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Abstract 
Textured cutting tools have gained greater attention from metal cutting researchers in the last few decades. However, the success 
of such textured cutting tools depends on the work material, machining parameters, texture parameters, and cutting environments. 
Due to the micro-texturing on the tool surfaces and the surface discontinuities, the wear mechanisms for textured tools differ from 
that of untextured cutting tools. At different machining parameters, the regimes of tool wear changes for both the non-textured and 
textured cutting tools. A more complicated tool-chip interaction mechanism has been envisaged during the dry turning of Ti6Al4V 
alloy with the textured tools. Due to interfacial multipoint micro-cutting (IMP-µC), severe adhesion can be observed on the tool rake 
face. The regime of different wear modes has been outlined for a range of cutting speeds (50-120 m/min), feeds (0.08-0.15 mm/rev), 
at 0.5 mm fixed depth of cut. The wear map has been proposed to identify the catastrophic tool edge failure, rapid cratering, built-
up layer formation, abrasion, and microscopic wear modes. The wear maps for plain and textured cutting tools were compared, and 
the limits of the machining parameters have been presented for laser textured cutting tools.  
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Nomenclature 
 
Nd: YAG Neodymium Yttrium Aluminum Garnet 
𝑑" diameter of the microhole texture (µm) 
𝑑# distance of the textures from cutting edge (µm) 
d depth of textures (µm) 
𝛾% Orthogonal rake angle 
𝜆' Inclination angle  
𝛼% Relief angle 
𝑣* Cutting speed (m/min) 

IMP-µC Interfacial multipoint micro-cutting 
BUE Built-up edge 

 
1. Introduction 

 
With the advent of advanced micro and nano machining 

methods, the functionalization of surfaces has been researched 
widely. One of the applications of functional surface generation 
is surface texturing of the cutting tools. The surface textured 
cutting tools have been investigated for machining various 
engineering alloys under different cutting conditions. Literature 
address widely available research on texturing of various cutting 
tool materials including tungsten carbides, ceramic tools, CBN 
and diamond tools [1]. It has been confirmed from the 
experimental studies that textured tools can reduce cutting 
forces, cutting temperature, and tool wear [2]. But the 
performance of textured cutting tools largely depends on the 
texture parameters, the employed work-tool combination, 
machining parameters, and cooling conditions.  

 
The wear resistance studies of textured tools have been 

limited to comparative analysis only [3–5]. There is no extensive 
analysis of wear performance of textured cutting tools over a 

range of machining parameters in the open literature. It has 
been asserted that the textured tools have the capability to 
improve tool life; however, certain limitations are put on the 
choice of texture parameters and machining ranges. Such cases 
necessitate the global understanding of the wear performance 
of textured cutting tools over a range of machining conditions. 
To idealize the wear studies, a series of wear tests need to be 
performed to prepare a wear map for textured tools.  

 
The studies have attempted experimental investigations for 

generating the wear map for aluminum alloys [6], steels [7], and 
Ti6Al4V alloy [8] with plain cutting tools. With the help of these 
two-dimensional wear diagrams, an ease in the selection of 
machining parameters has been presented. The initial studies on 
wear maps have been conducted by Trent [9], Wright [10], and 
Kendall [11]. They developed the wear maps and outlined a safe 
zone for cutting tools where the least tool damages were 
identified. After the initial preposition of the safety region from 
the developed wear map approach, the studies were extended 
to map the wear for various tool materials [12] and coatings [13].  

 
Primarily textured cutting tools are sought as an alternative 

to dry cutting. Under dry cutting of titanium alloys, textured 
cutting tools fail due to heavy deformation on the cutting edges, 
frittering of the cutting edges, and chip embedment inside the 
textures [14,15]. The utilization of cooling or lubricating fluids 
and the coated textured tool is a better choice for titanium 
machining with textured tools [16–18]. However, in order to 
avoid additional complexities in the wear mechanisms due to 
cutting fluids and coatings, uncoated textured tools were used 
under dry cutting. The dry machining conditions result in the 
worst tool conditions and major wear mechanisms are 
associated with the extremity of machining conditions. Hence, 
the choice of dry cutting has been made for developing a wear 
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map for microhole textured cutting tools. The present study can 
be considered as an initial approach towards the comprehensive 
assessment of wear mechanisms using wear maps for suitable 
use of textured tools. 

 
2. Materials and Methods 

 
K-grade uncoated WC/Co cutting tools were textured using 

nanosecond Nd: YAG pulsed laser. Nanosecond laser has the 
capability of micro-texturing of carbide cutting tool with any 
geometric shape and dimensions [17,19]. Circular microhole 
textures were fabricated on the tool rake face due to the ease of 
fabrication of microhole textures. The laser parameters can 
obtained from our previous research [14]. The fabricated 
textures were polished to remove the recast and redeposition 
layers and to avoid the presence of the loose abrasive particles. 
The cutting edges of the textured tools remain undamaged after 
laser texturing and polishing, as the textures have been 
fabricated at a distance away from the cutting edge (Fig. 1). The 
microhole texture dimensions were kept at 𝑑" = 60 −
70	µm,𝑑# = 80 − 100	µm, pitch = 120 µm, and 𝑑 = 25 −
30	µm. 

 

 
 

Fig. 1 Laser texturing on rake face of WC/Co cutting tools [19] 
 

For turning of titanium alloy (Ti6Al4V), a round bar of ø85 
mm and 300 mm long has been selected. The microstructure of 
the titanium bar ensured the presence of α (hcp) and β (bcc) 
phases as shown in Fig. 2. The black marks (grain boundaries) in 
the optical microscope (Fig. 2a) appear white in the scanning 
electron microscope (Fig. 2b).  

 
Semi-orthogonal finish turning of round bars has been 

performed with textured cutting tools. No coolant or lubricant is 
used during the experiments. The experiments have been 
conducted on CNC turning center (Leadwell T6: OiMate, Fanuc). 
The tool signature involves the tool angles	𝛾% = −5°, 𝜆' = 0°,
𝑎𝑛𝑑	𝛼% = 5°. Tool wear tests were conducted for assessment of 
wear rates and wear map for textured cutting tools. Each 
experiment has been performed with a fresh cutting tool. The 
cutting parameters were selected to encompass a specific range 
of low to high-speed machining (transition at 𝑣* = 100 m/min) 
[8].  

 

 
 
Fig. 2(a) Optical micrograph and (b) corresponding SEM micrograph of 
work material [20] 
 

Machining parameters (f = 0.05-0.15 mm/rev, and 𝑣*= 50-
130 m/min) were used for measurement of tool wear and 
analysis of wear map. The extremities of high speed and high 
feed machining regime have been avoided to avoid premature 
tool failure. Depth of cut has been kept constant (𝑎= = 0.5	𝑚𝑚) 
during the experiments as it has a low influence on tool wear. 
After cutting time	(𝑡* = 1	𝑚𝑖𝑛), the wear is measured using an 
optical microscope (Stereozoom Microscope: Zeiss, Germany). 

 
Measured wear (VN in mm) is used to calculate the wear 

rate parameter (R) using equations 1-2 [7]. The wear map is 
developed to translate the logarithmic wear rates and wear 
mechanism on the feed and cutting speed axes. Due to the 
nature of the parameters involved, the logarithmic wear rate is 
dimensionless. High negative values of the wear rate parameter 
suggest better wear resistance of cutting tools. The combination 
of different machining parameters and experimentally obtained 
wear rates were used to outline the boundaries of the wear 
zones. Different tool damage zones have been identified from 
the worn tool surfaces (visualized under the microscope), and 
wear damages are revealed (Fig. 3). The wear rates and 
mechanisms were used to prepare a wear map. 

 

𝑊𝑒𝑎𝑟	𝑟𝑎𝑡𝑒	(𝑅) = 	 logJ% K
𝑁𝑜𝑠𝑒	𝑤𝑒𝑎𝑟

𝑐𝑢𝑡𝑡𝑖𝑛𝑔	𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒S………… . . (1) 

𝑊𝑒𝑎𝑟	𝑟𝑎𝑡𝑒	(𝑅) =	 logJ% K
𝑉𝑁

1000. 𝑡* . 𝑣*
S…………… . .…… . (2) 

 

 
 

Fig. 3 Tool damages on (a) nose and (b) rake face of tool 
 

3. Results and Discussion 
 
The wear rate has been calculated in terms of logarithmic 

wear rates (R) and located on the x- and y-axis accordingly. A 
closer look has deliberated the possibility to demarcate different 
wear regimes according to different R values. The measured 
wear rates have been demarcated in different ranges from 𝑅 <
−6.2, −6.2 < 𝑅 ≤ −6.0,−6.0 < 𝑅 ≤ −5.8, 𝑎𝑛𝑑		𝑅 ≥ −5.8	as 
shown in Fig. 4.  
 

The distribution shown with the corresponding wear rates 
also suggests the non-uniformity of wear at different machining 
parameters. The wear regimes are marked with dotted 
boundaries imbibing the data points of the same range of R 
values. The selection of the range of wear rate is based on the 
probability of appearance of similar tool damage mechanisms. 
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Fig. 4 Wear map for laser textured cutting tools under dry turning 
conditions 
 

Discrimination among the different range of R-values needs 
careful consideration of the damage modes generated on the 
tools (Fig. 5). On the tool nose, at low feeds, the wear zones have 
been characterized with the BUE formation irrespective of 
cutting speeds. The BUE stabilization increases with increasing 
cutting speeds. A strong adherent BUE has formed at high-speed 
machining regimes due to high heat generated at the interface 
and localized adhesion at the microscopic textures. Owing to 
IMP-µC, the textures undercut the sliding chips and material gets 
embedded inside the microtextures on the rake face [14,18,21]. 
The embedment of the chip material causes the stabilization of 
the BUE on the cutting edges which gets accelerated at higher 
speeds.  

 

 
Fig. 5 Different wear mechanisms obtained on the tool nose  
 
Apart from the BUE formation, the dislodgement of the 

material at the distinct locations on the cutting edge (frittering 
and micro-fracturing) are the most dominant phenomena (Fig. 
6). These wear modes have appeared at high speed - high feed 
(𝑣* > 110	𝑚/𝑚𝑖𝑛, 𝑓 > 0.13	𝑚𝑚/𝑟𝑒𝑣) and transition speed - 
intermediate feed (𝑣* > 100	𝑚/𝑚𝑖𝑛,𝑓 > 0.09	𝑚𝑚/𝑟𝑒𝑣) 
conditions. The microscopic hierarchy on the tool rake face 
originates variable frictional stresses in the tool-chip contact 
zone [22]. The variable friction promotes the fluctuations of 
mechanical and thermal stresses on the rake face and the 
cutting edge.  

 

 
Fig. 6 Dominant wear modes at high-speed machining conditions 

 

Once the stresses exceed the local fracture toughness at 
the distinct locations on the tool edges, the cutting edge fails 
due to micro-fracturing. The appearance of the micro-fractured 
edges is sporadic and doesn’t follow a specific trend. The 
combined action of the localized BUE and the fluctuating 
frictional stresses is considered as the principal reason for these 
damage modes. 

 
The microscopic textures on rake face govern the 

occurrence of the wear modes on tool edge and nose land. 
Sliding chips overcome resistance against the micro-asperities 
formed over the rake face in the presence of textures. The 
variable frictional resistance and resulting chip embedment 
cause the stress concentration more towards the cutting edges. 
Higher the resistance, more is the edge damage and micro-
fracturing. Analysis of tool rake face confirms the chip 
embedment inside the microholes [19] and this action 
exacerbates at higher cutting speeds and feeds.  

 
At higher feeds, contact length increases and gets more 

microtextures in sliding contact. Except for a few cases, the work 
material has adhered along the width of the cutting edge at high 
speed, high feed conditions. At certain cutting conditions, the 
adhesion is heavily localized (Fig. 7) which intensifies the 
severity of tool-chip interaction. These conditions have resulted 
in high degradation of tool nose and are associated with edge 
damages, severe grooving, notch wear, and frittering of the 
cutting edges. However, in the tested range of machining 
parameters, no tool has failed catastrophically. The sudden 
fracture or catastrophic tool damage of the textured tools are 
absent irrespective of machining conditions.  

 
It is considered that the microtextures generate 

discontinuous stress distribution which may cause fracture of 
tool due to high stresses. In the present experimental tests, no 
such damage mode was evident.  
 

 
Fig. 7 Effect of cutting speeds and feeds on contact area and material 
adhesion behavior on the tool rake face 
 

Based on the experimental analysis of logarithmic wear 
rate parameters and tool wear modes, the wear mechanisms 
were identified. 2D wear map has been constructed with the 
superimposition of wear mechanisms on the contours created 

 

 

 



  
by the range of wear rate boundaries (Fig. 8). Wear maps suggest 
that textured cutting tools can be utilized under dry cutting 
without any catastrophic tool fracture. Microhole textured tools 
damage due to severe grooving, edge chipping, high notch wear 
and heavy BUE formation in dry cutting of Ti6Al4V alloy. The 
application of textured cutting tools can be limited to the safe 
zone of wear rate zone (−6.4 ≤ 𝑅 ≤ −6.2	𝑎𝑛𝑑	 − 6.2 ≤ 𝑅 ≤
−6.0)	except at	𝑣* = 110	𝑚/𝑚𝑖𝑛. Low feed- highest speed and 
low speed-highest feed zone shall also be avoided in order to 
retain the cutting edges. A careful selection of the cutting 
parameters following the wear map can be beneficial to achieve 
superior wear performance of the textured cutting tools. 
 

 
Fig. 8 Wear Map for laser textured tools outlining the wear modes 

 
4. Conclusions 

 
1. The possibility of constructing a wear map for textured cutting 
tools has been presented by varying feed and cutting speed.  
2. Nose wear has been measured corresponding to the selected 
machining parameters and wear mechanisms have been 
discussed. 
3. Wear map outlines different zones according to varying 
logarithmic wear rates at the selected range of machining 
parameters.  
4. Superimposition of wear rates and tool wear mechanisms on 
the boundaries has successfully achieved wear map for textured 
carbide cutting tool. 
5. The extreme ends of feed and speed axes shall be avoided for 
the satisfactory performance of the textured cutting tools under 
dry machining of titanium alloy. 
6. In none of the machining condition, the integrity of the cutting 
tool has been compromised. There is no catastrophic tool edge 
fracture obtained in the experimental tests.  
7. Edge chipping, notch wear, and grooving wear are major wear 
mechanisms associated with high logarithmic wear rates.    
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