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Abstract---This paper represents the experimental work 

where Aluminium Bronze, of high strength, excellent 

abrasion and corrosion resistance, is turned by other four 

edges of turning inserts which is not often used. The CNMG 

Turning inserts have eight edges, mostly four of them are 

used and then disposed off as scrap, but we can use other 

four edges of these scrap inserts as they have all the 

characteristics as that of four edges that are used generally. 

The process of turning work carried out at three different 

cutting speeds under dry cutting conditions. Three levels of 

spindle speed (Vc=260 rpm, 400 rpm, 600 rpm). Three 

levels of feed rate (0.1, 0.2, 0.4 mm/min) and three levels of 

cutting depth(1, 2, 3 mm). In this thin walled hollow 

cylindrical bush (48x40x60mm) casting of Aluminium 

Bronze is used, which is hard to machine due to its 

mechanical properties and wall thickness. Welded tools and 

brazing tools are used for turning in industries. But these 

tools lead to time consumption and high requirement of 

lubricant that further lead to energy loss, stress and load 

problems. These factors affect the re-melting process of 

Aluminium bronze scrap.  Therefore, we use PVD coating 

technique with other four edges of insert that generally 

disposed off as scrap. PVD coating properties are favorable 

under dry conditions and scrap inserts lead to reduce the use 

of welded tools and tooling cost. In this, we analyses the 

effect of micro Hardness, Surface Roughness and Material 

Removal Rate (MRR) due to cutting parameters by using 

Taguchi method. The optimization is done using twenty 

seven experimental runs based on L’27 orthogonal array of 

the Taguchi method, and  are performed to derive objective 

functions to be optimized within the experimental domain. 

Key words: PVD coated turning insert, High Strength, 

Wear Resistance, Aluminum Bronze Alloy, Metal Removal 

Rate, Turning parameters, taguchi method. 

I. INTRODUCTION 

The use of materials with low specific weight is an effective 

way of reducing the weight of structures. Aluminum alloys 

are among the most commonly used lightweight metallic 

materials as they offer a number of different interesting 

mechanical and thermal properties. In addition, they are 

relatively easy to shape metals, especially in material 

removal processes, such as machining. In fact, aluminum 

alloys as a class are considered as the family of materials 

offering the highest levels of machinability, as compared to 

other families of lightweight metals such as titanium and 

magnesium alloys. 

This machinability quantifies the machining 

performance, and may be defined for a specific application 

by various criteria, such as  tool life, surface finish, chip 

evacuation, material removal rate and machine-tool power. 

It has been shown that chemical composition, structural 

defects and alloying elements significantly influence 

machinability. Thus, with similar chemical compositions, 

the machinability of alloys can be improved by different 

treatments. Heat treatments, which increase hardness, will 

reduce the built-up edge (BUE) tendency during machining. 

Aluminum alloys are classified under two classes: 

cast alloys and wrought alloys. Furthermore, they can be 

classified according to the specification of the alloying 

elements involved, such as strain-hardenable alloys and 

heat-treatable alloys. Most wrought aluminum alloys have 

excellent machinability. While cast alloys containing 

copper, magnesium or zinc as the main alloying elements 

can cause some machining difficulties, the use of small tool 

rake angles can however improve machinability. Alloys 

having silicon as the main alloying element involve larger 

tool rake angles, lower speeds and feeds, making them more 

cost-effective to machine. Aluminum alloys, which are not 

sensitive to heat treatments, can be hardened by cold work 

that can improve their machinability when sharp tools are 

used. 

Generally in industries, welded tools and brazing 

tools are used for machining of alluminium alloys. But these 

tools are not much efficient in performance. Machining with 

these tools leads to high time consumption. Also there is 

high requirement of lubricant which leads to high energy 

losses. Thereby, need of some new tools arises. Such new 

type of coatings, which can help machining these kinds of 

alloys are carbide coated bits, CVD (chemical vapour 

deposition) and PVD (physical vapour deposition). These 

coating can used for machining alliminium bronze alloys 

efficiently, PVD (physical vapour deposition) are found to 

be good in this class as compare to carbide coated and CVD 

tools. Here, we are going to discuss how PVD tool acts on 

machining aluminium bronze alloy and also its various 

parameters. 

 PVD (physical vapour deposition) A.

Physical Vapor Deposition, or PVD, is a term used to 

describe a family of coating processes. The most common of 

these PVD coating processes are evaporation (typically 

using cathodic arc or electron beam sources), and sputtering 

(using magnetic enhanced sources or "magnetrons", 

cylindrical or hollow cathode sources). All of these 

processes occur in vacuum at working pressure (typically 

10-2 to 10-4 mbar) and generally involve bombardment of 

the substrate to be coated with energetic positively charged 

ions during the coating process to promote high density. 

Additionally, reactive gases such as nitrogen, acetylene or 

oxygen may be introduced into the vacuum chamber during 

metal deposition to create various compound coating 

compositions. The result is a very strong bond between the 

coating and the tooling substrate and tailored physical, 

structural and tribological properties of the film. Each of 
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these processes represents a family of specific PVD coating 

compositions (TiN, TiCN, etc) that are processed in order to 

benefit specific applications. 

 Purpose of using pvd coated tool B.

The average relative micro-hardness of PVD coatings go 

well off the Rc Scale, but can be extrapolated to be well 

over 80 Rc.  When this hardness is compared to 58-62 Rc of 

tool steel, 62-65 Rc of HSS, or 70-76 Rc of cemented 

carbide, one gets a clearer picture of the comparative 

hardness of our coatings.  This higher hardness gives cutting 

tools, forming tools, and wear components much greater 

protection against abrasive wear. As for lubricity, the 

Coefficient of Friction of our coatings is significantly lower 

than un-coated tool substrates.  This low Coefficient of 

Friction means that tools work with less force due to 

reduced resistance between the tool and the material being 

worked.  This also means that PVD coatings can reduce the 

tendency of materials to adhere:  this reduces friction and 

allows for more unrestricted movement. 

Characteristics of PVD coating are: 

 The high micro-hardness provides excellent abrasion 

resistance, and allows the cutting edge to stay 

sharper for longer 

 The lowered Coefficient of Friction means there is 

less resistance during the cut; therefore, less heat is 

generated – heat build-up being another major factor 

in cutting edge break-down 

 The lowered Coefficient of Friction also means the 

chips generated during the cutting process are 

evacuated more efficiently; therefore, the heat that is 

generated does not have as much time to transfer 

from the chip to the tool – more heat stays in the 

chip 

 The lowered Coefficient of Friction will reduce 

machining noise and the load placed on spindle 

motors 

The main PVD-coating constituents are described below. 

Modern coatings are combinations of these constituents in 

sequenced layers and/or lamellar coatings. Lamellar 

coatings have numerous thin layers, in the nanometer range, 

which make the coating even harder. 

 PVD-TiN - Titanium nitride was the first PVD coating. 

It has all-round properties and a golden color. 

 PVD-Ti(C,N) - Titanium carbonitride is harder than 

TiN and adds flank wear resistance. 

 PVD-(Ti,Al)N - Titanium aluminium nitride has high 

hardness in combination with oxidation resistance, 

which improves overall wear resistance. 

 PVD-oxide - Is used for its chemical inertness and 

enhanced crater wear resistance. 

II. EXPERIMENTAL PROCEDURE 

The experiment is performed on conventional lathe 

machine. Aluminum bronze is to be turned on lathe 

machine. The various cutting speeds used during turning are 

250rpm, 400rpm, 550rpm. The feed rate is 0.1mm/min, 

0.2mm/min, 0.4mm/min. The depth of cut is 1mm, 2mm, 

3mm. Lubricants are not considered in this experiment. The 

job used for the experiment is hollow cylindrical bush and is 

turned externally. The casting of hollow cylindrical 

aluminum bronze bush is firstly turned with 1mm from each 

piece. This removes the uneven casting problem during 

turning. After turning 1mm from work piece, surface 

hardness, initial weight is measured, so that final results can 

be observed easily. 3 to 4 micron overty in hollow 

cylindrical bush is left after turning which is considered 

negligible. Due to thickness and hollow work piece it’s 

difficult to clamp in chucks, so 20mm casting is not 

removed from where it is griped in chucks to use its strength 

during operation. If we clamp the piece from finished side 

there are severe problem of clamping and breakage. The 

machine setting is done as according to design of Taguchi. 

All the eighteen pieces turned for equal time interval of 10 

sec. 

Parameter Unit Level1 Level2 Level3 

Cutting Speed rpm 260 400 600 

Feed mm/min 0.4 0.2 0.1 

Depth of cut mm 1 2 3 

Table. 1: Machining settings used in the experiments 

 Taguchi method and designs of experiment A.

Taguchi method of design provides a simple, efficient and 

systematic approach for optimization of experimental 

designs for performance quality and cost. In this, firstly the 

input factors are selected which are used in experiments and 

these factors values are entered in Taguchi design .The 

experimental values are obtained by design of experiment 

technique. 

In Taguchi method the results are analyzed to achieve to one 

or three following objectives 

 To establish the best or optimum condition for 

product or a process 

 To estimate the contribution of individual factors 

 To estimate the response under optimum condition. 

The optimum condition is identified by studying the main 

effects of each of the factors. The process involves minor 

arithmetic manipulation of numerical results and usually can 

be done by using simple calculator. The main effects 

indicate the general trend of influence of factors. 

Signal-to-noise ratio or the SN number is 

calculated for each variable to determine the effect on the 

output. In the equations below, yi is the mean value and si is 

the variance. yi is the value of the performance characteristic 

for a given experiment. 

                                                               (1) 

where 

 

 
i= Experiment number 

u= Trial number 

Ni= Number of trials for experiment i 

For the case of minimizing the performance 

characteristic, the following definition of the SN ratio 

should be calculated: 
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                                           (2) 

For the case of maximizing the performance 

characteristic, the following definition of the SN ratio 

should be calculated: 

                                            (3) 

The table-1 indicates the factors and levels for selecting the 

orthogonal array. For experiment degree of freedom (DOF) 

is to be calculated. The DOF for orthogonal array should be 

greater than or at least equal to those for design parameters. 

In this experiment, L9 orthogonal is used having four 

columns and nine rows. This array has eight degree of 

freedom and it can be handle three level design parameter. 

The surface roughness, Hardness, Material removal rate 

were analyzed by using this methodology. 

III. RESULTS AND DISCUSSIONS:    

After performing experimentation and machining process 

details of such parameters of machining i.e. depth of cut 

(DOC), cutting speed, feed rate, metal removal rate, surface 

roughness and hardness are obtained 

 MRR A.

The effect of parameters i.e. cutting speed, feed rate, depth 

of cut and interaction effect between speed and feed were 

evaluated using ANOVA and factorial design analysis. A 

confidence interval of 95% has been used for the analysis. 

One repetition for each 27 trails was completed to measure 

the Signal to Noise ratio (S/N Ratio). ANOVA table shows 

that feed with F value 154.64, depth of cut with F value 

257.32 and speed with F value 506.4 are the factors that 

significantly affect the MRR, with % contribution of 

17.35%, 29.06% and 52.3% to MRR. The other factor speed 

and pressure × speed were found to be insignificant. For S/N 

ratio cutting speed, feed and depth of cut were significant to 

reduce the variation of MRR. With 95% confidence interval 

mean value of MRR was found to be 851.8 ± 143.22 

mm
3
/min. 

 Surface Roughness B.

The effect of parameters i.e. steam cutting speed, feed rate, 

depth of cut and interaction effect between speed and feed 

were evaluated using ANOVA and factorial design analysis. 

A confidence interval of 95% has been used for the analysis. 

One repetition for each 27 trails was completed to measure 

the Signal to Noise ratio (S/N Ratio). In this experiment 

work surface roughness (Ra) has measured at position 

center. 

ANOVA table shows that feed with F value 8.27, 

speed with F value 28.39 and depth of cut with F value of 

3.830 are the factors that significantly affect the surface 

roughness with % contribution of 12.53 %, 47.06 % and 

11.76 % to surface roughness. The other factors speed × 

feed were found to be insignificant. For S/N ratio cutting 

speed, feed, depth of cut were significant to reduce the 

variation of surface roughness. With 95% confidence 

interval mean value of surface roughness was found to be 

0.2089 ± 0.146 μm. 

 Surface Hardness C.

The effect of parameters i.e. cutting speed, feed rate, depth 

of cut and interaction effect between feed and cutting speed 

were evaluated using ANOVA and factorial design analysis. 

A confidence interval of 95% has been used for the analysis. 

One repetition for each 27 trails was completed to measure 

the Signal to Noise ratio (S/N Ratio). Hardness was 

measured on Rockwell hardness tester on B scale. ANOVA 

table shows that feed with F value 10.30, speed with F value 

4.90 and depth of cut with F value 10.90 are the factors that 

significantly affect the surface hardness with % contribution 

of 24.85 %, 9.24 % and 26.58 % to surface hardness. The 

other factor speed × feed were found to be insignificant. For 

S/N ratio cutting speed and depth of cut were significant to 

reduce the variation of surface hardness. With 95% 

confidence interval mean value of surface hardness was 

found to be 80.61 ± 0.71 HRB 

 Effect on tooling cost D.

In tooling cost analysis, it is observed that other four scrap 

edges are capable to give the almost same results as useful 

edges. Resultant quality is also same as there is no tooling 

marks or other problems occurred during turning process. So 

by using other four edges that are disposed off as scrap 

directly effects the tooling and operational cost. 

 

 

 

 

Results are given in tables below: 

S.NO RPM FEED CUT MRR 1(mm
3
/min) MRR 2(mm

3
/min) Mean MRR S/N Ratio 

1 260 0.1 1 1.53 1.54 1.54 3.4861 

2 260 0.1 2 2.31 2.31 2.3 5.0126 

3 260 0.1 3 1.375 1.30 1.31 4.8317 

4 260 0.2 1 1.78 1.78 1.79 4.9689 

5 260 0.2 2 2.056 2.061 2.06 6.4954 

6 260 0.2 3 2.1 2.1 2.1 6.3145 

7 260 0.4 1 1.89 1.91 1.9 5.2384 

8 260 0.4 2 2.89 2.91 2.11 6.7650 

9 260 0.4 3 2.12 2.12 2.12 6.5841 

10 260 0.1 1 7.345 7.34 7.35 17.2418 

Parameters 
Useful four 

edges 

Other four edges (Scrap 

Inserts) 

Per Edge 

Capacity 
180-200 180-190 

Cost(In Rs.) 190 0 
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11 400 0.1 2 8.31 8.30 8.31 18.7683 

12 400 0.1 3 8.78 8.79 8.79 18.5874 

13 400 0.2 1 8.190 8.185 8.19 18.0564 

14 400 0.2 2 9.21 9.22 9.22 19.5829 

15 400 0.2 3 9.42 9.42 9.42 19.4020 

16 400 0.4 1 7.65 7.645 7.65 17.8704 

17 400 0.4 2 9.17 9.17 9.17 19.3969 

18 400 0.4 3 9.508 9.50 9.509 19.2160 

19 400 0.1 1 14.2 14.2 14.2 23.2314 

20 600 0.1 2 17.1 17.1 17.1 24.7580 

21 600 0.1 3 17.50 17.51 17.5 24.5171 

22 600 0.2 1 15.78 15.79 15.8 24.2589 

23 600 0.2 2 18.81 18.78 18.8 25.7854 

24 600 0.2 3 20.4 20.4 20.4 25.6046 

25 600 0.4 1 14.5 14.44 14.5 23.5413 

26 600 0.4 2 16.9 16.89 16.9 25.0679 

27 600 0.4 3 19.3 19.3 19.3 24.8870 

Table. 2: Results for MRR 

S.NO RPM FEED CUT SR 1(µmin) SR 2(mm3/min) SR S/N Ratio 

1. 260 0.1 1 1.666 1.671 1.67 -6.4931 

2 260 0.1 2 2.81 2.8 2.8 -8.692 

3 260 0.1 3 3.69 3.69 3.7 -9.5731 

4 260 0.2 1 1.89 1.89 1.9 -7.1795 

5 260 0.2 2 2.91 2.91 2.9 -9.3816 

6 260 0.2 3 3.9 3.89 3.98 -10.2595 

7 260 0.4 1 2.78 2.81 2.8 -9.4496 

8 260 0.4 2 4.71 4.7 4.7 -11.6517 

9 260 0.4 3 3.6 3.655 3.65 -12.5296 

10 260 0.1 1 1.961 1.9 1.96 -8.5945 

11 400 0.1 2 3.81 3.80 3.8 -10.7966 

12 400 0.1 3 4.8 4.8 4.8 -11.6745 

13 400 0.2 1 2.61 2.6 2.6 -9.3839 

14 400 0.2 2 4.31 4.30 4.3 -11.5860 

15 400 0.2 3 4.21 4.20 4.2 -12.4639 

16 400 0.4 1 6.8 6.8 6.8 -13.1957 

17 400 0.4 2 4.6 4.61 4.6 -15.3978 

18 400 0.4 3 5.61 5.6 5.6 -16.2757 

19 400 0.1 1 4.81 4.79 4.8 -12.5876 

20 600 0.1 2 5.10 5.11 5.1 -14.7897 

21 600 0.1 3 5.8 5.80 5.8 -15.6675 

22 600 0.2 1 5.888 5.91 5.89 -13.8916 

23 600 0.2 2 6.11 6.12 6.1 -16.0937 

24 600 0.2 3 6.20 6.21 6.2 -16.9715 

25 600 0.4 1 6.71 6.71 6.7 -14.5404 

26 600 0.4 2 6.4 6.41 6.4 -16.7525 

27 600 0.4 3 6.5 6.51 6.5 -17.6204 

Table. 3: Results for Surface Roughness (Ra) 

S.NO RPM FEED CUT Hardness1st (hrb) Hardness2nd   (hrb) Mean S/N Ratio 

1. 260 0.1 1 81 81 81 38.2021 

2 260 0.1 2 82 82 82 38.2838 

3 260 0.1 3 83 83 83 38.3426 

4 260 0.2 1 82 82 82 38.1670 

5 260 0.2 2 81 81 81 38.2487 

6 260 0.2 3 82 82 82 38.3065 

7 260 0.4 1 82 82 82 38.3074 

8 260 0.4 2 83 83 83 38.3891 

9 260 0.4 3 84 84 84 38.4469 

10 260 0.1 1 82 82 82 38.2727 
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11 400 0.1 2 83 83 83 38.3544 

12 400 0.1 3 83 83 83 38.4123 

13 400 0.2 1 82 82 82 38.2376 

14 400 0.2 2 83 83 83 38.3194 

15 400 0.2 3 82 82 82 38.3772 

16 400 0.4 1 82 82 82 38.3416 

17 400 0.4 2 83 83 83 38.4234 

18 400 0.4 3 85 85 85 38.4812 

19 400 0.1 1 82 82 82 38.2727 

20 600 0.1 2 83 83 83 38.3544 

21 600 0.1 3 83 83 83 38.4123 

22 600 0.2 1 82 82 82 38.2727 

23 600 0.2 2 83 83 83 38.3544 

24 600 0.2 3 83 83 83 38.4123 

25 600 0.4 1 83 83 83 38.4114 

26 600 0.4 2 84 84 84 38.4932 

27 600 0.4 3 85 85 85 38.5510 

Table. 4: Result for  hardness 

IV. CONCLUSIONS 

The present study was carried out to study the effect of input 

parameters on the MRR, surface roughness and surface 

hardness. The following conclusions have been drawn from 

the study: 

 MRR is mainly affected by feed rate, depth of cut and 

speed. 

 Surface roughness is mainly affected by feed rate and 

cutting speed. 

 Surface hardness is mainly affected by steam feed, 

cutting speed and depth of cut. 

V. SCOPE FOR FUTURE WORK 

With increasing competitiveness as observed in recent 

times, manufacturing system in the industry are being driven 

more and more aggressively. So there is always need for 

perpetual improvements. Thus for getting more accurate 

results we can take into account few more parameters as 

given below:  

 CNC machines can be used for the experimentation to 

have the better control of the process variables and also 

parameters can be set to the desired accuracy.  

 The present work can be extended with different point 

edges of inserts.  

 Further research can be extended by measuring cutting 

forces.  

 By using scrap inserts, high tooling cost can be reduced. 

 These scrap turning inserts can also be used in milling 

processes. 

 Mostly in industries, welded tools are used for turning 

aluminium. This is time consuming, costly and leads to 

production loss. These all can be reduced by using PVD 

coated index able tools. 

 By proper handling and selection of cutting inserts 

better surface finish can be achieved, which is not 

possible by using welded tools, because the edge cannot 

be adjusted manually by welding. 

 PVD coating supports dry cutting due to its properties 

during machining processes. So by using this technique 

usage of coolant can be reduced which is economical. 
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