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ABSTRACT: The objective of this experimental study is to evaluate the performance of three 

tool materials (mixed ceramic (CC650), PVD-coated carbide tool (GC1025) and CVD-coated 

carbide tool (GC4015)) during hard turning process of bearing steel 100Cr6 (66HRC) under 

dry environment. To do this, long-term tests used out to determine the tools life, productivity 

and machined surface quality in relationship with variation of the cutting speed and feed. The 

admissible parametric of cutting conditions has been obtained in order to reach a compromise 

tool life, its productivity and machined surface quality of part. Results showed that cutting 

speed is the most important factor affecting tool life but surface roughness was mainly 

influended by feed. Second order regression models was developed to find out the relationships 

between cutting speed and tools life time in the one hand and the correlation between tools life 

time and feed rate on the other hand. The results were compared to the litterature. For 

comparative study, the results showed that ceramic tool has been characterized by a good 

productivity and better surface quality compared to PVD-coated  carbide tool. The latter was in 

turn more efficient than CVD coated carbide tool, which beyond the cutting speed 75 m/min was 

unproductive 
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1 INTRODUCTION  

Today, hard turning is a manufacturing process 

of mechanical by chip removal which has several 

advantages over grinding process,  such as: cost 

reduction and increased productivity and signifi-

cant ecological advantage when we working with-

out fluid. Reliability of this process has recom-

mended an evolution of cutting tools (from un-

coated carbide to coated carbide then ceramic up to 

extra-hard tools, such as CBN or PCBN), as well as 

the machine tools that have become more stable and 

more efficient. Choice of cutting tool grade 

appropriate to this process is based on opti-mizing 

the quality, cost and productivity. Econom-ically, 

short cycle time in hard turning compared to 

grinding reflected the significant reduction in the 

fixed costs of manufacturing. Control of these gains 

requires an optimization of the machining 

conditions which is the object of several research-es 

study. 

Cutting tool wear in hard machining is a com-

plex phenomenon that directly affects workpieces 

quality manufactured as well as productivity. 

Therefore, study and control of this technological 

parameter is primary during investigations of the 

materials machinability. 

Attanasio et al. (2012) found that wear rate of 

the CBN tool during hard machining of AISI 52100 

steel is influenced by cutting speed and feed rate. 

They add that flank wear is more influ-enced by 

cutting speed. This is due to cutting tem-perature 

increase at high speeds maked by intense friction 

between tool and workpiece. This has been 

confirmed by (Bapat et al. 2015; Hosseini et al. 

2014) found that increasing the cutting speed from 

30 to 260 m/min leads to  increase in cutting 

temperature from 510 to 850 °C when use a fresh 

tool and from 540 to 920 °C with worn tool. 

Benchiheub and Boulanouar (2007) confirmed that 

tool wear is more influenced by cutting speed 

followed by feed and depth, while Sahin (2009) 

found that CBN tool life is influenced by cutting 

speed followed by tool hardness then feed rate. 

Kumar and Patel (2017) found that during hard 

machining of AISI 52100 with AlTiN coated tools 

the hardness of the coated tools increase with in-

creasing thickness of the AlTiN coating layer. 

Benga and Abrao (2003) found that toollife of 

ceramic or PCBN during hard machining of AISI 

52100 is greatly influenced by cutting speed, and in 

addition PCBN toollife is longer than ceramics. 

These same results were found by (Motorcu 2011; 

Khamel et al. 2012). Ceramic tools are less pro-

ductive compared to CBNs (Poulachon et al. 2001) 

have indicated that use of TiN-coated PCBN 

reduces diffusion wear between workpiece and tool, 

resulting in improved tool life. They also reported 
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that life of CBN tool during machining of AISI 

52100 depends significantly on cutting pa-rameters 

and workpiece hardness. For this pur-pose, they 

proposed a predict model, while specifying that 

piece hardness is less influential than cutting speed 

(Motorcu, 2011). Main wear mechanisms of CBN 

tool found during hard machining of AISI 52100 are 

abrasion, adhesion and diffusion (Yong and Steven 

2005). Khamel et al. (2012) found that life of CBN 

tool during turning of AISI 52100 is influenced by 

the cutting parameters, so increasing cutting speed, 

feed and depth of cut by the double leads to a 

reduction in the toollife by 59.14%, 16.02% and 

2.16% respectively. Singh and Rao (2010) found 

that wear mechanisms predominant of mixed 

ceramic tool are abrasion and adhesion. They also 

indicate that abrasive wear decreases at high cutting 

speeds while adhesion and diffusion wear increases. 

According to (Singh and Rao 2010), increase of 

cutting speed, feedrate and effective rake angle has 

a negative effect on tool wear. However, a slightly 

decreasing of wear with the increase in nose radius. 

Yallese et al. (2009) found that hard machining of 

AISI 52100 by CBN becomes unproductive when 

cutting speed exceeded 280 m/min. This is due to 

intensive increase in tool wear rate. Abidi et al. 

(2018) reported that when machining with mixed 

ceramic, cutting speed effect is relatively greater 

than feed and dominant wear mechanism is 

abrasion. In recent research, Panda et al. (2019) 

concluded that the TiN coated tool is a 

demonstrated better approach in escalating optimal 

efficacy and limiting the cost when hard turning of 

bearing steel. 

Since surface quality is an essential functional 

characteristic of piece mechanical, several 

investigations have been conducted on study of 

surface roughness during machining of hardened 

AISI 52100 steel. Surface roughness is influenced 

by the friction coefficient and wear mechanisms 

(Kumar and Patel 2017). When hard machining 

AISI 52100 steel with a CBN tool, feed rate is the 

predominant factor on the machined surface quality 

while the depth has an insignificant influence 

(Bouacha et al. 2010; Meddour et al. 2015). The 

same result was found using a ceramic cutting tool 

(Abidi et al. 2018). 

The best surface quality generated with mixed 

ceramic cutting tool has been achieved with low 

feed rates and wide nose radius. It should also be 

noted that tool wear has a considerable influence on 

surface roughness (Yallese et al. 2009). In another 

similar study (Singh and Rao 2010), during hard 

machining of AISI 52100 with mixed ceramic tool, 

it was found that surface roughness is influenced 

primarily by feed rate followed by nose radius then 

cutting speed and finally rake angle. Also, Karthik 

et al. (2020) have been found in dry hard turning of 

bearing steel using CBN insert that feed is the most 

influencing and dominant parameter for the 

improvement of surface roughness. Contrary to 

these results, Alok and Das (2019) found that the 

most significant factor on surface roughness is the 

cutting speed followed by feed. 

Many other studies have investigated on  

machining parameters effect (cutting speed, feed 

rate, depth of cut, workpiece hardness and nose 

radius) on wear behavior of the cutting tool and 

machined surface roughness during hard machining 

of other steel grades, such as 4340, 4140, 1045, 

1050, H11, H13, D2, D3, 420 ... , according to AISI 

norm, using coated carbide, ceramic and CBN 

cutting tools. Overall, it has been found that wear is 

greatly influenced by cutting speed (Varaprasad et 

al. 2014; Azizi et al. 2020; Gaitonde et al. 2009; 

Mir and Wani 2018; Rathod and Lalwani 2017; 

O¨zel and Karpat 2005; Sahoo and Sahoon 2012; 

Chinchanikar and Choudhury 2013; Das et al. 2014; 

Basil et al. 2014), while for surface roughness, feed 

rate is the most influential factor (Abidi et 

Boulanouar 2017; Boy et al. 2016; Yurtkuran et al. 

2016; Agrawal et al. 2015; Rajeev et al. 2016; Zerti 

et al. 2017). The forms of removed chip will give 

interesting indicators of machined surface quality 

(Abidi 2020).  

The use of MQL (Minimum Quantity 

Lubrication) in hard machining using coated carbide 

tools gave a better performance compared to dry 

hard machining process (Chowdhury and Dhar 

2011). 

This work is an experimental study that 

expresses the relationship between cutting tools 

wear and machined surface roughness of 100Cr6 

steel hardened at 66 HRC during dry turning. Three 

grade of tools were used (mixed ceramic 

70%Al2O3+30%TiC, coated carbide of TiAlNTiN 

and coated carbide TiCN-Al2O3-TiN). It will take 

into account the comparison between results. Which 

translates to tool choose for best combinations 

target: machining quality and tool life. 

 

2 EXPERIMENTAL PROCEDURE 

Bearing steel AISI 52100 (100Cr6 according to 

DIN) characterized by an important quenching 

ability and good resistance to wear. It’s extremely 

popular in rolling element bearing manufacture. The 

chemical composition identified by an optical 

emission spectrometer (Thermo Scientific ARL 

4460) is illustrated in Table 1. Hardening of the 

material has been achieved on a round bar blank of 

130 mm diameter and 360 mm length by quenching 
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from 850 °C in oil bath (it is the temperature when 

martensitic structure is formed) and then tempering 

at 200 °C for 2 hours (process of shaping the 

retained austenite according to the desirable 

properties of the final product). The heat treatment 

has been conducted using an electric oven type 

WOT 9703- 457 404 with maximum heating 

temperature of 1600 °C. Hardness values which are 

the most important characteristic have reached 66 ± 

1HRC after tempering; it measured with a Hardness 

Testing HLM-100 Plus. 

2.1 Cutting inserts 

Three types of eight square working edges 

removable cutting inserts of the designation SNGN 

120408 have been used for the present work. These 

are mixed alumina ceramic tool, PVD coated 

carbide tool and CVD coated carbide tool. The first 

was a mixed ceramic tool  made of alumina with an 

addition of titanium carbide (70% Al2O3 + 30% 

TiC), which is designated by CC650 (Sandvik 

make), it’s recommended for finishing operations in 

hardened steel and hardened cast iron. It is 

characterized by its good thermal properties. The 

other insert was coated carbide insert ISO grade P25 

designated as GC1025 (Sandvik make) is a physical 

vapour deposition coated with layer (TIAlN/TiN) at 

4 μm thickness, with a very fine grained substrate. It 

is tenacious and wear resistant insert. The last one 

was coated carbide insert ISO grade P15 designated 

as GC4015 (Sandvik make) is a chemical vapour 

deposition coated with several layer (TiCN, Al2O3 

and TiN) at 14 μm thickness. The three layers of 

coatings on cemented carbide substrate are of TiCN 

base layer, Al2O3 middle layer and TiN top layer. 

GC4015 insert is characterised by a very good wear 

resistance and extremely good behavior in dry 

machining. Inserts are mounted on a tool holder 

PSBNR2525M12 of the following geometry: χr = 

75°; α = 6°; γ = -6°; λ = -6°. The choice of these 

inserts type is supported by the literature, whose 

Sarjana et al. (2020) concluded that cermet cutting 

tools, uncoated and PVD-Coated, can be 

recommended for light or finish turning of hardened 

alloy steel but this requires to specifying the cutting 

parameters limits. 

2.2 Measuring instrument 

A CCD camera equipped optical microscope 

type HUND (W-AD) has been used to measure 

wear in cutting tools. Computer image analyses 

have been completed using Motic 2000 software. 

Meanwhile, a Surftest 301 Mitutoyo roughness 

meter has been employed to measure roughness on 

the machined surface (Fig. 1). 

2.3 Cutting conditions 

Machining has been performed in dry conditions 

on a SN40 parallel Lathe with a spindle power of 

6.6 kW and a maximum rotational speed of 2000 

rev/min. The blank has been mounted in between 

chuck and centre. The experimentation tests 

consisted in determining the wear of the cutting 

tools and surface roughness associate. Roughness 

measurements were directly obtained on the same 

lathe without disassembling the turned part in order 

to reduce uncertainties due to resumption 

operations. Tests have been conducted using uni-

factorial experiment plan where the cutting speed 

and feed rate have been varied while the depth of 

cut (a) is maintained constant at 0.3mm. A new 

cutting edge was used for each experimental run. 

Table 2 summarizes the cutting conditions for tool 

lifetime investigation. The lifetime is assigned to 

the evolution of flank wear of the tools cutting edge. 

This evolution is obtained by first increasing the 

cutting speed and fixing the feed rate constant. The 

cutting parameters have chosen according to 

literature corresponding to a convenient for long 

tools life. 

Table 1. Table 1 Chemical composition of grade 

100Cr6 steel in weight %, Fe balance 

Element C Mn Si Ni Cr V Mo 

Compositio

n 
0.940 0.277 0.265 0.175 1.444 0.004 0.058 

 

 

Fig. 1 Materials of the experiment 

 

3 RESULTS AND DISCUSSION 

3.1 Tools life analysis 

The effect of cutting speed on tools wear 

(CC650, GC1025 and GC4015) during hard turning 

of 100Cr6 steel are shown in Fig. 2. At feed rate 

and depth of cut equal to 0.08 mm/rev and 0.3 mm 

respectively, flank wear increases with cutting 

speed increased. Tool wear still limited at 0.3 mm 

level correspond to admissible flank wear [VB] = 

0.3 mm (as per ISO 3685 standard). 
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Ceramic has shown the ability to hard turning 

100Cr6 (66 HRC) at higher cutting speeds from 140 

to 280 m/min explained by the interesting tool 

lifetimes of 35 to 16 min making a very good wear 

resistance compared to other tools of the 

experience. This result agree to result found by 

Saikaew et al. (2020). 
Table 2. Uni-factorial plan for tools wear 

investigation and surface investigation (Depth of cut a 

= 0.3 mm) 

Insert Index 

Cutting 

speed V 

(m/min) 

Feed rate f  (mm/rev) 

GC4015 - 50 0.08 

GC4015 - 75 0.08 

GC4015 - 100 0.08 

CC650 ; 

GC1025 
1 ; 2 140 0.08 

CC650 ; 

GC1025 
1 ; 2 200 0.08 0.12 0.16 

0.22 

CC650 ; 

GC1025 
1 ; 2 280 0.08 

 

 

Fig. 2 Effect of cutting speed on tools flank wear when 

turning of hardened steel 100Cr6 (f = 0.08 mm/rev 

and a = 0.3 mm) 

 

Coated carbide tool GC4015 type showed its 

functional limit at the 100 m/min cutting speed. 

Indeed, it suffered a catastrophic rupture in its 

cutting edge. This result is different from that found 

by Panda et al. (2018a) which were analyzed of 

wear of comparable tool during hard turning of 

100Cr6 steel (55HRC) where they found that tool 

resist beyond 190 m/min cutting speed. So, we 

conclude that workpiece hardness have an important 

impact on the admissible machining cutting speed. 

As for the GC 1025 type, it becomes relatively 

unproductive for cutting speeds exceeding 280 

m/min but tool have a remarkable wear resistance at 

cutting speeds 140 and 200 m/min. 

Fig. 3 shows that tool life is much more 

pronounced for mixed ceramic (CC650) for cutting 

speeds of 140 m/min compared to other tool grades. 

Increasing cutting speed from 140 to 280 m/min 

reduces mixed ceramic tool life from 35 to 16 min. 

In other words, increasing cutting speed of 100% 

leads to 54% reduction in toollife. 

 
Fig. 3 Relationship between tool life of different 

grades and cutting speeds (V) while hard turning of 

100Cr6 (f = 0.08 mm/rev, a = 0.3 mm) 

For  coated carbide tool (GC1025 type), 

increasing cutting speed from 140 to 280 m/min 

results in a reduction in toollife from 25 to 4 min, 

which means that increase of cutting speed by 100% 

leads to a reduced GC1025 toollife by 84%. 

Comparing the lifetimes between CC650 and 

GC1025 tools, we record that at cutting speed equal 

to 140 m/min, life time of CC650 equivalent to 1.4 

times of GC1025 toollife but this gap become 

important when cutting speed increases to 280 

m/min and equivalent to 3.82 times. Otherwise, 

capabilities of GC4015 cutting tool are limited to 

cutting speeds below 100 m/min. Indeed, an 

increase in cutting speed from 50 to 100 m/min 

leads to reduction in the tool life from 21 to 0.7 

min. In other words, by increasing cutting speed 

twice, tool life drops by 97%. 

Productivity is an important indicator that 

economically conditions the use of tool; it is defined 

by the volume of workpiece material removal 

during the machining time. The corresponding 

engineering expression is given in (1) : 

            (1) 

With:  , Volume of material removal in (cm
3
) 

and  , machining time in (min). 

The volume of material removed when turning 

the 100Cr6 steel during the toollife for each insert 

edge which is correspond to a cutting condition are 

shown in Fig. 4. Productivity is more significant 

during the use CC650 and GC1025 insert. While, 

the use of GC4015 in turning of 100Cr6 steel 

(66HRC) is not productively beneficial. So, for the 

rest of investigation we continue the comparative 

analysis only between the CC650 and GC1025 
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Fig. 4 Material removed during tools life at different 

cutting speeds while hard turning of 100Cr6 (f = 0.08 

mm/rev, a = 0.3 mm) 

The effect of feed rate on the tools wear GC1025 

and CC650 are shown in Figs. 5 and 7 respectively 

(cutting speed and depth are kept constant, V = 200 

m/min and a = 0.3 mm). Increasing feed leads to 

degradation of the active part of tool (flank wear 

VB). 

From Fig. 5, we remark that increasing feed 

from 0.08 to 0.22 mm/rev (equivalent to 2.75 times) 

led to reduction in the GC1025 toollife from 17 to 

4.5 min (equivalent to 0.73 times) (see Fig. 6). 

Toollife reduction is more important when feed 

increased from 0.08 to 0.16 mm/rev than during 

feed increased from 0.16 to 0.22 mm/rev. This last 

remark is valid for the two tools CC650 and 

GC1025. 

 

Fig. 5 Effect of feed rate on flank wear in coated 

carbide insert (GC1025) when finish turning of 

hardened steel AISI 52100 (V = 200 m/min and a= 0.3 

mm) 

 

Analyze the results shown on Fig. 7, we noted 

that increasing the feed by 2.75 times leads to 

reduction in the toollife by 0.29 times (Fig. 6). It’s 

remarkable that feed effect on GC1025 wear is 

more significant than on CC650 wear. Referencing 

to Figs. 2 and 5, it should be noted that effect of 

cutting speed on tools life is more significant than 

that of feed. This result is clearly shown in Table 3. 

This is explained by decrease in the hot resistance 

of the tools due to the rise in temperature at high 

cutting speeds. It also results that mixed ceramic 

tool CC650 is more wear-resistant than coated 

carbide GC1025 supported by its better thermal 

conductivity. 

 

Fig. 6 Relationship between toollife and feed rate (f) 

while hard turning of 100Cr6 with CC650 and 

GC1025 inserts (V = 200 m/min, a = 0.3 mm) 

 

 

Fig. 7 Effect of feed rate on flank wear in mixed 

ceramics (CC650) when finish turning of hardened 

steel 100Cr6 (V = 200 m/min and a= 0.3 mm) 

 
Table 3. Effect of cutting speed and feed rate on 

lifetime degradation of CC650 and GC1025 tools 

Cutting speed 

(V) 

Feed rate 

(f) 

Degradation Rate of 

T 

CC650 GC1025 

140 to 280 

(Increasing rate 

100%) 

0.08 -55% -84% 

200 

0.08 to 0.22 

Increasing rate 

175% 

-29% -73% 

 

3.2 Tools life model 

The lifetime of tools CC650 and GC1025 are 

presented in Table 4. Multiple second order 

regression equation has been implemented at 95% 

confidence level to obtain the correlation between 
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the lifetime T in (min) of tools CC650 and GC1025 

(indexed by I = 1 and I = 2 respectively) and the 

cutting speed (V) are expressed by (2),  

                                 
(2) 

With the determination coefficient R
2
=99.9%, (f 

= 0.08 mm/rev and a = 0.3). 

The regression model which given the 

correlation between lifetime of tools and feed rate 

(cutting speed and depth are constants), obtained by 

(3), 

                         (3) 

With R
2
=98.1%, (V = 200 m/min and a = 0.3 

mm). 

The values of R
2
 are very acceptable, confirming 

the suitability of the multiple regression equations. 

. Table 4. Experimental lifetime results of CC650 

and GC1025 tools 

Tool 
Index 

I 

Cutting Speed 

when f = 0.08 

Feed rate when V = 

200 

140 200 280 0.08 0.12 0.6 0.22 

CC650 0.369 34.61 27.91 15.71 27.91 25.03 22.23 20.34 

GC1025 0.161 24.8 16.91 4.11 16.91 11.72 5.9 4.56 

The validation of data obtained from models (2) 

and (3), are given by the average percentage error 

for second order models of Toollife (T) which were 

respectively 2.69% and 9.2%. The percentage error 

was presented on Table 5 and 6. 

Table 5. Predicted values and their percentage error 

for T (V: variable, f = 0.08 mm/rev and a = 0.3mm) 

V I 
Experimental 

Value T(min) 

Predicted 2
nd

 

order model 

Value 

% Error in 

value predicted 

140 1 34.61 38.10 -1.42 

200 1 27.91 27.8 0.39 

280 1 15.71 15.28 2.70 

140 2 24.8 24.30 2.00 

200 2 16.91 17 -0.53 

280 2 4.11 4.48 -9.11 

Average percentage error = 2.69 %. 

Table 6. Predicted values and their percentage error 

for T (f: variable, V = 200 m/min and a = 0.3mm) 

f I 
Experimental 

Value T(min) 

Predicted 2
nd

 

order model 

Value 

% Error in 

value predicted 

0.08 1 27.91 29.69 -6.4 

0.12 1 25.03 24.91 0.46 

0.16 1 22.23 21.60 2.80 

0.22 1 20.34 19.42 4.52 

0.08 2 16.91 15.59 7.76 

0.12 2 11.72 10.81 7.74 

0.16 2 5.9 7.50 27.24 

0.22 2 4.56 5.32 16.68 

Average percentage error = 9.2 % 

3.3 Analysis of tools wear morpholog 

Morphology of cutting tools wear under cutting 

speeds effect is illustrated in Figure 8. For the 

mixed ceramic CC650, the dominant wear 

mechanism is abrasion characterized by streaks 

resulting from aggressive friction between the 

detached particles of the tool (Al2O3 and TiC) 

which act as a third particle and the hardened 

material (100Cr6) which is in turn very aggressive. 

The same result is found by Panda et al. (2018b) 

and Abidi (2021), and explained by the presence of 

a thermal barrier of the ceramic tool that prevents 

degradation of the cutting edge by diffusion caused 

mainly by aluminum oxide. 

For coated carbide GC4015, it can be seen that 

at the cutting speeds 50 and 75 m/min, coating layer 

(14 μm) of TiN-Al2O3-TiCN removed after the first 

30 seconds of machining, whereas at cutting speed 

100 m/min, it extracted for the first 10 seconds. 

This means that beyond this machining time the 

substrate will be in direct contact with chip and 

workpiece. Researchers have showed that CVD 

coating process is characterized by the formation of 

a brittle phase between the coating and the substrate 

which increases the probability of micro-fractures in 

this zone (Vereschaka et al. 2014). Dominant 

mechanism of wear is the diffusion caused by the 

important temperature flow that is generated by the 

high friction during cutting in additional to the low 

thermal conductivity of tool (Rajaguru and 

Arunachalam 2017; Nassef 2015). So the use of 

GC4015 is unfavorable for turning of 100Cr6 

(66HRC), this is agreed with literature (De Lima 

2007). 

For the coated carbide insert GC1025, the  

coating layer TIAlN / TiN (4 μm) is removed during 

the first 30 seconds, then the P25-M15 grade 

substrate will come in contact with chip and 

workpiece. In wear limit where [VB] = 0.3 mm, a 

flaking of  cutting edge where we clearly see strong 

streaks showing agressives abrasion wear and 

diffusion wear in addition a chipping. 

3.4 Correlation between tools life and 

surface roughness  

As cutting tool life is an important technological 

characteristic required when performing any 

machining operation, the quality of machined 

surface is also a highly recommended characteristic. 

Consequently, the twinning investigation of these 

two characteristics is a great industrial and scientific 

interest. For this purpose, a study on machined 

surface roughness was also conducted. 

Fig. 9 shows evolution of machined surface 
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roughness that is recorded during cutting tools 

life at different cutting speeds with feed and depth 

equal to 0.08 mm/rev and 0.3 mm respectively. 

Arithmetic average of absolute roughness values Ra 

(μm) recorded during hard machining of 100Cr6 

with coated carbide insert (GC4015) are relatively 

high. Indeed, for cutting speed 50 m/min, they vary 

between 0.8 and 9 μm, whereas for V = 75 m/min 

and 100 m/min, they vary respectively between (4 

to 6) and (3 to 6) μm. So, results show that with the 

increase of the cutting speed the quality of the 

surface improves. 

 

 

Mixed 

ceramic 

Tool 

(CC650) 

 

V = 140 m/min ;  

t = 35 min 

 

V = 200 m/min ;  

t = 29 min 

V = 280 m/min ;  

t = 18 min 

   

Coated 

carbide 

tool 

(GC4015) 

V = 50 m/min ;  

t = 22 min 

V = 75 m/min ;  

t = 21 min 

V = 100 m/min ;  

t = 1.5 min 

   

Coated 

carbide 

tool 

(GC1025) 

V = 140 m/min ;  

t = 17 min 

V = 200 m/min ;  

t = 7 min 

V = 280 m/min ;  

t = 7 min 

   

 

Fig. 8 Morphology of flank wear of the cutting tools (CC650, GC4015 and GC1025) according to the cutting 

speed (f = 0.08 mm/rev, a = 0.3 mm) 

 

The machining with coated carbide insert 

GC1025, surface roughness varies from 1.13 to 8.15 

μm when cutting speed V= 140 m/min and from 1.06 

to 6.3 μm when cutting speed V= 200 m/min, while 

for V= 280 m/min, surface roughness has undergone a 

considerable reduction (0.95 à 1.35) μm. 

Machining with mixed ceramic CC650, in 

addition to its good wear resistance compared to 

other two tested grades mentioned above (GC1025 

and GC4015), gave highly competitive roughness 

results (better quality). Indeed, surface roughness 

values range between 0.66 and 1.14 μm when cutting 

speed equal 140 m/min, (0.74 to 1.2) μm when speed 

200 m/min and (0.77 to 1.9) μm for  speed 280 

m/min. It should be noted in this case that a slight 

increase in roughness  observed with increasing 

cutting speed, this is probably due to intensive wear 

on the one hand and vibrations caused by high speeds 

(280 m/min) on the other hand. This finding has also 

been confirmed by Abidi et al. (2018). 
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Fig. 9 Evolution of Tools lifetime and machined surface 

roughness as a function of cutting speed (f = 0.08 

mm/rev and a = 0.3 mm) 

 

4 CONCLUSIONS 

This work is a comparative study of technological 

parameters such as tool wear and machined surface 

roughness during dry turning of hardened 100Cr6 (66 

HRC) steel using mixed ceramic tool (CC650), PVD 

coated carbide insert (GC1025) and CVD coated 

carbide insert (GC4015). The objective is to 

determine effect of the cutting parameters on the 

tools lifetime in contribution with machined surface 

quality. The main conclusions are : 

 Mixed ceramic composite tool Al2O3+TIC was 

more suitable for hard turning of very hard steels 

than coated carbide. 

 The mixed ceramic composite exhibit less abrasive 

wear than coated carbide under dry hard turning of 

steels. 

 For depth a = 0.3 mm and feed f = 0.08 mm/rev, the 

best productivity (which corresponds to the 

important volume of material removed) using 

CC650 or GC1025 inserts corresponding to the 

cutting speed V = 200 and V = 140 m/min 

respectively, while for GC4015 it corresponds to 

the cutting speed V = 75 m/min. 

 In comparison between different inserts grade 

productivity performance, the best is recorded for 

CC650 followed by GC1025 then by GC4015. 

The volume of material removed using CC650 

equal to 165% of volume removed by GC1025 

which in turn equal to 252% of the volume 

removed by the GC4015. 

 Better surface quality is recorded when using the 

ceramic CC650. 

 Using coated carbide insert GC4015 in hard turning 

of AISI 52100 (66HRC) steel, optimum cutting 

speed is V = 75 m/min which makes to achieve 

N9-N10 class surface qualities according to ISO 

8503 standard. 

 Using coated carbide insert GC1025 has shown 

good wear resistance for cutting speeds up to 200 

m/min, but beyond this speed the machining 

becomes unproductive. 

 Using of GC1025, surface qualities obtain 

correspond to N7-N9 class. 

 To use mixed ceramic offers surface qualities 

competitive to the grinding whose roughness is 

lower than N7 class. 

 At high cutting speeds, GC1025 tool substrate 

showed better wear resistance compared with 

GC4015 tool substrate. 

 The regression models was effective to provide 

appropriate cutting conditions like speed, feed and 

tools grade for evaluating the highly correlated 

response which is tool life. 
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