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This paper presents some important, recently performed 
investigations on the laser texturing technology applied to 
the PCD and PCBN cutting tools and some resulting process 
outputs including cutting forces, tool wear indexes con-
cerning both rake and flank tool faces. It was documented 
that the properly texturized tool faces results in a substan-
tial reduction of cutting forces, elimination of the adhesion 
interaction between the tool and the chip, and reduction 
of abrasive and diffusion tool wear. The role of additional  
lubrication supply to the cutting zone with modified con-
tact properties is discussed. 
KEYWORDS: tool texturing, laser technique, cutting forces, 
tool wear

Introduction

Micro-texturing is applied to cutting tool surfaces 
for a number of reasons, including alteration of adhe-
sion properties (mainly to reduce workpiece material 
adhesion/build-up edge (BUE) formation), enhanc-
ing cutting zone lubrication under different cooling 
strategies and preventing accelerated tool wear [8, 9]. 
Texturing is applied mainly to rake faces of the cutting 
inserts, but it can also be applied to the flank face, for 
example to mitigate flank wear. Textures are usually 
applied in the immediate vicinity of the tool cutting 
edge and can take the form of grooves of varying ori-
entation in respect to the main cutting edge, dimples, 
pits or convex geometries of various shapes. Selected 
examples of surface texturing designs are shown in 
Fig. 1. Naturally, the impact of tool texturing on nu-
merous aspects of cutting process performance will 
vary depending on applied patterns.

Depending on the application and desired effects, 
parameters of surface texturing geometry – such as 

depth, width/diameter and spacing – may vary. When 
using laser processing, obtaining these structures ne-
cessitates the appropriate adjustment of laser pro-
cessing parameters. The matter of fabricating struc-
tured cutting tools is further complicated by small 
dimensions of surface textures, the need to maintain 
proper dimension and shape tolerances and the fact 
that cutting tool materials are hard to process due to 
their high hardness and chemical properties (which is 
particularly problematic in case of tool materials used 
to machine difficult-to-cut alloys, such as PcBN).

The main goal of the following review is to discuss 
and investigate the application of laser processing to 
obtain cutting tool surface texturing basing on nota-
ble examples available in open literature and experi-
mental research performed by the authors. The effects 
of using textured cutting tools on select aspects of 
cutting process performance (such as cutting forces, 
tool–workpiece interface friction and tool wear) are 
shown and discussed in the section Effects on cutting 
process performance as well.

Texturing techniques and enhancement  
of process performance

Laser surface texturing of cutting tools

Laser processing can be employed to produce sur-
face structuring of cutting tools, as it allows for fab-
rication of structures with various shapes and geom-
etries without the need for special tooling. Moreover, 
laser processing can be used regardless of material 
hardness, which is problematic when using mechani-
cal processing methods, such as microscale machining 
or grinding. Still, laser processing equipment is very 
costly and an improper choice of parameters can re-
sult in reduced workpiece hardness, excessive heat-af-
fected zone (HAZ) formation or poor surface quality/
insufficient repeatability of surface texturing patterns. 
Finally, laser processing is currently too time consum-
ing for industrially relevant mass-scale production  
applications.

As laser processing is deemed to be the most prom-
ising technology for application of surface texturing 
on cutting tools, a plethora of research regarding laser 
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Fig. 1. Tool surface texturing in the form of concave pyramidical pits 
(a) and grooves parallel to the main cutting edge (b) [1, 2]
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processing for surface texturing purposes is available 
in open literature.

The surface integrity of laser textured inserts for 
several different Polycrystalline cubic Boron Nitride 
(PcBN) content grades was investigated in [4]. Nano-
second-, picosecond- and femtosecond-pulsed lasers 
were employed in this comprehensive study, which 
focused mainly on insert microstructure and hardness 
after laser processing. Experiment outline and inves-
tigated parameters of the laser texturing process are 
shown in Fig. 2.

Presence of porous surfaces and surface cracks af-
ter laser processing was uncovered in the course of 
scanning electron microscopy (SEM) analysis. Vick-
ers hardness measurements have shown that laser 
processing induced changes in insert microstruc-
ture and chemical composition can lead to a signifi-
cant decrease in material hardness (up to 40÷50% 
in comparison with unprocessed PcBN) regardless 
of cBN content. Processing with the use of pico- and 
femtosecond pulsed lasers was shown to be less det-
rimental to insert hardness, as there is less melting 
and recrystallization. Moreover, the authors recom-
mend using lower fluences for laser processing of 
PcBN inserts. 

The influence of laser processing parameters on gen-
erating laser surface texturing for high-friction appli-
cations was investigated in [5]. Although this research 
was focused on alloy and stainless steels (which are 
not used as modern cutting tool materials), it is still 
of relevance, as it shows that parameters of laser tex-
tured surfaces can be precisely controlled by prop-
erly adjusting pulse overlap, pulse energy and pulse 
frequency. Ta et al. [6] have investigated possibilities 
of generating hydrophobic surfaces using laser pro-
cessing. Investigations were conducted for brass and 
copper alloys, which are not applicable as cutting tool 
materials due to their high plasticity, low melting/sof-
tening temperatures and low hardness. However, the 
results are promising and are likely to find application 
in cutting tool designs, as controlling surface wettabil-
ity is relevant to more efficient utilization of cutting 
fluids.

An ultra-short (picosecond) pulsed laser to fabri-
cate grooves on a single diamond tool, which is an 
exceptionally hard and brittle material, was success-
fully used in [7]. By appropriate choice of fluence 
and pulse frequency, the authors were able to con-
trol the process, producing grooves of desired width 
and geometry. The authors obtained hydrophobic 
workpiece surfaces when machining with textured 
tools, which shows a practical application of textured 
cutting tools in surface engineering. SEM image of 
textured diamond tool and resultant workpiece sur-
face topography are shown in Fig. 3. As can be seen, 
this can have a possibly negative connotation, as the 
texture of the cutting tool is reflected by machined 
surface topography. Therefore, it can be inferred that 
certain surface texturing designs can be problematic 
to apply when a high-quality surface finish is desir-
able.

The effect of fluence, scanning speed and beam diam-
eter on surface roughness, pattern repeatability and 
insert material hardness for laser surface texturing 
using a femtosecond pulsed laser to texturize uncoat-
ed carbide inserts was studied in [3]. The authors have 
found that using a higher fluence results in a better 
surface finish due to presence of a vaporization-dom-
inant ablation regime. Using lower scanning speeds 
has resulted in less variation in groove geometry, but 
a higher heat-affected zone (HAZ) and decreased in-
sert hardness were noted for scanning speeds above 
10 m/s. Therefore, intermediate scanning speed val-
ues should be used to retain insert hardness, as it is 
crucial to insert durability and performance.

Fig. 3. SEM image of microgrooves fabricated by picosecond-pulsed 
laser on a diamond insert (a) and workpiece surface topography af-
ter machining (b) [7]

Fig. 2. Experiment flowchart (a) and investigated processing param-
eters (b) in [4]
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The authors have also shown that very high fluence 
and low energy density is incapable of producing suffi-
cient groove depth, whereas excessive spatter and low 
surface quality were noted when fluence was too low. 
This is shown in Fig. 4.

Effects on cutting process performance

An experimental case study for turning of AISI 
4040 steel using uncoated carbide inserts, both un-
structured and with rake face structing in the form of 
grooves applied on the rake face perpendicular to the 
main cutting edge was conducted in [3]. Lower cutting 
force values were noted for textured inserts. Textured 
insert used for testing and observed cutting force val-
ues are shown in Fig. 5. 

The authors state that this is due to the grooves 
acting as cutting fluid reservoirs and improving chip 
flow (possibly due to reduction of chip–tool contact 
area) on the rake face of the tool. However, one has to 
note that tests with unstructured cutting tools were 
performed under dry cutting conditions – additional 
experiments for conventional and structured inserts 
conducted under lubricated cooling conditions would 
have produced more conclusive results.

In the recent work [2] the focus was on the perfor-
mance of structured cutting inserts when machining 
Ti-6Al-4V grade titanium alloy under different cooling 
conditions. The authors start with an introductory re-
mark that the main cause of tool failure in machining 

Ti-6Al-4V is crater wear – therefore, it follows that the 
focus of presented study would be to minimize cra-
ter wear. The authors fabricated inserts with concave 
grooves parallel to the main cutting edge with three 
different groove widths (20, 50 and 100 μm, respec-
tively). Best results in terms of reducing chip adhesion 
and crater wear were noted for the highest groove 
width, as shown in Fig. 6. 

Groove depth was also varied in the range of 
10÷1000 μm. The authors have noted that shallow 
grooves (10 μm) are easily blocked by the deformed 
chip – this behavior was observed when groove depth 
was equal to or greater than 20 μm. Longer tool life pe-
riods were noted for flood cooling conditions and high 
coolant application pressure – the beneficial effect of 
increased coolant supply and pressure is especially 
pronounced for textured cutting tools when compared 
with conventional tools. Overall best results in terms 
of mitigating tool wear were noted when using a com-
bination of surface textured inserts and high-pressure 
flood coolant application.

The performance of three various textured insert de-
signs in face turning of Inconel 718 nickel-based alloy, 

Fig. 6. Chip adhesion (a) and crater wear (b) in turning of Ti-6Al-4V 
with laser textured carbide inserts [2]

Fig. 5. Structured cutting insert (a) and a comparison of cutting force 
values for conventional and structured inserts (b) [3]
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Fig. 4. Surface quality after fabrication with varying fluence and  
energy density levels [3]
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using cutting with conventional (untextured) inserts 
as a benchmark process for comparison purposes was 
investigated in [1]. Flank wear width (VB), flank wear 
area (VBarea), tool–chip contact length and surface to-
pography of worn inserts were evaluated. Textures of 
investigated inserts are shown in Fig. 7.

Flank wear of varying width and area was observed 
for all inserts. Interestingly, no crater wear was ob-
served after turning experiments. The authors con-
cluded that employed surface textures had no sig-
nificant effect on tool–chip contact area. This differs 
from textured tools with grooves, which are assumed 
to decrease the tool–chip contact area, as stated for 
example in the work of Fatima et al. [3]. Surface tex-
tures were found to be prone to being blocked with 
chip debris, which naturally reduces their effective-
ness. Coolant burning and evaporation was also 
noted. Therefore, one can assume that the authors 
could explore possibilities of employing patterns of 
greater depth to aid coolant retention and mitigate 
blocking of texturings with chip debris. Best overall 
performance in terms of tool life (30% improvement 
over conventional inserts) was noted for insert with 
dimples on the rake face and pyramidical pits on the 
flank face. 

Review summary

The performed literature review investigates the 
subject of laser surface texturing of cutting tools for ad-
vanced manufacturing applications. Results from open 
literature were discussed in the following aspects:
● the effect of laser processing parameters on gener-
ated surface textures and
● the influence of surface textured tools on various as-
pects of cutting process performance.

The main takeaways from the literature reviews are 
as follows: 
● Laser processing can be successfully applied to ob-
tain surface structuring of cutting tools, the process 
can be controlled to obtain good pattern repeatability 
and quality. The detrimental effect of thermal process-
ing on insert hardness and chemical composition can 
be mitigated, but is more pronounced in case of cer-
tain materials (for example PcBN).
● Proper selection of laser processing parameters is 
necessary to obtain the desired geometry, pattern ac-
curacy and repeatability – research results shown in 
this review exhibit that an improper choice of param-
eters negatively affects surface texture quality (for 
example, ablation threshold will not be reached when 
pulse energy is too low, and excessive spatter will oc-
cur at high energy levels).

● Structured inserts show superior performance 
when compared with conventional (untextured) tool 
designs. Tool life and cooling effectiveness and can be 
improved by application of surface structuring. It can 
also help reduce chip–workpiece interface friction and 
cutting force values.
● Naturally, the preceding is true when texturing 
type and geometry is appropriate for a given applica-
tion. Various designs are evaluated in open literature 
through means of experimental testing or predictive 
modeling.
● Industrially relevant application for mass-scale pro-
duction necessitates speeding up the texture appli-
cation process. Another limitation is the high cost of 
laser equipment. However, its versatility negates that 
drawback to a certain extent.
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Fig. 7. Textured cutting inserts used in experimental investiga-
tions [1]
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