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Surface engineering techniques have already been reported to be one of the fascinating areas of 
research in the manufacturing industries due to its uniqueness in enhancing the tribological charac-
teristics. Design and development of optimal microscale textures at the tribological interfaces can 
minimize the sliding friction, which will eventually result in the improved part performance and life. 
Among the various surface engineering techniques, laser micromachining principle has got wide ac-
ceptance owing to its capability in generating microfeatures of any intricate shapes with high pro-
cessing speed and precise geometrical quality. Hence in the present work, Nd: YAG laser was used 
to create hybrid microscale textures on the disc surfaces and the same were used for the tribology 
experiments for evaluating the effectiveness of hybrid textures in enhancing the frictional character-
istics. Tribological experiments showed a significant reduction of 32.65 % in friction coefficient for 
hybrid textured surfaces than the smooth surfaces. The outcomes of present work demonstrate the 
feasibility of applying hybrid microscale textures at the contact regimes of mechanical components 
like bearings, mechanical seal, etc. and also on cutting tools for achieving better productivity. 
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1. Introduction 
1.1.  Surface engineering for tribology enhancement 
      Surface engineering techniques are now one of the 
fascinating areas in the manufacturing research world as it 
can bring enhanced performances of mechanical systems in 
terms of energy conservations as well as reliability. Imple-
mentation of sustainable designs and surface modifications 
for mechanical components can results in prolonged part 
life, thereby minimizing the maintenance and replacement 
cost Hamilton, Walowit and Allen [1]. Surface functionali-
zation techniques span a wide range of processes which 
involves deposition/removal of materials, whose dimen-
sions vary from nanometer to millimeter scale. Material 
deposition techniques comprise mainly of physical vapor 
deposition (PVD), chemical vapor deposition (CVD), ano-
dizing, laser processing, and cold spraying methods [2]. 
For achieving a high-quality coating, greater knowledge 
about the chemical composition and coating parameters are 
required for accomplishing the desired performances. This 
creates difficulty in applying coating techniques over a 
wide spectrum.  

Surface functionalization techniques are employed in the 
manufacturing industries to improve tribological character-
istics and thereby to minimize the chance of mechanical 
failures of components. Friction and wear arising at the 
sliding interface of mechanical units are reported to be the 
main source initiating the failure of mechanical compo-
nents and parts [3]. This motivated the tribologists to ex-
plore the mechanism responsible for the occurrence of fric-
tion and wear and to find an alternative to prevent sliding 
friction. Researchers have studied various possibilities in 
friction control by applying surface coatings, adding lubri-
cants, cryogenic cooling, etc. Even though these techniques 

are successful in friction reduction, they are reported to be 
effective for a particular application under certain condi-
tions. Hence there is always a need to find an alternative 
technique which can be implemented in the mechanical 
components to minimize energy loss resulting from the 
sliding friction and thereby to enhance the product perfor-
mance.    

Coating of surfaces which are having intricate geometries 
will be highly challenging for accomplishing uniform coat-
ing thickness [4]. Moreover, the coating life highly depends 
on the operating temperature of the component, which will 
have a direct impact on the total production cost [5]. The 
present work focuses on minimizing the frictional heating 
generating on cutting tool, especially on drill tools while 
machining. Apart from the complex tool geometry, as ma-
chining happens inside the hole, frictional heating will be 
more severe. This can be solved by creating microscale 
textures, which will act as micro reservoirs of cutting fluid, 
which will increase the cooling efficiency compared to 
coated tools [6]. The enhancement in tribological character-
istics will also further depends upon the texture geometry 
and its distribution [7]. Zenebe Segu and Hwang [8] exper-
imentally proved the enhancement in tribological character-
istics by implementing multi-scale textures on the contact 
surfaces. Hence the same concept of multi-scale textures 
has been followed in the present work and is demonstrated 
in terms of the pin on disc experiments under variable con-
ditions of sliding velocity and sliding environment (dry and 
wet).  

 

 

 

 

  
 

DOI: 10.2961/jlmn.2019.03.0006 
 
 
 
 
 

  



 
JLMN-Journal of Laser Micro/Nanoengineering Vol. 14, No. 3, 2019 

227 
 

1.2.  Micromachining – Principle and applications 
 Micro-manufacturing technology has emerged as an ad-
vanced machining concept which plays a vital role in the 
manufacturing world for developing miniaturized fea-
tures/components whose dimension varies from sub-
millimeter to nanometer range. Various fields including 
automobile, aerospace, biomedical, spacecraft, etc. have 
been already reported to be benefitted from the principle of 
micromachining in terms of reduction in fuel consumption 
along with extended life of the products/components. Scal-
ing down in the product dimension can bring significant 
benefits in terms of both economy and energy conservation. 
Now a day, with the emergence of ultra-precision machin-
ing techniques, a significant increment in the application of 
micro-components can be seen in the area of microelec-
tronics, optoelectronics, biosensors, etc. [9]. The principle 
of micro-manufacturing in a broader way can be explained 
as the integration of numerous factors, which includes 
manufacturing methods (traditional or non-traditional), 
precision and ultra-precision machines, and organizational 
planning and machining strategies.  

Micromachining techniques include both conven-
tional and unconventional based machining processes, 
which includes LIGA, laser machining, focused ion beam, 
micro-electro discharge grinding, electroplating, micro 
stereolithography, etc. [10]. Micro electro discharge ma-
chining technique has already been accepted in the manu-
facturing industries, including aerospace, automobile, 
spacecraft, etc. as it is capable of creating complex-shaped 
parts. Rashed et al., 2014 [11] experimentally proved the 
applicability of Micro EDM in generating quality micro 
holes for the application of fuel injector nozzles. They re-
ported a net reduction of 32 % in surface roughness with 
respect to conventional manufacturing processes. In anoth-
er work Rashed et al., 2013 [12] reported a novel approach 
of combining water jet guided laser as an alternative for the 
micro EDM for creating higher qualitative fuel injector 
nozzle. Their experiments showed an average Rq of 450 nm 
for the surface generated using EDM, whereas a significant 
reduction in the roughness of 150 nm was reported in case 
of surface processed by Laser micro-jet technique. Apart 
from EDM, ultrasonic micromachining (UMM) technique 
are also widely used to create microfeature even on diffi-
cult to machine materials like titanium alloy [13]. Electro-
chemical micromachining (ECMM) technique are also 
widely used in creating micro features with controlled ge-
ometry. Recently, Patel et al., 2019 [14]  showed the ap-
plicability of  ECMM in creating microscale textures on 
flat and curved surfaces. 

       Among all the micromachining techniques, due to 
higher lateral resolution by minimized focusability, the 
laser micromachining technology is proved to be the most 
qualified technique which can generate micro-features of 
any intricate geometries with higher dimensional accuracy 
[15-17]. More recently, femtosecond lasers have captured 
the attention of micromachining industries due to its higher 
capability in producing micro features with minimum sur-
face defects [18-21]. Femtosecond lasers can ablate any 
surfaces with lesser heat affected zone [22, 23]. The key 
characteristic principle behind this phenomenon is due to 
the material interaction of high-intensity laser pulses in a 
short time frame [24, 25].   

1.3   Surface texturing of mechanical components 
Micro-texturing of mechanical components is one 

of the well-established techniques which can enhance tribo-
logical characteristics of mechanical components. Design 
and development of micro/nanoscale specific patterned 
textures on the sliding surfaces have already reported being 
efficient in controlling the propagation of surface wear. 
Adhesion and deformation mechanisms occurring at the 
microscopic regime of asperity contact interfaces are re-
sponsible for wear transmission due to ploughing phenom-
enon resulting from the interlocking effect of micro asperi-
ties under the application of normal load. Researchers and 
manufacturers have applied various micromachining tech-
niques in developing periodic surface patterns (surface tex-
turing) on the sliding surfaces to improve tribological char-
acteristics of the contact boundaries. Functionalization of 
surfaces by creating micro features can results in many 
advantageous factors, which includes improvement in load 
carrying capacity, wear resistance, friction coefficient, etc. 
[7]. (Jeng, Y. R., 1996) [8] has applied the principle of sur-
face texturing for the first time in the area of cylinder liner 
honing, and was also reported to be the first commercial 
application of textured surfaces. Later it was applied on 
magnetic storage devices and MEMS devices for overcom-
ing adhesion and stiction [9]. The effectiveness of micro-
textures in enhancing the tribological characteristics greatly 
depends on its geometric quality, which includes its bottom 
shape and separation from adjacent micro asperities [10]. 
Fundamental research work on various forms and shapes of 
surface textures has been carried out by several research 
groups worldwide, and it was reported that the optimum 
geometrical features differ from one area of application to 
another. Hamilton et al. (1966) [11] had done surface tex-
turing in the form of micro asperities (dimples) on the bear-
ings and found to be effective in generating additional hy-
drodynamic pressure, thereby improving the bearing life. 
Etsion and Burstein (1996) [12] developed a model for 
micro dimpled mechanical seals and proved to be effective 
in improving the seal performance while comparing with 
the non-textured seal surfaces. Friction and wear reduction 
while using microtextured surfaces is attributed to various 
underlying mechanisms which involve wear debris entrap-
ment, rise in hydrodynamic lubrication pressure, and reduc-
tion in contact length. This was proved by Joshi et al., 2018  
[26] by conducting tribological experiments on microtex-
tured surfaces using femtosecond laser micromachining 
under lubricated non-conformal point contact. Nowadays, 
femtosecond laser micro texturing is widely used due to 
lesser surface defects. Recently Pimenov et al., 2019 [27]  
used femtosecond laser surface texturing to create dia-
mond-like nanocomposite film for the application of fric-
tion reduction. They reported the reliability of ultra-short 
laser source in generating controlled features with variable 
area density, which played a predominant role in friction 
reduction.    
   Though the effect of microscale textures on tribolog-
ical characteristics are well analyzed both experimentally 
and analytically in many literatures, there is high dearth in 
research work exploring the effect of hybrid scale micro-
textures in frictional properties. This forms the prime ob-
jective of the present work which involves, (i) to create 
hybrid microscale textures by laser micromachining pro-
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cesses, (ii) to evaluate its effectiveness in enhancing the 
tribological characteristics and (iii) application on the cut-
ting tool having free form surfaces like drill tool.  

 
2. Experimental details 
2.1 Laser processing of test specimen 

Neodymium-doped Yttrium aluminum garnet laser hav-
ing a wavelength of 1064 nm was used with a repetition 
rate of 2.5 kHz and pulse duration of 20 ns. Micro textures 
of variable geometry were created on the carbide disc hav-
ing 50 mm diameter and 10 mm thickness. Whereas, Grade 
5 titanium alloy (Ti-6Al-4V) was used as the pin material, 
which acted as the counter sliding surface for the rotating 
disc. The diameter of the pin was chosen to be 10 mm hav-
ing a height of 35 mm. Figure 1 represents the schematic 
sketch of the laser processing unit and Figure 2 shows the 
orientation of micro features with respect to normal load 
applied on the pin. For understanding the effectiveness of 
various microfeature shapes on the tribological characteris-
tics, in the present study, different test specimens having 
variable feature shapes were employed. Table 1 shows the 
details of test specimens used for the tribological evalua-
tion. Area density was calculated based on the imaginary 
unit cell occupying the micro features on the test specimen. 

 

 
Furthermore, to investigate the performance of microtex-
tures under various lubrication regimes, tribology experi-
ments were carried under dry and wet sliding regime condi-
tions. Under all conditions of tribo tests, the effectiveness 
of microtextures was assessed in terms of the coefficient of 
friction.  
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Schematic sketch of laser micro texturing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Details of sliding regime under various conditions 
 
 
 

Table 1 Details of tribology experiments 

TYPE DESIGN SPECIFICATION 

 

 

Dimple 

 

 

 

 

 

 
Diameter- 90 µm 
Pitch – 135 µm 
Depth – 60 µm 
Area  dens i ty -  34 .88% 

 

 

 

 

 

Groove 

 

 
Width - 50 µm 
Pitch – 135 µm 
Depth – 60 µm 
Area  dens i ty -  37 .03% 
 

 

 

 

Hybrid 

 

 

 
 
Dimple diameter- 90 µm 
Groove width - 50 µm 
Pitch – 135 µm 
Depth – 60 µm 
Area  dens i ty -  35 .96% 
 

 

 

 

Normal load 

(a). Dimple textured surface 

Normal load 

(b). Groove textured surface 

Normal load 

(c). Hybrid textured surface 
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Figure 2 represents the schematic representation of the slid-
ing regime of various samples during tribological experi-
ments. Under all experimental conditions, the pin was kept 
stationary where a normal load is applied against rotating 
disc. The grooves are aligned perpendicular to the sliding 
direction.. 
 
2.2 Characterization of microtextures 
    For ensuring the feature shape and geometrical accuracy, 
the laser textured microfeatures on the test samples were 
analyzed using stereomicroscope and 3D dimensional pro-
filometer. Figure 3 shows the stereomicroscopic image of 
the test samples having dimple, groove, and hybrid textures. 
From the microscopic analysis, it has been observed that 
the geometrical quality of the textures was greatly affected 
by the formation of recast layer owing to the unevenness in 
heat distribution over the target surface. All the test speci-
men was grounded and polished using the diamond paste to 
remove the burrs around the feature boundary. Moreover, 
all the samples were cleaned using ultrasonic bath using 
acetone to remove further entrapped dust particles before 
conducting tribology tests.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 (a) represents the three-dimensional representation 
of the micro dimpled surface before cleaning where the 

burr height was about 25 µm which reduced to 4.2 µm after 
polishing process as shown in Figure 4 (b). The bottom 
shape of the dimples was observed to be in the form of 
hemispherical shape. The diameter of dimples was ob-
served to be greatly affected by the re-solidification layer. 
Hence for assuring a common measuring procedure for 
calculating the depth, in the present paper, the depths were 
taken from the top of the test specimen to the lowest sur-
face of the dimple. The same procedure is followed for all 
the samples in the present study. Furthermore, as the diam-
eter was affected by the uneven melting of the surface, in-
ner diameter was taken for further analysis, as mentioned in 
Figure 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Characterization of dimpled surface 

(a) Before polishing 

(b) After post processing 

Fig. 3 Stereomicroscopic image of textured surfaces 
(c) Hybrid surface 

(a) Micro dimple surface 

(b) Micro grooved surface 

500 µm 

500 µm 

500 µm 
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From the characterization of laser processed microfeatures, 
a high level of non-uniformity in the feature shape and 
depth was observed. This can be attributed to the poor 
beam quality and also the unevenness in heat distribution 
on the material surface during laser interaction [28]. As the 
microfeatures in the present work were created using a na-
nosecond laser, material ejection phenomenon will be more 
dominant than vaporization, affecting the feature geometry 
and shape. This can be further understood by analyzing the 
interaction of laser pulses with the material subsurface lay-
er. The physical mechanism occurring during the interac-
tion of laser pulses with the ceramic material can be cate-
gorized as (i) reflection, (ii) absorption, (iii) scattering and 
(iv) transmission [29]. Among these, the occurrence of 
multiple reflectivities is reported to be the main factor af-
fecting the depth profile of the machined features on the 
work material [30, 31]. Apart from this, the absorptivity of 
the material also plays a predominant role in determining 
the quality of the microfeature. Chryssolouris [32] reported 
that for better absorption, the angle of incidence between 
the laser pulses and work material has to be more than 80º. 
The abovementioned problems can be resolved using a 
femtosecond laser, where the material ablation (photoabla-
tion) takes place by direct vaporization, which eventually 
results in the formation of microfeature of higher geomet-
rical quality [33]. This can be the scope for extension of the 
present work.   

2.3 Tribological evaluation 
Friction tests were performed using a pin on a disc set 

up where the pin made up of Titanium alloy (Ti-6Al-4V) 
was kept stationary against a rotating disc made up of 
Tungsten Carbide. Furthermore, to investigate the perfor-

mance of micro-textured surfaces under various lubrication 
regimes, tribology experiments were also carried under 
various sliding regime conditions, including dry and wet. It 
should be noted that under all conditions of tribotests, the 
effectiveness of microscale textures was evaluated mainly 
based on the formation of the coefficient of friction. For 
understanding the effect of sliding speed on frictional be-
havior, the sliding speed was varied from 0.50 m/s to 1 m/s. 
Table 2 depicts the specifications of the tribological exper-
iments. 

3. Results and discussions 
3.1 Coefficient of friction 

  Tribology experiments revealed a better reduction in 
the frictional effect for the test samples having microscale 
textures. Under the dry condition, the coefficient of friction 
was observed to be higher (0.49) for the plain surface. Co-
efficient of friction was found to be reduced to 0.38 for the 
surface with hybrid textures, showing a net reduction of 
22.45 % in friction was obtained while using hybrid tex-
tured surfaces, which substantiated the friction reduction 
property of micro-textured surfaces when applied at the 
sliding contact regimes. Figure 6 shows the comparison of 
the variation of the coefficient of friction with respect to 
sliding time for various test samples under dry condition.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
In the present work, a higher reduction in sliding fric-

tion was observed under the wet condition when compared 
to the dry tribology experiments. Under wet condition also, 

Table 2 Details of pin on disc test 

 Disc Pin  

Mater i al  Tungs t en  
carb ide 

T i tan ium a l loy  –  
Grade  5  

D iameter  (mm) 50 10 
Height  (mm) 10 35 

Tes t  condi tions 
Sliding condition – Dry, Wet  
Disc velocity (m/s) – 0.50, 0.67, 0.83, 1 

 

Fig. 6 Variation of coefficient of friction with sliding time  
under dry condition at sliding speed of 1 m/s 
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Fig. 5 (a) Profile of micro dimples, (b) De-
tails of depth measurement of single dimple 
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the surfaces with hybrid textures were reported to be per-
formed better than all other test samples recording a lower 
coefficient of friction of 0.23. Higher coefficient of friction 
value, 0.38 was recorded for the plain surface, which got 
reduced to 0.29 for micro dimpled surface and 0.26 for the 
micro-grooved surface. This shows the lubrication enhanc-
ing phenomenon of microtextures due to the formation of 
cavitation pressure resulting in hydrodynamic lubrication. 
Figure 7 represents the comparison of the coefficient of 
friction for various test samples under different lubrication 
regimes. The improved performance of hybrid textured 
surfaces can be related to the fundamental property of the 
surface texturing principle which can be explained in terms 
of contact length reduction, entrapment of wear debris and 
the formation of hydrodynamic lubrication [34-38]. At the 
sliding interface, the interaction of micro asperity will al-
ways result in the formation of wear debris formation due 
to the ploughing effect resulting from the interlocking of 
micro-asperities on the counter sliding surfaces. The sur-
faces with micro textures can entrap these wear particles, 
thereby eliminating the third body interaction between the 
sliding regimes. Moreover, the microtextures will act as the 
micro pool which can retain the lubricants thereby improv-
ing the fluid film thickness leading to better hydrodynamic 
pressure, which will eventually, transforms the mode of 
contact of sliding pairs from boundary lubrication to hy-
drodynamic lubrication. Whereas, under dry sliding condi-
tion owing to the higher heat generation, adherence of the 
counter sliding surfaces takes place, leading to the cold 
welding of micro asperities which will make the surface 
wear to propagate rapidly. As the microtextures can mini-
mize contact length of sliding surfaces, surface adhesion 
can be minimized, which will be eventually beneficial in 
the reduction of frictional effect. Figure 8 represents the 
mechanism of micro-textured surfaces under the various 
sliding regime. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 depicts the variation of the coefficient of fric-

tion with respect to sliding speed under dry condition. As 
the sliding velocity is increased from 0.5 m/s to 1 m/s, a 
reduction in the coefficient of friction was observed from 
the tribology experiments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At the lower sliding speed of 0.5 m/s, the coefficient of 

friction was observed to be a minimum of 0.43 for the test 
sample having hybrid textures. Due to higher material as-
perity interaction resulting from adhesion and deformation 
mechanism coefficient of friction was found to be higher 
(0.54) for non-textured test sample compared to the micro 
dimpled surface (0.47) and micro-grooved surfaces (0.46). 
Hence a net reduction of 20.37 % in friction coefficient 
was achieved for the test samples having hybrid textured 
surfaces. An even better result was achieved while increas-
ing the sliding velocity from 0.5 m/s to 1 m/s. At 1 m/s, 
coefficient of friction was reported to be lesser (0.38) for 
the hybrid textured sample when compared to dimple tex-
tured surface (0.42), grooved textured surface (0.41) and 
non-textured surface (0.49).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hydrodynamic effect of micro dimples 

Oil flow 

Fig. 8 Mechanism of friction reduction phenomenon 

Wear debris entrapment in micro dimples 

Debris 

Sliding of plain surfaces 

Normal load 

Fig. 9 Variation of coefficient of friction with re-
spect to sliding velocity under dry condition  
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Fig. 7 Coefficient of friction under various conditions at 
sliding speed of 1 m/s 
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Tribology experiments were also extended under wet 
conditions by varying the sliding velocity for unveiling the 
micro-texture effect in improving the lubrication effect. 
Under wet condition also test samples having hybrid tex-
tures were observed to be exhibit better friction reduction 
property which recorded a coefficient of friction of 0.3 at 
0.5 m/s and 0.23 at 1 m/s as shown in Figure 10. Hence a 
net reduction of 30.43 % in the coefficient of friction was 
observed with the increment in sliding velocity. A similar 
trend was also observed in the case of test samples with 
micro dimples and microgrooves. For the micro dimpled 
surfaces, the coefficient of friction was found to be 0.35 at 
0.5 m/s and 0.29 at 1 m/s. Whereas in the case of micro-
grooved surfaces, the coefficient of friction got reduced 
from 0.32 to 0.26 with the increase in sliding velocity from 
0.5 m/s to 1 m/s. Hence the tribology results from the pre-
sent work it can be concluded that there is a gradual reduc-
tion in friction coefficient with the increment in sliding 
velocity, which can be attributed to the transformation of 
hydrodynamic lubrication from the boundary lubrication as 
per the stribeck curve [39]. This can be further related to 
the formation of lubricant film thickness between the inter-
face of two sliding surfaces separating the counter surface, 
which will reduce the surface wear and friction. Similar 
kinds of observations were also reported by many research-
ers [34, 35, 40-44] were surface texturing was found to be 
the effective method in improving the tribological behavior 
which favors in the transition of the mode of surface inter-
action from boundary lubrication to hydrodynamic lubrica-
tion resulting from the formation of fluid film thickness. 
The reduction in friction coefficient with respect to sliding 
velocity also greatly depends on the fluid viscosity and 
normal load acting on the sliding pair. In the present work, 
though the variation sliding velocity was considered in a 
smaller range (0.5 m/s to 1 m/s), a considerable reduction 
in friction coefficient was observed for test samples includ-
ing textured and non-textured one. An even better reduction 
in friction coefficient can be achieved by increasing the 
sliding velocity and also by providing high viscosity lubri-
cation oil at the sliding interface, which can be the scope of 
extension of the present work.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 Surface morphology analysis 
     All test specimens were analyzed using a scanning elec-
tron microscope for understanding the morphological varia-
tions induced due to the sliding conditions. Figure 11 rep-
resents the surface details of all the test samples used in the 
present work.    

 

 

 

 

 
Non-textured Surface 

 
 
 
 
 
 
 
 
 
Micro dimpled surface 

 

 

 

 

 
Micro-grooved surface 

 

 

 

 

 
Hybrid textured surface 

 

 

From the SEM image, it was observed that for the non-
textured surface, a higher rate of material smearing was 
formed owing to the higher contact pressure resulting from 
the third body interaction of wear debris particles. As the 
microtextures were effective in entrapping this wear parti-
cle, the surface morphology of all the textured surfaces was 
found to be better than that of the non-textured surface. 
Observations at the micro-scale further reveal the distortion 
of the edge wall of both dimples and grooves, which re-
veals the occurrence of higher strain gradient resulting 
from the severe contact stresses. Moreover in the present 
work as titanium alloy was used as one of the tribo pair 
material, its low thermal conductivity property largely af-
fected in the material adhesion due to the accumulation of 
heat at the sliding regime.     

3.3. Application of hybrid textures on drill tool 
 From the tribology results, it has been understood that 
the hybrid microscale textures are highly beneficial in fric-
tion reduction even under dry sliding conditions. Hence an 
attempt has been done to apply the concept of hybrid sur-
face texturing on drill tool for improving the machining 
performance. As drilling is an internal cutting process, fric-
tional heating on the drilling surface will be more due to 
the sliding contact between the flute-chip interface as well 
as margin-hole wall interface. Creating microtextures on 
the drill tool surface is a real challenge owing to its com-
plex tool geometry and free from the surface. Figure 12 
shows the microscopic image of the hybrid textured drill 
tool. Microdimples of 90 µm diameter and depth of 60 µm 

Material 
smearing 

Material adherence 

Groove wall distortion 

Fig. 11 Surface morphology analysis of test specimens 

Fig. 10 Variation of coefficient of friction with 
respect to sliding velocity under wet condition  
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were created along with microgrooves of 50 µm width and 
depth of 60 µm. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

3.4. Drilling forces while machining Ti-6Al-4V 
In the present work for understanding the effectiveness 

of hybrid micro scale textures in enhancing the machining 
performances, drilling experiments were conducted. Car-
bide drill tool with and without textures were used for cre-
ating through holes of 10 mm depth on the titanium work 
material (Ti-6Al-4V). Figure 13 depicts the schematic rep-
resentation of the drilling experiments. The effectiveness of 
the hybrid micro scale textures on the drill tool were as-
sessed mainly based on the variation in thrust force and 
torque. For recording the variation in drilling forces, a cut-
ting force dynamometer (Make: Kistler) was used under all 
drilling conditions. Usually in drilling the cutting force 
profile has three stages including the initial stage where a 
rapid increment in cutting force occurs, which will be fol-
lowed by a intermediate stage where the force profile will 
be almost stationary showing the maximum magnitude in 
cutting forces. Beyond this will be the final stage represent-
ing the disengagement of drill tool from the work material 
showing a sudden drop in the cutting forces. The interme-
diate stage usually starts after the drill point length where 
the tool gets fully engaged with the work material.    

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13 Drilling using hybrid textured tool 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Thrust force 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Torque 

Fig. 14 Variation in cutting forces during drilling operation 
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Fig. 12 Drill tool with hybrid micro scale textures 
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The variation in thrust force and torque is depicted in 

the Figure 14. From the drilling experimental results it has 
been observed that while machining Ti-6Al-4V using Non-
textured tool a maximum thrust force of 627 N was record-
ed. Whereas for the hybrid textured tool, the thrust force 
got reduced to 520 N, representing the effectiveness of mi-
cro scale textures in minimizing the sling frictional effect at 
the flute and margin side of the drill tool. Moreover the 
drilling torque recorded for Non-textured tool was noted to 
be 2.61 Nm which got reduce to 2.10 Nm for hybrid tex-
tured tool. Hence the hybrid textured tool showed a 
17.07 % reduction in thrust force and 19.54 % reduction in 
drilling torque. This shows the effectiveness of the micro 
texturing principle in improving the cutting performance of 
the difficult to machine materials like titanium alloys. 

 
4. Conclusion 

The present research work demonstrated the feasibility 
of creating hybrid micro scale textures using laser microm-
achining technique for tribological characteristics. Follow-
ing are the key findings. 

 
•    Numerical modeling validated the underlying mechanism 

of micro textures in improving the hydrodynamic pres-
sure at the sliding contact regime. 

•    Tribology experiment revealed the reduction in friction 
coefficient for micro textured surfaces under both dry 
and wet sliding conditions. This can be attributed to the 
mechanism of reduction in contact length, wear debris 
entrapment, and lubrication enhancement property of the 
micro-scale textures. 

•     From the tribology experiments, surfaces with hybrid 
micro textures were reported to be exhibit lesser friction 
coefficient showing a net reduction of 32.65 % in com-
parison with non-textured surfaces. 

•     Under the dry condition, as the sliding velocity was 
increased from 0.5 m/s to 1 m/s, a reduction in the coef-
ficient of friction was observed from the tribology exper-
iments. At the lower sliding speed of 0.5 m/s, coefficient 
of friction was observed to be 0.43 for the test sample 
having hybrid textures comparing to the non-textured test 
sample, which recorded an average coefficient of friction 
of 0.54. Hence a net reduction of 20.37 % in friction co-
efficient in comparison with non-textured surfaces was 
achieved for the test samples having hybrid textured sur-
faces.     

•     Under wet condition also test samples having hybrid 
textures were observed to be exhibit better friction reduc-
tion property which recorded a coefficient of friction of 
0.3 at 0.5 m/s and 0.23 at 1 m/s, showing a net reduction 
of 30.43 % in coefficient of friction in comparison with 
the test surface without micro scale textures. 

•       The present work also showed the successful applicability 
of hybrid micro textures even on the free form surface of 
the drill tool for improving the cutting performance by 
minimizing the frictional effect occurring at the machin-
ing zone. A total reduction of 17.07 % in thrust force and 
19.54 % in drilling torque was achieved by suing hybrid 
micro textured drill tools. 
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