were consistent with that The CNC Preci-
sion Machining. The geometric models and processing 
parameters of textured cylinder liners were shown in 
Table 2. The piston ring running profile was flat. Com-
pared the different processing method, the hardness of 
wear surfaces processed by CE became lower than that 
of CNCPM.

2.2 � Experimental Apparatus and Wear Tests
All wear experiments were conducted using a com-
mercial reciprocating wear testing machine (MWF-
10 tribo-tester, Yihua Ltd., China). The sketch map of 
the reciprocation tester is shown in Figure  2. During 
the tests, the upper specimen (made of piston ring) 
remained stationary while the lower specimen (made 
of cylinder liner) slid against the surface of the upper 
specimen with a reciprocation motion. The required 
load was pressed on the upper specimen. The rota-
tional movement was changed into reciprocating move-
ment by a crankshaft assembly. The radius of crank was 
50 mm, therefore its stroke was 100 mm.

To accelerate the tribo-tests to obtain the results in 
a reasonable time frame, special lubricating oil without 
additives was used in this study. The 70 N based oil with 
a kinematic viscosity of 13  mm2/s at 40  °C was used. 
The tribological tests were carried out under full lubri-
cation. Lubricating fluid was supplied into the inlet side 
of the contact zone, while the frequency of lubrication 
was 1 mL/min; during the test time interval between oil 
drops delivery was the same.

In order to simulate the real applications in marine 
diesel engine, friction test were conducted at a stable 
low speed 200  r/min. Experiment was performed with 
three average loads: 200  N, 400  N, 600  N. Each CLPR 
friction pair ran for 4 h. All friction tests were repeated 
twice under the same condition to check the repeat-
ability of the results. After completion of each experi-
ment, the fixtures of cylinder liner and piston ring 
were cleaned to ensure that each CLPR ran in the same 
condition.

2.3 � Measurement Techniques
The quantitative studies of the wear properties and fea-
tures were conducted through friction coefficient analy-
sis, topographical analysis of worn surface, composition 
examination, and oil film characteristic. Brief informa-
tion of these techniques used in this work is provided 
below.

The results of friction force measurement were 
recorded using laboratory measuring system. The topog-
raphies of the prepared sample surfaces were measured 
using a 3D surface profilometer before and after the tests. 
The tip radius of the stylus was 2 μm. The previous ver-
sion of this test method was described in details in Ref. 
[2].

According to the features of the cylinder liner surfaces, 
the four surface height-related parameters were adopted 
to describe the distinct between the different surface 
textured cylinder liners. The definitions of the selected 
parameters are presented as follows.

Table 1  Metrical parameters of the specimens

Parameter Cylinder liner Piston ring

Material Boron cast iron Ductile cast iron

Brinell hardness (HB) 200‒240 445‒480

Specimen size
Length × Width × Thickness 

(mm × mm × mm)

120 × 80 × 10 50 × 3 ×  5

Table 2  The geometric models and processing parameters 
of textured cylinder liners

Types Micro-concave Micro V-groove

Geometric models

16
.5

80

12
0

26.5

1.5x300

80

12
0

23

10
18

Par�al enlarged 
images

3

3 1.5

10

1

60¡ã18

Texturing methods

Parameters

Depth (μm) 200 200 

Diameter, Width (mm) 1.5 1

Horizontal space (mm) 3 12 

Longitudinal (mm) 3 18 

Texture density (%) 8.8 6 

Note: ① CNCPM; ② CE
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The root mean square (Sq) is amplitude parameter 
and is defined as [30]:

The root mean square gradient (Sdq) is the hybrid param-
eters indicated the RMS-value of the surface slope within 
the sampling area, and is defined as [30]:

The surface bearing index (Sbi) and valley fluid reten-
tion Index (Svi) are the functional parameters, and is 
defined as [30]:
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(
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)

 is the height value for 
(

xk , yl
)

 , M is the 
sampling points for the direction of x, and N is the sam-
pling points for direction y.

Contact resistance analysis technique was used to char-
acterize the lubrication oil film thickness and examine 
the wear severities between the cylinder liner and piston 
ring. The circuit and schematic diagrams were shown in 
Figure 3. Electrical conductivity of the lubricating oil has 
a great disparity with that of the metal was the operating 
principle of this method. This technique requires an insu-
lated surface mounted sensor of the contact elements. 
In this study, two wires were respectively attached to the 
specimen of cylinder liner and piston ring. Meanwhile, 
the specimens of cylinder liner and piston ring were insu-
lated with their fixtures using the fish paper. The electri-
cal resistances of the friction pair were recorded by the 
Labview acquisition system and analyzed to determine 
the lubrication oil film characteristics of the friction pairs 
and their wear mechanisms.

3 � Results and Discussion
The tribological properties of the CLPR were investigated 
through comparative analyses of the friction coefficients, 
wear surface topographies and resistances values under 

different surface textures, texturing methods and run-
ning conditions. The results are presented in the follow-
ing sections.

(4)Svi =
Vv(h0.05) − Vv(h0.8)

(M − 1)(N − 1)δxδy
/Sq ,

a

1

2

3

4

5 6 7 8 9 10 11 12 13

14

b
Figure 2  Reciprocation tester: (a) picture of the tester; (b) 
schematic diagram. 1. Electromotor, 2. Frequency transformer, 3. Link 
mechanism, 4. Guide rail, 5. Fixture of cylinder liner, 6. Specimen of 
cylinder liner, 7. Digital microscope, 8. Loading device, 9. Hydraulic 
system, 10. Sensor of load force, 11. Fixture of piston ring, 12. 
Specimen of piston ring, 13. Sensor of friction force, 14. Industrial 
personal computer
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Figure 3  Contact resistance tester system: (a) appearance; (b) 
schematic diagram
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3.1 � Analysis of Friction Coefficients
Table  3 shows the variation of friction coefficient of 
the CLPR friction pairs at different surface textures, 
texturing methods and loads under the same rotational 
speed (200  r/min). Different surface textures and tex-
turing methods produced a significant effect on the 
friction coefficients of CLPR friction pairs.

With the increase of load, the growth trend of the 
friction coefficient in the micro-concave processed by 
CE was firstly increased and then decreased, while in 
the micro-concave and the micro V-groove processed 
by the CNCPM were gradually increased. This prob-
ably that either the texturing methods or the sur-
face textures had a certain influence on the friction 

properties of the CLPR friction pairs. We discuss the 
influence details as followings.

3.1.1 � Friction Coefficients under Different Texturing Methods
It was well known that the surface concave could improve 
the wear properties of the friction pair [1, 7] and various 
surface texturing methods were employed by research-
ers to process the surface of friction pairs [31]. However, 
little research was focused on the effect of the texturing 
methods in understanding the wear mechanisms and 
lubrication performances.

As can be seen in Table 3, the friction coefficients in the 
CNCPM textured cylinder liner was smaller than that in 
the CE textured cylinder liner at the low loads (200 N and 
400 N) while at the high load (600 N), the opposite is true. 

Table 3  Variation of friction coefficients for the textured cylinder liners
Micro-concave 

The chemical etching

Micro-concave 

The CNC precision machining

Micro V-groove

The CNC precision machining

200 N

Average 
fric�on 

0.0681 0.0407 0.0299

400 N

Average 
fric�on 
coefficient

0.0753 0.0502 0.0574

600 N

Average 
fric�on 
coefficient

0.0672 0.0679 0.0629
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It was hypothesized that the CNCPM texturing method 
was better for cylinder liner than CE texturing method 
at the low loads. Moreover, at the low loads (200 N and 
400 N), the mean values of friction coefficients with the 
CNCPM surface were 0.0407 and 0.0502, while the CE 
surface were 0.0681 and 0.0753. It was mainly because 
the processing methods changed the surface contact 
performance. The surface hardness under different tex-
turing methods was measured using an automatic digi-
tal display Rockwell hard-tester (Huayin Ltd., China). 
The hardness of the untreated cylinder liner surface was 
19.4 HRC, while the CE surface was 17.6 HRC and the 
CNCPM surface was 20.9 HRC. During the process-
ing of CE, the hardness of wear surface became low, the 
normal forces loaded by hydraulic system were remained 
constant during the tests, so the soft surface processed by 
CE needed longer testing time to remove and the wear 
degree became more severe at low loads than that of the 
CNCPM. Consequently, the CE method may produce 
larger friction coefficients than the CNCPM. Because the 
friction force became larger during remove the effected 
surface of cylinder liners. But with the high load (600 N), 
the effected surface was removed during the beginning 
of the test, which can be proved by the curve variation 
tendencies of the first 3600 s in Table 3 (Micro-concave 
processed by CE, 600  N). As a result, the friction coef-
ficient was firstly raised and then decreased during the 
loads increased. During the processing of CNCPM, the 
hardness of wear surface increases due to high process-
ing temperature, so the wear degree became slight at 
low loads. In addition, the existence of the micro-con-
cave made the cylinder liner surface store a portion of 
the lubrication oil and improved the lubrication at low 
loads. With the increase of load, the condition of lubrica-
tion became worse. This ultimately increased the friction 
coefficients between the friction pairs. Finally, it led to a 
rise in friction coefficients.

3.1.2 � Friction Coefficients under Different Surface Textures
The types of surface textures influenced the friction coef-
ficient behaviors markedly as shown in Table 3. The vari-
ation of the friction coefficient between cylinder liner 
and piston ring of the two different types of surface tex-
ture processed by CNCPM were compared and analyzed. 
At the load of 200 N, the friction coefficient in the micro 
V-groove surface was smaller than that in the micro-
concave surface. The possible reasons were that when the 
micro V-groove were ran at a low load, the existence of 
the grooves made the cylinder liner surface store amount 
of lubrication oil, which was much more than that in the 
micro-concave surface. The lubrication oil slowed down 
the wear of CLPR friction pair. And thus the friction 
coefficient was relatively low at the load of 200 N. When 

the applied load increased to 400  N, the friction coeffi-
cient in the micro V-groove surface was larger than that 
in the micro-concave surface. This is because that when 
the load increased, the wear surfaces of friction pairs 
were forced into close contact. Due to the fact that the 
length of the groove was larger than the thickness of pis-
ton ring and the diameter of micro-concave was smaller 
than the thickness of piston ring, the lubrication oil in 
the micro V-groove was more readily to be squeezed out 
than the micro-concave. Hence, the friction coefficient of 
micro V-groove was larger than that of micro-concave at 
the load of 400 N. When the applied load grew to 600 N, 
the lubrication environment of CLPT became harsh-
est. A large number and different kinds of wear particles 
generated. For the micro V-groove cylinder liner, some 
wear particles were whirled away by the lubrication oil. 
In addition, the micro V-groove could retain more and 
larger size of wear particles than the micro-concave. Con-
sequently, the friction coefficient of micro V-groove was 
lower than that of micro-concave at the load of 600 N.

3.2 � Surface Topographies Analysis of Cylinder Liner Worn 
Surface

Table 4 shows the test parameters of the treated surface 
textures after the tests. Because of friction and wear 
between the CLPR friction pair, the scratches along the 
reciprocation direction were left on the specimens during 
the 4 h of testing. Moreover, the topographies of the cyl-
inder liner presented a direct relationship with their wear 
performances. Therefore, the wear mechanism could be 
characterized by the microscopic parameters of worn 
surfaces. At a microscopic scale, the lubrication of fric-
tion pair was inferred through quantitative topographic 
studies of the cylinder liner worn surfaces. The param-
eters were obtained by averaging the measured areas.

According to the Sq values, the distribution of the 
cylinder liner surface peaks mostly increased after the 
tests. It was mainly because the wear process along con-
tact surfaces of the cylinder liner destroyed the original 
topographies and made the height distribution more 
non-uniform. The Sq values of micro-concave processed 
by CE were smaller at low loads and larger at high load 
than that by the CNCPM, which was consistent with the 
variation trend of friction coefficient. Using the same 
processing method, the Sq values of micro-concave were 
smaller at load of 400 N and larger at loads of 200 N and 
600 N than that of micro V-groove.

A high Sdq value may indicate a rapid change in the sur-
face topography and a higher friction and wear between 
cylinder liner and piston ring. This can be intuitively 
understood comparing the mean values of different sur-
face textures and different applied loads in Table  4. Sbi 
is the ratio of the root-mean-square deviation over the 
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surface height at 5% bearing area. For a Gaussian height 
distribution Sbi approaches 0.608 for an increasing num-
ber of pixels. A large Sbi indicates a good bearing prop-
erty. The results produced in this work revealed that the 
micro V-groove had a highest Sbi value (> 0.608) at 200 N 
which indicated that it had a good bearing property, 
micro-concave processed by CE had a smallest Sbi value 
(< 0.608) at 400 N indicating a poor bearing property, and 
micro-concave processed by CNCPM had a smallest Sbi 
value (< 0.608) at 600 N and a highest Sbi value (> 0.608) 
at 400  N. Functional parameter Svi is used to indicate 

the fluid retention property in the valley zone. A larger 
Svi indicates a good retention capability feature. In this 
study, the Svi values had the same tendency as Sbi.

Finally, through the comparative analysis of the micro-
scopic parameters of different surface textured cylinder 
liners, it found that the cylinder liner shown different 
performance under the different loads and surface tex-
tures. The micro-concave cylinder liner processed by 
CE was suitable for running with the load 600  N, the 
micro-concave cylinder liner processed by CNCPM was 
suitable for running in the applied load 400 N and the 

Table 4  Test parameters of the cylinder liner surface textures after the tests
Micro-concave 

The chemical etching

Micro-concave 

The CNC precision machining

Micro V-groove

The CNC precision machining

3D surface 

topographies 

of the 

cylinder liner 

specimens

(1 mm × 1

mm)

200 N

400 N

600 N

200 N 400 N 600 N 200 N 400 N 600 N 200 N 400 N 600 N

Microscopic 
parameters

qS (µm) 3.044 5.499 1.453 2.349 1.032 1.484 1.233 2.803 0.516

dqS (µm) 0.189 0.289 0.089 0.101 0.145 0.318 0.092 0.254 0.153

biS 0.657 0.588 0.633 0.658 0.859 0.536 0.766 0.687 0.941

viS 1.431 1.839 3.393 3.292 3.141 2.681 7.048 1.664 5.571
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micro V-groove cylinder liner processed by CNCPM was 
suitable for running with the loads 400 N and 600 N. In 
general, the micro V-groove processed by CNCPM was 
better on the wear surface improvement than others dur-
ing the tests.

3.3 � Analysis of Contact Resistance
To further analyze the effect of the cylinder liner surface 
textures and load on the lubrication oil film characteris-
tic, the contact resistance measuring technique was used 
to calculate the variation and mean values of the contact 
resistance.

Figure 4 depicts the variation of contact resistance val-
ues for the micro-concave cylinder liner processed by CE 
and piston ring with different loads. It can be seen that 
the loads had a significant effect on the contact resist-
ance values of CLPR friction pairs. In general, the contact 
resistance values were decreased as the load increased. 
As well known, the loads had a significant effect on the 
tribological properties of friction pairs. When the load 
grew, the wear surfaces of the friction pairs were forced 
into close contact. The thickness of the lubrication oil 
film between them became thinner.

Figure  4 also shows that the lubrication oil film 
between cylinder liner and piston ring can be qualita-
tive characterized by the variation of contact resistance 
values between them. The cylinder liner and piston ring 
are mainly composed of metallic materials. Electric will 
generated by the friction of the CLPR. Since the lubrica-
tion oil is weak conductive, if the contact resistance was 
used to measure the cylinder liner and piston ring dur-
ing the test, for the same-type of lubrication oil, when the 
contact resistance value increased, it indicated that the 
lubrication oil and film thickness between the cylinder 
liner and piston ring became sufficient and thick and vice 
versa.

Hence, it can be noticed from Figure  4 that the fluc-
tuation levels of contact resistance values were different 
when the load increased. The effects of contact resistance 
values on fluctuation from strong to weak were ranked as 
200 N, 400 N, and 600 N. The main reason was believed 
to be as follows. The wear particles were generated from 
the cylinder liner and piston ring and retained considera-
ble conductivity. So the conductive properties of lubrica-
tion oil were affected by the amount and size of the wear 
particles. At the lowest load, the clearance of the fric-
tion pairs was the largest, the wear particles were easily 
transported to contact area of the friction pairs and the 
fluctuation level of contact resistance values between the 
cylinder liner and piston ring was relatively large. When 
the load grew, the wear surfaces of the friction pairs were 
forced into close contact. The wear particles were hardly 
transported to the friction pairs and the fluctuation levels 
of contact resistance values became relatively small.

Figure  5 shows the mean values of contact resistance 
for cylinder liner and piston ring at different loads and 
surface textures. For the same surface texture but dif-
ferent loads, the mean values of contact resistance were 
decreased as the load increased. Comparison of the 
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Figure 4  Variation of contact resistance values for the micro-concave 
cylinder liner processed by CE at the different load: (a) 200 N, (b) 
400 N, (c) 600 N
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Figure 5  Variation of mean values of contact resistance between 
cylinder liner and piston ring under different surface textures and 
applied loads



Page 9 of 10Guo et al. Chin. J. Mech. Eng.  (2018) 31:52 

mean values of the same load, the mean value of micro 
V-groove by CNCPM was the largest at 200 N, the mean 
value of micro-concave by CNCPM was the largest at 
400 N and the mean value of micro-concave by CE was 
the largest at 600 N.

The variation of the friction coefficients (in Table  3) 
and the contact resistance (in Figure 5) under the differ-
ent loads and surface textures were compared and ana-
lyzed. It was found that, the mean value of the friction 
coefficients in micro V-groove surface at 200 N was the 
smallest and the contact resistance was the largest. The 
results revealed that the mean value of the friction coef-
ficients was in inverse proportion to that of the contact 
resistance. Inverse growth phenomena appeared only in 
the micro-concave by CE at 600  N. The mean value of 
the friction coefficients was in-between but the contact 
resistance was the largest. The main reason was believed 
to be as follows. The surface hardness processed by CE 
(17.6 HRC) was smaller than that by CNCPM (20.9 
HRC). The micro-concave processed by CE may provide 
more lubrication oil between the cylinder liner and pis-
ton ring than that by CNCPM under the same load of 
600 N. The variance of the mean value of contact resist-
ance for two different types of surface texture processed 
by CNCPM was larger than that of the friction coef-
ficient. The main reason was that the micro V-groove 
could retain more wear particles than the micro-concave, 
so there were more wear particles existed in the lubrica-
tion oil between the cylinder liner and piston ring for the 
micro-concave surface. And the existed wear particles 
could reduce the value of the contact resistance. These 
were qualitatively consistent with the trend of the analy-
sis of surface morphologies.

4 � Conclusions
(1)	 The wear performances are affected by the textur-

ing methods of surface textures. In addition the 
micro V-groove processed by CNCPM is more 
favorable for improving the wear performances at 
the low load, while the micro-concave processed by 
CE is more favorable for improving the wear per-
formances at the high load.

(2)	 For the different surface textures, the micro 
V-groove processed by CNCPM is generally better 
on the wear surface improvement than others dur-
ing the tested conditions.

(3)	 The characteristic parameter of contact resistance 
is firstly used to represent the oil film characteris-
tic and wear performance of surface textured CLPR 
pair, which is qualitatively consistent with the trend 
of friction coefficient and surface morphology.

As a whole, the processing method of surface texture 
affected the performance of the CLPR pairs under the 
specific testing conditions. Further study is being con-
ducted to analyze the wear performance of different 
kinds and densities of micro-groove (V-groove, grooves 
with different angles, and so on) by CE and the surface 
textured cylinder liners by other processing method. The 
outcome will be reported in due course.
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