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A Study on the Effect of Laser
Surface Texturing on Friction
and Wear Behavior of Graphite
Cast Iron

Dimples with various pitches and densities were produced using laser surface texturing
(LST) to improve the friction and wear behavior of graphite cast iron. The objective of
this study is to investigate the effectiveness of dimples on the friction and wear behavior
of an internal combustion engine (ICE) cylinder. The specimens with a dimple pitch of
150 um and a dimple density of 13% exhibited the lowest friction coefficient among the
specimens, while the specimens with a dimple pitch of 200 um and a density of 7% exhib-

ited the highest resistance to wear. [DOI: 10.1115/1.4030859]
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Introduction

Over the years, a number of efforts have been made to save
energy waste due to the friction between the mechanical compo-
nents of ICEs. Friction loss is considered a prominent factor
which determines the fuel efficiency and performance of a vehi-
cle. An energy loss of about 50% is associated with the piston/
cylinder system. A number of efforts had been made earlier to
reduce this friction loss and are still continuing. It is well known
that surface structure has a significant influence on the friction,
wear, and lubrication performance of ICEs [1-3]. Creating
designs with suitable roughness parameters instead of a perfectly
smooth surface leads to a low friction and wear of the mechanical
components [3]. Surface engineering is a well-known method for
improving the tribological properties of engine components [4—6].
Among all the practical surface modification methods, LST seems
to be the most promising because of its extremely fast speed and
environmental friendliness. It also provides an excellent control
over the shape and size of the microdimples, which allows the
realization of optimal designs. Indeed, LST has already attracted a
lot of attention in the Tribology community, as evident from the
growing number of publications on this topic. It has been found to
be beneficial to improving the friction and wear behavior of
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mechanical components owing to its applicability and to the pos-
sibility of creating microdimples, channels, and grooves on the
surface of various materials. It has been reported earlier that the
friction and wear behavior can be minimized by the introduction
of selective microdimples on sliding surfaces [7-16]. Several
mechanisms have been proposed to explain the influence of dim-
ples, grooves, channels, and/or patterns made by LST on the tribo-
logical properties [17]: (a) they can serve as microhydrodynamic
bearings to generate additional hydrodynamic pressure to provide
additional lift, (b) they might act as lubricant microreservoirs, as a
secondary source of lubricant for enhancing lubricant retention,
(c) they can provide an easier escape for the wear debris generated
by reducing the third-body abrasion, and (d) they reduce the con-
tact area of mating surfaces in relative motion. According to the
studies, microdimples can create microtraps for wear debris in
lubricated and/or dry sliding, microreservoirs for lubricant in the
case of starved lubrication conditions, and microhydrodynamic
bearings in the case of full or mixed lubrication [18-22]. Thus,
the textured specimen helps to increase the oil film thickness
between the mated surfaces in such a way that transitions from the
boundary lubrication regime to a mixed lubrication regime and
then into a hydrodynamic regime occur [23,24]. Hence, it reduces
the friction generation between the surfaces in relative motion. In
addition, closed microcavities, like small circular pits, can per-
form the function of hydrostatic microbearings [5]. In fact, the
fluid in the cavities becomes compressed and produces a bearing
pressure when two mated surfaces come close to each other during
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Table 1 Chemical composition of cast iron specimen analyzed by energy dispersive X-ray analysis

Elements C Si P

S Cr Mn Ni Cu

wt. % 2.47*0.16 0.43 +0.05 <0.06

<0.05 0.45+0.08 1.03=0.11 <0.06 <0.1

sliding. The kind of structures, geometry, and the density of the
cavities on the flat surface play an important role in controlling
the tribological properties. In most cases, an optimized structure
can only be achieved if it adapts to the tribological system.

The specimens from an ICE cylinder are modified by creating
hemispherical dimples on the surface by LST. Since the size, shape,
and distribution of the dimples produce a preliminary effect on both
the friction [21,25] and Stribeck curve in lubricated sliding [26],
the dimple density was quantified using the following expression:

nd>
dimple density = 4—Sg x 100% (1)

where d, is the dimple diameter, S is the dimple pitch.

Many researchers have explored the beneficial effects of LST
on reduction in the friction of piston rings, but a very few have
worked on the cylinder liner. In this regard, it is interesting to
observe the effects of LST on the friction and wear behavior of a
cylinder liner made of cast iron. Several issues exist in the LST
application on piston—cylinder systems because the dimple param-
eter selection for LST is a difficult task. Also, the dimple pitch/
density should be correlated with the roughness parameters of the
specimens that effect on the tribological behavior.

This study reports not only the beneficial effect of texturing on
the reduction of friction and wear but also recognizes the impor-
tance and effectiveness of roughness parameters following a
change of dimple pitch/density.

Experimental Procedure

Sample Preparation. Specimens with  dimensions of
15 x 15 x 4 mm® were prepared from an ICE cylinder. The chemi-
cal composition of the specimens employed in this study is shown
in Table 1. The specimens were ground for flatness using a grind-
ing machine and then mirror polished using alumina suspension
down to a particle size of 1 um. The hardness of the polished cast
iron specimen was about 225 HV. The average roughness (R,) of
a polished specimen was about 0.0115 um. The specimens were
then subjected to LST.

LST. LST was performed on the polished specimens using
laser radiation of a wavelength of 1064 nm (INYA —20W, Ger-
many). The laser radiation was operated with a pulse width of
200ns and a frequency of 20 kHz to produce hemispherical dim-
ples. The laser beam was focused onto the specimens by an objec-
tive lens (focal length, f=323 mm) and scanned over the surface
via deflection mirrors.

The LST was conducted with a variation of dimple pitch and
density to investigate its effects on friction and wear. Dimple
dimensions with a diameter of about 58—60 yum and a depth of
about 28-30 um were produced on the specimen where the aspect
ratio was found to be 0.5. As-prepared textured specimens are
referred to as S80, S100, S150, and S200 for the specimens with a
dimple pitch of 80, 100, 150, and 200 pm, respectively.

The ablated materials were removed using an air gun during the
laser process. However, all the specimens after laser ablation were
repolished gently to remove the molten debris accumulated on the
surface. Prior to testing, the specimens were cleaned with ethanol
for 10 mins in an ultrasonic bath.

Friction and Wear Test. Friction and wear tests were carried
out using a ball-on-disk (CSM Instruments, Switzerland)
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tribometer at a normal load of 10N and a speed of 0.05 m/s under
unidirectional sliding with a rotation radius of 3 mm. A bearing
steel (SAES52100) ball with a diameter of 12.7 mm was used as a
counter surface. The corresponding Hertzian contact pressure was
about 0.79GPa. The effect of load (5-15N) and speed
(0.005-0.05m/s) variations on the friction coefficient was also
studied on a textured specimen. The tests were conducted with the
sliding time of 60 min and the sliding length of 180m at room
temperature with a relative humidity of 25-30%.

The influence of different dimple pitch/density on the tribologi-
cal performance was assessed under oil-lubricated conditions. The
specimens were fully immersed in lubricants (engine oil, SW30
Exxon Mobil Oil Corp., Fairfax, VA) during the friction tests. The
physical properties of the oil were listed in Table 2.

Surface Analyses. All the specimens before and after LST
were observed and investigated carefully using an optical micros-
copy (OM). Generated wear tracks on the disk specimens and
wear scars on the balls were observed by a large-scaled measuring
microscope (Model-STM6-LM-F31-2, Japan). The surface mor-
phology and dimples were observed using a mini-SEM (Nanoeye,
SNE-3000 M, South Korea). The roughness parameters, such as
average roughness (R,), average peak to valley height (R,), skew-
ness (Ry), and kurtosis (Ry,), of the specimens were measured
before and after LST, and cross-sectional dimple profiles were
also obtained using a surface profilometer (Surftest SV-600,
Japan). The wear volume of the specimens was analyzed by plot-
ting wear track profiles. The actual wear volume of the textured
surfaces was quantified by deducting the area of dimples inside
the wear track. The wear volume of the ball was calculated using
the following equation:

mh
ball = - =+ n?

0 @)

where d,, is the wear scar diameter, and /4 is the height of the worn
out part of the ball which is related to the radius (r) of the ball as

£
2 W

i 3

=~

The specific wear rate of the ball and the disk specimens was cal-
culated using the following equation:

14
W=——

N1 “

where V is the wear volume, N is the normal load applied, and / is
the total sliding distance.

Table 2 Physical properties of lubricant oil

Lubricant oil

Society of Automotive Engineers (SAE) grade SW30
Density 0.855 ¢/
Pour point —42°C
Flash point 230°C
Viscosity (at 40°C) 61.7 ¢St
Viscosity (at 100 °C) 11 cSt
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Fig. 1
S$200, respectively

Results and Discussion

Surface Topography. Figure 1 shows the OM images of the
untextured and textured specimens. It can be seen that the graphite
flakes were uniformly distributed over the surface. It has been
reported earlier that the graphite flakes are responsible for the
reduction in the friction coefficient for the untextured specimen,
since graphite acts as a lubricious material at room temperature
[27]. Uniformly distributed circular dimples with a square pattern
are observed on textured specimens with various dimple pitches/
densities. Figures 2 and 3 are the cross-sectional images of a dim-
ple and the dimple profiles of the textured specimens, respec-
tively. It is obvious from Fig. 2 that the depth of the dimples was
about 30 um. Figure 3 corresponds to the profiles of various tex-
tured specimens with different dimple pitch/density. It also
describes the dimple dimensions, such as the dimple diameter, the
dimple depth, and the dimple pitch. The surface characteristics of
the textured specimens employed for the friction and wear tests

4 T o] 100mE
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|
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2

OM images of untextured and textured specimens before friction test: (a) untextured, (b) S80, (¢) S100, (d) S150, and (e)

are presented in Table 3. With the various dimple pitch/density of
the textured specimens, a change in the roughness parameters was
noticed. The roughness parameters of the textured specimens
before the friction and wear test are presented in Table 4. The
S150 specimen exhibited the lowest R, and R, values among all
the textured specimens. A smaller R, value corresponds to a
smoother surface and leads to low friction and long life. The R,
value of the textured specimens seems to be nearly equal to the
dimple depth obtained through the cross-sectional scanning elec-
tron microscopy (SEM) image. This is mainly because of the
subtle peak heights, as compared to the valley depths, after laser
ablation. If the R, values are compared among the textured speci-
mens, a little variation can be seen in the R, value, which is due to
the laser power deviation. As shown in Table 4, dimple pitch
showed a considerable effect on both the Ry, and Ry values. It
was noted that Ry, increased, and Ry, changed toward a more neg-
ative value with increasing dimple pitch, from 80 to 150 um. A
further increase in dimple pitch up to 200 um resulted in a

30 pm

Fig.2 SEM image of cross section of a dimple created on the cast iron specimen
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Fig. 3 Profiles of dimples on textured specimens

Table 3 Surface -characteristics

of textured specimens

employed for friction and wear test

Specimens
Dimple parameters S80 S100 S150 5200
Average dimple diameter (um) 58-60 58-60 58-60 58-60
Dimple depth (um) 25-30 25-30 25-30 25-30
Dimple density (%) 44 28 13 7
Dimple pitch (um) 80 100 150 200

Table 4 Roughness parameters of textured specimens

Roughness parameters

Textured specimens R, (um) Ry Ry R, (um)
S80 3.740 —0.599 3.873 26.512
S100 3.328 —1.245 5.720 26.567
S150 2.320 —2.191 10.549 25.332
S200 3.061 —2.188 8.835 26.771

decrease in Ry,, and changed R to a lesser negative value. The
small effect of this change on Ry and Ry, values is because of the
wall inclination of the dimples on the specimens, but the signifi-
cant effect is due to the alteration of the surface topography by
dimple pitch variation.

The third- and fourth-order central moment Ry and Ry, values
were measured to obtain more information about the real profile
form of the textured specimens. Ry evaluates the degree of asym-
metry in cases of asymmetric distribution, whereas R}, describes
the distribution sharpness. Ry =0 and Ry, = 3 represent the Gaus-
sian distribution of a surface. It is a significant parameter for tribo-
logical applications, such as bearing surface functionality, wear
control, and others [28]. On the other hand, the surface with

011601-4 / Vol. 138, JANUARY 2016

Ry, >3 is dominated by sharp peaks (spiky), whereas the surface
with Ry, <3 is comprised of bumpy peaks. In this regard, infor-
mation on the real contact area and on its resistance to wear was
provided.

All the roughness parameters mentioned above are two-dimen-
sional parameters, which characterize the surface features of the
textured specimens. The two-dimensional parameters provided in
this study are believed to be sufficient to shed light on the dimple
pitch effect on the friction behavior. A significant variation in
roughness parameters can be observed between the untextured
and textured specimens. Even the roughness of the untextured
specimen is found to be negligible compared to the dimple fea-
tures, and these small changes in roughness parameters due to an
increase in dimple pitch are responsible for controlling the friction
coefficient. Hence, it can be concluded that the change in rough-
ness parameters can play an important role in the study of the fric-
tion and wear behavior of dimpled specimens.

Friction Coefficient. Figure 4 shows the variation in the fric-
tion coefficient as a function of sliding time for the untextured and
textured specimens. It can be seen that the friction coefficient
decreased significantly for the textured specimens when compared
to those of the untextured specimens. However, the textured speci-
men with a dimple pitch of 80 um led to a higher friction coeffi-
cient than that of the untextured specimen. An interference of
closely spaced dimples might occur on the highly dense textured
specimen (S80) and an adverse effect in the reduction of friction
resulted. It also depicts the influence of dimple pitch/density on
the friction coefficient of the textured specimens. It shows a varia-
tion of the friction coefficient among the textured specimens with
various dimple pitches/densities. It is obvious that all the speci-
mens showed the same trend of friction behavior where, at the ini-
tial stage of sliding, the friction coefficient increased with
increasing sliding time, and finally stabilized to a certain value of
the friction coefficient. The increase in the friction coefficient at
the initial stage occurred during the running-in period of sliding.
The running-in friction coefficient occurs when extrusions and/or
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Fig. 4 Variation of friction coefficient untextured and textured
specimens as a function of sliding time

protrusions of mated surfaces come into contact during the initial
stage of sliding. As the extrusions or/and protrusions on contact
surfaces first come into contact, the friction coefficient increases
until the contact area increases with the removal of those rougher
protrusions or/and extrusions. Once it exceeded the run-in time,
the friction coefficient became almost stable. The specimen S150
exhibited the lowest friction coefficient among all the specimens,
which is a ~70% reduction in friction compared to that of the
untextured specimen. Similarly, the friction coefficient of the
specimens S100 and S200 reduced by about ~32% and ~53%,
respectively.

The reduction in the friction coefficient for the S150 specimen
can be explained in several ways: first, an average surface rough-
ness can be introduced to explain the higher friction coefficient of
highly dense textured specimens and the lowest friction coeffi-
cient for an optimum textured specimen. Rough surfaces usually
produce a higher friction coefficient under lubricated systems,
particularly with soft metals, where lubricant films are very thin,
compared to the asperity height. If the density of dimples is too
high, dimple edges interference occurs, resulting in a higher aver-
age roughness and a higher friction coefficient. So, it must be
ensured that dimple density will not increase average roughness;
rather it should be decreased. Highly dense dimples on a specimen
correspond to higher roughness and lead to an increase in the fric-
tion coefficient. As per our experimental results, the specimen
with a dimple density of 13% is the optimized and the best for the
least value of the friction coefficient. Certainly, one of the param-
eters is the diameter of the counter ball or the contact area in
determining the suitable roughness. Another parameter is the
number of dimples at the contact interface; second, the variation
in the friction coefficient among the textured specimens can be an-
alyzed on the basis of the roughness parameters, such as Ry and
Ryu. According to the surface roughness analysis, it has been
revealed that the reduction in dimple density results in a surface
topography with higher Ry, and more negative R, values and con-
sequently, less friction. Thus, an increase in Ry, and a more nega-
tive Ry leads to a reduction in the friction coefficient in lubricated
tests [29]; third, dimples with high density on the specimens will
result in a more reduced contact area, increased contact pressure,
unfavorable Ry, and Ry, values, and a negative effect on the fric-
tion. Podgornik et al. have reported earlier that the texturing has a
detrimental effect on friction if the texturing is not employed with
the most favorable parameters [30]. Therefore, the optimum tex-
turing parameters are required to obtain a low friction coefficient.
The increase in Ry, and negative Ry yield a lower friction coeffi-
cient for low load, low-sliding speed conditions. Furthermore,

Journal of Tribology

textured specimens with higher Ry, and more negative R tend to
shift the Stribeck curve downwards and to the left, thus reducing
the dependence on sliding speed [31]. The lowest friction coeffi-
cient was achieved with the S150 specimen, which may be attrib-
uted to the higher Ry, and more negative Ry compared to the
other textured specimens. The dimple density should be kept low
so as not to make a considerable effect on the contact-pressure
distribution. An increase in Ry, and the increase in more negative
Ry have been observed in specimen S150, having an optimum
dimple density of 13% (see Table 4). Hence, the most significant
roughness parameters are skewness and kurtosis in order to obtain
a lower friction coefficient of the textured specimens. The higher
friction coefficient of the S80 specimen (44% dimple density) was
mainly due to several factors, such as unfavorable roughness
parameters, higher average surfaces, contact-pressure distribution,
and dimple edges interference on the contacting surfaces. A pres-
sure build-up will be created by the dimple edge, and the pressure
build-up depends on the total number of dimple edges in the con-
tact area. Kovalchenko et al. have reported that a lower friction
exhibited with higher packing density on two surfaces with a 7%
and 14% dimple density [32]. For a higher textured area, more
dimple edges in contact create a higher pressure build-up. How-
ever, dimples with a high density are equivalent to less contact
area and high contact pressure; they also might create interference
resulting in a higher friction coefficient.
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Fig. 5 Effect of (a) normal load and (b) sliding speed on fric-
tion coefficient of specimen S150
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Fig. 6 Optical images of wear tracks on untextured and textured specimens: (a) untextured, (b) S80, (c) S100, (d) S150, and (e)

S$200, respectively

Load and Speed Effect on Friction Coefficient. Almost all
operating parameters (speed, load, etc.) will have an effect on the
friction coefficient of mechanical parts, as they change the sliding
conditions. In this study, the effects of load and speed on friction
behavior were investigated on textured specimens. Specimen
S150 was selected to be investigated, since it exhibited the lowest
friction coefficient among the textured specimens. Figure 5(a)
shows the effect of load on the friction coefficient at a fixed speed
of 0.05m/s. It can be seen that the friction coefficient of the

200

textured specimen reduced by increasing the normal load. A large
quantity of wear debris and smoothing phenomena are believed to
be responsible for the reduction in friction by increasing the nor-
mal load [33,34]. Hence, the beneficial effect of higher loads on
the reduction in the friction coefficient of the S150 specimen was
investigated for higher loads. Figure 5(b) shows the effect of slid-
ing speed on the friction coefficient at a fixed normal load of
1I0N. It is obvious from Fig. 5(b) that the friction coefficient
increased and then decreased with increasing sliding speed. An

200
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100 100 100
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Fig.7 Wear track profiles of untextured and textured specimens: (a) untextured, (b) S80, (c) S100, (d) S150, and (e) S200
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Fig. 8 Wear rate of untextured and textured specimens

increase in speed decreases wear because of the generation of
micro-elastohydrodynamic lubrication (EHL) films and the
reduced chance of squeezing the surface film between colliding
asperities. The shearing of metals decreases as the speed increases
and reaches very low values. Due to the occurrence of low sharing

at higher speed, the mated surfaces never come into contact.
Actually, it is beneficial for the increment of the oil film thickness.
This variation of shearing between surfaces in contact at different
speeds alters the oil film thickness, which is helpful in the transi-
tion of the lubrication regime. As the speed increases, the transi-
tion takes place from the boundary lubrication regime to a mixed
lubrication regime, and at last transits to a fluid film lubrication
regime. In fact, a reduction in the friction coefficient resulted
within region II under a mixed lubrication regime. As shown in
Fig. 5(b), there are three lubrication regimes: (1) the boundary
lubrication regime; (2) the mixed film lubrication regime; and (3)
the hydrodynamic lubrication regime. At low speeds, a thin lubri-
cant film increases the shearing of surfaces, which occurs between
the contact specimens. The lubrication film had little effect, and
the friction coefficient of the specimen will be higher. As the
speed increases further, the effect of the hydrodynamic pressure
generated on the surface by dimples lift the specimen, and shear-
ing between contact surfaces becomes smaller, and the friction
coefficient decreases. At this stage, an extensive interaction of sur-
face materials occurs, and the mixed film plays the significant role
in decreasing the friction coefficient. By increasing sliding speed
further, another stage occurs, at which the lowest friction coeffi-
cient results. Afterward, the friction coefficient again rises, due to
the large amount of hydrodynamic pressure and a negligible shar-
ing of surfaces. In this case, the contacting surfaces are mainly
separated by the lubricant fluid film, and the friction is governed
completely by the shearing of the lubricant fluid film dependent
on the rheological properties of a lubricant.

Fig. 9 Optical images of wear scar developed on steel balls slid against: (a) untextured, (b) S80, (c) S100, (d) S150, and (e)
$200, respectively
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Fig. 10 Ball scar wear profiles slid against untextured and textured specimens

Wear Analysis. Figure 6 shows the OM images of wear tracks
observed on the untextured and textured specimens. It is clear that
the presence of dimples inside the wear track on the textured
specimens reduced the real contact area and decreased the actual
worn surfaces. Thus, deducing the textured area inside a wear
track gives the actual worn out part of the textured specimen. This
theory was used to calculate the wear volume of the textured
specimens. Wear profiles of the untextured and textured speci-
mens are presented in Fig. 7. It can be seen that the S80 specimen
exhibited a slightly wider and deeper wear track in comparison to
the untextured specimen. However, the S100 specimen had a com-
parable width and shallower wear profiles. The S150 and S200
specimens showed narrower, and shallower wear profiles com-
pared to that of the untextured specimen. Obviously, the S80 spec-
imen had a higher roughness among the other textured specimens,
which resulted in wider and deeper wear track. All the wear pro-
files of the textured specimens were measured on the untextured
regions of wear tracks.

Figure 8 presents the wear rate of the untextured and textured
specimens. The wear rate of the untextured specimen was
found to be 20.7 x 10~° mm3/N -m, while the wear rate was
found to be ~11.7x107° ~11.9x107° ~14.5x107° and
3.4 % 107° mm’/N-m for the S80, S100, S150, and S200 speci-
mens, respectively. The wear rate of the textured specimens
decreased by about 43%, 42.5%, 30%, and 84% for the S80,
S100, S150, and S200 specimens, respectively. Though the wear
profile of the S80 specimen was wider and deeper, the wear rate
decreased, which is mainly due to the presence of a large number
of dimples inside the wear track. The same was the case for the
S100 and S200 specimens. However, the S200 specimen had a
less densely textured surface in comparison to the other textured
specimens, which reduced the wear rate by about 84%. That is the
result of the equivalent reflection of the wear profile observed on
this specimen.

Figure 9 shows the OM images of the wear scar developed on
the counterface of the bearing steel balls. It clearly shows that the
wear scar against the untextured specimen was found to have
small scratches, whereas the steel balls slid against the textured
specimens had visible, pronounced abrasive grooves. It showed

011601-8 / Vol. 138, JANUARY 2016

that the grooves developed on the balls were bigger, as the rough-
ness of the textured specimens became higher. The wear scars on
the balls slid against the S80 and S100 specimens are larger than
those slid against the untextured, S150 and S200 specimens. The
wear scar size of the counterface balls was dependent on the
roughness parameters of the contacting surfaces (rougher speci-
mens produced larger scars on the ball). This variation in the worn
surface of the balls can be correlated with the roughness of the
specimens. Since the roughness of the S80 and S100 specimens
was much higher, more pronounced, and visible abrasive
scratches developed on the counter balls. Figure 10 presents the
ball scar wear profiles mated against the untextured and textured
specimens. It can be seen that the ball wear profiles mated against
the S80, S100, and S150 specimens were wider and deeper com-
pared to those of the untextured specimen. This is mainly because

160
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60
a0
2] l l
o

Untextured  S80 $100 5150 S200

Wear rate, W (mm’/N.m) x 10°

Specimens

Fig. 11 Wear volume and rate of counterface balls sliding
against untextured and textured specimens
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of the large number of dimples lying inside the wear track for the
textured specimens, which makes the surface rougher, and the
higher wear of the counter balls was observed. However, the ball
wear profile of the steel ball mated against the S200 specimen
showed itself to be much narrower and shallower, as this speci-
men is comprised of a fewer number of dimples inside the contact
area in comparison with the other textured specimens. The wear
rates of the counter balls are presented in Fig. 11. To elucidate the
wear mechanism, the wear tracks on the untextured and textured
specimens were observed using a mini-SEM. The wear on all the
specimens was mainly abrasive, since only abrasive grooves were
visible on worn part of the specimens. Little adhesive wear was
also observed followed by abrasive wear. The textured specimens
automatically reduce the amount of wear because of the decrease
in the contact area, which is in complete agreement with the litera-
ture on this subject. Vilhena et al. have reported no measurable
wear for all the textured specimens under the investigated contact
conditions [35].

Conclusions

In this study, LST was used to produce dimples (diameter = 60 um,
depth =30 um) with a dimple pitch of 80-200 um. The following
conclusions can be drawn from this experimental investigation:

(1) The friction coefficient of the textured specimen having a
dimple density of 13% and a dimple pitch of 150 um
reduced by about 70% compared to that of the untextured
specimen.

(2) The wear rate of the textured specimen having a dimple
density of 7% and a dimple pitch of 200 um decreased by
about 84% compared to that of the untextured specimen,
despite high surface roughness.

(3) It was found that the wear of the counterface ball was
dependent on the surface roughness of the disk specimen.

(4) It was also shown that the textured specimen with a higher
Ry, and a maximum negative Ry will lead to a lower fric-
tion coefficient and lesser wear.

(5) The lowest friction coefficient was achieved at a load of
15N within the observed range. The friction coefficient of
the textured specimen reduced with increasing normal load.

(6) The friction coefficient can be reduced with increasing slid-
ing speed.
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Nomenclature

dq = diameter of dimples of textured specimens
d,, = wear scar diameter of the ball
EHL = elastohydrodynamic lubrication
f = focal length of the objective lens of laser instrument
h = height of worn part of the ball
| = total sliding distance
N = normal load
- = radius of the ball
S = dimple pitch
V = wear volume
W = wear rate
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