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This manuscript addresses the machining performance 
between multilayered PVD- & CVD-coated-carbide inserts in 
severe dry turning of AISI-4340 alloy. Three machining factors 
and three-level factorial experimental patterns (by Taguchi´s L9 
OA method) were applied here. The analytical investigation of 
the variance was applied for each experiment for the purpose 
of studying the impact of these cutting factors on turning 
inserts. Flank wear of the tool was estimated using the optical 
microscope & surface roughness was determined in terms of Ra 
factor by using mobile roughness tester. The obtained 
experimental results revealed that, for surface roughness the 
feed rate was found more significant factor followed by cutting 
speed on both coated-carbide tools. However, for flank wear the 
cutting velocity was found more significant, followed by feed 
rate on both coated-carbide tools. A better surface finish was 
observed on PVD-coated insert at low and medium velocities; 
but, with the increasing speed the CVD-coated tool shows better 
surface smoothness. The obtained results also confirmed that 
more mechanical wear occurs on the PVD-coated insert with 
compared to CVD-coated insert when operating under the same 
cutting and environmental conditions. Thus, under higher 
machining velocity, the CVD-coated insert has shown less wear 
with compared to PVD-coated tool during high load turning 
process, due to which it is generally more preferred for practical 
applications. 
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1.0 INTRODUCTION 
Presently, hardened steels have found tremendous applications in automobile parts, 

mechanical tools and die machinery because of its high requirement for good accuracy to achieve 
quality performances. In hard turning the cutting force, the temperature distribution in the 
cutting region, surface texture, tool wear and chip development have great importance in the 
research area for the enhancement of machining quality. The tool life may be affected by many 
kinds of cutting factors (like crater wear, abrasive wear, built-up-edge, cutting depth and nose 
wear, etc.) in high load (high temperature) turning processes.  

Nowadays, in metal cutting industries coated-hard metals have found a tremendous impact on 
tool life and brought a great increase in productivity (Soderberg et al., 2001). Commonly, in 
comparison to high-speed steel, the different grades of carbide material are commonly used as 
cutting tools in manufacturing industries due to their excellent mechanical properties (Haron et 
al., 2001). Cemented carbides are being also used in various temperature resistance applications 
and are practically compatible to all types of hard coatings achieved through physically vapor 
deposition (PVD), and chemically vapor deposition (CVD) processes (Armarego et al., 2002). The 
important properties of coated-turning devices (like compatibility and resistance to wear) 
depend on combined properties of the substrate-coating system. Thus, if a hard synthetic coating 
is deposited on a softer material than this combination gives us insufficient mechanical and 
tribological features (Smith, 1989).  

Further, to enhance the practical applications of machining tools, the PVD and CVD deposited 
hard coatings are being continuously used in today’s modern science. Mostly ceramic tools (such 
as Al2O3 and SiC) have lower fracture toughness and possess high-temperature strength in 
comparison to that of conventional carbide tools. Depositing single-layered- or multilayered-
coatings on conventional tools can improve their machining performance in turning of harder 
composites under tough mechanical conditions (Cho & Komvopoulos, 1997). Due to their high 
hardness, the existence of minimum residual stress, resistant to oxidation and minimum thermal 
conductivity the (Ti-Al) N coatings are also beneficial in turning of tough materials at higher 
speeds and under dry atmosphere (PalDey & Deevi, 2003). Commonly, the uncovered carbide 
inserts show more uniform flank wear than that of the TiN-covered carbide devices during cutting 
of tough AISI-H13 material under varying parameters of turning speed, feed & cutting depth 
(Ghani, 2004). However, the machining performance is affected by machining factors, tool end 
design and toughness of job. In this aspect, using a small edge radius tool and lower hardness 
workpiece resulted in lower tangential and radial forces during hard machining (Ozel et al., 2005). 
However, for severe industrial processes (such as, at high speed/load cutting), depositing hard 
coatings on cutting tools can improve their performance (Kim et al., 2005). The results of 
experimental work using multilayered/CVD coated-carbide inserts during non-wetting 
machining of AISI (304 & 316) materials were also presented here. It has been noticed that with 
the rise in turning velocity, the roughness factor value was decremented before the lowest value 
is obtained after which it can increase (Ciftci, 2006). Different techniques were adopted presently 
to synthesize surface textures of micro or nano scale on many types of substrates (Nurul Aida et 
al., 2020).   

This has also been observed that polished synthetic diamond-coated tools have shown less 
wear and improved tool durability against with rough diamond-covered surfaces (CVD/PCD-
coated) under non-wetting cutting of A390-Al-Si hypereutectic material (Prabhu et al., 2006). 
Also, the optimum tool life and surface finish values were obtained when performing dry 
machining at various cutting parameters of hardened steel that meet the strict range (Noordin et 
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al., 2007). It was further obtained that the approach angle has a slight influence on the turning 
load and further improving the turning velocity causes the turning load to diminish a little bit 
when using a carbide-coated cutting tool during the cutting of AISI-52100 material. The feed value 
load rises from the increment in turning depth and falls with the rise in approach angle, cutting 
velocity & feed (Sharma et al., 2007). During the finished hard cutting of MDN-250 alloy by coated-
ceramic insert, the variations of turning factors on turning loads (feed rate load, thrust load & 
turning load) have also been inspected here. The obtained experimental data concluded that the 
cutting force & surface texture have a small variation in their values due to turning velocity from 
0.92 – 1.55 m/sec (Lalwani et al., 2008). If the deposited coating was initially delaminated from 
the cutting tool (on the rake side) but, recent experimental results have proved its significance 
against abrasive wear (Avila et al., 2008). However, lower tangential and radial forces were 
observed at the lower workpiece hardness and sharp edge geometry (Ozel et al., 2009). The heavy 
material built-up was observed on the uncoated-carbide tool in turning of aluminum alloy, and it 
has been concluded that Al-metal has chances to adhere on conventional carbide tools easily 
(Chattopadhyay et al., 2009). CVD/coated-carbide inserts have shown the minimum wear loss at 
higher turning velocities and lower feed rates in the smooth oblique cutting of Inconel-718 
material (Bhatt et al., 2010). Further, RSM and Taguchi methods were used in the analysis of 
roughness feature and tool wear for studying the machining character of the coated-carbide insert 
with hardened AISI-D3 steel. From the parametric analysis ANOVA, the factor, mostly influencing 
roughness characteristic is operating feed value and thus, turning velocity and feed were the 
noticeable parameters affecting flank wear (Dureja et al., 2014). Machining tests on AISI-4140 
steel with Al2O3+Ti-CN/coated-ceramic tool was carried out by full factorial design (FFD) for the 
estimation of roughness characteristic and flank wear. Obtained results reveal that smoothness 
of the surface is usually influenced by turning feed, turning velocity and cutting depth (Das et al., 
2015). In severe cutting of AISI-4340 material under cryogenic factors has shown that turning 
velocity and turning depth were the determiner principal factors influencing on roughness 
feature, as confirmed from Taguchi design (Khare & Aggarwal, 2017). When machining was 
conducted using multilayered/coated-carbide and mixed ceramic devices on cutting of AISI-
52100 material, it has been found that the highly effective types of wear for the coated-carbide 
tool are adhesive and abrasive while as abrasive wear is very prevailing for ceramic tool (Panda 
& Kumar, 2018). Also, during wet turning operation, the tool surface can be affected again from 
erosive wear by the impingement of repeated hard particles in liquid or solid form (Pradhan et 
al., 2020). 

Nowadays, a comparison has been also documented between PVD- & CVD+PVD-coated tools 
on turning of Ramax-2 (stainless steel mold material). The obtained results have shown that 
CVD+PVD-coated tool possesses higher tool life as compared to PVD-coated edges (Zeb & Irfan, 
2009). In hard cutting of AISI-4340 alloy, the multilayered/CVD-coated carbide insert has higher 
tool durability in comparison to single-layered/PVD-coated insert (Gupta & Kohli, 2014). Present 
research reveals, the dual-layered synthetic diamond coated-carbide tool has shown maximum 
wear resistance in comparison to the conventional-carbide tool and has also exhibited greater 
tool life compared to conventional one (Najar et al., 2019). Depositing all forms of synthetic 
diamond layers on the carbide cutting inserts should further enhance their mechanical properties. 
Therefore, all the recent experimental investigation has concluded that the tribological and 
mechanical properties of carbide tools can be greatly influenced utilizing synthetic diamond films 
adhered on their surfaces (Najar et al., 2018). 
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In this work, the cutting performance of multilayered/CVD coated- and PVD coated-carbide 
inserts were investigated in the machining of AISI-4340 alloy under dry test conditions (& 
adopting same cutting parameters) for the goal of picking a satisfactory coated-tool in severe 
mechanical applications. 
 
 
2.0 EXPERIMENTAL PROCEDURE 

Present experimental research job was separated into two cycles; the 1st part is turning of 
AISI-4340 steel conducted with multilayered CVD/coated-carbide insert (TICN+Al2O3+TiN), and 
in 2nd part, the turning of the same material was conducted with multilayered PVD/coated-
carbide insert (TICN+Al2O3+TiN), under dry sliding test conditions. Therefore, the details about 
the experimental procedure, equipment’s, materials and methods are briefly discussed here. This 
research work is all about the study on turning of hard AISI-4340 steel because it is considered as 
a weighty engineering material used in automobile and aerospace parts. Today’s basic 
requirement in mechanical engineering is higher velocity and dry cutting processes and, this 
concept has been applied to investigate the cutting performance of coated-carbide edges under 
tough machining (high load/speed) processes.  

In this work, solid cylindrical bar of AISI-4340 steel (50 mm diameter, 400 mm long & 45 ± 1 
HRC) was used as a workpiece for the purpose of studying the cutting performance of two 
different coated-carbide tools using same machining conditions, as shown in Fig.1 (a). 
Commercially available multilayered/PVD coated-carbide inserts (TiCN+Al2O3+TiN) and 
multilayered/CVD coated-carbide inserts (TiCN+Al2O3+TiN), each having a top layer of TiCN was 
employed with the geometry of AC-150P and NC-3030, respectively. In this aspect, Fig.1 (b) shows 
the pictorial view of both PVD- and CVD-coated carbide inserts. The pictorial view of the 
experimental setup (conventional Lathe machine) used in this research is shown in Fig.2 (a), and 
Fig.2 (b) shows the arrangement of workpiece and tool setup selected for all turning processes. 
The elemental-wise compositional analysis and general mechanical characteristics of AISI-4340 
steel are summarized in Table 1 & 2, respectively. Further, the chemical composition analysis (by 
%wt.) of carbide tool and specification of the Lathe machine are mentioned in Table 3 & 4, 
respectively. Furthermore, a mobile roughness tester (HOMMEL ETAMIC W5 series from 
Jenoptik) is particularly well suited to take quick measurements on machines which can be used 
on a variety of surfaces, as shown in Fig.3. The mobile roughness tester has a luminous prism with 
LED and stores the measured data in the respective data storage. The data can be transferred to 
P.C. with the included USB cable as the data format is compatible with the Window.  

In present research work, the experimental tests were conducted using many input operating 
variables, like turning velocity, feed rate and cutting depth. All the turning processes were 
conducted on a conventional capstan lathe turning machine working under specific operating 
conditions for the study of machining performance within dry test conditions. Here, Fig.4 
describes the all motions of turning operation with the corresponding adjustable machining 
parameters (Yang & Tarng, 1998). In this regard, the operating features used for estimating the 
roughness characteristic and tool wear are: (1) rotational cutting speed (N) = 500, 775, 1200, 
1500 rpm, (2) feed rate (f) = 0.059, 0.079, 0.102 mm/rev and (3) cutting depth (d) = 0.2, 0.4 and 
0.6 mm. Further, machining tests were conducted under different linear speeds of the workpiece 
(V) as; 50, 78, 100, 150, 200, 122, 188 m/min. All input turning variables were kept constant 
throughout the tests for each type of the coated-carbide tool. Thus, the whole summary about the 
input operating machining parameters adopted for every experiment is listed in Table 5. 



Jurnal Tribologi 29 (2021) 117-143 

 

 121 

 
(a)         (b) 

Figure 1: (a) AISI-4340 steel bar and (b) PVD- & CVD-coated carbide inserts. 
 

 
  (a)                                                                           (b) 

Figure 2: Pictorial view of (a) lathe machine (Enterprise-1330) and (b) workpiece & tool setup. 
 

Table 1: Elemental compositional analysis of AISI-4340 steel alloy (% wt.). 
 
 
 

 
Table 2: Mechanical properties of AISI-4340 material. 

Melting Point (deg. F) 2600 

μ 0.27 – 0.30 

Hardness (H.B.) 217 

E (GPa) 190 – 210 

σ (MPa) 744.6 

Thermal Conductivity (k) 21 

Thermal Expansion Coefficient (α) 6.6 

 
 
 
 

C Si Mn P S Cr Ni Mo Fe 

0.40 0.23 0.70 0.03 0.04 0.81 1.83 0.25 95.71 

http://www.efunda.com/units/convert_units.cfm?From=319&amp;mrn=190&amp;ConvInto
http://www.efunda.com/units/convert_units.cfm?From=319&amp;mrn=210&amp;ConvInto
http://www.efunda.com/units/convert_units.cfm?From=339&amp;mrn=744%2E6&amp;ConvInto
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Table 3: Elemental composition analysis of carbide tool material (% wt.). 
 

 
 

 
Table 4: Specification of the lathe machine. 

 
 
 
 
 
 

 

 
Figure 3: Roughness tester (HOMMEL ETAMIC W5). 

 

 
Figure 4: Motions in turning operation and the adjustable machining parameters.   

Co Cr3C2 WC 

6 % 0.5 % 93.5 % 

Manufactured by Kirloskar (Enterprise-1330) 
Power of the motor 1.5kw, 2HP 
Centre height 150 mm 
Distance between centers 1380 mm 

Range of spindle speed 54 – 1200 rpm. 
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   Table 5: Input operating machining parameters. 
S. No. Turning factors Illustration 

1 Job material AISI-4340 steel 

2 Turning edges used 
Multilayered/CVD- & PVD-coated carbide 
inserts 

3 Dia. of the workpiece (D) 50 mm 
4 Workpiece length (L) 400 mm 
5 Hardness (H) 45 ± 1 HRC 
6 Linear turning velocity of workpiece (V) 50, 78, 100, 150, 200, 122, 188 m/min 
7 Rotational cutting velocity (N)  500, 775, 1200, 1500 rpm 
7 Feed rate (f) 0.051 – 0.101 mm/rev 
8 Cutting depth (d) 0.2 – 0.6mm 

9 Environmental condition Dry 

 
2.1  Estimation of Tool Wear  

Generally, the highly valuable parameter that influences tool durability and job finish in 
turning process is tool wear. Many machining tests on AISI-4340 steel was conducted at different 
values of turning velocity, feed rate and cutting depth for the study of flank wear processes on the 
tool, and for the estimation of roughness factor. The tool wear was measured by taking 
photographs on the worn-out area of cutting tools using scanning electron microscopy (SEM) 
technique. Further, the analysis of the present experimental procedure was carried out from 
Taguchi’s methodology. Taguchi’s design comprised of the perpendicular arrays and A L9 
perpendicular array (O.A.) was applied to figure out the significance of the machining factors due 
to the minimum number of required experimental trials. The L9 OA comprises of 9 rows 
corresponding to 9 sets of alterable setting, and each row of the matrix exhibits one trial. Thus, 
sixteen tests with the combination of various machining factors were randomly repeated. In this 
aspect, three specific values of turning velocity, feed rate and cutting depth were tested here, as 
mentioned in Table 6. Table7 given below gives the summary of L9 OA orthogonal array applied 
for these tests. The nine sets of settings were done to analyze the response, which is the roughness 
factor and tool wear. 

 
Table 6: Factors and levels used in the tests. 

Factors 
Level 

1 2 3 

N (rpm) 500 775 1200 
f (mm/rev) 0.059 0.079 0.102 
d (mm) 0.2 0.4 0.6 
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Table 7: L9 Orthogonal array. 
Run No. Speed Feed  Depth 
1 1 1 1 
2 1 2 2 
3 1 3 3 
4 2 1 2 
5 2 2 3 
6 2 3 1 
7 3 1 3 
8 3 2 1 
9 3 3 2 

 
 
3.0 RESULTS AND DISCUSSION 

In modern high-load/high-velocity machining processes many operating features such as; 
turning velocity, feed and cutting depth, generally alter the surface smoothness of turning edges. 
There are many surface roughness features studied in the industrial tribology, e.g. mean 
roughness factor (Ra), root mean square (Rrms) and maximum peak-to-valley. In present industrial 
research the machining parameters were mostly described in terms of average roughness factor. 
However, the conceptual value of average roughness factor can be obtained from; Ra = 0.032 f²/r, 
where f = feed rate (mm/rev.) and r = tool nose radius (mm). Thus, the decreasing value of feed 
rate and with a huge tool nose radius will decrease the surface roughness factor of the tool. Here 
the value of the roughness factor was estimated in terms of Ra parameter. In this work, the 
machining performance of multilayered CVD- & PVD-covered carbide inserts were analyzed in 
the dry cutting of AISI-4340 material under drastic conditions and surface roughness instrument 
was adopted for measuring the value of Ra. The measurement was conducted on three spots, and 
then the mean of these three values was recorded. During machining, there was no distortion like 
vibration occurred. Taguchi´s L9 array was applied on each coated-carbide insert, and the 
machining was not done in a particular order or for particular insert first. Every run was chosen 
randomly, and the final results of surface roughness for multilayered/CVD-coated insert are 
presented in Table 8. From surface roughness data, the Ra values were obtained in the range of 
0.327 – 0.951 μm measured in the turning of AISI-4340 rod for CVD/coated-carbide edge. For run 
1 to 9, the surface roughness value tends to decrease. In order to show the modification of surface 
smoothness with respect to operating features like turning velocity, feed value and cutting depth, 
the graph was plotted between average values of surface roughness vs. the values of the particular 
parameter at their corresponding points. Fig. 5 (a, b) represents the initial optical micrographic 
images (surface morphology) of PVD- and CVD-coated inserts, respectively. From the Figure, it is 
clearly understood that the low initial surface roughness (Ra = 0.924 µm) on PVD film was 
observed with compared to CVD film (Ra = 0.951 µm) before any turning operation. Thus, Fig.6 (a, 
b, c) shows a modification of roughness factor with respect to turning velocity, feed rate & cutting 
depth, respectively. From the above graphs, it is interpreted that on an average increase in 
machining speed increases the surface finish; in other words, reduces the value of roughness 
parameter. However, with the rise in machining speed, the roughness parameter has been 
reduced almost in a linear way. Feed rate has a remarkable influence on surface roughness; it 
usually decreases with the rise in feed rate value. From Fig.6, it is clear that the value of the 
roughness factor first decreases on raising the feed rate and after a specific value, the roughness 
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characteristic rises with the rise in feed rate. Cutting depth also affected the roughness 
characteristic but not much in comparison to that of velocity & feed rate, as it is clear from the 
graphs above.  

For PVD/coated inserts, the results for surface roughness are mentioned in Table 9. From the 
surface roughness data, it is understood that the range of roughness characteristic for AISI-4340 
steel was in the range of 0.395 – 0.924 µm. The data also shows that from run first to run nine, the 
roughness characteristic tends to reduce. For showing the behavior of surface roughness with 
variables like velocity, feed rate & cutting depth, the graph is plotted between the roughness 
characteristic and machining parameters, as shown for CVD-coated inserts. The current graph 
also exhibits the contrast between CVD- and PVD-coated inserts. Thus, Fig.7 (a, b, c) represents 
the comparison of roughness parameter vs. velocity, feed rate and cutting depth for PVD-coated 
insert, accordingly. These obtained results deduced that the machining velocity has a direct 
influence on the surface finish, higher the speed better will be the surface finish. On an average, 
the effect of surface roughness at medium speeds has a greater effect on PVD-coated tools against 
to that of CVD-coated tools, and with the increase in speed, its effect seems to be same for both 
types of inserts. Fig.7 describes that, at low speeds the effect of surface roughness is same and at 
medium speeds the PVD-coated inserts show better surface finish as compared to CVD-coated 
inserts and, at higher speeds CVD-coated insert shows better surface finish in comparison to that 
of PVD-coated inserts. Further, if a result is plotted between the surface roughness and runs (1-
9) in L9 OA for CVD- and PVD-coated surfaces, it will show the generalized effect of surface 
roughness and compare the same between CVD- and PVD-coated surfaces, as represented in Fig.8 
(a). If we draw a mean line between the two, it is clear from the graph that PVD-coated surface 
has experienced better surface finish as compared to CVD-coated surface, as represented in Fig.8 
(b). It is clear that both CVD- and PVD-coated inserts follow the same pattern in surface roughness 
with respect to feed rate. In the PVD-coated insert, the surface roughness value decreases first 
and then increases with the increase in feed rate. Also, it is clear that for PVD-coated insert the 
depth of cut has small change on the value of roughness characteristic. Thus, after the comparison 
between two inserts, the PVD-coated edge has shown minor change on the cutting depth then 
CVD-coated edge. 

Present experimental analysis revealed that, PVD/coated-insert shows low surface roughness 
as compared to CVD/coated-insert (under similar input operating conditions) at low and medium 
cutting speeds, while as at higher cutting speeds CVD/coated-insert shows low surface roughness. 
Since the surface roughness of cutting tool has direct influence on the adhesiveness of chips 
formed onto their edges. In this aspect, minimum amount of chips were stacked on PVD/coated-
inserts initially with compared to CVD/coated-inserts, however, at higher cutting speeds 
minimum chips will be adhered on the CVD/coated-inserts. Therefore, minimum BUE were 
observed on PVD/coated-inserts working under low and medium cutting speeds, while as at 
higher cutting speeds minimum BUE were also observed on CVD/coated-inserts. 
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         (a)                                                                                  (b) 

Figure 5: Optical micrographic images on the surfaces of (a) PVD and (b) CVD. 
 

Table 8: Experimental data for surface roughness (CVD). 
Run 
number 

Cutting speed 
(m/min) 

Feed rate 
(mm/rev) 

Cutting 
depth (mm) 

Ra 

(µm) 
1 78 0.051 0.2 0.951 
2 78 0.079 0.4 0.530 
3 78 0.102 0.6 0.748 
4 122 0.051 0.4 0.684 
5 122 0.079 0.6 0.481 
6 122 0.102 0.2 0.664 
7 188 0.051 0.6 0.733 
8 188 0.079 0.2 0.327 
9 188 0.102 0.4 0.446 

 

 
                  (a)                                                                (b)                                                                (c) 

Figure 6: Surface roughness (CVD) vs. (a) speed, (b) feed rate and (c) depth of cut. 
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Table 9:  Experimental data for surface roughness (PVD). 
Run 
number 

Cutting speed 
(m/min) 

Feed rate 
(mm/rev) 

Cutting depth 
(mm) 

Ra 
(µm) 

1 78 0.051 0.2 0.924 
2 78 0.079 0.4 0.548 
3 78 0.102 0.6 0.702 
4 122 0.051 0.4 0.738 
5 122 0.079 0.6 0.366 
6 122 0.102 0.2 0.574 
7 188 0.051 0.6 0.609 
8 188 0.079 0.2 0.395 
9 188 0.102 0.4 0.468 

 
 

 
              (a)                                                                (b)                                                          (c) 

Figure 7: Surface roughness (PVD) vs. (a) speed, (b) feed rate and (c) depth of cut. 
 

 
(a)                                                                                                 (b) 

Figure 8: Variation of surface roughness (CVD & PVD) vs. Run no. (1-9) with (a) general 
comparison and (b) predicted comparison. 
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3.1 ANOVA/PVD and ANOVA/CVD 
The investigation of the practical results achieved through Taguchi’s O. A. experimental design 

method regarding Ra value is conducted using statistical ANOVA in MINITAB for calculating the 
cutting parameters commonly affecting Ra of PVD coating, as mentioned in Table 10. Among all 
the machining factors considered here the influence of feed rate (F = 79.68) is highly important 
on the output respond (Ra), succeeded by turning velocity (F = 44.71), the estimated value is high 
than F-value (9.0), and probability (P) value is low than 0.1 with 90% confidence level. The Ra 
value is affected by feed rate & turning velocity variables as; 61.52% and 34.5%, respectively. 
However, the depth of cut has not shown any important influence calculating approximately 
3.17% of the total variability. For CVD coating, the same statistical analysis was done with 
MINITAB, and the following results were obtained here. Similarly, for PVD coating (mentioned in 
Table 11), it is clear that feed rate has F-value of 35.53 and speed has F-value of 17.57 and depth 
of cut has F-value of 3.82. The roughness characteristic is mainly influenced by feed rate (61.34%) 
followed by velocity (30.37%), and cutting depth has also here least (1.70%) effect on the surface 
roughness. 
 

Table 10: ANOVA (PVD). 

Source DF Adj. SS Adj. MS F-Value P-Value C-% 

V 2 0.086806 0.043403 44.71 0.022 34.5 

F 2 0.154711 0.077355 79.68 0.012 61.52 

D 2 0.007990 0.003995 4.12 0.196 3.17 

Error 2 0.001942 0.000971   0.77 

Total 8 0.251449    100 

 
Table 11: ANOVA (CVD). 

Source DF Adj. SS Adj. MS F-Value P-Value C-% 

v 2 0.087451 0.043725 17.57 0.054 30.37 

f 2 0.176822 0.088411 35.53 0.027 61.34 

d 2 0.019014 0.009507 3.82 0.207 6.59 

Error 2 0.004976 0.002488 
  

1.70 

Total 8 0.288263 
   

100 

 
3.2 Contour and 3-D Surface Plots for Ra on CVD- & PVD-coated Faces 

The analysis was made on Ra value of each coated-carbide (CVD & PVD) tool by using both 
contour and 3-D surface plots. From these plots it may be concluded, the optimum Ra value can 
be obtained from PVD/coated-carbide tool by the alliance of; turning speed 900 rpm, feed 0.8 
mm/rev., and the cutting depth 0.6 mm. Similarly, this may be further concluded that the optimum 
Ra value can be obtained from the CVD/coated-carbide tool by the alliance of; turning velocity 
1200 rpm, feed 0.8 mm/rev., and cutting depth 0.2 mm. Thus, Fig.9 represents the contour plots 
of Ra (CVD) vs. (a) speed; feed rate, (b) speed; cutting depth & (c) feed rate; cutting depth and, 
surface plots of Ra (CVD) vs. (d) speed; feed rate, (e) speed; cutting depth & (f) feed rate; cutting 
depth, respectively. Similarly, Fig.10 represents the contour plots of Ra (PVD) vs. (a) speed; feed 
rate, (b) speed; cutting depth & (c) feed rate; cutting depth and, surface plots of Ra (PVD) vs. (d) 
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speed; feed rate, (e) speed; cutting depth & (f) feed rate, cutting depth, respectively. From these 
contour and surface plots on roughness factor analysis this can be concluded that, PVD/coated-
insert shows a minimum value of surface roughness parameter with compared to CVD/coated-
insert under given similar input operating conditions at low and medium speeds, while as at 
higher cutting speeds CVD/coated-insert shows minimum value of surface roughness parameter. 
 

 
                 (a)                      (b)     (c) 

 
 

  

 
                (d)                     (e) (f) 

Figure 9: Contour plots of Ra (CVD) vs. (a) speed; feed rate, (b) speed; cutting depth & (c) feed rate; 
cutting depth and, surface plots of Ra (CVD) vs. (d) speed; feed rate, (e) speed; cutting depth & (f) 
feed rate; cutting depth, respectively. 
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                 (a)                     (b) 

 
 

   (c) 

 
                  (d)                      (e) (f) 

Figure 10: Contour plots of Ra (PVD) vs. (a) speed; feed rate, (b) speed; cutting depth & (c) feed 
rate; cutting depth and, surface plots of Ra (PVD) vs. (d) speed; feed rate, (e) speed; cutting depth 
& (f) feed rate; cutting depth, respectively. 

 
3.3 Regression Analysis for CVD and PVD Coatings 

For the design and examining of various features, regression analyses are being commonly 
used. In this case, there is a connection between a dependent characteristic and independent 
characteristics. The main parameters influencing the surface roughness during machining 
process are; cutting edge geometry, built-up-edge, tool wear, machine tool accuracy, chip 
breaking properties and input turning conditions (Ratnam, 2017). Present research work is 
typically carried out choosing some specific input turning variables like cutting velocity, feed rate 
and cutting depth, whereas keeping other parameters constant. In this method, the cutting 
velocity (v), feed rate (f) and cutting depth (d) are considered as independent variables whereas; 
the roughness feature (Ra) is taken as a single dependent variable (Equations 1 and 2). However, 
regression analysis has been applied in finding out the useful equations for the roughness 
characteristic. These types of useful equations were made for quadratic regression models and 
represent the better model in comparison to the linear regression model. Thus, Tables 12 & 13 
shows the summary of coefficients for regression analysis (Response Ra) for CVD and PVD 
coatings, respectively. These predictive equations by quadratic regression for roughness 
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characteristic of CVD- & PVD-covered carbide inserts are represented in Equations 1 and 2. The 
equations were reduced by removing the terms which have no major influence on the responses. 
The R2 obtained from the quadratic regression of roughness factor for CVD- and PVD-coated 
carbide tools are 90.7% and 98%, respectively, which means a better model has been obtained. 
Thus, the comparison between the results for roughness factor obtained experimentally and 
through predictive equations for both coated-carbide tools are represented in Fig.11 (a, b), 
accordingly. Thus, the evaluation between the experimental and predicted values of the 
roughness parameter for CVD- and PVD-surfaces has confirmed that a good agreement has been 
obtained between them. 

 
Ra (CVD) = 3.250 - 0.002147 v - 62.7 f + 0.017 d + 388.2 f2 (1) 
Ra (PVD) = 3.477 - 0.00870 v - 56.71 f - 0.1800 d + 348.2 f2 + 0.000025 v2 (2) 

 
Table 12: Table of coefficients for regression analysis, Response Ra (CVD). 

Term Coefficient S.E. Coefficient T-Value P-Value 

Constant 3.250 0.502 6.47 0.003 

v -0.002147 0.000601 -3.57 0.023 

f -62.7 13.7 -4.57 0.010 

d 0.017 0.167 0.10 0.925 

f 2 388.2 89.7 4.33 0.012 

 
Table 13: Table of coefficients for regression analysis, Response Ra (PVD). 

Term Coefficient S.E. Coefficient T-Value P-Value 

Constant 3.477 0.196 17.75 0.000 

v -0.00870 0.00178 -4.88 0.016 

f -56.71 4.51 -12.59 0.001 

d -0.1800 0.0547 -3.29 0.046 

f 2 348.2 29.5 11.81 0.001 

 
3.4 Wear Analysis on CVD- and PVD-coated Tools 

The observation and control of wear is one of the most important problems emerging for the 
design of cutting tools. The cutting tools may experience continuous impact loads during harsh 
machining and the work piece chips may chemically adheres on the tool faces. The total life of a 
tool may be affected by a variety of wear processes such as crater wear, flank wear, built-up-edge, 
notching and nose wear. The foremost significant factors influencing the tool wear can be adjusted 
by adopting some input turning parameters accordingly, but in this study, we will do focus only 
on the flank wear. Present research reveals that, the roughness factor of the material has direct 
influence on the friction coefficient and surface wear during its sliding and rolling motion. It has 
been confirmed that with the increase in the value of surface roughness parameter (Ra) both 
friction coefficient as well as surface wear will be increased (Al-Samarai et al., 2012). 
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(a) (b) 

Figure 11: Comparison of surface roughness between experimental & predicted values on (a) CVD 
& (b) PVD surfaces. 
 

          Since flank wear is the most dominant kind of wear observed commonly on most of the 
cutting inserts and in this work; the obtained results regarding both coated-carbide inserts were 
summarized here in Table 14. The flank wear was estimated with the help of optical microscope 
instrument, and the following results were obtained for both kinds of coated-carbide (CVD & PVD) 
tools, as represented in Figs. 12 & 13.  In this regard, it has been observed experimentally (using 
the optical microscopic images of CVD- & PVD-coated inserts) that the wear loss is found more in 
case of PVD surface as compared to that of CVD surface irrespective of their working under the 
same input operating machining parameters. Further, Fig.14 exhibits the histogram, describing 
the percentage influence of specific input operating parameters adopted in every experiment on 
CVD- & PVD-coated inserts during the machining operation. From the graph, it is clear that the 
feed rate has same influence on both coated-inserts, whereas, the cutting depth affects more on 
CVD-coated insert in contrast to PVD-coated insert. Importantly, it was also confirmed that the 
cutting speed has greater influence on both coated-tools during full operation but the PVD-coated 
insert was highly influenced from this parameter. 

 
Table 14: Experimental results of flank wear on CVD- & PVD-coated tools. 

Run 
Number 

Speed 
(m/min) 

Feed rate 
(mm/rev) 

Cutting 
depth 
(mm) 

Flank wear 
(mm) 
(CVD) 

Flank wear 
(mm) 
(PVD) 

1 78 0.051 0.2 0.103 0.121 
2 78 0.079 0.4 0.115 0.135 
3 78 0.102 0.6 0.13 0.143 
4 122 0.051 0.4 0.133 0.137 
5 122 0.079 0.6 0.143 0.151 
6 122 0.102 0.2 0.152 0.168 
7 188 0.051 0.6 0.164 0.179 
8 188 0.079 0.2 0.156 0.186 
9 188 0.102 0.4 0.171 0.195 
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Figure 12: Microscopic images of CVD-coated-insert for flank wear (V.B.). 

 

 
Figure 13: Microscopic images of PVD-coated-insert for flank wear (V.B.). 
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Figure 14: Percentage influence of specific input operating parameters adopted in every 
experiment on CVD- & PVD-coated inserts during the machining operation. 

 
3.4.1 ANOVA for Flank Wear on CVD- and PVD-coated Edges 

Table 15 delineates the result of ANOVA on flank wear (V.B.) for CVD-covered insert. The 
obtained results exhibit that cutting velocity and feed rate have a major effect on the flank wear. 
However, the cutting depth doesn’t have a major control on the flank wear. The final column of 
the ANOVA Table represents the role of these variables (i.e. turning speed, feed rate & cutting 
depth). Thus, the turning velocity has extra contribution (i.e. 83.85%) than feed rate (i.e. 12.31%); 
succeed by cutting depth which has only 2.90% contribution to the responses. Table 16 
represents the ANOVA for flank wear of PVD-coated tool. The Table also delineates that cutting 
velocity and feed value has a major effect on the flank wear, as its P-value is less than 0.1 at a 
significance level of 10% and confidence of 90%. The last column in the ANOVA Table delineates 
the contribution percentage on the responses. From the table, it is clear that turning velocity has 
a greater influence on the responses which is about 83.80% followed by feed rate which has a 
contribution of 14.96% and depth of cut has a very small contribution of 0.23%. From Tables 15 
and 16, the results show that the CVD-coated insert has shown less wear loss against to PVD-
coated insert. Furthermore, the results from the first run to the last run for both coated-carbide 
tools are compared, as shown in Fig.15 (a). It has been noticed that the wear resistance is found 
less in case of PVD-coated insert in comparison to that of CVD-coated insert when operating under 
the same input cutting parameters. Since the machining of the workpiece by both coated-carbide 
inserts was done under dry conditions and the duration of machining was almost same for every 
run (4 – 5 minutes). The comparison was also made on flank wear with parameters; cutting speed, 
depth of cut & feed rate by averaging the values of flank wear (V.B.) with corresponding 
parameters as shown in Fig.15 (b, c, d), respectively. It is also seen that the PVD-coated tool has 
more wear than a CVD-coated tool for the same velocity and it is also observed that the slope of 
the line for PVD-coated tool is more than CVD-coated tool. Thus, this can be concluded that the 
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wear rate is more for PVD-coated tool than CVD-coated tool for the same given velocity. Further, 
it can be clearly analyzed that the depth of cut has not much effect on the tool wear as also seen 
from the ANOVA Table. The results also show that the flank wear for PVD-coated tool varies from 
0.155 – 0.166 mm, and for CVD-coated tools, it varies from 0.137 – 0.145 means very less 
variation. The results have also shown that for CVD-coated carbide tool the wear rate rises with 
the rise in depth of cut, while as for PVD-coated tool the wear rate first decreases and then rises 
with the rise in cutting depth. These obtained results also represent that flank wear of coated-
carbide tool rises with the rise in feed rate. For PVD-coated carbide insert the slope of the line is 
more in comparison to that of CVD-coated carbide insert at a minimum and intermediate feed 
rates, but with the increase in feed rate the slope of CVD-coated tool also increases and is almost 
similar with PVD-coated tool. 

 
Table 15: ANOVA for flank wear (V.B.) of CVD. 

Source DF Adj. S.S. Adj. MS F-Value P-Value C-% 

  v 2 3424.22 1712.11 89.59 0.011 83.85 

  f 2 502.89 251.44 13.16 0.071 12.31 

  d 2 118.22 59.11 3.09 0.244 2.90 

Error 2 38.22 19.11       0.94 

Total 8 4083.56          100 

 
Table 16: ANOVA for flank wear (V.B.) of PVD. 

Source DF Adj. SS Adj. MS F-Value P-Value C-% 
v 2 4442.89 2221.44 82.96 0.012 83.80 
f 2 793.56 396.78 14.82 0.063 14.96 
d 2 11.56 5.78 0.22 0.823 0.23 
Error 2 53.56 26.78   1.01 
Total 8 5301.56    100 

 
3.4.2 Regression Analysis for Tool Wear on CVD- and PVD-coated Inserts 

Regression analysis was also done here in tool wear. In this aspect, Tables 17 and 18 represent 
the summary of coefficients for regression analysis (response V.B.) of CVD and PVD, respectively. 
Also, multiple linear regressions were done as in surface roughness and give better models as 
compared to linear models in surface roughness, but quadratic models give better results and are 
finally selected for the best predictive model. The predictive quadratic equations obtained after 
eliminating insignificant factors for CVD- and PVD-covered carbide inserts are given in Equations 
3 and 4, respectively. Equation 3 explains 98% of the variation in data and therefore, it is a good 
fit model with experimental data. Similarly, Equation 4 also shows 98% of the variation of data 
and is also a good fit model with experimental data. The comparison of experimental data with 
predicted data for CVD- and PVD-covered tools is represented in Fig.16. Therefore, the overall 
difference between predicted and measured data for CVD- and PVD surfaces has been estimated 
from the respective graphs as 0.2% and 0.7%, respectively. 

 
VBcvd = 50.7 + 1.129 v - 849* f + 21.67* d - 0.002617* v2 + 781* f2 (3) 
VBPVD = 67.6 + 0.4908* v + 223* f - 1.67* d + 1492* f2 (4) 
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(a)                (b) 

 

 
(c) (d) 

Figure 15: Comparison of flank wear between CVD- & PVD-coated tools with respect to (a) run 
number, (b) cutting speed, (c) cutting depth and (d) feed rate. 

 
Table 17: Summary of coefficients for regression analysis, response V.B. (CVD). 

Term Coefficient S.E. Coefficient T-Value P-Value 

Constant 50.7 27.9 1.82 0.167 

v 1.129 0.254 4.45 0.021 

f -849 642 -1.32 0.278 

d 21.67 7.80 2.78 0.069 

v2
 -0.002617 0.000936 -2.80 0.068 
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Table 18: Summary of coefficients for regression analysis, response V.B. (PVD). 

Term Coefficient S.E. Coefficient T-Value P-Value 

Constant 67.6 26.9 2.51 0.066 

v 0.4908 0.0322 15.23 0.000 

f 223 735 0.30 0.777 

d -1.67 8.92 -0.19 0.861 

f2
 1492 4808 0.31 0.772 

 

 
                             (a)             (b) 

Figure16: Comparison between measured and predicted flank wear on (a) CVD & (b) PVD 
surfaces. 
 
3.4.3 Residual Plots for Flank Wear on CVD- & PVD-coated Inserts 

The normal probability plot shows that the design is fully sufficient as exhibited by the points 
lying on an undeviating line, and it indicates that the errors are correctly classified. The normal 
probability plots of residuals and residuals versus fitted value for flank wear (V.B.) about CVD and 
PVD coatings are described in Figs. 17 and 18, accordingly. 
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                             (a)             (b) 

Figure17: Normal probability plot of residuals for V.B. on (a) CVD & (b) PVD surfaces. 
 

 
                              (a)            (b) 

Figure 18: Plot of standardized residuals vs. fitted values for V.B. on (a) CVD & (b) PVD surfaces. 
 

3.5 Contour and 3-D Surface Plots for Flank Wear on CVD- & PVD-coated Edges 
The contour and surface graphs have been plotted here using Excel and Minitab. In modern 

machining processes these plots are typically drawn to explore the potential relationship existing 
between three cutting parameters during operation. In this regard, the 2-D contour and 3-D 
surface graphs on flank wear were plotted with respect to three turning parameters like speed; 
feed rate and cutting depth, whereas, keeping one parameter constant for each plot (Figs. 19 & 
20). Thus, wear analysis through contour and surface plots on both coated-carbide tools has 
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confirmed that cutting velocity and feed rate has a significant effect on the tool wear; whereas, 
cutting depth has minimum effect on the tool wear. The obtained contour plots revealed that, for 
CVD- and PVD-coated-tools the cutting speed has a maximum influence on flank wear followed by 
feed rate and cutting depth, as represented in Figs. 19 & 20, accordingly. From these plots, it can 
be inferred that the minimum flank wear can be acquired from PVD-coated carbide insert by using 
these corresponding values of turning speed 80 m/min, feed rate 0.06 mm/rev., and cutting depth 
0.2 mm. Similarly, it can also be gleaned that the lowest flank wear may be obtained from CVD-
coated edge by using the corresponding values of; turning velocity 80 m/min, feed rate 0.051 
mm/rev., and cutting depth 0.2 mm. 
 

.  
(a)                       (b)                    (c) 

 
(d)                       (e)                   (f) 

Figure 19: Contour plots of VBCVD vs. (a) cutting speed; feed rate, (b) cutting speed; cutting depth 
& (c) feed rate; cutting depth, and surface plots of VBCVD vs. (d) cutting speed; feed rate, (e) cutting 
depth; feed rate & (f) cutting speed; cutting depth. 
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(a)                      (b)                   (c) 

 
(d)                         (e)                    (f) 

Figure 20: Contour plots of VBPVD vs. (a) cutting speed; feed rate, (b) cutting speed; cutting depth 
& (c) feed rate; cutting depth, and surface plots of VBPVD vs. (d) cutting speed; feed rate, (e) cutting 
speed; cutting depth & (f) cutting depth; feed rate. 

 
 
4.0 CONCLUSIONS 

In this research, the influence of various operating machining factors (like turning velocity, 
feed rate & cutting depth) on roughness characteristic and wear of multilayered CVD/coated- and 
PVD/coated-carbide edges were investigated experimentally in the turning of tough AISI-4340 
alloy. Thus, the specific conclusions in this study are summarized below: 

1. Feed rate is the highly operative feature for the maintenance of surface smoothness 
succeeded by turning velocity and cutting depth has the minimal consequence on 
roughness factor for each coated-carbide tool. 

2. Based on ANOVA results obtained for CVD-coated carbide tool, the influence on 
roughness factor due to feed-rate, turning speed and depth of cut was obtained as; 
56%, 30.37% and 2%, respectively. For PVD-coated tool, the influence on the 
roughness features due to feed-rate, turning speed and cutting depth was obtained 
as; 65%, 23% and 2%, respectively.  

3. The developed model on surface roughness has shown elevated square values of the 
regression coefficients for each tool which confirmed the prominent alliance along 
variances in the predictor values. Evaluation between practical and observed outputs 
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of the roughness factor for both CVD- and PVD-coated devices has proven that a good 
agreement has been obtained between them. 

4. However, PVD/coated-insert shows a good surface smoothness against to 
CVD/coated-carbide tool for given similar input operating conditions at low and 
medium speeds, while as at higher cutting speeds CVD/coated-insert shows better 
surface finish. 

5. Wear analysis on both types of coated-tools has confirmed that cutting velocity and 
feed rate has a significant effect on the tool wear; whereas, cutting depth has 
minimum effect on the tool wear. 

6. From the ANOVA outputs of tool wear for CVD/coated-tool, cutting speed has a high 
contribution of 83.85% followed by feed rate which has a contribution of 12.31% and 
cutting depth has the least influence of 2.90%. For PVD/coated-tool, the ANOVA 
results of tool wear confirmed that the turning speed has a greater effect of 83.80%, 
feed rate has an effect of 14.96% and cutting depth has the least effect of 0.23%. 

7. Further, it has been confirmed experimentally that the wear loss is found more in 
case of PVD/coated-carbide edge with compared to CVD/coated-carbide edge when 
working under the same input operating machining parameters. 
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