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Abstract: During turning operations, tool-part-chip contact 

causes wear to the cutting tool. The objective of this work 

is to study the wear of the clearance faces of tungsten 

carbide cutting tools during turning operations. 

Experimental tests on tool life for dry turning operations 

were carried out at four different cutting speeds, where the 

feed rate and the depth of cut are kept at constant values: 

0.08 mm/rev for feed rate and 0.5 mm for depth of cut. An 

analysis of the influence of cutting parameters on the tools 

wear and consequently tool life (Τ) was presented, then the 
roughness of the machined surface Ra and the morphology 

of the chips produced were studied. This study makes it 

possible to identify that the wear mechanisms and the tool 

life are strongly linked to the roughness of the machined 

surfaces and to the morphology of the chips produced 

during the turning operations. 
Key words: Turning, WC-Co, Tool wear, roughness, 

Chips, High speed steel, Tool life 

 

NOMENCLATURE 

 

HS18-0-1          high-speed steel workpieces  

WC-Co              Cutting tool material  
Vc Cutting speed (m/min) 

f Feed rate (mm/rev) 

ap Depth of cut (mm) 
Τ     Tool life 

VB Flank wear 

Ra Arithmetic mean roughness (µm) 

Rz Mean depth roughness (µm) 
 

1. INTRODUCTION  

 

Over the last few decades, there has been a great deal 
of research into conventional machining to improve 

machinability. Many researchers have used different 

materials for cutting tools in turning cutting research 
[1, 2]. 

The monitoring of the condition of cutting tool plays an 

important role during the cutting process, therefore the 
achievement of constant quality such as dimensional 

accuracy, surface roughness and control of the total 

manufacturing cost depends mainly on the condition of 

the cutting tool and therefore the cutting process 

requires a good evaluation of the cutting tool, [3]. 
Tungsten carbide is a composite material produced by 

powder metallurgy using liquid phase sintering. It 

offers the rigidity and strength of common materials 

for applications requiring wear resistance, such as 
machine tools. WC-Co typically contains about 4-12 

wt.% Co-Binder and WC grain size is typically 

between 0.5 and 10 μm [4]. 
Several studies have been carried out on tool life and 

wear development of tools when turning tungsten 

carbide [5-7]. Usually, the cutting tool wears in each 
of the contact areas and appears in several forms, 

such as face wear, crater wear, chipping, etc., which 

can be caused by the cutting tool [8]. These shapes 

depend mainly on the characteristics of the cutting 
tool, the material of the workpiece, the cutting 

conditions, and the types of cutting [9]. 

According to ISO 3685 (1993), face wear is 
considered to be the most important during normal 

machining conditions, the measurement of the face 

wear width (FWW) is the most commonly used 

parameter for evaluating the service life of a cutting 
tool [10]. In case of uneven wear, the maximum width 

of the wear zone (VBmax) should be less than 0.6 mm 

[11]. The development of this form of wear on the 
cutting tool is not a random phenomenon. A typical 

evolution of the frontal wear area (VB) with the 

cutting time for different cutting speeds. Wear can be 
divided into three zones during its service life [12]. 

 Initial wear zone which is caused by the initial 

breakage of the sharp corners of the cutting edge. 

The edge is then stabilized and wear occurs by 

gradual removal of material from the tool.  

 Regular wear zone, which corresponds to wear at 

a uniform rate, represents the useful life of the 

cutting edge. 

 Accelerated wear zone, where wear occurs 

progressively.  
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In general, the assessment of cutting tool wear can 

be done in two ways: direct and indirect. The direct 

methods consist of measuring the state of wear of the 
tool using conventional vision or optical systems such 

as cameras, equipped optical microscopes and/or 

white light interferometers. These methods have the 

advantage of measuring the exact geometrical 
changes due to cutting tool wear [13]. 

Undercutting wear, also known as face wear, results 

wear between the tool face and the workpiece. This 
type of wear is mainly due to purely mechanical 

mechanisms that are favored when cutting materials. 

Consequently, flank wears acts directly on the surface 
integrity of the machined workpiece and its 

dimensional accuracy [14]. On the face of the wear 

zone, the wear is characterised by a uniform height of 

the wear zone of the cutting tool. This medium length 
is frequently designated as VB [15].  

One of the most important fundamental elements in 

obtaining a high quality product is the cutting tool: its 
quality and life cycle management directly refer to the 

efficiency of the whole manufacturing process [16]. 

Wear is one of the most important problems in the 
design of cutting operations, a tool is considered worn 

when the cost of its replacement is less than its cost of 

use, [17]. 

Tool failure is said to occur when the tool no longer 
performs the desired function, while total failure 

(ultimate failure) is considered to be the total 

elimination of the cutting edge, a condition that 
occurs when catastrophic failure occurs [18]. 

Therefore, cutting tools change ahead of total wear to 

avoid the elaborate costs and failures of this process. 

[19]. Selected tool life rejection factors presented in 
ISO 3685 are listed below [20, 21]:  

1. Average Flank wear= 0.4 mm 

2. Maximum Flank wear = 0.6 mm 
3. Notch = 1.0 mm 

4. Nose wear = 0.5 mm  

5. Surface roughness (Ra) = 6.0 μm. [22] 
However, in case the wear distribution on the face is 

not homogeneous, a parameter denoted VB is 

introduced to measure the maximum height of the 

wear strip [23-25]. Sometimes a notch of VB height 
is formed on the flank at the cutting edge, which 

weakens the cutting edge considerably [26-29]. 

It is important to note that the VB parameter is preferred 
for tool life characterization due to progressive and 

easily measurable wear on the face [30-33]. 

This paper presents a study of cutting tool life; flank 
wear; surface roughness, and chip morphology when 

dry turning HS18-0-1 steel with a tungsten carbide 

(WC-6%Co) tool.  

For a better comprehension of the cutting process, the 
roughness of the machined parts, the wear mechanisms 

of the tools and the morphology of the generated chips 

were analyzed. Experiments were executed to study the 

consequent effect of the cutting parameters on the tool 

and the workpiece in terms of flank wear and surface 

roughness (cutting speed, cutting time). 
 

2. EXPERIMENTAL METHOD 

 

2.1 Materials and equipment 
All exprimentes carried out under industrial 

conditions using a AL-PIN lathe machine, model 250, 

with a spindle power of 6.6 kW as shown in Figure 1. 
 

 
Fig. 1. AL-PIN lathe machine 

 

The exprimentes were carried out by machining 
prismatic parts of High Speed Steel HS18-0-1 (AISI 

T1).  

AISI T1 is mainly used for the manufacture of cutting 

tools (drills, saws, milling cutters, punch ...). In these 
steels the addition of tungsten significantly increases 

its hardness and resistance to high temperature. AISI 

T1 has excellent resistance to thermal shock and 
thermal fatigue. Their resistance to high temperature, 

their toughness and their ability to polish allow them to 

respond to the most severe demands. This steel has 

exceptional wear resistance and compression qualities. 
The hardness of these steels is about 250 HB. 

Despite their poor machinability, the machining of this 

steel shows substantial advantages in terms of surface 
integrity, more flexibility and lower cost price. 

The chemical composition of AISI T1 High Speed 

Steel is described in Table 1. 
 

Table 1. Chemical composition of machined steel 

Element C Cr W Mo V 

Content (%) 0.8% 4% 18% 0% 1.1% 

 

There are a variety of materials that can be used as 

cutting tools for turning such as metal carbides. These 

different carbides are mainly tungsten (WC), titanium 
(TiC), tantalum (TaC) and niobium (NbC) carbides. 

The wafers used in this experiment are tungsten 

carbides of designation WC-Co; of designation 
WNMM080404-PF. 

Chip morphology is examined using an optical 

microscope of the CMM type, equipped with a CCD 

camera. 
For the measurement of the volumetric wear, the 

inserts are carefully cleaned and weighed after each 

pass with an OHAUS balance with a precision of 
0.0001mg is used. The inserts were weighed before 
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and after the machining of each experiment to 

determine the weight loss. 

For the direct measurement of wear (VB) an Optiv 
Performance 443 Dual Z combines optical and tactile 

measurement in one system is used (Figure 2). The 

system supports multi-sensor measurements using the 

Vision-Sensor, the touch-trigger and scanning probe, 
the TTL laser (Through-The-Lens) as well as the 

innovative Chromatic White Light Sensor (CWS). 

Measurement software is PC-DMIS Vision. Its 
characteristic is given in Table 2. 
 

Table 2. Characteristic of the MMT OPTV used 

Working conditions Description 

Wavelength of red laser 650 nm to 680 nm 

Taille du spot 50 µm to 100 µm 

Resolution of the scale 10 nm 

Loading capacity 30 kg 

Vision-Sensor 3 rings of (27°, 35°, 45°) 

Camera zoom CNC (H 752 x V 582 pixels) x 10 

 

 
Fig. 2.MMT OPTV performance 443 dual z 

 

For surface measurement a roughness meter a 

roughnessmeter (2D), equipped with a roughness 
profile printer, shown in Figure 3 is used. It consists 

of a stylus that moves mechanically over a surface to 

record the roughness of the surface over a determined 
sample length. 

The latter consists of a diamond tip (probe), with a tip 

radius of 5μm moving linearly over the measured 

surface. 
The probing length is 4 mm with a base length of 0.8 

mm. The measuring interval of the roughness criteria 

is (0.05 to 40μm). In order to avoid rework errors and 
for greater accuracy, the roughness measurement was 

carried out directly on the machine and without 

dismantling the workpiece. 
 

 
Fig. 3. Roughness measurement 

2.2 Experimental setup 

Forty (40) expriments were carried out, in dry 

conditions, using one input (control) parameter: 
cutting speed. This parameter varie to four discrete 

level values: 380 m/min, 620 m/min, 760 m/min and 

1100 m/min. 

There are many cutting parameters that affect cutting 
tool life. Cutting speed is the most active influence 

parameter on cutting tool life. Advantageously, this 

parameter is also the easiest to adjust, and can 
directly modify their value in lath machine with no 

additional cost. Thus, other important parameters 

were not considered (feed rate and depth of cut) 
whose values were kept constant throughout 

experiments. The constant conditions and 

corresponding values were f = 0.08 mm/rev and 

ap=0.5 mm. 
Measurements are taken after each pass, with 10 

passes approved for each cutting speed. 

The experimental setup used in this study is presented 
in Figure 4. This configuration illustrates, in a 

simplified manner, the steps to be followed to carry 

out the experimental tests and the various materials 
used in these tests. 

 

 

Fig. 4. Experimental setup 

 

The study of the variation of flank wear, surface 

roughness and chip morphology as a function of the 
cutting speed leads to finding the values of these 

parameters mentioned in Table 3. 
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Table 3. Experimental conditions and results 

Cutting 

speed 

(m/min) 

Feed 

rate 

(mm / 

rev) 

Depth 

of cut 

(mm) 

N° of 

pass  

Flank 

wear 

(mm) 

Surfaces 

roughness 

(µm) 

380 0.08 0.5 1 0.1 1.72 

2 0.12 1.71 

3 0.15 1.75 

4 0.18 1.81 

5 0.2 2.18 

6 0.23 2.30 

7 0.25 2.17 

8 0.41 2.18 

9 0.46 2.57 

10 0.56 2.58 

620 0.08 0.5 1 0.11 1.61 

2 0.15 1.77 

3 0.21 1.90 

4 0.26 1.95 

5 0.29 2.09 

6 0.32 2.05 

7 0.38 2.20 

8 0.45 2.60 

9 0.68 2.69 

10 0.98 2.76 

760 0.08 0.5 1 0.15 0.91 

2 0.2 0.94 

3 0.25 1.21 

4 0.34 1.71 

5 0.4 1.93 

6 0.53 2.10 

7 0.63 2.15 

8 0.91 2.57 

9 1.07 3.61 

10 1.23 4.48 

1100 0.08 0.5 1 0.22 0.84 

2 0.41 0.93 

3 0.48 1.34 

4 0.54 2.21 

5 0.62 3.18 

6 0.67 3.49 

7 0.7 4.26 

8 1 5.33 

9 1.56 5.46 

10 1.9 5.53 

 

3. RESULTS AND DISCUSSIONS 
 

3.1 Direct measurement of flank wear 

The evaluation of flank wear is assessed by direct 

measurement.The measure is carried out using the 
three-dimensional measuring machine 443 Dual Z 

(Figure 2). The measurement is made after each pass. 

For testing the tool life the standard ISO 3685 (1993) 

is respected. 

The evaluation of flank wear is effected by its direct 
measurement. This is taken from the first use of the 

cutting inserts to the end of their service life. 

Figures 5 (a), (b) and (c) represent the visualizations 

carried out after a time of use of the turning inserts 
of: 6 min, 48 min and 90 min respectively, and with 

the following cutting conditions: Vc=380 m/min, 

f=0.08 mm/rev and ap=0.5 mm. 
 

 
t = 6 min t = 48 min t = 90 min 

Fig.5. Visualization of VB tool face wear after cutting 

(Vc = 380 m/min, f =0.08 mm / rev and ap=0.5mm) 

 

Figures 6 (a), (b) and (c) represent the visualizations 
carried out after a time of use of the turning inserts 

of: 18 min, 32 min and 56 min respectively, and with 

the following cutting conditions: Vc=620 m/min, 

f=0.08 mm/rev and ap=0.5mm. 
 

 
t = 18 min t = 32 min t = 56 min 

Fig. 6. Visualization of VB tool face wear after cutting 

(Vc = 620 m/min, f =0.08 mm/rev and ap=0.5 mm) 
 

Figures 7 (a), (b) and (c) represent the visualizations 
carried out after a time of use of the turning inserts 

of: 4 min, 34 min and 48 min respectively, and with 

the following cutting conditions: Vc=760 m/min, 
f=0.08 mm/rev and ap=0.5 mm. 

 

 
t = 4 min t = 34 min t = 48 min 

Fig. 7. Details of VB wear on the tool face after 

machining (Vc = 760 m/min, f =0.08 mm / rev  

and ap=0.5 mm) 

 
Figures 8 (a), (b) and (c) represent the visualizations 

carried out after a time of use of the turning inserts 

of: 3 min, 10 min and 16 min respectively, and with 
the following cutting conditions: Vc=1100 m/min, 

f=0.08 mm/rev and ap=0.5 mm. 
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t = 3 min t = 10min t = 16 min 

Fig.8. Details of VB wear on the tool face after 

machining (vc = 1100 m/min, f =0.08 mm/rev  

and ap=0.5 mm) 
 

The analysis of Figure 5, Figure 6, Figure 7 and Figure 
8 shows that the universal law of wear of any 

mechanical part is observed (running-in, normal wear, 

accelerated wear). The figures also show clearly that 

the cutting speed has an important impact on the wear 
of the cutting tools, and with this, the increase in 

cutting speed results in a remarkably higher wear. 

At the end of chaque experiment (after 10 pass) the 
cutting edge is completely collapsed. Wear is very rapid 

and very severe. However, in the dry turning tests, tool 

wear is regular over time and at different cutting speeds. 

Figure 9 represents the evolution of the flank wear of 
the cutting inserts as a function of the cutting time at 

various levels of the cutting speed, always keeping 

the feed and the depth of cut constant. 
 

 
Fig. 9. Flank wear (VB) function of cutting time 

 f =0.08mm/rev, and ap=0.5mm   
 

In the present study, the tool life (maximum permissible 
machining time) is planned from the flank wear. For 

each machining trials, fresh cutting tools are used, the 

progression of wear curve is recorded for every cutting 

time (T) and experiments are conducted until tool life 
criteria (VB) reaches 0.40 mm. Average measured flank 

wear (VB) based on machining time is shown in Figure 

8. The flank wear value increases rapidly with cutting 
time at high cutting speeds. On the contrary, the 

progression of the tool flank wear curve is slow for low 

cutting speed speeds. Two different stages are observed 
in the wear curves. 

The normal wear rate increases steadily over time, as 

shown by experiments at cutting speeds 380, 620 and 

760 m/min. 
Therefore, for the cutting speed Vc = 380 m/min, 

normal wear extends over a period of 60 min, while 

for the cutting speeds 620 m/min and 760 m/min it 

extends to 30 min and 18 min respectively; at a high 
cutting speed Vc =1100 m/min, the normal wear zone 

is almost non-existent the increase in speed causes 

accelerated wear. This is probably due to the rise in 

temperature in the work piece. 
 

3.2 Influence of wear on durability and productivity  

Figure 10 shows the representation of flank wear (VB) 
as a function of time for the different cutting speeds 

used to define tool life. It is noted that the tool life (Τ) 

has been determined based on flank wear. These tool 
life values are measured on the bases of two admissible 

wear values VB=0.4 mm and VB=0.6 mm. 

The evaluation of the performance of the tool life shows 

that for cutting speeds varied between 380 and 620 
m/min, when the speed ratio is of the order of 1.63, the 

tool life is reduced by 41%. It is also observed that with 

a speed varying from 620 to 760 m/min, with a variation 
ratio of 1.22, the tool life decreases by 56%. Finally and 

for a cutting speed varying in a higher range 760 to 

1100 m / min, the tool life of the corresponding tool is 
reduced by 80%. 

From the above, it is concluded that the tool life is 

highly dependent on the variation in cutting speed. 

 

 
Fig.10. Durability (T) for two wear criteria VB=0.4 mm 

and 0.6 mm (f=0.08mm/rev, ap=0.5 mm) 

 

Figure 10 shows a reduction in cutting tool life with 

increasing cutting speed. This reduction in tool life at 
high cutting speeds is due to the high temperatures 

generated by the cutting process at the tooltip, which 

favors the various wear mechanisms (abrasion and 
diffusion), and consequently, the tool's cutting capacity 

is reduced. 

This can also be explained by the fact that when cutting 
at high speeds, the stresses on the cutting edge increase 

due to mechanical and thermal loads. Wear is caused by 

contact and high pressure at the interface between the 

tool and the chip and the tool and the workpiece. 
 

3.3 Indirect measurement of flank wear 

Indirect measurement of wear is intended for 

volumetric measurement due to the weight reduction 
of the cutting insert. 
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The variation in the mass of the cutting turning insrts 

after machining operations, as a function of the cutting 

time, is illustrated in Figures 11 (a), (b), (c) and (d). 
 

 

 

 

 
Fig. 11. Measuring wear due to reduction in tool weight 

in relation to cutting time (f=0.08mm/rev, ap=0.5mm) 

 

The analysis of the assembly of Figure 10, allowed 

concluding that the wear of the cutting tool passes 

through three stages. The first stage characterized by a 
curve of low slope, this curve presents the mass lost 

during the cutting and consequently the wear of the 

insert is low. In the second stage, the weight loss is 

almost negligible which results in zero or stable wear. 

This stage is long for low cutting speeds. However, at 

the final stage, it is observed that the slope of the weight 
loss curve is high, which means that the wear is rapid. 

For better understanding, the weight variation values 

obtained, for a cutting time vary from 0 to 50 min at a 

cutting speed of 380 m/min; are almost unchanged, 
and as the machining time increases, the tool weight 

decreases almost linearly (VB between 0.2 and 0.4). 

Beyond a cutting time value equal to 50 min, the 
weight of the insert decreases considerably, which is 

the appearance of rapid wear. 

The speed of 620 m/min causes practically no change 
in mass before a cutting time of 20 minutes, beyond 

this value of the cutting time there is a remarkable 

change in mass, which can be explained, form Figure 

9, by a variation linear wear from 0.26mm to 0.38 mm.  
As in the two preceding cases, the use of the speed 

760 m/min involves practically any change in weight, 

before a cutting time of 10 minutes. After 10 min of 
cutting, a change in weight occurs, which is 

explained, as indicated in Figure 9, by the linear 

variation of wear from 0.15 mm to 0.4 mm. With a 
cutting speed of 1100 m/min, the change in weight 

occurs if the machining time exceeds 9 min and it 

continues to increase during machining. This is 

explained by a linear wear curve tending to increase 
from 0.22 mm to 0.62 mm according to Figure 9. 

Figure 11 shows the loss of weight produced during the 

machining of AISI T1 steel at different cutting speeds 
for the two wear criteria VB=0.4 mm and 0.6 mm.  

In cutting experiments, an increase in cutting speed 

leads to a reduction in tool life. Examination of Figure 

12 shows that at a speed of 380 m/min a long cutting 
time is required to wear out the cutting insert. Therefore, 

almost the same trend was observed for a cutting speed 

of 620 m/min. However, a short cutting time is 
sufficient to wear out the cutting edge for cutting speeds 

of the order of 760 m/min and 1100 m/min during. 

Therefore; the conclusion drawn is more that the cutting 
speed is high the reduction in tool life is significant. 

These results show that cutting speeds of 380; 620 

m/min leads to a longer tool life. 

 

 
Fig. 12. Weight reducing for two wear criteria [VB] 

=0.4 mm and 0.6 mm (f=0.08 mm/rev, ap=0.5 mm) 

 

 

 
d) 

 

 

 
c) 

 

 

 

 

b) 

a) 
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3.4 Microscopic analysis of chips 

For each cutting speed, microscopic observations of 

chips produced during machining were made. The 
aim of this experimental analysis is to be able to 

compare the mechanisms of chip formation during 

cutting operations. 

Figures 13, 14, 15 and 16 represent the observation of 
the morphology of the chips; this observation is 

carried out on an optical microscope of the CMM 

type, equipped with a CCD camera. 
 

 
t = 6 min t = 48 min t = 90 min 

Fig. 13. Chip morphology  (Vc = 380 m/min, f =0. 08 
mm/rev, and ap=0.5 mm) 

 

 
t = 18 min t = 32 min t =  56 min 
Fig. 14. Chip morphology (Vc = 620 m/min, f =0.08 

mm/rev, and ap=0.5 mm) 

 

 
t = 4 min t = 34 min t = 48 min 

Fig. 15. Chip morphology (Vc = 760 m/min, f =0. 08 

mm/rev, and ap=0.5 mm) 

 

 
t =  3 min t = 10 min t = 16min 

Fig. 16. Chip morphology (Vc = 1100 m/min, f =0.08 

mm/rev, and ap=0.5 mm) 
 

The study of the morphology of the chips at the 

microscopic scale is carried out following 

conventional cutting tests. This chip morphology 
varies essentially as a function of the speed and the 

cutting time. Three forms of chips were observed: 

continuous, discontinuous (segmented) or detached 

(elementary chips). 
Figures 13, 14, 15 and 16 provide the microscopic 

visualization of the chips produced when turning 

AISI T1 steel using a tungsten carbide cutting tool. 

The images record different types of chips generated 
according to different cutting speeds after different 

machining times. 

The chips formed showed minimal plastic 
deformation. It was found that with continuous 

contact between the tool and workpiece and during 

the increase in machining time, the chips formed 
were more tense and continuous. The chip 

morphology confirms the formation of saw-tooth type 

chips with severe serration due to the cyclic 

propagation of cracks caused by plastic deformation. 
Continuous chips resulted in higher abrasive forces 

on the cutting tool. However, the chips formed during 

the process produced reaction forces on the face of 
the tool wich reduced the tool life. Staining in chip 

color is also observed due to a high surface 

temperature.  
Chip analysis shows that cutting speed and cutting 

time have a significant influence on chip 

morphology. Certainly, turning AISI T1 steel at low 

speed makes it possible to obtain continuous chips, 
this continuity is due to plastic deformation in the 

shear zones. It should be noted that with the increase 

in the cutting speed (V = 1100 m/min), the chip 
thickness is more and more scalloped. This means 

that it takes with time, the form of the saw teeth due 

to cyclic cracking by creating shear bands very 

intense. There is also variation in the color of the 
chips due to the high surface temperature. 

 

3.5 Effects of wear on roughness 
The curves of Figures 17 (a), (b), (c) and (d) illustrate 

the variation in the surface roughness as a function of 

the cutting time, for cutting speeds of 380 m/min; 620 
m/min; 760 m/min and 1100 m/min successively.  

After each pass, and with the four cutting speeds, the 

roughness of the machined surfaces is measured 

using a roughness meter. 
The analysis of the curves representing the surface 

roughness as a function of the cutting time leads to 

the conclusion that at cutting speeds of 380, 620 m/ 
min the roughness of the surface remains almost 

stable at first time, then it is slowly increases after a 

cutting time (60 min using a cutting speed of 380 
m/min and 20 min using a cutting speed of 620 

m/min). 

On other hand, for cutting speeds of 760 m/min and 

1100 m/min, the surface roughness increases 
significantly during the cutting operation. Roughness 

values with these cutting speeds are important after 

the last two passes. 
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Fig. 17. Roughness as a function of time 

(f=0.08mm/rev, ap=0.5mm) (a) Vc=380m/min;  (b) 

Vc=620m/min;  (c) Vc=760m/min;  (d) Vc=1100 

m/min 

 

By linking Figures 17 (a), (b), (c) and (d) with Figure 

9, it is concluded that the increase in the flank wear 

VB produces a degradation of the quality of the 
machined surface. 

It should be noted here that, while the flank wear is 

regular and does not exceed the value VB = 0.4 mm, 

the surface roughness (in particular the criteria Ra 
and Rz) changes very slowly and the surface quality 

remains appreciable. 

Indeed, the Ra values recorded does not exceed the 
value of 3 μm for the different cutting speeds tested. 

Beyond this value of VB the surface roughness 

undergoes a relative increase. Therefore, increased 
flank wear VB leads to a damage of the facets surface 

and cutting edges of the tool, which leads to a 

deterioration of the machined surface quality. 

Analysis of the results shows that the roughness value 
(Ra, Rz) is not stable and not uniform during cutting. 

This instability is closely related to the flank wear. It 

can therefore be said that the damage to the facets 
surface of and cutting edges leads to a degradation of 

the machined surface. 

The analysis of the curves also shows that the insert 
used ensures a good finish of the machined surface 

after a long machining time. 

With a cutting speed of 760 m/min and after a cutting 

time of 4 min the roughness value (Ra) did not exceed 
the value of 1μm, likewise, with a higher cutting 

speed Vc = 1100 m/min and after a time of 3 min the 

roughness value (Ra) did not exceed the value of 1 
μm. 

In fact, a higher cutting speed leads to an acceleration 

of wear and consequently an increase in the value of 

the roughness, this result in the abrasion effect due to 
the contact between the tools and the part and the 

increase in the cutting temperature at the tool-chip 

workpiece interface. 
 

4. CONCLUSIONS 

 
This research work investigated the influence of 

cutting speed on the life of tungsten carbide turning 

insrts when dry turning AISI T1 steel. The microscopic 

analysis of VB wear shows that the most distinguished 
wear phenomenon is abrasive wear, which is 

characterized by the appearance of grooves on the 

flank of the tool, due to the friction of the machined 
surfaces with the surfaces of the active part of the tool. 

Therefore, the speed range of [380-760] m/min can be 

considered as an optimal operating range (long tool 
life) of tungsten carbide tools when machining AISI 

T1 steel. The high cutting speed of around 1100 m/min 

is not recommended due to the rapid wear of the tool, 

resulting in too short a tool life. 
The performance of the cutting turning inserts during 

dry turning of AISI T1 steel was examined, the wear 

clearance of the tool face VB for each cutting speed 
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is modified by varying the cutting time, indeed; The 

monitoring of the values of the roughness of the 

machined surfaces and the analysis of the chips 
morphology showed that an increase in the level of 

chips segmentation due to a local change in the insert 

geometry. This change related to the tool wear. The 

monitoring of wear, the surface roughness and the 
chips morphology made it possible to identify the 

wear mechanisms and the tool life. 
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