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a. Grooved texturing
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Fig.1 Alignment of surface texturing
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Table 1

Texture parameters and surface topography parameters of grooved and dimpled texturing
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. Depth/um  Diameter/um  Width/um . Density/% . O
Specimen /um spacing/um deviation of deviation of Sek Sku volume
profile profile S4/10"mm’
Sa/um Sy/um
Gl 8 - 185 600 — 30.8 1.95 2.30 -0.97 2.72 2.12
G2 14 — 185 600 — 30.8 2.45 3.06 -1.45 3.65 11.20
G3 18 — 85 420 — 20.2 2.61 345 -1.62 4.05 6.64
G4 25 — 85 420 — 20.2 3.30 3.66 -1.88 491 11.59
D1 15 30 - 340 220 6.7 1.36 2.08 -3.40 36.40 16.98
D2 15 80 — 445 445 2.5 1.12 1.52 -3.55 37.52 24.18
D3 20 80 - 180 220 12.7 2.51 4.26 -2.91 11.83 31.03
D4 20 80 — 445 445 2.5 1.44 2.88 -5.61 43.37 67.47
UT 0.98 1.20 -0.48 2.63 1.98

E: GI~G4 AMHERMIRE, D1~D4 H ML, UT ARG, T,

Note: G1 —G#4 are grooved texturing specimens; D1 —D4 are dimpled texturing specimens; UT is un-textured specimen, the same as below.
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Fig.2 Schematic diagram of friction and wear test rig
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Note: G1—G4 are grooved texturing specimens, and D1—D4 are dimpled
texturing specimens. Specific parameters are shown in Table 1. UT is
un-textured specimen, the same as below.
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Fig.4 Relations of friction coefficients and topography parameters for grooved texturing under different applied loads

(Sliding speed is 20.9 mm-s™")
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Fig.5 Relations of friction coefficients and topography parameters for dimpled texturing under different applied loads

(Sliding speed is 20.9 mm-s™)
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Fig.6 Relations of friction coefficients and sliding speeds for grooved texturing under different applied loads
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grease lubricated spherical plain bearings
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(1. Institute of Tribology, Hefei University of Technology, Hefei 230009, China;
2. Chemical Science and Engineering College, Beifang University of Nationalities, Yinchuan 750021, China)

Abstract: Surface texturing is an efficient method to produce various microstructures on the friction face. It has been used in
many fields. As a surface-engineering technique, it is used for reducing and controlling friction and wear, to improve reliability
of mechanical components and enhance its service life. Research on surface texturing was conducted to find the optimal
texturing parameters such as texture depth, width/diameter and area density, and it was still a trial-and-error approach. In order
to investigate the relationship between texturing parameters and three-dimensional (3D) surface characterization parameters,
and the correlation between tribological behavior and surface characterization parameters, we firstly designed 2 types of
surface textures, i.e. grooved and dimpled microstructures. They had different texture depth, width or diameter, spacing and
area density. Then laser ablation was performed on the inner surfaces of spherical plain bearings. All specimens were
measured to obtain 3D topography and 3D roughness parameters by using a non-contact 3D surface profiler. The textured
surface topography was characterized by surface topography parameters including skewness, kurtosis, and mean dale volume.
Finally, tribological tests were conducted on an electro-hydraulic servo tribological test rig under different normal loads and
sliding speeds. In the tests, all specimens were lubricated with molybdenum disulfide lithium-based grease. For the relation
between texturing parameters and characterization parameters, it was demonstrated that the texturing parameters significantly
affected the surface characterization parameters. For a certain type texture, when the texturing area density and width (or
diameter) were constant, the values of kurtosis and mean dale volume increased and the skewness decreased (i.e. larger
negative skewness) with the increase of texturing depth. When the texturing depth and width (or diameter) were constant, the
arithmetical mean deviation and root mean square deviation of the profile and the skewness decreased, and the kurtosis and
mean dale volume increased with the decrease of the texturing area density. It was suggested that we could obtain desired
surface topography parameters by changing the texturing parameters. As for the influence of characterization parameters on the
tribological performance, the results showed that under the present experimental conditions, the characterization parameters
skewness and kurtosis had remarkable effects on the friction coefficient of the sliding surface. For a certain type surface
texturing, under the same operating conditions, a specimen with more negative skewness and greater kurtosis would show
smaller friction coefficient. And in general, the friction coefficient decreased with the increase of mean dale volume, but the
effect was not obvious. The results also indicated that the spherical plain bearing with well-designed textured friction surface
exhibited lower friction at different normal loads and sliding speeds compared with un-textured one. The maximum reduction
in friction coefficient was 46.2% (grooved texturing) and 60% (dimpled texturing) at 20 kN load and 20.9 mm/s sliding speed.
Under grease lubrication conditions, the relation curves of friction coefficient versus sliding speed were straighter than that
obtained under oil lubrication conditions. For both grooved and dimpled textured surfaces, the effect of speeds on the friction
coefficient is not distinct. In addition, lower texturing area density and higher depth will contribute to the forming of steady
flow between the friction surfaces and within the micro cavities, which is helpful to capture bigger particles and as a result,
exhibits better tribological performance.

Keywords: friction; lubrication; design; surface texturing; grease lubrication; characterization parameters
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