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Abstract. Iron and steel materials have been extensively used in various engineering fields
thanks to their promising merits of abundant resources, low cost, easy workability, stable quality
and promising comprehensive mechanical properties. However, friction which occurs on the
surface can result in wear and then weaken the service performance of iron and steel materials,
deleterious effects of damage/failure, lowering in work efficiency and noise pollution happen
finally on normal operations. Inspired by non-smooth surfaces in nature, surface textures are
able to realize a positive influence on tribological performance of materials and achieve effective
anti-friction/wear-resistant, drag reduction and noise reduction during practical service. This
review began with a brief introduction of surface texture. The research progress of the surface
texturing for improving tribological performance of iron and steel materials in China was reviewed and summarized in the sight of specific applications.

1. INTRODUCTION
Thanks to their abundant in natural resources and
also holding the advantages of low cost, easy for
processing, stable quality and high comprehensive
mechanical properties, iron and steel materials have
been extensively used in a wide range of engineering fields, such as machinery, metallurgy, mining,
architecture, chemistry, transportation and marine
[1-3]. Friction frequently appears when iron and steel
engineering components are in the course of operation [4]. Under different service conditions, friction
phenomenon exists between the relative movement
interfaces of solid-solid, solid-liquid and solid-gas
[5-7]. Friction normally leads to damages of wear

and/or fatigue, lowering the work efficiency and producing noise pollution as the engineering components are employed under different service environments where the above mentioned friction interfaces
are involved [8,9].Under the harmful impacts of friction in normal applications, the service performance
of iron and steel engineering components would be
decreased and then the lifecycle of the whole equipment might also be reduced [10,11]. It is well accepted that the surface of a component is much
more vulnerable to damage than the interior of the
component, and most types of material degradation such as, wear, corrosion and fracture are usually generated on the surface of a component
[12,13]. According to earlier point of view, smoother
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surfaces were more favorable to improve the tribological performance of engineering components.
However, recently studies of bionics have revealed
that the non-smooth surfaces with regular arranged
patterns which go by the name of surface texture
can exhibit promising tribological behaviors [14].The
design ideas of surface texture were enlightened by
extensively existed non-smooth surfaces which presented unique function in the natural world [15]. For
examples, dung beetle with non-smooth epidermis
is able to resist wear and extrusion; the self-cleaning property of lotus leaf can be attributed to the
synergistic effect of ordered micro/nanostructures
and vegetable wax on its surface; the non-smooth
skin of dolphin can effectively reduce its swimming
resistance; the micro-rhombus structures on the
surface of shark skin contribute to noise reduction
in the process of driving. The non-smooth surfaces
in the natural world have brought about lots of meaningful inspirations to material scientists and engineers, thereby artificial textured surfaces have been
formed on iron and steel engineering components
to realize the functions of friction-reduction/wear-resistance, hydrophobicity/anti-fouling, anti-drag and
noise reduction [16,17]. Over years of development,
surface texturing has become a hot issue in mechanical and materials engineering, more and more
attentions are paid to the studies and applications
of surface texture.
In this work, the research status of the surface
texturing for improving tribological performance of
iron and steel materials in China were reviewed and
summarized according to specific applications of
friction-reduction/wear-resistance, anti-drag and
noise reduction. This work is expected to create
database and provide reference information, thereby
broadening practical applications of surface texture
on iron and steel or other metallic materials.

2. SURFACE TEXTURING FOR
FRICTION-REDUCTION AND
WEAR-RESISTANCE
2.1. Mechanism
Based on the amount of lubricant during friction,
lubrication conditions can be classified as un-lubrication friction, boundary lubrication and
continuous lubrication [18].Under different lubrication conditions, surface textures on iron and steel
materials present varied contributions to the improvements of tribological properties [19].With respect
to un-lubrication friction, surface texture can capture debris generating during friction and thus mini-

mize abrasive wear. As friction is carried out under
boundary lubrication, surface texture can store up
lubricant and offer certain lubrication. In respect of
continuous lubrication, besides storing up lubricant,
each basic unit of surface texture can also play a
role of hydrodynamic lubrication and generate hydrodynamic lubrication [20-22].

2.2. Review about friction-reduction
surface texturing
Zhao et al. conducted a study to clarify the potential of surface texture in reducing friction. Grating
textures with three kinds of periods and micro-crate
textures with two kinds of periods were fabricated
by nanosecond laser micro fabrication technique on
the surface of 45 steel. The periods of the grating
textures were 200 m, 300 m, 400 m and the
period of micro-crate textures were 300 m, 400
m, respectively. The effect of surface texturing with
a variety of dimensions and densities of Grating textures and micro-crate textures were evaluated to
optimize the texture. The width of grinding crack
was successfully realized reduce from 200 m to
150 m and100 m, the grating textures had a better performance in friction-reduction. Moreover, grating
and micro-crate textures with 400 mm had a minimum width of grinding crack. The results showed
that the friction coefficient of textured 45 steel was
generally equal with untextured surface, but the textured samples had better wear resistance performance [23].
Wang et al. studied the relevance of the surface
texturing as an effective tool in improving the tribological performance of 316L stainless. Laser surface texturing (LST) was performed on the 316L
stainless composites by a Nd:YAG pulse laser to
form the regular-arranged micro-columnar texture
with the parameter of 100 m¶100 m, 200 m ¶
200 m, 300 m ¶ 300 m and micro-hole texture
with the pitch of the hole of 100, 200, 300 m, the
surface topographies of the textures were testified,
Figs. 1 and 2. The effect of surface texturing with a
variety density was evaluated using the UMT-2 friction test machine. The results revealed that the density of the micro-columnar and micro-hole played
an important role in reducing friction. Higher density was recommended for its better friction-reduction performance. Meanwhile, the study showed that
the micro-hole texture decreased wear rate better
than the micro-columnar texture [24].
In order to improve the tribological performance
of 316L stainless steel, Li et al. fabricated groove
texture on the surface of the 316L stainless using
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Fig. 1. Surface topography of micro-hole: The pitch of the micro-hole (a) 100 m, (b) 200 m, (c) 300 m.

an Nd:YAG laser. The tribological properties of the
textured stainless were investigated by carrying out
reciprocating sliding wear test against a 316L stainless round pin. Moreover, the effect of contact road
on friction coefficient was studied. In the study, the
friction coefficient of groove textured was found to
increase at the beginning and reduce at the end
when the width of the groove and the distance between the grooves increased. The friction coefficient
was smallest when the width and distance between
grooves were 100 m and 200 m respectively. With
respect to the applied load, the referred grooved textures revealed a better performance in high contact
load [25].
Yu et al. investigated the the effect of different
geometrical characteristics of regular-arranged texture on the tribological behavior. Moreover, the influence of applied load was also studied. Different

shaped textures (square array, circular array, ellipse
array) were fabricated on the special cast iron which
was full of boron and copper element. The results
showed that ellipse array played more important role
on friction-reduction compared with the other two
textures. Friction coefficient was reduced about 36.5
percent from untextured to textured surface for ellipse array when the applied road and the revolving
speed were 200 N and 400 r/min. Meanwhile, Friction coefficient reached the optimum value when the
area ratio of circular array, square array and ellipse
array was 10.4%, 15.5%, 10.4%. All the three textures had a worse performance in anti-wear with the
increasing of the applied load [26].
Ma et al. investigated the tribological property of
textured surfaces under reciprocating motion, the
friction coefficients of four tribo-pairs with dimple density of 0%, 7%, 11%, and 20% were measured on a

Fig. 2. Surface topography of micro-columnar: The parameter of micro-columnar (a) 100 mm¶100 mm (b)
200 m¶200 m (c) 300 m¶300 m.
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pin-on-disc test apparatus at various sliding speed.
At the same time, the friction-reduction performance
of the textured surfaces under different motions was
compared. The results manifested that that under
reciprocating motion, surface texture expanded the
critical value of sliding speed for hydrodynamic lubrication. Meanwhile, the sliding speed became
smaller with the increase of texture density. In this
way, the increase of the density had a positive impact on the tribological behavior. It was agree with
the rule under rotating motion. But with the increased
speed of the tribo-pairs, the friction coefficient increased with the increasing density of the texture.
There by, the mode motion of the tribo-pairs should
be considered in the tribological design of textured
surface [27].
Wan et al. studied the effect of laser surface
texturing on tribological properties of face seal materials. Two surface morphologies of dimple and
groove of GCr15 steel disc were fabricated by
Nd:YAG solid-state pulsed laser. The tribological
property was tested under oil lubrication condition
and dry condition. The results demonstrated that
friction coefficient and wear loss of textured samples
were lower than the smooth in the oil lubrication
condition. The friction coefficient decreased from 0.1
to 0.055~0.075 under the oil lubrication condition.
And the wear resistance of dimple-textured sample
was better than that the groove because the groovetextured arrangement caused the oil film thickness
uneven and the friction coefficient fluctuated. Under
the dry friction condition, the existence of the favorable texturing could maintain the transfer film, capture wear debris and reduced abrasive wear.
Wang et al. investigated the patterns of microdimple with different dimples depth, width and coverage ratio which were fabricated on the surface of
the 45 steel using mirco-second laser. The effect of
the dimples parameter on the friction behavior of
the 45 steel was studied under lubricated point-contact conditions. The test results revealed that compared with the non-textured surfaces, the friction
coefficient firstly decreased then increased when
the dimple depth was reduced from 30 m to 0 m
and got minimal value at about 10 m. The diameter impact on the friction coefficient was agreed
with the depth. But with respect to the coverage
ratio, the friction coefficient firstiy increased then
decreased when the coverage ratio increased from
0 percent to 25 percent, and reached the minimal
value at about 15 percent [29].
Chen et al. investigated the friction coefficient of
the friction pairs under dry friction and oil lubrication
conditions. Striated surface textures with different

incline angles were manufactured on stainless steel
surfaces by electrical machining. The tribological
properties of two different texture samples were
tested by tribometer (UMT-3). The influence of the
incline angle of striated surface textures on the friction behavior was analyzed. It was found that the
friction coefficient experienced a process of first
decrease and then increase when the ball sliding
on the textured surfaces, the existence of striated
surface textures leaded to friction coefficient fluctuation. Compared with the vertical striated surface
texture, the incline striated surface texture resulted
in obvious friction coefficient fluctuation, and the fluctuation amplitude was intensively related to the textural incline direction. When the direction of friction
was the same as the textural incline direction, the
fluctuation amplitude was greater than that in the
opposite direction [30].
Chen et al. textured two kinds of micro-hole and
micro-gating on the surfaces of 316L stainless steel
by nanosecond-laser, and their frictional behaviors
were investigated by the UMT-2 friction and wear
instrument. Meanwhile, the texture density impact
on tribological behavior was also studied. The results indicated that the textured samples realized
reduction in friction coefficient compared with
smooth samples. It was attributed to the increase
of the hardness after textured process and the reservation function of the texture. As friction time was
prolonged, the frictional resistance of the smooth
surface was sharply increased, while the frictional
resistance of the grating structure and the hole structure remained unchanged. The frictional resistance
became smaller with the increasing of intensive degree of the hole and grating structure. As to the
anti-wear performance, the micro-hole structure was
superior to the micro-gating. Since the grating texture would bear higher force compared to the hole
texture per unit area [31].
Yu et al. established a theoretical model to investigate the geometric parameters and arrangement
pattern effect of cylinder micro-dimple surface texture on the hydrodynamic pressure generated between conformal contacting surfaces. The results
illustrated that the optimum parameter was an area
ratio of 30% and a depth-diameter ratio of 0.027%.
With the optimum value fixed, the fluid load carrying capacity increased 21.7% in the case of the
rational textural pattern [32].
Lv et al. studied the performance of surface texture with different geometries in friction-reduction
under different lubricating condition. The dotted,
grooved, latticed texture were produced on the 45
steel by a Nd-YAG laser. The results declared that
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the latticed texture was much more preferred for its
better anti-wear property under the same lubricating condition. Meanwhile, more viscous oil and intensive surface were helpful to improve the wear resistant performance. Textured specimen had a
higher friction coefficient than the smooth surface,
but the textured specimen still indicated better tribological behavior than the smooth specimen thanks
to the reservation function of the texture [33].
Liu et al. conducted three different dimple patterns (crater, grid and groove) in the cast iron by
picosecond laser. UMT-2 friction and wear tester was
used to conduct comparative experiment among the
smooth specimen and textured specimen. The results manifested that on the condition of low load,
high pair and lows peed, the degree of experimental
factors which affecting the steady value of friction
coefficient were in a sequence of contribution, condition of lubrication, pattern and load, and the degree of experimental factors which affecting the foremost value of friction coefficient were in a sequence
of contribution, load, condition of lubrication and
pattern. According to the orthogonal experiment,
good patterns were crater, grid, grooves and
untextured in sequence for the steady value of friction coefficient and good patterns were crater,
grooves, grid and untextured in sequence for the
foremost value of friction coefficient. An improvement
in the stability of friction coefficient could be achieved
by textured surfaces. The crater texture showed the
best performance in friction reduction from the dry
condition to oil lubricating condition [34].
Wang et al. prepared the regular micro-dimples
about 500 m in diameter and 120 m in depth on
the 45 steel with a laser marking machine. The tribological properties of the surface textures with the
area density of 0 (without surface texture), 6.6%,
9.1%, and 13.7% at dry sliding were studied by ringblock line contact friction tests. The results showed
that the abrasion loss decreased about 38.4 mg,
56.4 mg, and 60.1 mg when the densities of the
texture were 6.6%, 9.1%, 13.7% compared to the
un-textured surface. The reason was that the hardness of the micro-pit was much higher than the substrate in the process of laser making. The texture
protected the substrate in this way. Meanwhile, the
produced wear particles had been effectively stored
in the micro-hole, thus reducing the plough component and abrasive wear. At the same time, the abrasion loss on the counter surface was increased with
the increase of the texture density, about 4.5 mg,
4.7 mg and 5.5 mg [35].
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Liu et al. produced dimple patterns with different
diameters and depths on the piston skirt by microelectrolytic machining, and the best parameter was
investigated. The results declared that the microstructure had an advantage in reducing friction coefficient. The friction coefficient of the textured surface reduced about 37.8% under the optimal parameter (the depth and the diameter was 5 m and
250 m respectively) [36].
Gao et al. generated the micro-pores in different
depth on the Cr12 steel surfaces by the Nd:YAG
laser. The different depth was presented by the unit
of I/A. Optimum parameter was studied with the
method of Control Variables. Compared with the nontextured surfaces, the micro-pores with the area
density of 5% could reduce the friction coefficient
significantly when the depth was I10.7, but it was
opposite when it came to area density of 17%. When
the area density was 5%, the micro-pores with the
depth of I10.7 can reduce the friction coefficient significantly, but it was opposite for the depth of I10. 2.
As the rolling speed was 400 r/min, the micro-pores
with the depth of I10.7 and the area density of 10%
and the micro-pores with the area density of 5%
and the depth of I11.2 can reduce the friction coefficient, but it was opposite for the rolling speed of
200 r/min [37].
Tang et al. developed a numerical model of the
load carrying capacity of multi-dimples to analyze
the relevant mechanism, and the effect of surface
texturing on different dimple area fractions was evaluated to determine the optimal dimple pattern. The
results indicated a 5% optimal dimple area fraction
was able to generate the greatest hydrodynamic
pressure compared with other fractions and could
reduce friction and wear up to 38% and 72%, respectively. The theoretical model and the experimental results were found to be closely correlated.
The generation of hydrodynamic pressure, the function of micro-trap for wear debris and the micro-reservoirs for lubricant retention were the main reasons
for the reduction in the friction and wear of the surface texturing [38].
Wu et al. fabricated some different groove surface textures on the 316 stainless by a laser machine, and their tribological behaviors were experimentally studied with the employment of the friction and wear tester under distinct high temperature and other working conditions. There were four
conditions in this study, which were named as C1,
C2, C3. and C4. The parameter of experimental arrangement are listed in Table 1. The geometric parameter of the texture are presented in Table 2. Furthermore, the performances of energy consumption
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Table 1. Geometric parameter of the groove textured surfaces.
Specimens number

D/m

W//m

H//m

Texture 1
Texture 1
Texture 1
Untexture

90²5
90²5
90²5
0

200²10
400²10
600²10
0

370²10
740²10
1110²10
0

Table 2. Parameter of experimental arrangement.
Number

Load/N

Temperature/°C

Frequency/Hz

Sliding speed/mm·s-1

Stroke/mm

C1
C2
C3
C4

40
40
40
40

500
300
500
300

20
20
10
10

20
20
20
20

0.5
0.5
1
1

were carefully estimated. The results indicated that
all textures showed the lower friction coefficient in
the C1, C2, C3 and C4 respectively. The highest
reductions in friction coefficient were approximately
14%, 14%, 6%, and 10% under C1, C2, C3, and C4
conditions, respectively. The average width of wear
scar of the three textured surfaces and untextured
surface were about 573.8 m, 497.4 m, 490.1 m
and 584.4 m respectively under C1 test. The energy consumption test indicated that the greatest
reductions in energy were texture 3, 2, 2, 1 under
the condition of C1, C2, C3 and C4, respectively
[39].
Dong et al. designed the same depth and area
density of micro-texture diameter varying from 20
mm to 80 m textures on the surfaces of 40Cr by
the method of laser product. The impacts of load,
rotational speed, sliding-rolling on friction coefficient
were investigated. The test results demonstrated
that the surface texture had sound influences on
friction coefficient in the high load. The textured
surfaces with diameters of 20 m and 80 m performed better in friction reduction under lubrication.
As to the revolving speed, the friction coefficient increased when the speed increased from 200 r/min
to 800 r/min. As the speed reached to 1000 r/min,
the friction coefficient decreased when the revolving
speed increased for the effect of hydrodynamic pressure [40].

Chen et al. prepared four different types grooved
texture on the stainless by the YLP-20 laser processing system. The tribological behavior was
tested by the UMT-2 tribometer. Furthermore, the
results were compared with the results conducted
by the finite element analysis software. Experiment
results revealed that the friction coefficient of the
parallel texture with 0° was smallest when the sliding speed was below 300 r/min. while when the speed
was over 300 r/min, the friction coefficient of the
parallel texture with 90° was smallest. The friction
coefficient of 0 and 30° cross grooved texture were
consistently high under all sliding speed. The simulated results and experiment results were approximately in common. The existence of grooved surface contributed to friction coefficient reduction.
Therefore, different grooved texture should be chosen properly according to the operation condition
[41].
Li et al. produced textured surface by picoseconds laser texturing. The tribological performance
of the gourd-shaped surface on the stainless was
analyzed by Fluent and MUT-2. The tribological behavior was compared with the regular circular texture and untextured surfaces. The results testified
that gourd-shaped surface texture with positive direction indicated the lowest friction coefficient in the
lubricating condition, while the coefficient of the
negative direction was closed to the circular texture. The lower coefficient was obtained thanks to
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Fig. 3. Designing methods of micro-dimple arrangement patterns (a) series 1 (b) series 2.

the enhanced fluid hydrodynamic effect which was
caused by the enlarging converge area of the texture shape along the lubricating flowing direction
[42].
Zhou et al. fabricated micro-dent pattern with
different center distances on QT600 cast iron by
laser peening. The effects of surface texture on tribological behavior were investigated under different
condition. The wear mass loss decreased under
whatever condition with surface texture. But the friction coefficient under different condition showed opposite trends. The friction coefficient of textured surface increased under dry condition but decreased
under lubricating condition compared with the
smooth surface. Under dry condition, as the grooved
texture increased the surface roughness, the contact area decreased and the contact stress increased when the surface roughness increased.
Under lubricating condition, the contact stress decreased owning to the reserved function of the surface texture [43].
Wang et al. performed the simulation model of
textured surface with elliptical dimples, and tribological properties of parallel reciprocating sliding
surfaces under hydrodynamic condition were studied in detail. The effects of semi-major axis, ellipticity, inclination angle and offset ratio on friction coefficient and load-carrying capacity were analyzed.
Furthermore, the results of three different patterns
were compared. The results revealed that friction
was effectively reduced when the area ratio and inclination angle properly increased, but a slightly increased as the offset increased. The load carrying
capacity increased significantly with inclination angle
and offset ratio. The patterns of elliptical dimples

had a limited influence on the coefficient of friction,
but a pronounced effect on load-carrying capacity.
It was showed that further study in optimizing geometrical parameters and patterns of elliptical was
necessary to improve the load-carrying capacity of
textured surface [44].
Yu et al. fabricated the patterns of surface texture on the specimen as follows: changes of angle
between the direction of dimple row and speed,
transverse space diminution between the two
dimples and the longitudinal space enlargement. The
designing methods are presented in Fig. 3. The results demonstrated that 60°angles between the direction of dimple row and speed obtained the smallest friction. Moreover, the texture surface with had
the best impacts on further friction coefficient reduction, the rate of coefficient reduction can reach
22.14% when the test load was 200 N at a crank
rotational speed of 400 r/min [45].
Wang et al. studied the tribological properties of
textured surface with cylindrical micro-pits by numerical method. The geometric parameters of micro-pits and relative velocity between two reciprocating parallel surface on friction and bearing capacity were analyzed. The results revealed that the
offset ratio of position had similar effect on the friction force and bear capacity. But the effects on the
bear capacity were more notable compared to the
friction force. Increasing the radius of the texture
can increase the bear capacity of the friction pairs.
Meanwhile, the friction coefficient reduced. So the
radius played a significant role in improving the tribological behavior. The friction and bearing capacity firstly increased and then decreased with the
depth of texture increasing. However, the friction re-
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duction and bear capacity augment could not be
achieved achieve at the same time by optimizing
the depth of texture [46].

2.3. Review on duplex processing
technology with surface texturing
Hua et al. studied the surface hardness and tribological behavior of the 45 steel after laser-texturing
and quenching duplex treatment. Regular-arranged
dimples were produced after quenching process by
Nd: YAG laser. Meanwhile, the MoS2-PI-Gr composite solid lubricants were filled into the texture by hotpressing method. The hardness of 45 steel could
reach up to 835 HV and the friction coefficient could
be reduced by almost 50% through laser-texturing
and quenching duplex treatment [47].
Zhang et al. prepared the textured MoS2 film by
multi-arc ion plating process combining with lowtemperature ion sulphurizing technique. The synergistic tribological properties between the as-prepared
film and the laser surface texture were investigated
by the reciprocating friction and wear tester. The
test result showed that MoS2 film was composed of
nearly spherical particles. Meanwhile, the MoS2 film
presented excellent synergistic friction reduction and
anti-wear properties with the laser surface texture.
The correspond friction coefficient, wear rate for upper
and lower specimens decreased by 27.5%, 21.2%,
and 52.6% respectively, referenced to those of the
MoS2 film alone. The texture can promote the process of secondary release and transfer of MoS2 particles onto the contact surface to form a protective
film with lows hearing strength due to the microdynamic pressure and mechanical entrapment effects, which was responsible for further reduction in
friction and wear [48].
Huang et al. fabricated the porous surface texture by electrochemical machining combined with
bonded solid lubricant of MoS2. The tribological behavior and mechanism for lubricant to release from
the micro-pores were discussed. Lubricant filled in
the micro-pores of the textured metal surface could
be released by three processes. The lubricant was
firstly squeezed out from the micro-pores, then the
solid lubricant was taken to the front of the micropores and finally the film was forming on the frication
pair. The film forming process of lubricant on the
friction pair attributed to low friction coefficient [49].
Hu et al. prepared the composite lubrication
structure by incorporation of solid lubricant into micro-dimples produced by laser surface texturing
(LST) on the surface of 45 steel. The tribological
properties of solid lubricant films on textured sur-

faces were compared with the burnished solid lubricant films on ground surfaces. The results declared
that low friction and long wear lifetime of burnished
film on LST steel surfaces were apparently provided
by preservation of thin MoS2 film around the dimples
and by supply of solid lubricant from the dimples to
the surface. The influences of the density and the
diameter of the dimple on the tribological properties
were also investigated. The optimal density was
obtained (20%~35%). The small dimples were preferred when the density of the dimples was less
than 20%. However, reducing in the dimple diameter was harmful to friction-reduction when the
dimples density was more than 35% [50].
Zhang et al. fabricated surface textures on the
tungsten carbide cutting tools which were deposited with TiAlN coatings by using laser technology.
Cutting tests were conducted for coated tools with
textures, textured tools and conventional tools under the liquid lubrication conditions, and all these
tools cutting performances were compared. The result manifested that the coated tools with texture
can effectively reduce the cutting force, cutting temperature. The cutting force and the cutting temperature had been reduced about 15~25% and 20~30%.
In liquid lubrication condition the liquid can flow into
the tool-chip interface of the coated tools with textures and textured tools due to the textures and
anti-adhesive property and abrasive resistance were
greatly enhanced, especially coated tools with textures [51].
Zhou et al. conducted the groove textures with
the width of 150 m and the depth of 30 m by the
electrical machining on the surface of 45 steel. The
synergistic effect between the groove surface and
the Cu particles was investigated under the paraffin
oil lubrication condition. The results demonstrated
that the surface could be repaired by the Cu particles which were scratched by the debris and the
abrasive wear and plough component can be stored
in the grooved texture. The effect of groove texture
on the friction coefficient was related to the area
ratio and load applied on the surface. The friction
coefficient can effectively be reduced under lager
load applied. In respect to the effect of area ratio on
the friction coefficient, the friction coefficient decreased 13% under the condition of 300 N load and
15% texturing area ratio. The friction coefficient decreased 12% under the condition of 500 N load and
30% texturing area ratio [52].
Li et al. studied the friction and wear properties
of texturing/molybdenizing duplex-treated stainless
steel at elevated temperatures. The specimens were
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Fig. 4. Optical morphologies of molybdenized and
textured surface with the dimple density of 7.1% (a)
before molybdenizing (b) after molybdenizing.

molybdenized by double glow plasma alloying technology on the textured surface by a ND: YAG pulse
laser. The optical morphologies of textured surface
before and after molybdenizing are shown in Fig. 4.
The friction and wear properties of texturing and
molybdenizing duplex-treated steel from room temperature to 600 °C were tested on a ball-on-disk
tribometer. The results revealed that the hardness
of stainless steel was increased from HV196 to
HV480 after molybdenizing, and the friction coefficient of textured stainless steel smeared with MoS2
powers decreased from 0.40 to 0.10 at elevated temperature after molybdenizing, which was attributed
to the lubrication of molybdenum oxides [53].
Wan et al. investigated the tribological poverty
of the textured 45 steel which was sputtered with
Mo alloying layer by double glow plasma surface
alloying technology. The results indicated that the
dimpled-samples were most effective for reducing
friction in comparison to smooth surfaces, improv-
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ing the lubricating state from boundary to hydrodynamic region [54].
Hua et al. performed some experiments to investigate the influence of sliding speeds on tribological behaviors of in-lined (IN), staggered (ST) spotislandic and fully coated (FC) physical vapour deposition (PVD) TiN coatings on M2 steel discs sliding
with ASSAB 17 tool steel pins. The two type processed products are shown in Fig. 5. The results
illustrated that the friction coefficient of the three
types of mating couples generally decreased with
sliding speed. Their order in increasing magnitude
at each specific sliding speed was FC, IN, and ST,
respectively. The pin-ST pair gave the highest coefficient of friction compared with the other two sliding couples mainly due to the ploughing action of
wear debris and the peaks of coating surface onto
the pin surface, and the relatively rougher surface of
ST coating causing material transfer from the pin to
the ST disc. While The FC coupling pair gave the
lowest frictional coefficient in comparison with the
other two coupling pairs mainly due to the absence
of ploughing and shearing of inter-asperities between
the pin and coated disc surfaces. Wear loss of both
pin and disc for the pin-FC pair was the largest with
pin-ST being the second and pin-IN the third [55].
Zheng et al. fabricated three specimens on the
1045 stainless steel. The three specimens were
hexagonal texture and hardness gradient (HT-L),
hexagonal texture and without hardness gradient(HTT) and smooth surface treated and without hardness gradient respectively. The hardness gradient
was achieved by laser heat treatment. The results
revealed that HT-L not only exhibited lower friction
coefficient and less friction fluctuation than HT-H and
SS-L, but also demonstrated a more than 50% reduction of wear loss compared to HT-H and SS-L.
As a new way in improving tribological behavior, the
HT-L manifested a good foreground [56].
Lin et al. conducted the nitriding the 316 stainless with textured surface which was treated by electrochemical method. The surface and cross section morphologies of the duplex treated sample are
revealed in Fig. 6. The tribological behavior of the
316 stainless substrates and duplex treated samples
were studied under dry and grease lubrication condition against Si3N4 ceramic and GCr15 steel balls,
respectively. The results revealed that the duplex
treated samples surface layer were composed of
phrases of , µ, CrN and with a micro-hardness of
1048 HV0.1. Under dry condition, the surface texture
played a role in storing debris and anti-wear. The
mechanism of textured surface acted as micro-
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shearing wear and oxidation wear when against
GCr15, and fatigue wear and abrasive wear when
against Si3N4. Under lubrication condition, the surface texture played a role in reserving grease and
provided a secondary lubrication effect. The duplex
treated specimens demonstrated far more reduction in wear loss compared with the un-textured surface [57].
Qiao et al. sprayed the molybdenum disulfide in
the regular micro-grooves which were processed on
specimen surface by laser surface texturing, and
the effects of the surface texture on the tribological
properties of molybdenum disulfide film were investigated using a ring-on-block tribometer. The results
demonstrated that spraying the molybdenum disulfide in the regular micro-grooves improved the tribological performance notably. The life of the solid lubrication film was prolonged when the width of the
grooved texture increased. There exists an optimum
value of groove width. The optimum value of the surface density was 20%. The friction coefficient decreased and the life of the lubrication prolonged
under this surface density [58].
Hua et al. filled lubricant of polyimide (PI) and
molybdenum disulfide (MoS2), and MoS2-PI-CNTs
with different contents of CNTs in the micro-dimples
in the textured 4Cr4Mo4V high temperature bearing
steel. The effect of micro-texture/nano-lubricant and
the addition of carbon nanotubes (CNTs) on micro
texture composite lubricant at high temperature
were investigated. The results indicated that the friction coefficient of micro textured surface filled with
the nano MoS2-PI composite lubricant decreased

with the increasing of the contents of the carbon
nano-tube. MoS2-PI-CNTs nano-composite solid lubricant had a higher operation temperature and lower
friction coefficient after 6 wt.% carbon nanotubes
(CNTs) was added [59].
Wan et al. fabricated microstructure arrays on
bearing steel substrates (GCr15), and then performed fluoride treatment on the textured surface.
Finally the metal surface with amphiphobic (hydrophobic/oleophobic) property was obtained. The results illustrated that the textured surface could reduce the friction coefficient and the lowest friction
coefficient reached to 0.026. The surface area ratio
had sound effect on tribological behavior and the
optimum value f was1:1 in this study [60].
Zhang et al. manufactured varied texturing surface on the 65Mn steel through laser etching technology. The tribological behavior of nano-diesel soot
as a lubricant additive on the textured surface was
investigated in the UTM-tribometer with a ball against
plate contact model. The results showed that the
textured surface had sound effects on tribological
performance. The wear losses were sharply reduced
in comparison with the un-textured surface. It was
demonstrated that nearly 90% wear losses in the
optimum area ratio (44.2%). The combination action of surface texture and soot additive was helpful
in improving tribological behavior. The surface texture had a function of reserving oil and micro debris.
The protective coatings were performed in the process of sliding by the nano-diesel soot. The wear
losses were further reduced contributed to the protective coatings [61].

Fig. 5. PVD TiN in-lined and staggered coating patterns on M2 steel substrates: (a) staggered coating
pattern and (b) in-lined coating pattern.
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3. SURFACE TEXTURING FOR ANTIDRAG
3.1. Mechanism
At present, surface texture for anti-drag is mainly
concentrating on how to realize anti-drag in turbulence for underwater vehicles [62]. The drag force
can be effectively reduced by groove-texture with
certain shape and size on the surface of underwater vehicle [63]. The mechanism of anti-drag in turbulence can be elucidated as follows: when the
grooves distributing along downstream direction on
the surface of underwater vehicle encounter counterrotating vortex pairs during the voyage, secondary
vortex pairs will be induced. The secondary vortex
pairs which are generated in the opposite direction
to encounter counter-rotating vortex pairs, can
weaken the movement of counter-rotating vortex
pairs and then decrease their effects of assembling
low-speed fluid and lifting low-speed fluid. As the
amount of low-speed fluid is reduced, turbulent bursting can be effectively blocked and then the strength
of turbulent bursting can also be significantly reduced [64,65].

3.2. Review on the drag reduction
surface texturing
Numerical simulation of fully developed turbulent flow
over triangle, scallop and blade riblets biomimetics
non-smooth surface were performed by Cong [66]
to deduce the reason of different drag reduction. The
effect of three different non-smooth surfaces on drag
reduction was studied. The results revealed that the
scallop riblets were preferred for its best performance
in drag reduction, while the triangle riblets had a
worst performance. The efficiencies of the nonsmooth surface in drag reduction were about 9.7%,
9.1%, 3.7%, which was related to the disturbance
degree of the structure to the coherent structure.
Cheng et al. added the small-scale triangle on
the top of the V-shaped groove on both sides. Sound
effects were acquired and the mechanisms were
studied. The results demonstrated that the secondary micro-grooved surface was more effective in inhibiting the turbulent flow in boundary and viscous
resistance in fluid flow, and had a better drag reduction characteristic compared to the original V-shaped
groove. In a certain range of Reynolds number, the
rate of drag reduction can increase from 4.6% to
8.07% [67].
Hu et al. discussed near-wall fluid field through
the numerical simulation of grooved surface. The
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mechanism of the grooved surface in drag reduction was studied. The results revealed that V-shaped
grooves were more effective in drag reduction compared to the U-shaped grooves. Meanwhile, it was
the inside part instead of the outside part which
played a role of drag reduction [68].
Huang et al. studied the rules about drag reduction effect influenced by size of riblet structure. The
numerical simulation about V-riblet structure with
different size had been carried out at various velocities. The results manifested that drag reduction effect reached the best while the ratio of width and
depth was one. The reason was that specific ratio
of width and depth might produce a strong secondary vortex, which would markedly decrease the viscous drag. Then the drag force was reduced. Moreover, the drag reduction effect was more obvious at
a low speed than a high speed [69].
Lang et al. calculated the flow field in the turbulent layer and the total stress over the 8-fold quasiperiod short groove structures by using Reynolds
average Navier-Stokes equation and turbulence
model. The results showed that the 8-fold quasiperiodic structure had good drag reduction effect
compared with the periodic and disorder structures,
especially for structure arranged in three rows [70].
Zhang et al. designed triangle, rectangle, and
semicircle grooves whose sizes were similar to surface texture features of dosinia japonica and investigated the flow field characteristics by using FLUENT simulation analysis methods. It was illustrated
that the rectangle was most effective way to reduce
drag force. The drag reduction rates of triangle, rectangle and semicircle grooves were about 7.21%,
9.26%, and 5.73%, respectively [71].
Liu et al. studied the effects of the tip shape of
V-groove on the drag reduction by numerical simulation. The results demonstrated that smaller fillet
radius of the tip had better performance in drag reduction. And the best ratio of drag reduction that
can be attained to 6.6% when the smaller the fillet
radius of the tip was below 25%.The secondary vortices was the main fact of drag reduction. Strong
secondary vortices benefited the drag reduction effect of the groove surface [72].
Hu et al. formed riblets on gyroidal objects and
lots of water tunnel experimental researches were
carried out. It was revealed that the riblets had sound
effect on drag reduction. The maximum rate of drag
reduction could achieve 6%. Furthermore, none dimension grove width in V-riblet surface (S+) were
obtained. The results showed that the range of none
dimension grove width in V-riblet surface S+ was about
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Fig. 6. Surface (a) and cross section (b) morphologies of the duplex treated sample.

10 to 60. The maximal drag reduction quantity exceeded 6% in this range [73].
Wan et al. produced some V-shaped riblets on
velvet surface. The effect of 0.1 mm riblets, 0.3 mm
riblets and velvet surface on drag reduction was revealed. The 0.1 mm riblets had a little better performance in drag reduction compared to the 0.3 mm
riblets. The ratio of reduced resistance was about
8.3% [74].
Zhao designed four dimple bionic non-smooth
surfaces and each of the four models was simulated in seven different velocities. The theory of drag
reduction and the influence of dimple size on drag
reduction effect were studied. The results indicated
that the dimple non-smooth surface had a little higher
pressure resistance but had much lower viscous
friction resistance, which leaded to a reduction on
total resistance. When the ratio of height to diam-

eter was 1:2, the textured surface with a diameter
of 0.8 mm had better performance in drag reduction
compared to the textured surface with a diameter of
1.0 mm. When the diameter of the texture was optimum value of 0.8 mm, altering the ratio of height
to diameter had little impact on drag-reduction [75].
Xu et al. fabricated micro-pit structures and studied the flow in the turbulent layer based on the realizable k-e turbulent model. Furthermore, the effect
of non-surface on drag reduction was investigated.
The results indicated that the unsmooth surface
obtained 15.1% viscous friction resistance reduction, and the boundary shear stress was much
smaller compared to smooth surface [76].
Li fabricated three different riblet surfaces on the
pipes, and the turbulent flow over smooth pipes and
riblet surfaces of the pipes were simulated. Accordingly, drag reduction performance, flow velocity, ve-
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locity fluctuation, Reynolds shear stress and lateral voracity under different Reynolds numbers were
calculated. The simulation results of non-smooth
pipes were analyzed compared to smooth pipes,
the drag reduction mechanism was demonstrated
from the perspectives of coherent structures, thickness of viscous-layer and secondary vortices. The
results manifested that the new riblet surfaces designed based on sharkµs scales from the perspective of bionics had better drag-reducing compared
to traditional triangle riblet surfaces. The thickness
of viscous layer was increased when the streamwise
velocity, velocity fluctuation, Reynolds shear stress
and lateral vorticity were decreased due to interaction between riblets and the turbulent flow in pipes,
therefore the drag was decreased. The secondary
vortices adhering to riblet tops and the counter-rotating vortex pairs adhering to each side of the riblets
respectively were the significant causes of drag reduction [77].
Li investigated the size of rectangular groovesµ
impact on drag reduction by the modeling method
of ANSYS workbench, ANSYS ICEM, ANSYS Fluent software. The results illustrated that the optimum size of the groove was the width of 0.1~1 mm,
height greater than 5 mm, which had a drag reduction of 30% [78].

4. SURFACE TEXTURING FOR NOISE
REDUCTION
4.1. Mechanism
The research of surface texture for noise reduction
is mainly concentrated on train. The noise of a running train originated from the frictions of airrailway carriage pairs and wheel-brake disc pairs
[79,80].Therefore there are two aspects about noise
reduction of train: one is railway carriage, the other
is brake disc. Noise reduction is achieved by forming surface texture with certain shape and size on
the surfaces of railway carriage and brake disc.
However, there are differences in noise reduction
mechanisms between surface textured railway carriage and brake disc [81,82]. In respect of railway
carriage noise reduction, an external flow field will
formed around railway carriages of the running train.
The external flow field can contribute to the formation of a local secondary vortex in each basic unit of
surface texture. The rotation direction of local secondary vortexes is consistent with the gas flow direction of external flow field. The local secondary
vortexes can prevent the direct contact of air and
the surface of railway carriage, therefore the friction
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between air and railway carriage is reduced [83].
With respect of brake disc noise reduction, a surface textured brake discs favorable for quickly eliminating the wear debris and interrupting continuous
contact in the friction interface, thus high-frequency
frictional noise generated in the friction interface was
finally reduced [84,85].

4.2. Review on noise reduction
surface texturing
Wang et al. designed a Koch type snowflake surface structure at the air-carriage interface of high
speed train. Two different kinds of surface structure
were conducted on the surface of steel.Theory of
computational fluid dynamics (CFD) and the method
of bionic design were used to analyze the effects of
surface texture on noise-reduction. The results revealed that the design of a Koch type snowflake
was helpful to the formation of secondary vortex in
the microstructure, which leaded to the decrease of
noise between the air and train carriage. It was about
18.5 dB decreased compared to the smooth surface. Furthermore, the multi-scale structures which
were consisted of Koch snowflake cells on two
scales were more effective in reducing noise strength
compared to the single Koch snowflake cells. While
the compound surface structure consisted of Koch
snowflake and circular dents was less effective compared to the single Koch snowflake cells [86].
Shan et al. manufactured the groove surface
structure on the surface of compacted graphite iron
sample (brake disc material) by electro-machining,
with the grooves of 30 mm in depth, 150 mm in
width and 500 mm in pitch. The effect of groove surface texture on interface noise was investigated
through the ball-plane grinding examine. The results
illustrated that the normal load had little influence
on the friction noise level of the groove texture surface, but significant influence on that of the smooth
surface. Compared to the smooth surface, the
groove-texture were more inclined to produce the
friction noise with complex frequency. The intensity
of the friction noise was gradually approaching to
the smooth surface with the increasing of the normal load [87].
Wang et al. produced four groove surface textures on the compacted graphite iron samples (brake
disc material) by electro-machining with different
width and depth. The influence of grooved surface
texture on friction noise was investigated. Moreover,
the difference between the groove textured and
ground surface in friction noise properties were studied in a ball on flat configuration by using a new
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developed friction noise experimental apparatus. The
results revealed that reasonable distribution and size
contributed to controlling the product of the noise.
The width of 250 m was favorable and the optimum
distance between two grooves was 500 mm [88].
Lin et al. manufactured the circum surface texture on the train carriage by the bionic means, the
key parameters were investigated. The results revealed that the optimal depth-radius ratio, area ratio
and topology type of surface texture can remarkably reduce frictional noise. Among all the parameters, the optimal depth-radius was most effective
way to reduce frictional noise [89].
Mo et al. produced micro-structure with different
width and distance, the parametersµ different influence were studied. The results showed that the intensity of the frictional noise was related to the width
and the pitch. According to the experiment, the optimum value of the ratio of width to pitch was about
0.5 [90].
Wang et al. tested the disc surfaces with two
kinds of groove configuration in a pad-on-disc system. Furthermore, numerical analysis was performed to simulate the experimental process and
the possible mechanism was discovered to explain
the effect of grooved disc surface on the tribological
properties and squeal generation. The experimental results revealed that disc surface with a specific
groove configuration (T-45 surface whose grooves
form a 45° angle with the local linear relative velocity) instead of random angle can effectively reduce
the interface squeal. The grooved surface texture
acted as a storage cavity and played a role of entrapping debris. Besides, the numerical results indicated that the textured surfaces were able to
change the dynamic behavior through periodic mode
coupling and decoupling. The tendency of squeal
noise was reduced in this way. Moreover, the grooves
contributed to affecting the contact pressure distribution of the pad surface during the frictional process, which helped to reduce the squeal instability
of the friction system [91].
Wang et al. fabricated several kinds of surface
textures in the metal discs in the form of parallel
and radial grooves to acquire enhanced performance
against friction-induced noise. Moreover, a disc
sample with parallel grooves distributed on only half
of surface was also designed. The experimental and
numerical tests were performed to find a way to reduce squeal noise. The results manifested that the
disc surface topography with grooved modification
showed a good performance in reducing squeal
noise, and the lager width were more helpful in de-

creasing vibration and noise. Accordingly, the disc
samples with parallel grooves on only half of its surface were found to be able to reduce the energy
density contained in the excited frequencies and
suppressed the generation of squeal. The numerical results indicated that the grooves had an ability
to alter the contact pressure distribution and consequently suppressed squeal generation [92].
Wang et al. studied the friction noise characteristics of smooth and sandblasting surfaces by using two experimental setups with different structural
stiffness. The results demonstrated that the smooth
and the sandblasting surfaces with different roughness owned different friction frequencies in the two
different systems under the same condition. Surface roughness and wear status of surface asperities played a key role in the triggering and evolution
of squeal. The sandblasting surface with a higher
surface roughness could significantly suppress the
generation of squeal. In the frictional process, adhesion and tearing from the debris accumulation
were easily occurred in the smooth surface, which
were more likely to cause the high frequency components in the interface and finally the squeal were
produced. While the unsmooth surfaces treated by
sandblasting alleviated the formation of high frequency element, thus restrained the generation of
friction squeal [93].
Hu et al. manufactured groove-textured surface
with different widths and pit-textured surface with
different diameters on brake disc materials of train.
Experimental tests and numerical simulate were
performed to investigate the influences of the textured surface on friction noise by comparing the case
smooth surface. The results indicated that both the
groove texture and pit surface had sound effects on
noise reduction. When the width of the groove surface increased from 0.5 mm to 1 mm, the noise
reduction became more effective. While there was
no clear evidence that the diameter of the pit texture were related to the effect of noise reduction
directly. The fluctuation of the friction helped to reduce noise interface. Numerical analysis was also
used to reveal the mechanism of the effects of textured surface on interfacial friction noise. The numerical tests revealed that impulse force between
the specimens was generated when friction material
sliding across the edges of the grooves or pits which
played a key role in friction noise active control at
interface and suppressed the generation of some
specific high-frequency squeal [94].
Wang et al. produced surfaces with different dimension grooves and regular angle intervals by
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electro-machining. An experimental contrast study
was conducted to investigate the influence of groovetextured surfaces on friction-induced noise in a flaton-flat contact mode with train brake pad as a
counterface. Moreover, a numerical study was performed to simulate the experimental process by
using the methods of complex eigenvalue analysis
and dynamic transient analysis. The two tests both
revealed that the surface texture had a function of
noise reduction. Collision between the edges of
groove and pad specimen will interrupt the continuous contact between the friction surfaces and disturb the continuous self-excited vibration of the friction system. No continuous high frequency components of friction force and vibration acceleration were
generated and consequently the squeal noise was
significantly reduced [95].
Gai et al. fabricated groove-textured surfaces with
different dimension and distribution. The effect of
groove-textured surfaces on friction was studied in
order to search for new way to suppress friction
squeal noise. The textured surfaces had sound influence on noise reduction induced by friction compared to the smooth surfaces. Furthermore, the intensity of the noise decreased when the width of
the textured grooves increased. No intense friction
noise was generated within the textured half where
there existed grooved surface, while strong squeal
was generated under smooth surface. The main
mechanism of the noise reduction was that the collision between the grooves and counterpart could suppress the self-excited vibration of the system and
finally reduced the friction noise [96].

5. SUMMARY AND OUTLOOK
According to the steady research understanding on
material design and fabrication, as the most important kind of structural material, iron and steel materials used to be, are and will also be extensively
applied in different engineering fields owing to their
excellent merits of resourceful in nature, promising
comprehensive mechanical property, favorable workability and easy weldability. Meanwhile as the service conditions are becoming harsher and more
complex, iron and steel materials with much better
surface performance are required. Proper design on
surface morphologies of iron and steel materials can
play a positive rule in tribological related applications. Design on surface morphologies aims to obtain regular patterns on the surface, which are inspired by the rough surfaces in natural world. Taking the received artificial surface patterns with typical distributing characteristics have been named as
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surface texture. In recent decades, surface texture
has been considered as an effective method to improve the tribological performance of mechanical
parts with great success. In this review, the studies
and applications of the surface texture for improving
tribological performance of iron and steel materials
in China have been presented. Viewed from the published work, it can be confirmed that iron and steel
materials obtained certain improved tribological performance after surface texturing treatments. The
published literatures suggest lots of meaningful inspirations for specific engineering applications. All
in all, the improved tribological performance contributed by surface texture under different service
conditions and various practical applications were
realized by different technical mechanisms.
Although surface texture can significantly improve
the tribological performance of iron and steel materials, the textured surfaces would still suffer damages during operations. Once the texture surface
was damaged, distribution characteristics of the
surface texture changed and the certain functions
of surface texture would be weakened. Therefore,
life estimation should be taken in consideration when
the design and formation efforts of surface texture
are conducted. At present, surface texture with
simple shape and/or single distribution characteristic are the mainstream research, however, complex
shaped and/or multiple distributed surface texture
are worthy of attention. The existed research and
purpose of friction reduction/wear resistance, antidrag and noise reduction for iron and steel materials are single. The design and formation of surface
texture to achieve double or multiple functions during operations are more favorable to improve the tribological performance of iron and steel materials,
and then greatly expand the applications of surface
texture. Surface texture and surface modification
technologies hold their respective advantages in tribological applications, duplex treatment of surface
texture sequentially combining with other surface
modification technologies are expected to achieve
an effect of ³1+ 1 > 2´.
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