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Abstract. Higher cutting force and its temperature with faster tool wear are the causes of higher production
costs and lower machining efficiency. In this paper, with the help of electrical discharge machining (EDM) and
laser technology, texture holes are implemented on the rake face and the principal flank face of the tool. The
cutting force, friction characteristics of rake face and surface roughness of rake face are compared with the
micro-textured cutting tool and the processing technology system of non-textured inner cooling hole. The results
show that the coolant can be effectively sent to the interface surfaces due to the internal cooling texture cutter.

1 Introduction

Friction and wear are inevitable problems in machining. Pre-
vious researchers mainly started with materials, structures,
lubricants, additives and surface coatings, and made the sur-
face as smooth as possible. The latest research shows that the
surface of the friction pair has a certain non-smooth shape
but it has better anti-friction effects. At present, the surface
texture is the focus of research; processing various textures
and shapes on the surface of friction pairs can be beneficial
to the infiltration, storage and film formation of lubricating
media, thus, achieving better antifriction and anti-friction ef-
fects, prolonging the life of tools and reducing production
costs (Liu et al., 2019). Currently, although there are also
technologies such as cold air cutting, liquid nitrogen cool-
ing cutting, water vapor cutting, etc. (Liu et al., 2005; Ra-
jurkar and Wang, 2019), their main functions are cooling
rather than lubrication. A better understanding of the chip
formation mechanism plays a crucial role in machining pro-
cess planning, surface integrity improvement and, thus, prod-
uct performance (Guo and Yen, 2004; Pawade and Joshi,
2011). In recent years, with the deepening research of laser
surface microtexture, Deng et al. (2012) have made micro-
texture self-lubricating tools with laser marking machines.

The research found that the tool can not only reduce the con-
tact length between the chip and the tool but also the solid
lubricant in the groove can form a low shear strength lu-
bricating oil film at the interface between the tool and the
chip. Koshy and Tovey (2011) made two types of surface tex-
tures, continuous texture and groove array, on the rake face of
high-speed steel tools and found that the texture can promote
cutting fluid entry to the tool–chip friction interface. Niketh
and Samuel (2018) studied the effect of micro-textures in en-
hancing the tribological characteristics of surfaces under dry
sliding contact and its application on drill tools for reduc-
ing thrust and torque while machining Ti-6Al-4V alloy un-
der dry, wet and MQL conditions. Li et al. (2017) compared
the friction factors of three micro-texture tools (traditional
tool, micro-groove tool and nano-texture tool) and the re-
sults demonstrated that the friction factors of micro-texture
tools were reduced by 11.5 % and 10.9 %, respectively, com-
pared with the other two tools. Yang et al. (2018) compared
the tribological properties of several different micro-textures.
The results show that the friction coefficient and friction vol-
ume of micro-pit texture surface is the smallest when it rubs
against titanium alloy. Wu et al. (2012) compared the tool
wear of three micro-textures and the results showed that the
life of the tool with the elliptical groove on the rake face and
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micro-groove parallel to the cutting edge increased by 10 %–
15 % and 10 %–30 %, respectively. Sivaiah et al. (2020) stud-
ied the fabrication of new texture design tools and machin-
ability evaluation of these developed tools in the turning of
AISI 304 material under conventionally dry and cutting en-
vironment. Results indicated that the machinability of AISI
304 was significantly improved with the hybrid tools under
conventional cooling compared to dry cutting conditions, re-
spectively. According to the research of Rao et al. (2018), the
rake face wear of the tool with micro-pits on both the rake
face and the principal flank face is reduced by 62 %–40 %
compared with the traditional tool and the tool with micro-
pits on the rake face. A better understanding of chip forma-
tion mechanism plays an important role in machining process
planning, surface integrity improvement and, thus, product
performance. In consideration of its significance, much re-
search on chip formation mechanism under different cutting
conditions is indispensable to a deep insight into the whole
cutting process (Wang and Liu, 2012). However, while the
micro-texture treatment of the tool can improve the lubri-
cation and cutting effect, its maintenance time is relatively
limited. Under the conditions of high temperature, high pres-
sure and severe friction, the micro-texture hole or groove will
be filled with chips quickly and lose its function. Besides
this, the effect of micro-texture is not ideal under heavy load
rough machining and most micro-texture areas are concen-
trated in the rake face.

The purpose of this study is to use electrical discharge ma-
chining (EDM) and femtosecond laser technology, while the
texture with a larger aperture is made on the rake face of the
tool, which is connected with the internal cooling hole, so
as to achieve the functions of cooling, lubricating, reducing
friction and changing chip state. At the same time, in this
study, coolant holes were created on the main flank of the
tool to face the transition surface which further reduced the
cutting temperature and reduced the friction between the tool
and chips.

2 Experiment details

2.1 Experiment setup

The experimental object is 0Gr18Ni9 (ASTM AISI, 304)
which is austenitic stainless steel. It is widely used as heat-
resistant steel including in food equipment, general chemi-
cal equipment, atomic energy industry equipment, etc. The
material has high ductility, high impact toughness and low
thermal conductivity so it consumes more power during cut-
ting, and the cutting head is not easy to disperse, the cut-
ting temperature is high and the hardening during machining
is serious. Therefore, TNMG160404-SG XL7020 of JCCSG
Company (belonging to the YW class of common brands in
China) is selected for turning tools.

The schematic of the apparatus is constructed with the fol-
lowing steps: firstly, the turning tool is modified by EDM

machine tool and two main holes of the inner coolant are
machined (∅ 3.25, holes are connected with the coolant pas-
sage hole of the tool body and ∅ 1.15 is a through hole which
penetrates to the main flank of the tool as shown in Fig. 1a
and b. Then, texture treatment is carried out on the wear area
of the rake face of the turning tool by laser equipment and
texture holes are machined.

There are eight textured internal cooling holes in three
rows with a diameter of ∅ 0.3 mm in which the center of the
hole in the first row is 0.7 mm away from the main cutting
edge and 1 mm away from the tool tip, and the center dis-
tance between the rows and columns is 0.4 mm which runs
through the ∅ 1.15 inner cooling liquid main hole. The tex-
ture size of the rake face of the machining tool is shown in
Fig. 1. The turning tool body is reformed and a coolant hole
communicated with the main coolant hole in the turning tool
is machined. Finally, the textured tool on the cutter body is
installed and connected to the corresponding coolant tank,
high-pressure water pump, control valve and coolant chan-
nel to form an internal cooling circulation system. Figure 1c
shows the photo after the coolant is sprayed out.

2.2 Mechanism

The coolant enters the interface between the tool and the chip
face for cooling and lubrication. Then the coolant begins to
form a lubricating oil film between the tool and the chip face
during continuous machining which plays a role in reducing
friction and lubrication. At the same time, due to the pressure
of the cooling liquid, the chip shape changes.

3 Results and discussion

3.1 Cutting force and average friction coefficient

In CDL6136 lathe, the turning tool is connected to YDC-
89A piezoelectric turning dynamometer developed by Dalian
University of Technology. The cutting experimental param-
eters are as follows: back cutting amount ap = 1 mm, feed
rate f = 0.2 mm r−1, continuous cutting time 5 min and tak-
ing the average value of three-dimensional cutting forces of
two kinds of cutting tools varying with cutting speed.

It can be seen from Fig. 2 that the main cutting force, the
feed force, the back force and the cutting force are reduced by
2 %–5 %, 8 %–24 %, 2 %–7.5 % and 1 %–8 %, respectively.
Among them, the feed force decreased obviously. However,
the friction coefficient between cutter and chip surface also
decreases by 2 %–8.6 % with the increase of cutting speed.
It can be seen from Fig. 2c that the friction coefficient only
decreases by 0.1 when the cutting speed is in the range of
70–90 but decreases by 0.4 when the cutting speed reaches
100, which shows that the friction coefficient decreases more
obviously when the cutting speed is higher. It is obvious that
the cooling holes in the texture play a better role in reducing
cutting force and friction.
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Figure 1. The experimental setup of the cutting system with internal cooling.

Figure 2. Effect of cutting speed of CTs (conventional tools) and TTs (micro-textured tools) on cutting force and average friction coefficient:
(a) CT cutter cutting force with cutting speed, (b) TT cutter cutting force with cutting speed and (c) cutter-chip interface friction coefficient
with cutting speed.
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Figure 3. Wear morphology of three-dimensional and two-dimensional front edge: (a) wear morphology of front cutting edge of cutter
before cutting, (b) wear morphology of front cutting edge of CT cutter znd (c) wear morphology of front cutting edge of TT cutter.

3.2 Surface roughness measurement

Using TR200 roughness meter, the surface roughness of
five samples processed respectively were measured and the
measurement parameters were as follows: sampling length
0.8 mm, evaluation length and measuring range. The rough-
ness of TT tool is reduced by 24.7 % compared with that of
CT tool which shows that the cooling and lubrication effect
of cooling holes in the texture is very satisfactory. This ef-
fectively reduces the chip accumulation tumor adhered to the
cutting edge, the scaling and sticking of the machined sur-
face and the wear of the main rake face. At the same time,
because the coolant has a certain pressure, the chip outflow
gets larger shear angle, the chip thickness compression ratio
is reduced and the cutting deformation is small, thus, ensur-
ing the surface machining quality.

3.3 Surface topography

After the test, a white light interference surface three-
dimensional and two-dimensional profiler was utilized to
compare and observe the change of microscopic characteris-
tics of the friction surface of the tool, and the mechanism of
anti-friction and anti-adhesion of the tool with internal cool-
ing texture was analyzed. Figure 3 is a comparison of the

wear morphology of the rake face of the CT tool after cut-
ting for 4 min under the cutting conditions of vc = 100/min,
ap = 1 mm, f = 0.2 mm r−1. It can be seen from Fig. 3b that
typical crescent-shaped dimple wear appears on the CT rake
face and a large number of stickies are found under the con-
dition. It is evident from Fig. 3 that the wear of the TT rake
face is small. It shows that the effect of the cooling tool on
texture is very good.

4 Conclusions

1. Electric spark and laser technology are used in this
study. Internal cooling texture treatment was carried out
on TNMG160404-SG XL7020 cemented carbide insert
so that it can be internally cooled at the front edge and
the main rear edge. Compared to the non-textured in-
sert, it is reported that the textured insert can reduce the
actual contact area between the insert and the chip, im-
prove the friction state and have obvious effects on re-
ducing cutting force (in which the feed force decreases
obviously, by about 8 %–24 % and the cutting force de-
creases by 1 %–8 %), and the average friction coefficient
of the interface between the tool and the chip decreases
by about 2 %–8.6 %.
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2. The wear of the front and back edges of the textured
cutter is reduced which greatly improves the service life
of the cutter. The use of internal cooling greatly reduces
the amount of cutting fluid needed in continuous cast-
ing and external cooling mode, and can improve certain
environmental protection requirements and waste liquid
treatment costs.
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