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The present study is directed to reveal the effect of density and shape of the dimples on the friction and wear
characteristics of textured bearing steel (100Cr6) under dry sliding conditions. One untextured and four
laser-textured disks of 100Cré steel with circular and bi-triangular dimples having 7 and 20% density,
respectively, in the spiral layout were tested using a pin-on-disk unidirectional tribometer against a 100Cr6
pin having a flat surface with rounded corners under flat-on-flat configuration. The tests were carried at
different speeds of 0.2, 0.6, and 1 m/s at a constant load of 15 N. The results indicate that a higher density of
bi-triangular dimples had less wear and a lower coefficient of friction compared to untextured disk or disk
with circular dimples, particularly at a relatively higher speed. This has been attributed to a relatively
higher number of dimples in the contact zone in case of a spiral array, which increases the entrapment of
more wear particles leading to a reduction in wear. The friction coefficient had a relatively higher value at a
relatively lower speed but decreased at the highest speed of 1.0 m/s used in the present study. The results
suggest that dimples may not be too effective under dry contact because they lose their effectiveness to trap

wear debris after getting filled.
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1. Introduction

Surface texturing, being used widely to enhance the
tribological performance of a system, has been reported to be
beneficial in controlling friction and wear in moving parts,
especially those having conformal contacts (Ref 1-4). The
contact between surfaces can be dry or lubricated. However,
using lubricant is not always a viable way and hence puts
limitations. The friction can be reduced appreciably by
changing the design of the surfaces in contact. There have
been successful applications of surface texturing in various
fields, e.g., mechanical seals to enhance the lifetime of the
machine elements, metal-forming processes with well-defined
surface topographies to influence adhesion and diffusion, and
magnetic hard disks. Dimples are preferred over protrusions
due to ease of making, low wear, and low leakage in the case of
seals. The implementation of surface textures on conformal
contacts has been shown to (a) reduce interfacial friction and
wear, (b) reduce energy loss, and (c) prolong the serving life of
the components (Ref 5, 6). It has been reported that triangular-
and square-shaped dimples exhibit a lower coefficient of
friction. Also, the hindrance to the movement of the counter
element is reduced due to hard deposition if carefully designed,
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which is not possible in case of circular or other shapes due to
symmetricity (Ref 7) Arrays of the dimples on the surface have
also been reported to play a major role in controlling friction. A
spiral array has more and stable number of micro-dimples than
a radial array under the same contact area, so the density of
dimples becomes important. In the case of dry test, the
availability of cavities helps in trapping wear debris and
reducing the effective area of contact rather than pressure
buildup as in case of the lubricated condition (Ref 8).

Various surface texturing techniques being used are inden-
tation with hard materials (Ref 9, 10), ion etching (Ref 11),
abrasive jet machining (Ref 12), lithography (Ref 13), and laser
surface texturing (LST) (Ref 14-16). Out of these, laser
texturing, which is a thermal energy-based machining process,
is very quick, environmentally friendly, and creates a uniform,
precise metal surface topography that cannot be produced by
conventional methods (Ref 17-22). It has been reported that the
contact should only be partially textured, which puts a limit on
the width/diameter of the individual features. At the same time,
it has also been suggested to keep a smaller ratio between the
depth and the width of the features, thus limiting their depth. In
general, improvements in the performance have been shown to
occur mostly for width/diameter in the range of 5-600 pm,
texture density in the range of 5 to 25%, a depth to diameter/
width ratio from 0.05 to 0.15, and depths in the range from 1 to
15 um (Ref 6, 23, 24). Zhang et al. (Ref 8) studied the frictional
behavior of three differently shaped dimples, namely circular,
square, and equilateral triangular, and reported that direction-
ality of textures can be carefully utilized in bi-directional
sliding condition.

Keeping this in view, a bi-triangular dimple with inward
curved edges with sliding direction along its vertex has been
considered for the present investigation. Hence, the present
study is aimed at exploring the effect of dimples shape and
density on the friction and wear performance of the laser-
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textured surface of bearing steel under dry contact. The 100Cr6
bearing steel has been used as it finds many applications in
different rotating elements such as anti-friction bearings,
crankshaft, and camshafts. Dimples of the circular and bi-
triangular shapes having densities of 7 and 20%, respectively,
were created through laser texturing and their effectiveness in
reducing the friction, and wear was evaluated by carrying out
dry sliding wear tests under low-load and low- to high-speed
test regime, conformal contact using a pin-on-disk tribometer.
The study also attempts to reveal the possible mechanisms of
wear for the used densities, shape, and dimensions of dimples.

2. Experimental Details

2.1 Laser Surface Texturing

CAD models of specimens shown in Fig. 1 (a through d),
corresponding to circular- and bi-triangular-shaped dimples
having and 7 and 20% density, respectively, for each were
created using AutoCAD and saved in.dfx format, which were
further used as inputs for laser surface texturing. Since the
densities were already fixed, the total number of dimples was
calculated using the equation N = [(nD?) x p}/[nd*], where D

is the diameter of the disk, p is area density and d is the
diameter of the circular dimple.

Bearing steel 100Cr6 (composition 1.00% C, 0.50% Mn,
0.20% Si, 1.40% Cr) in the form of a cylindrical rod of 60 mm
diameter and procured from All India Metal Corporation,
Mumbai, was used as the disk material to be textured. The
counterface pin was also of the same material. The disks (¢
50 mm and thickness 5 mm) were machined out from this rod
on the lathe in the Central Workshop of IIT (BHU), Varanasi.
Before texturing, the disk samples were polished using a
standard metallographic procedure followed by polishing with
diamond paste to attain a surface roughness of Ra = 0.04 pm.
The samples were then ultrasonicated in acetone and rinsed
with isopropyl alcohol. Nd:YAG fiber laser with a maximum
laser power of 20 W, the wavelength of 1064 nm with one
ablation, and two finishing passes was used to produce dimples
of specific shape and array on the surface of steel disks by using
the CAD images given in Fig. 1. Laser texturing was done at
LASER JOB WORK, Noida, India. Table 1 presents the laser
texturing parameters.

The textured surfaces were examined under an optical and
scanning electron microscope (SEM; EVO 18, Carl Zeiss
Microscope). Topographies and profiles of dimples were
analyzed using a non-contact 3D optical profilometer integrated

Fig. 1 CAD image of the disks textured with spiral array of (a) circular dimples, density 7%, (b) circular dimples, density 20%, (c) bi-
triangular, density 7%, and (d) bi-triangular, density 20%
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with a multifunctional tribometer (Rtec Instruments, USA). The
inline optical 3D profilometer comes with six-objective manual
or automatic turret that can accommodate several objectives
and user-selectable four-color high-brightness LED light
source. It has a low-noise camera unit and professional data
analysis software. Each lens comes with calibration and
inspection settings on the tester and an image test area with
nm resolution with high-precision z-motion control. The
software allows computing both line and area roughness.
Calculation of nearly all ASME, ISO, and DIN surface
roughness parameters can be done. Sample designations and
other dimple features are given in Table 2.

2.2 Tribo-Testing

Friction and wear tests were performed on untextured and
textured specimens using a rotary pin-on-disk tribometer
supplied by DUCOM, Bengaluru, India, under dry sliding
conditions against a pin of 100Cr6 steel having a flat face with
rounded corners (Fig. 2) to have a self-mated conformal
contact. Although the total number of dimples in the contact
zone would be the same, for a spiral array, the number of
dimples in the contact area varied from 6 to 8 and for radial
pattern from 5 to 11. Hence, the spiral arrangement is expected
to present a stable number of dimples. A visualization of the
contact area of dimples with the counterface pin for spiral and
radial arrays is depicted by a schematic diagram in Fig. 3. Both
the pin and disk were polished to have an initial surface
roughness of Ra = 0.04 pm. Each test was conducted with a
tribo-pair, cleaned ultrasonically in acetone, and then dried. The
sliding tests were conducted at a normal load of 15 N with the
5.70-mm-diameter pin for 8000 revolutions at different sliding
speeds of 0.2, 0.6, and 1 m/s, respectively, under low-load and
low- to medium-speed test regime. Since the tests were
performed on each sample with different track radii (wear
track radius 7, 12, 17, and 22 mm), the number of cycles was
taken instead of time. Each test was conducted using a fresh
surface of the disk and pin under atmospheric air with a room
temperature of 30 £ 2°C and relative humidity in the range of
45-55%. Friction force was recorded in the computer through

Table 1 Laser surface texturing parameters

Pass 1 Pass 2 Pass 3
Speed, mm/s 200 1000 1000
Power, % 80 40 30
Frequency, v 40 55 65

software having an interface with the tribometer. The mass loss
after a predetermined number of cycles was measured by the
difference in the mass of specimens before and after the tests.
An electronic weighing balance having an accuracy of 1077 kg
was used for measuring the mass loss, which was then
converted to volume loss by dividing it with density of the
specimen. Each test under a specified condition of sliding was
repeated at least thrice, and the average value has been reported
here. Worn surfaces of the disk were examined under SEM, and
dimples were subjected to 3D optical profilometry to reveal the
operative mechanisms of wear and the effect of dimple shape
on the friction and wear performance.

3. Results and Discussion

3.1 Morphology of the Textured Surface

Figure 4(a through d) shows the optical micrographs of the
laser-textured surfaces of the bearing steel disks with different
dimple densities. A variation in the spacing between regularly
formed dimples and hence, the variation in the density of
dimples can be clearly observed from the figure. The spacing
between the dimples along the spiral is the same in respective
texturing; however, the spacing changes from one spiral to
others if seen from center to circumference, as illustrated in
Fig. 4(a through d).

Figure 5(a) and (c) shows the micrographs of bi-triangular
and circular dimples, respectively, whereas Fig. 5(b) and (d),
respectively, shows the profile of the circular and bi-triangular
dimples as detected by an optical profilometer. The micro-
dimples are about 500 pum in diameter and about 8 um in depth.
The metal partially gets melted due to the high-energy action of
the laser, and sputtered metal gets deposited on the brim of
dimples resulting in the formation of the bulge as observed
from Fig. 5(c), which shows the morphology of a single
dimple. The bulges on the brim of micro-dimples lead to an
increase in roughness and are difficult to be completely
removed by polishing.
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Fig. 2 Schematic diagram of counterface pin (all dimensions in
mm)

Table 2 Designation of samples and topography of micro-dimples

Sample designation Dimples Area density Size, dia, and side, pm Avg, depth, pm Distance in array, pm
UT Untextured

CT7 Circular 7% 500 8 1599.67

CT20 Circular 20% 500 8 714.21

BT7 Bi-triangular 7% 500 (adjacent vertices) 8 1137.51

BT20 Bi-triangular 20% 500 (adjacent vertices) 8 681.91
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Fig. 4 Optical micrographs of laser-textured surface of steel disks having (a)7% density of circular dimples (CT7), (b) 20% density of circular
dimples (CT20), (c)7% density of bi-triangular dimples (BT7), and (d) 20% density of bi-triangular dimples (BT20). All at 50 X (DeWinter’s

metallurgical microscope)

3.2 Effect of Laser Surface Texturing on the Friction
and Wear Properties

Figure 6 shows the variation of the coefficient of friction
with number of revolutions at 1 m/s. The variation reveals a
typical fluctuating trend for all the specimens, but the amplitude
of fluctuation is quite small for CT20 and BT20 in comparison
with UT, CT7, and BT7. It can also be noted that the friction
coefficient drops suddenly from a value of 0.6 to 0.2 for CT20
after running about 2500 cycles and maintains this value until
the full duration of the test. This may be attributed to the
wearing of burrs under the contact surface, leading to a
smoother process of sliding.

Figure 7 shows the variation of average friction coefficient
for UT, CT7, CT20, BT7, and BT20 at different sliding speeds.

2830—Volume 29(5) May 2020

The average coefficient of friction is found to be highest for
0.6 m/s speed for all the test specimens, whereas it is lowest for
0.2 m/s except for untextured (UT) and BT20. The coefficient
of friction at 1.0 m/s is observed to fall in-between. However,
one can observe the effect of density as well as the shape of the
dimples. At the lowest speed of 0.2 m/s used in the present
investigation, the friction coefficient decreases after texturing
with 7% density circular dimples and remains in the same band
for CT20 and BT7 before increasing finally for BT20. A similar
trend of variation could be observed for a speed of 0.6 m/s,
except that a decrease in friction coefficient is observed from
BT7 to BT20. However, at the highest speed of 1.0 m/s, the
friction coefficient first increases as one moves from untextured
to CT7 before decreasing continuously as one moves from CT7

Journal of Materials Engineering and Performance
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Fig. 6 Variation of friction coefficient with the number of
revolutions at a speed of 1 m/s

to CT20 to BT7 to BT20, thus reflecting the effect of density as
well as the shape on friction reduction.

The wear rate for each specimen has been calculated by
dividing the mass loss with the density of steel (taken as
7.81 x 10° kg/m?). Figure 8 shows the variation of wear rate
for untextured (UT) and textured specimens, namely CT7,
CT20, BT7, and BT20, having different densities and shapes at
various sliding speeds of 0.2, 0.6, and 1.0 m/s. One could
observe that textured samples have less wear than the
untextured sample at all the speeds used in the present study.

Journal of Materials Engineering and Performance

(b)

Height (um)

20 —/\/\ /-\
15 A
10
54
0 T T T T
0 200 400 600 800

Length (pm)

=

T
600

400
Diameter [um]

800

—a—(0.2m/s —@—0.6m/s —A— lm/s

T T
€120
Samples

0.70 <
0‘68-.
0A66-.
0‘64—.
0‘62-
0.60-.
0‘58-.

0.56 4

Average Coefficient of Friction

0.54

T T T
uTr Cc17 BT7 BT20

Fig. 7 Friction coefficients during sliding tests for various samples
at different speeds

It can further be seen from Fig. 8§ that the wear rate either
decreases or remains constant as one moves from CT7 to BT7
at speeds of 0.2 and 1.0 m/s, whereas the wear rate increases
from CT20 to BT7 for a speed of 0.6 m/s. The wear rate is
found to decrease for speeds of 0.6 and 1.0 m/s as one moves
from BT7 to BT20, whereas a slight increase could be observed
for a speed of 0.2/s. The reason for more wear in the 7% circle
density disk is hard deposition on the surface surrounding the
cavities. The presence of microcavities entraps wear particles
and minimizes wear. In the case of the untextured disk, no such
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Fig. 9 Variation of wear rate in counterface pin against different
samples at different speeds

feature is present, and more wear is there. More wear of
textured disk with 20% bi-triangular dimples density at 0.2 m/s
is because of initial presence and wear of deposition.

Figure 9 shows the variation of pin wear rate for untextured
(UT) and textured specimens, namely, CT7 CT20, BT7, and
BT20, at various sliding speeds of 0.2, 0.6, and 1.0 m/s. One
could observe that at low-speed pin wear is more with
increasing densities. It can further be seen from Fig. 9 that
the wear rate decreases than that of 0.2 m/s as the speed
increases to 0.6 m/s and increases as one moves from UT to
BT7, whereas there is a short drop in the value for BT20. The
wear rate is found to decrease significantly for speed of 1.0 m/s
as one moves from UT to BT20, whereas a slight increase could
be observed for CT20. The presence of hard deposition on the
surface surrounding the cavities causes the pin to wear out more
at 0.2 m/s. As the speed increases to 0.6 m/s, the bulge on the
brim of the micro-dimple starts to wear out, which gives a

2832 Volume 29(5) May 2020

reduced value of pin wear rate. This phenomenon, however, is
not observed in the case of UT. At 2.0 m/s, the bulges
disappear, and the presence of an oxide layer reduces pin wear
significantly.

Figure 10(a—¢) shows the morphologies of textured samples
as observed under a scanning electron microscope (SEM) at
0.2 m/s. The worn surface of the untextured specimen shows a
typical worn morphology of steel surface with the presence of
wear marks along sliding direction and signs of adhesion. The
worn surfaces of textured specimens show the presence of
dimples along with wear tracks running parallel to sliding
direction. The dimples appear to be filled for CT7, CT20, and
BT7 specimens, as seen from Fig. 10(b, ¢, and d), whereas the
bi-triangular dimples in BT20 are yet to be filled. Figures 11
and 12 present the morphologies of UT, CT7, CT20, BT7, and
BT20 after sliding at the speeds of 0.6 and 1.0 m/s, respec-
tively. Similar, features as observed for 0.2 m/s could also be
seen at the speeds of 0.6 and 1.0 m/s, as evident from a
comparison of Figs. 10(a), 11(a), and 12(a) for the untextured
surface. The worn particles, in this case, remain present on the
contact surface and cause abrasion and adhesion as the speed
increases. However, the surface appears to be covered by a
compacted layer probably of oxide at 1.0 m/s, which might
have inhibited the metal-metal contact and reduced the friction
coefficient by providing junctions of low shear strength as seen
from Fig. 8. The textured surfaces show the presence of
dimples either filled completely (CT7 and BT7) or partially
(CT20 and BT20) with wear debris at a speed of 0.6 m/s.
Oxidation processes at contacts are investigated, which are
treated in a dry sliding by EDS (energy-dispersive X-ray
spectroscopy). The elemental analysis obtained by EDS
revealed the presence of iron and trace of oxygen on the
surface and within the micro-dimples (Fig. 13). This suggests
the presence of an oxide layer due to increased frictional
heating caused by increased speed. Worn particles from the
margin turnup of dimples are also added to the surface and
accelerate abrasive wear before they are trapped in the cavities.
SEM micrographs of CT7 and BT7 at a speed of 0.6 m/s and of
all at 1.0 m/s show the presence of small patches of debris with
an increase in speed (Figs. 11 and 12). The wear track shows
some scratches that are oriented in the sliding direction. These
surface features can be explained by abrasion wear, coupled
with the oxidation phenomenon. In fact, oxide layers with high-
mechanical properties form as a third body and give rise to
wear of the disk at some positions.

However, at the highest speed of 1.0 m/s used in the current
study, all the textured specimens are observed to be filled to the
extent that dimples are not visible except for CT20. The bulge
on the brim of the micro-dimple is also found to have
disappeared completely.

The optical 3D profilometry of BT20 tested at 1 m/s is
shown in Fig. 14. Before the test, the dimple has a certain
average depth of about 8-10 pm, as can also be seen in the
color bar. The high spots around the micropore are bulges on
the brim. After the test, there is almost no evidence of the
dimple. A worn track can be observed in the same region. Also,
traces of abrasive wear are shown in Fig. 14(b).

The observed friction and wear behavior for the untextured
steel may be explained on the basis of the adhesion between
disk and counterface steel pin followed by generation of wear
debris due to relative motion. The debris either gets trapped
between the sliding surfaces or may get ejected from the
interface due to centrifugal forces. The debris trapped between

Journal of Materials Engineering and Performance
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Fig. 10 Scanning electron micrographs of worn surface of specimens after sliding under the dry condition at 15 N constant load at 0.2 m/s

the surface may form a competed layer on the sliding surface
and results in a reduction in both friction and wear if that gets
oxidized during continued rubbing by providing low-shear-
strength junctions at the interface and protecting the underlying
surface from direct metal to metal contact, as reported earlier
also (Ref 25). The increase in friction and wear in UT steel from
0.2 m/s to 0.6 m/s may be attributed to the formation of more
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number of wear particles due to larger number of interactions
per unit time and more particles seem to have ejected as there is
hardly any presence of transfer layer of the surface of this steel
as observed in Fig. 11(a). However, the transfer layer contain-
ing oxide particles is expected to get compacted due to
increased frictional heating caused by the increased speed,
which provides an effective cover to the underlying substrate

Volume 29(5) May 2020—2833
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Fig. 11 Scanning electron micrographs of worn surface of specimens after sliding under the dry condition at 15 N constant load at 0.6 m/s

and reduces direct metal-metal contact leading to reduced
friction and wear as reported earlier other researchers (Ref 25).
As far as textured steels are concerned, the dimples are able to
trap the wear debris particles, resulting in a reduced wear rate in
comparison with untextured steel. At the lowest speed of 0.2 m/
s, the friction coefficient is observed to decrease from UT to
CT20 before increasing for BT20, as shown in Fig. 7, whereas
the friction is found to decrease continuously from CT7 to

2834—Volume 29(5) May 2020

BT20 at the highest speed. The BT20 has the lowest friction
coefficient of friction at relatively higher speeds of 0.6 m/s and
1.0 m/s, whereas, at the lowest speed, the friction is lowest for
CT20 and BT7. At low speed of 0.2 m/s, pin moves in contact
with the disk, as speed increases to 0.6 m/s bulges on the brim
of dimples and at contact wears out, which gives the rise in
coefficient of friction. As the edges are clear, these worn-out
particles fill the cavity and result in a drop in the coefficient of

Journal of Materials Engineering and Performance



e

EHT =20.00 kV' Signal A= SE1 Date :12 Jun 2017 EHT =20.00kV SnalA-SE1 Date :12 Jun 2017
H WD =125 mm Mag= 100X (CIFC) IIT-BHU WD =13.0mm Mag= 100X (CIFC) IIT-BHU
(a)UT (b) CT7

et
Date :15 Jun 2017
(CIFC) IT-BHU

EHT =20.00 kv ignal A= SE1
WD = 11.5 mm Mag= 100 X

Dato :12 Jun 2017
(CIFC) IT-8HU

Signal A= SE1
Mag= 100X

WD =13.5mm

(c) CT20

EHT =20.00 kV/
WD = 13.0 mm

Signal A= SE1
Mag= 100X

(d) BT7

Date :12 Jun 2017
(CIFC) IIT-BHU

(e) BT20

Fig. 12 Scanning electron micrographs of worn surface of specimens after sliding under the dry condition at 15 N constant load at 1.0 m/s

friction at 1 m/s. A relatively lower coefficient of friction for
CT 20 and BT7 at a speed of 0.2 m/s may be explained on the
basis of the features present on SEM micrographs presented in
Fig. 10(c and d) which indicates the filling of dimples by the
wear debris leading to the absence of any loose debris particles
which might have caused abrasion. A reduced coefficient of
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friction for CT20, BT7, and BT20 corresponding to a speed of
1 m/s may be attributed to the substantial unfilling of dimples,
as reflected in Fig. 12(c) for CT20 and complete filling of
dimples for BT7 and BT20 without any visible dimples, as seen
from Fig. 12(d and e). This may have given rise to a smooth
running as there was no loose debris available at the interface to
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cause abrasion, resulting in a decrease in coefficient of friction.
The other factor contributing to this behavior may be the
presence of a compact layer of oxide caused by frictional
heating, which might have provided low-shearing junctions and
hence a reduced coefficient of friction. The wear rate is found to
be almost the same for CT7, CT20, and BT7 at speeds of 0.2
and 1.0 m/s, but BT20 has the lowest rate at 1.0 m/s, whereas it
increases slightly for 0.2 m/s. The observed behavior may be
attributed to the effectiveness of dimples in trapping the wear
particles, which can be judged by an examination of worn
surfaces of textured steels shown in Figs. 10, 11, and 12, where
dimples appear to be filled to different extents depending on the
test speed, shape, and density of dimples. At a relatively lower
speed of 0.2 m/s, the dimples are partially filled due to less
generation of loose wear debris, and hence, the wear is less than
observed at other speeds. As the generation of wear particles is
increased with increasing speed, the dimples get completely
filled (Fig. 12b—e), and the remaining debris is not able to get
trapped and get ejected as loose particles, thus increasing the

2836—Volume 29(5) May 2020

rate of wear. However, with a further increase in speed to
1.0 m/s, the wear rate is found to decrease again despite the
filling of dimples. Under this condition, the untapped debris
particles appear to have got compacted due to increased friction
heating at the interface and form a compacted transfer layer
(Fig. 12b—e), providing the protective cover to the underlying
substrate to a varying extent leading to lower friction and wear.

A comparison of the friction and wear performance of
circular and bi-triangular shape reflects that the bi-triangular
shape is more effective in reducing both the friction and wear
and that too with a relatively lower density of dimples as
evident from Fig. 7 and 8, which shows either the same
coefficient of friction for CT20 and BT7 or a reduced one for
BT7 than CT20 depending on sliding speed. However, BT20
having bi-triangular dimples with 20% density has shown the
optimum performance under the speeds and load used in the
present study conducted under dry contact. Nonetheless, more
studies need to be carried out to explore the optimum shape and
density for dry as well as lubricated conditions.
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Fig. 14 Optical 3D profilometry of disk surfaces before (a) and after (b) the test

4. Conclusions

The present study on the effect of laser texturing on the dry
sliding performance of bearing steel has led to the following
salient conclusions.

1. An effective number of microcavities in the contact zone
for the spiral array are relatively higher than in the case
of a radial pattern. This increases the entrapment of a lar-
ger number of wear particles.

2. An increase in density of the dimples from 7 to 20% in-
creases more entrapment possibility of wear debris and
hence reduction in wear. However, once the cavity is
filled, the texture effect is no more present.

3. Bi-triangular shape with relatively lower dimple density
has been found to be more effective in comparison to the
circular shape in reducing both the friction and wear. Bi-

Journal of Materials Engineering and Performance

triangular dimples with 20% density have shown the
optimum performance under the conditions used in the
present work.

In dry conditions, the coefficient of friction sliding pair
with a textured sample is less than untextured one.
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