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Considerable amount of papers have been published on the topic
of surface texturing for tribological applications over the last
decade. Investigations of surface textured surfaces in bearings,
seals, reciprocating automotive components, etc. are curried out
in many countries. New mathematical models describing tribo-
logical behavior of the textured surfaces under different lubricat-
ing conditions are regularly elaborating. However, in spite of
large amount of the studies, the quantity of mass production of
the textured industrial parts of friction units is highly limited. Ra-
ther possibly that the simple surfaces texturing is not enough for
the achievement of a real positive result. Application of new ma-
terials and the additional design solutions for providing geomet-
rical precision conformability could be the ways for wider usage
of the textured surfaces. The current review covers the most sig-
nificant works on the surface texturing presented in scientific pe-
riodicals in English language.

The surface texture and quality is a major factor in proper and du-
rable operation of tribological components. In general, smoother surfaces
with no structural defects can reduce run-in time and retards the rate of
some surface degradation processes such as contact fatigue and delamina-
tion. Smooth surfaces are particularly effective in reducing friction under
boundary lubrication regimes and can promote hydrodynamic lubrication.
In dry contact, however, smooth surfaces may increase adhesive compo-
nent of friction mechanism. Thus, smoother surfaces are not necessarily
optimal for all tribological components and applications. In addition, fab-
rication of very smooth finish on component surfaces is often not cost-
effective. Besides, creating surfaces with minimal roughness, incorporat-
ing special structures and features with different sizes and shapes onto the
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surface (surface texturing) have been shown as viable means to control
friction and wear behavior of tribological components.

As early as 1966 Hamilton and co-workers [1] evaluated the ef-
fects of surface texturing in the form of micro-asperities produced by
etching on lubrication and suggested that the micro-asperities act as the
micro-hydrodynamic bearing. This mechanism was suggested to be well
suited for conformal contacts, such as mechanical seals only [2; 3].

The hydrodynamic effect of single asperity is shown in Fig. 1.
The asperity on the surface projects down into the fluid flow to create a
step bearing. As the flow approaches the asperity, pressure increases; on
the symmetrical side, the pressure decreases but not to the ideal anti-
symmetrical value as cavitation occurs on this side. The Fig. 2 shows
the creation additional hydrodynamic force due to an asymmetric hy-
drodynamic pressure distribution over diverging and converging parts of
the dimple. The pressure decreases as the flow approaches the bottom
center of the dimple. On the symmetrical side, the pressure increases.
The increase of pressure in converging film region is much larger than
the pressure drops in diverging film region where cavitation occurs.
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Fig. 1 The hydrodynamic effect of Fig. 2. The hydrodynamic effect of
the idealized micro asperity the single idealized dimple

Another effect acts on the condition of mixed lubrication between
intimate contacting surfaces. The liquid trapped in the low region of the
texture can be considered as a secondary source of lubricant, which is
drawn by the relative movement to permeate into surrounding areas to
reduce the friction and retard the galling. It is called the secondary lu-
brication effect.

Significant studies were conducted in Leningrad Institute of Preci-
sion Mechanic and Optics (former USSR) by a team led by Prof.
Schneider on surface texturing by a method of vibrorolling [4—6]. Sur-
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faces with grooves were created by plastic deformation with a rotating
roller. The method allows the creation of different types of relief on flat
and on round surfaces (for example, teeth of gears). The technique was
shown to decrease wear and increase service life of a variety of industrial
machine parts and components. About the same time, Suh and co-workers
[7] presented the idea of undulated surface finish for removing oxide wear
debris from the interface of electrical contacts. They initially used an etch-
ing technique which was later replaced by abrasive machining to form
groves [8—11] termed undulated surfaces. The function of the undulation
is to act as traps for wear debris thereby reducing the ploughing and de-
formation contributions to friction and wear.

Considerable amount of papers have been published on the topic
of surface texturing for tribological applications over the last decade.
This is largely due to the advent of cost-effective manufacturing tech-
nologies that allow fabrication of controlled and precise micro features.
The texturing methods are abrasive jet machining (AJM), excimer laser
beam machining (LBM), lithography, deep x-ray lithography (DXRL,
also known as LIGA) and anisotropic etching. As the examples, the Fig.
3 shows an appearance of micro-dimples produced by AJM and LBM,
both of which exhibited characteristic profiles. A typical example of a
micro-dimpling pattern on surface is presented in Fig. 4. However, the
most widely used technologies are laser surface texturing (LST) and
reactive ion-beam etching (RIE). These methods are used to create mi-
cro dimples of different shapes, dimensions, depth, and distance be-
tween dimples on variety of material surfaces. LST is the most cost-
effective method, but a disadvantage of LST is the creation bulges
around dimples during the laser impulse impact and thermal cracks for-
mation, especially on ceramics materials (fig. 5, a, b). Nevertheless, as
numerous researches noted, the bulges could be easily removed by light
polishing or at running-in period. RIE, AJM, LBM, lithography, LIGA
technologies permit to produce dimples without material damages dur-
ing texturing but these methods are more expensive.

The use of LST in tribological applications was pioneered by Etsion
and his research group at Israel Institute of Technology (Technion). As it
was mentioned in [12], LST is probably the most advances so far. LST pro-
duces a very large number of micro-dimples on the surface and each of the-
se micro-dimples can serve as a micro-hydrodynamic bearing in the case of
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full or mixed lubrication, a micro-reservoir for lubricant in cases of starved
lubrication conditions, or a micro trap for wear debris in either lubricated or
dry sliding. LST permits enhance tribological characteristics as hydrody-
namic [13; 14] as well as gas-dynamic seals [15-17]. These advantages
confirmed experimentally [13] and substantiated by elaborated theoretical
models [14-17]. It was shown in the work [18] that the maximum load-
speed value of face seal can be increased by hydrodynamic effect of micro-
pores. In the work [19] partial surface texturing of hydrostatic mechanical
seals was investigated theoretically and experimentally. It is found that op-
timally textured seals generate substantially less friction and heat.

Fig. 3. Appearance of micro-dimples pro- Fig. 4. An example of a micro-
duced by abrasive jet machining and excimer  dimpling pattern. In this example,
laser beam machining, both of which exhibit- 80 um dimples were distributed

ed characteristic profiles with a density of 15%

Fig. 5. SEM microphotographs of a dimple produced by a single shot of
Nd:VOj, laser in ceramics (@) and surrounding area (b) with evidence of materi-
al re-melting and thermal cracking around the produced dimple
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The group of prof. Kato from Japan curried out investigation of
tribological characteristics of the silicon carbide textured surfaces in the
conditions modeling the work the dynamic seals and thrust bearing un-
der water lubrication conditions [20-25]. LST [20; 24] as well as ion-
reactive etching [21-23] were used for surface treatment. The authors
emphasized that the most evident effect of the texturing is increasing the
load currying capacity due to generation an additional hydrolytic pres-
sure. In [20-21] the effect of the parameters of texturing on the value of
the coefficient of friction and the critical load for transition of lubrica-
tion mode from hydrodynamic to mixed was shown. The effect of mi-
cro-dimples on the critical seizure load was presented in [22-23]. It was
shown that the texturing is an effective way to stabilize friction, to re-
duce friction coefficient, and to expend the low-friction range (where
friction coefficient is less than 0,05) of SiC seals. It was noted that there
is an optimum geometric and distribution range of micro-pits where the
load carrying capacity can be increased at least twice over that of an
untextured surface. The influence of running-in behavior on tribological
properties is considered in [24; 25]. It was found that the maximum run-
ning load has a large influence on the load-currying capacity, which is
measured as the critical load for the transition from hydrodynamic to
mixed lubrication. As the result of the study, a multi-step loading run-
ning-in method is proposed to increase load-currying capacity.

In [26-28] it was substantiated the improvement of tribological
characteristics of journal and thrust bearing by sliding surfaces texturing
due to film thickness increasing. It its turn that was confirmed by exper-
imental results in [27; 29-30]. It was noted in [28; 30] that the coeffi-
cient of friction can be reduced if a texture of suitable geometry is intro-
duced. In addition, the results in [30] reveal that in the mixed lubrication
regime, the so-called secondary lubrication effect in the dimpled area is
the main mechanism responsible for performance improvement.

Surface texturing in reciprocating automotive components also
displayed a positive effect. In [31] the Reynolds equation and the equa-
tion of motion are served simultaneously for as simplified “pis-
ton/cylinder” system with surface texturing. The solution provides the
rime behavior of both the clearance and the friction force between the
“piston ring” and “cylinder liner” surfaces. It is shown that optimum
surface texturing may substantially reduce the friction losses in recipro-
cating automotive components. Further [32], an analytical model is de-
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veloped to study the potential use of partial LST for reducing the friction
between a piston ring and cylinder liner. The research [33] also was aimed
to evaluate the effectiveness of micro-surface structure produced by LST to
improve tribological properties of reciprocating automotive components.
The experimental study [34] evaluates the effect of partial laser surface tex-
turing (LST) on friction reduction in piston rings. It was found that the par-
tial LST piston rings exhibited about 25% lower friction. Besides [35], the
surface texturing increased the scuffing resistance.

The friction coefficient between a magnetic tape and a guide in a
tape path can be minimized by creating micro dimples on the guide sur-
face with laser surface texturing [36—37]. The dimples enhance the for-
mation of an air bearing and reduce the friction coefficient between the
tape and the guide due to the increased spacing.

Slider surface texturing is a promising new way to improve the
tribological performance of future hard disk drives with very low flying
heights [38—40]. It was found that no degradation of the read-write per-
formance occurred and that the tribological performance of the slider
was enhanced after texturing. Considering a nano-level [41], the results
show that the adhesion forces and coefficients of friction of the nano-
textured surface reduced noticeably compared to those of a baseline sili-
con oxide film surface. The nano-textures were produced by spin coat-
ing colloidal silica nanoparticle solution on a flat silicon substrate.

The test results in [42; 43] showed that laser texturing expanded the
contact parameters in terms of load and speed for hydrodynamic lubrica-
tion, as indicated by friction transitions on the Stribeck curve (Fig. 6). The
beneficial effects of laser surface texturing are more pronounced at
higher speeds and loads, and with higher viscosity oil. The positive ef-
fect of surface texturing on friction reduction between ceramic and steel
materials under lubricated sliding contact was shown in [44]. Compared
to a lapped smooth surface without texturing, some samples successfully
realized reductions in friction coefficient from 0.15 to 0.1. It was found
that the tribological characteristics depended greatly on the size and
density of the micro-dimples, whilst the dimple shape did not signifi-
cantly affect the friction coefficient regardless of rounded or angular
profiles. A dimple size of approximately 100 um at a density of 5-20%
is recommended. The effectiveness of the surface texturing under condi-
tion of limited lubrication and high load was shown in [45-46]. In the
study [47], the micro-textured surfaces were prepared by shot blasting
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or milling using a shaper. The surfaces with groove patterns and mesh
patterns had higher friction coefficients than the flat surfaces. The sur-
faces with dimpled patterns had lower friction coefficients than the flat
surfaces. The results indicated that the dimpled pattern had a beneficial
effect by decreasing the friction. It is found, as indicated in [48], regular
microspores created by laser texturing in the fretted zone on the cylinder
almost double the fretting fatigue life compared to a common non-
textured fretting zone.
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Fig. 6. The Stribeck curves of the ground, polished and dimpled (textured)
surfaces [43]

The effect of surface textures on the friction of a poly-
dimethylsiloxane (PDMS) elastomer has been investigated at both mac-
ro and microscales using a nanoindentation-scratching system [49]. Co-
efficient of friction on the pillar-textured surface was found to be much
lower than that on the smooth surface of the same material, and it was
reduced by about 59% at the macroscale tests and 38% at the microscale
tests. The reduction of friction coefficient can be attributed to the re-
duced contact areas.

Efficiency of the laser texturing on the adhesion of the coated
twist drills was shown in [50]. The results showed a large increase of the
tool life when texturing of the substrate was made.

Laser treatment of tribological diamond-like coating (DLC) films
was described in [51]. The results showed that the friction coefficient
did not increase, as compared with the unstructured and DLC coated
surfaces, and that the structure pores trapped the debris particles pro-
duced when the DLC film eventually broke. The frictional properties of
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the DLC film [52] are greatly improved by coating a MoS, layer on the
nanostructured surface, while surface texturing of the nanostructured
zone in a net-like patterning can increase the friction coefficient. The
results demonstrate that the tribological properties of a DLC surface can
be controlled using fs-laser-induced nanostructuring.

At present, the direction of study to use dimples of the textured sur-
faces as the reservoir for solid lubricant for providing a better working abil-
ity at dry friction is intensively developing [53-56]. It is possible to achieve
a significant reduction in friction coefficient and an increase in the wear life
until the scuffing inception by choosing the optimal geometrical parameters
of the textured surface with the subsequent treatment.

In recent years, many new studies use the numerical method to de-
scribe parameters of the surface structure [57-60]. The new mathematical
models describing tribological behavior of the textured surfaces are regularly
appearing in the scientific literature [61-63]. Mathematical modeling could
establish relation between structure and tribological parameters.

The bulk of studies on LST were done with conformal contact
configuration. Recent studies of the effect of surface dent (dimples) on
lubricant fluid film thickness with optical interferometry technique used
a ball-on-flat non-conformal contact configuration were presented in
[64; 65]. Results of these studies suggest that texturing could be detri-
mental to tribological performance in non-conformal contact configura-
tion. It was observed that relatively deep micro-dents in the lubricated
contact results in fluid film thickness reduction downstream, and can
cause lubricant film breakdown. For shallower dent, this effect is re-
duced, or even reversed for very shallow dents. As the conclusion, re-
sults suggest that surface texturing using microdents of an appropriate
depth could help to increase lubrication films capabilities.

Professor Etsion, in his interview to the journal “Tribology & Lu-
brication Technology” [66] expressed the confidence that surface textur-
ing will become a common surface engineering technology, similar to
the wide-spread hard coating technology. Both technologies can be used
to reduce friction and wear. With coatings, that goal is achieved by add-
ing material to a surface, while texturing achieves the same goal by re-
moving material from the surface. Hence, in a way surface texturing can
be described as an “inverse coating”. Perhaps the main difference be-
tween those two technologies is that hard coating is more beneficial un-
der dry sliding conditions while surface texturing works better with lu-
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bricated sliding. It therefore seems reasonable to combine these two
technologies to obtain low friction and wear over the entire spectrum of
sliding conditions.

However, in despite of the continuously growing number of re-
searches on surface texturing [66], as it displayed in Fig. 7, the quantity
of mass production of the textured industrial parts of friction units is
highly limited. It could be partly connected with an insufficient con-
formability of the contacting sliding surfaces of machines’ parts; in the
case of the defective alignment, the rough textured surface may act as
abrasive to cause a damage of the mating surface. Rather possibly that
the simple surfaces texturing is not enough for the achievement of real
positive result in industry. Application of new materials, determination
of the right choice of the materials of the contacting surfaces as well as
the additional design solutions for providing geometrical precision con-

formability could be the ways for wider usage of the texturing surfaces.
Publication Numbers

Fig. 7. The growing number of publications on surface texturing over the years
before and after 1996 [66]
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Kosanvuenko A.M. Ctan nociifKeHb TeKCTypPyBaHHS IOBEPXOHb
JJIsl TMOKPAalleHHsA TPUOOJOriYHMUX XapaKTePHCTUK BY3JIB TepTH
(Orasin) // IlpoGiiemu TepTs Ta 3HONIYBaHHS: HayK.-TexH. 30. — K.: Bua-
Bo HAY «HAVY-npyk», 2011. — Bumn. 55. — C.13-26.

B ocraHHE AECATIIITTS KUTHKICTD JIOCIIKEHb TPHOOIONTYHNX XapaKTePUCTUK TEeKC-
TYPOBaHMX TOBEPXOHb (CIEIlialIbHOI 00’ €MHOI TIOBEPXHEBOI ()OPMHU) 3HAYHO 30LITh-
mIack. [IpOBOMATECS JOCIIDKCHHSI TEKCTYPOBAHUX IIOBEPXOHb B IIiIIIMITHUKAX
KOB3aHHSI, TOPIIEBUX YIUIBHEHSIX, NETAJISIX LIIIHIPOIOPIIHEBOI TPYIH, JETAISIX
ay/1io-3aIiCyrOYHX MPUCTPOIB i HAKOIMYYBAYaX EIEKTPOHUX JaHKX TOILIO; PO3pPo0-
JSTFOTBCSL PI3HOMAHITHI MaTeMaTHyHI MOJIENI, IO ONMUCYOTh PEKHM 3MalllyBaHHS
MOBEPXOHb 3 INTYYHUMHU HepiBHOCTSIMH. OJIHAK, HE3BKAIOUN Ha BEIIMKY KUIbKICTh
JIOCTI[DKCHb, BHKOPUCTAHHS TEKCTYPYBAHHS MOBEPXOHb ICTANCH, I10 BHIOTOBIII-
I0ThCS CEPIIHO, HA CHOTO/IHI OOMEKEHO, OCKUTBKH YISl JOCSITHEHHSI 3HAYHOTO TI03H1-
THBHOIO e(peKTy, € HeOOXiTHIM He JHIIe OE3M0Cepe/IHE TEKCTYPYBAHHS TOBEPXOHD,
aJie i BUKOPUCTAHHsI HOBUX MaTepiaiB, i JOIATKOBUX KOHCTPYKTHBHHUX PillleHb IS
3a0e3MeueHHs MPeL3iitHOT TeOMETPUYHOI CIIONy4eHOCT. B aHomy orsisai BUKIa-
JICHO OCHOBHI Cy4acHi poOOTH TI0 TEKCTYPYBaHHIO MOBEPXOHb TEPTSI, 110 OMYOIiKO-
BaHi aHIJIIHCHKOIO MOBOIO.
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