
International Journal of Research in Advent Technology, Special Issue, March 2019 

E-ISSN: 2321-9637 

International Conference on Technological Emerging Challenges (ICTEC-2019) 

Available online at www.ijrat.org 

476 

 

Performance Analysis Of Tin And Alcrn Coated HSS 

Single Point Cutting Tools In Turning Operation 
 

Ch. Rajini Kumar
1
, Y. Yeswanth Reddy

2
, S. Madhava Reddy

3
, V. Sai Gopi Chand

4
, P. Raja Sekher

5
 

1 
Associate Professor, Department of Mechanical Engineering, Tirumala Engineering College, Jonnalagadda, 

Narasaraopet, A.P., India. 
2,3,4,5 

U.G. Students, Department of Mechanical Engineering, Tirumala Engineering College, Jonnalagadda, 

Narasaraopet, A.P., India

Abstract:Components are manufacturing in the industries by the application of different machining operations. 

Machining operation require cutting tool. Cutting tool performance and efficiency increases the productivity. 

The temperature generated in cutting tool decreases performance. Coating is one of the techniques to improve 

the efficiency of cutting tool. In this work the high speed steel cutting tools are coated with TiN and AlCrN by 

physical vapour deposition method. The performances of the coated tools are analyzed at different cutting 

speeds, feed rates and depth of cuts by turning operation of Aluminium rod. The cutting tool temperature was 

measured by infrared thermometer. The cutting tool temperature analysis results the AlCrN coated tools exhibits 

lower values compared to TiN coated tools. Finite element analysis (FEA) was used to analyze the temperature 

and compare it with the experiment results. 
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1. INTRODUCTION  

           Machining is the main process for 

manufacturing engineering components of metals.  

The importance of the machining process is evident 

by the observation that nearly every device used by 

humanity in day-to-day life has at least one 

machined part or surface. From a materials 

viewpoint, machining is a relative term, since 

different materials should be machined with 

different cutting speeds to insure acceptable tool 

life. Because of this difference and the fact that 

cutting speed determines whether a material will 

form continuous or segmented chips, one way to 

define high-speed machining is to relate it to the 

chip formation mechanism. Machining is a 

common fabrication technique where material 

removed from a part using a tool with a small, hard 

tip. Usually the material being cut is a metal, such 

as aluminum or steel. In order to fabricate a part 

quickly, a high cutting speed desired. These higher 

speeds generates high temperatures, however, lead 

to a faster degradation of the tool tip, which 

requires that the tool tip replaced more frequently.  

 

2. LITERATURE REVIEW 

Increasing the productivity and the quality of the 

machined parts are the main challenges of 

manufacturing industries. This objective requires 

better management of the machining system. This 

literature includes information on temperature in 

turning and coating materials for cutting tools. 

Optimization of cutting parameters is valuable in 

terms of providing high precision and efficient 

machining. So an attempt is made to optimize 

machining parameters using Titanium Nitride 

(TiN) and Aluminium Chromium Nitride (AlCrN) 

coated tools. The user of the machine tool must 

know how to choose cutting parameters in order to 

minimize cutting time, cutting force and produce 

better surface finish under stable conditions. Lower 

and Shaw et al.[1], developed analytical prediction 

model for the measurement of cutting temperature 

during machining. They concluded that the cutting 

temperature is the function of cutting speed and 

feed rate. Yong Huang et al. [2] have evaluated tool 

performance in terms of tool life based on the flank 

wear criterion as a function of cutting conditions, 

that is, cutting speed, feed, and depth of cut. 

Abhang L.B. et al. [3], worked to measure the tool-

chip interface temperature experimentally during 

turning of EN-31 steel alloy with tungsten carbide 

inserts using a tool-work thermocouple technique. 

Federico M. Aneriro et al. [4], Investigated the 

influence of cutting parameters (cutting speed, feed 

rate and depth of cut) on tool temperature, tool 

wear, cutting forces and surface roughness when 

machining hardened steel with multilayer coated 

carbide tools.  Sullivan et al. [5], measured the 

machined surface temperatures with two 

thermocouples inserted into the work piece when 

machining aluminum 6082-T6. K. Subramanyam et 

al. [6] studied the performance of coated tools in 

machining hardening steel under dry conditions. 

J.A. Ghani et al. [7] studied the performance of Tin 

coated carbide cermets tool under various 

conditions. 

 

3. OBJECTIVE OF THE WORK 

The objective of the work is;  

 To prepare TiN and AlCrN coatings by 

physical vapour deposition. 

 To detect tool tip temperature by using 

―infrared (IR) Thermometer‖ at various 

machining parameters. 
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 Modelling 

 Finite Element Analysis by ANSYS 14.5. 

 

4. EXPERIMENTATION 

  Aluminium rod with diameter of 

24 mm was selected as work material. Aluminium 

is used in a huge variety of products including 

cans, foils, utensils, window frames, automobile 

and aeronautical parts. This is because of its 

particular properties. It has high strength to weight 

ratio, low density, is non-toxic, has a high thermal 

conductivity, has excellent corrosion resistance and 

can be easily cast, machined and formed. It is also 

non-magnetic and non-sparking. It is the second 

most malleable metal and the sixth most ductile. 

Machining of Aluminium is common in the 

industries. Metal components are the basis of 

engineering applications and are exposed to wide 

range of conditions and environments. The cutting 

tool material can be subjected to different types of 

wear by the surrounding operation environment. In 

such cases, hard coatings can be utilized to improve  

the wear resistance of the metallic surface. 

Titanium Nitride is an extremely hard, inert, thin  

 

 

 

 

 

film coating that is applied primarily to precision 

metal parts. Titanium Nitride (TiN) is the most 

common PVD hard coating in use today. TiN has 

an ideal combination of hardness, toughness, 

adhesion and inertness. Aluminium Chromium 

Nitride (AlCrN) has remarkable wear resistance at 

lower speeds and feeds and under high mechanical 

loads. At higher speeds, where hot hardness and 

oxidation resistance are important, AlCrN shows 

good results. AlCrN is applicable to HSS and 

carbide tooling and for forming and forging 

operations, as well as cutting operations. AlCrN 

shows great results in machining a wide variety of 

hardened steels. 

 

A. Preparation of Workpiece 

Aluminium rod is cut into work pieces of 

diameter 24 mm with 10 centimetre length. The 

work pieces are used in lathe machine for turning 

operation. The cut pieces are shown in Figure 1. 

 

 

 

 

 

 

 

 

                                               

 

 

 

 

 

 

 

Figure 1: Aluminium work pieces 

 

 

B. Tool Coatings Preparion 

  Single point HSS cutting tools are coated with TiN and AlCrN by Physical vapour deposition process. 

The uncoated tools, TiN coated tools and AlCrN tools are shown in Figure 2.1, Figure 2.2 and Figure 2.3 

respectively. 
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Figure 2.1: Uncoated tool                          Figure 2.2: TiN coated tool                Figure 2.3: AlCrN coated tool 

 

C. Measurement Of Temperature 

The measurement of temperature carried at 

different speeds, cutting depths and feed rates with 

the help of IR thermometer as shown in Figure 5.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Figure 5: Temperature measurement at turning operation 

 

 

D. Calculation of Material Removal Rate 

 Material removal rate (MRR) is the total 

volume of material removed from work piece per 

unit time.   

MRR is a method to analyze the productivity of a 

machining process.  

For turning operation, if ‗f‘ is the feed 

value in mm/ rev, ‗d‘ is depth of cut in mm and ‗D‘ 

is diameter of work piece in mm, ‗N‘ is the speed 

of work piece in rpm,  then volume of material 

removed from work piece per unit revolution is 

given by 

 

MRR =  .f.d.D.N mm
3
/min 
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5. EXPERIMENTAL RESULT  

Table 5.1: Experimental Result With Uncoated Cutting Tool 

S. No. 
Diameter (D) 

in mm 

Feed (f) in 

mm/rev 

Speed (N) in 

rpm 

Depth of cut 

(d) in mm 

Temperature 

(T) in 

degrees 

MRR in 

mm
3
/min 

1 24 0.08 90 0.3 35.5 162.77 

2 24 0.08 90 0.6 37 325.55 

3 24 0.08 120 0.3 36 217.03 

4 24 0.08 120 0.6 38 434.07 

5 24 0.16 90 0.3 36 325.55 

6 24 0.16 90 0.6 37 651.11 

7 24 0.16 120 0.3 38 434.07 

8 24 0.16 120 0.6 39 868.14 

 

Table 5.2: Experimental Result With Tin Coated Cutting Tool 

S. No. 
Diameter (D) 

in mm 

Feed (f) in 

mm/rev 

Speed (N) in 

rpm 

Depth of cut 

(d) in mm 

Temperature 

(T) in 

degrees 

MRR in 

mm
3
/min 

1 24 0.08 90 0.3 37 162.77 

2 24 0.08 90 0.6 39 325.55 

3 24 0.08 120 0.3 38 217.03 

4 24 0.08 120 0.6 40 434.07 

5 24 0.16 90 0.3 39 325.55 

6 24 0.16 90 0.6 40.5 651.11 

7 24 0.16 120 0.3 40 434.07 

8 24 0.16 120 0.6 42 868.14 

 

Table 5.3: Experimental Result With Alcrn Coated Cutting Tool 

S. No. 
Diameter (D) 

in mm 

Feed (f) in 

mm/rev 

Speed (N) in 

rpm 

Depth of cut 

(d) in mm 

Temperature 

(T) in 

degrees 

MRR in 

mm
3
/min 

1 24 0.08 90 0.3 34 162.77 

2 24 0.08 90 0.6 36 325.55 

3 24 0.08 120 0.3 35 217.03 

4 24 0.08 120 0.6 36 434.07 

5 24 0.16 90 0.3 36 325.55 

6 24 0.16 90 0.6 37 651.11 

7 24 0.16 120 0.3 37 434.07 

8 24 0.16 120 0.6 38 868.14 

 

6. FINITE ELEMENT THERMAL ANALYSIS OF CUTTING TOOL 

6.1 Transient Thermal Analysis Of Cutting Tool At 120 rpm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: Uncoated Cutting Tool 
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Figure 6.2: TiN coated Cutting Tool 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3: AlCrN coated Cutting Tool 

 

 

 The FEA for uncoated, TiN coated and AlCrN coated cutting tools shows temperature distribution in Figure 

6.1, Figure 6.2 and Figure 6.3.  

               

7. RESULTS AND DISCUSSION  

     TABLE 7.1: Comparative Results 

Cutting tool 
Speed (N) 

in rpm 

Depth of cut 

(d) 

in mm 

Temperature 

(T) 

in degrees 

FEA 

Temperature 

in degrees 

Difference 

Uncoated tool 120 0.6 39 40.12 1.12 

TiN coated 

tool 
120 0.6 42 43.22 1.22 

AlCrN coated 

tool 
120 0.6 38 38.23 0.23 
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8. CONCLUSION 

  From the results obtained experimentally 

shows less temperature of AlCrN coated cutting 

tool compared with TiN coated cutting tool. AlCrN 

coated cutting tool performs more efficiency at 

different speeds, depth of cuts and feed rates due to 

less temperature. The FEA analysis results less 

temperature difference of AlCrN coated tool 

compared to TiN and uncoated tool. 
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