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Abstract— The objective of this research paper is to study a 

real time problem in a small scale Metal Links industry at 

Mohali. The industry manufactured different size mild steel 

rivets. The industry faces a problem of frequent tool wear 

results in high machine downtime, high tooling cost and low 

production. Methodologies were used to eliminate the 
problem by machine setup, work piece detail, cutting 

conditions, description of cutting tool, coating deposition 

process. To measure physical and mechanical property by 

micro hardness and scratch test. The experimental procedure 

is used in tool wear measurement by using four different 

uncoated high carbon steel cutter, hardened alloy steel cutter, 

high speed steel cutter and TiN coated high carbon steel 

cutter. The work is done to study the effect of single layer 

coating on slitting tool life enhancement in machining of AISI 

1015 mild steel rivets. 
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I. INTRODUCTION 

The cutting tool is an important basic tool required in the 

machining process of a part in production. It not only 

performs the cutting action but helps in getting required 

surface finish and accuracy of the part. In order to perform 

these tasks the tool has to be strong enough to withstand wear 

resistance and serve for long period of time to produce more 
number of components with the same accuracy. One of the 

popular methods to serve this purpose is hard coating of 

cutting tool. The recent advance in coating for cutting tool has 

significantly improved the machining performance in terms 

of tool life, machined surface quality and productivity. This 

study deals with the ways of improving the life of slitting tool 

by improving the wear resistance property of existing tool by 

deposition of TiN coating on it or by using tools of different 

material which are superior in properties. In the present study, 

attempt was made to study the machinability of AISI 1015 

mild steel rivets with high carbon steel cutter, hardened alloy 
steel cutter, high speed steel cutter and TiN coated high 

carbon steel cutter. 

II. CASE STUDY 

This project was carried out at Metal Links industry which 

manufactured different size mild steel rivets. 

 
Fig. 1: 

Production capacity- 5000 piece/day 

Total manpower- 14  

III. PROBLEM FORMULATION 

The part flow and sequence of the machining processes 

carried out on AISI 1015 mild steel rivet wire from raw 

material to final goods 

 
Fig. 2: 

IV. METHODOLOGY 

 Machine Setup 

Slitting machine was used for slitting purpose of the rivets. 

The machine contain semicircular shaped slitting cutter 
mounted on rotating shaft. The shaft is rotated at constant 

speed by an electric motor of 1HP. 

 
Fig. 3: 

 Workpiece Detail 

Rivets of 25mm long and 3mm diameter were cut from the 
rivet wire and used as work piece for analyzing tool wear 

during slitting of rivet shank. 

Constituent Fe C Si Mn P S 

Wt.% 99.1 
0.13-

0.18 

0.10-

0.20 

0.30-

0.60 
0.04 0.04 

Table 1: Chemical Composition of AISI 1015 Rivet 



Enhance Life of Slitting Tool 

 (IJSRD/Vol. 7/Issue 06/2019/044) 

 

 All rights reserved by www.ijsrd.com 207 

 Description of Cutting Tools 

The slitting tool initially used in this experiment was 

semicircular shaped high carbon steel cutter. The geometry of 

cutter is such that it is narrow at front and wide at rear end. 

When the cutter rotates in clockwise direction front teeth 

make cut into rivet and depth of cut increase progressively 

with cutter rotation due to cutter geometry. 

 
Fig. 4: High Carbon Steel Cutter 

Constitue

nt 
Fe C Si Mn S Mo Cu 

Wt.% 
94.

5 

1.6

4 

3.0

2 

.34

5 

0.10

9 

0.03

5 

0.30

4 

Table 2: Chemical symphony of High Carbon Steel Cutter 

Due to problem of frequent tool wear with high 

carbon steel cutter alternative tool material superior to high 

carbon steel were selected. The shape and geometry of tool 

remains same as high carbon steel cutter but tool material was 
changed. 

The configuration and designation of different 

alternative tool selected along with presently used tool for 

machining of AISI 1015 mild steel rivet. 

Designation Tool configuration 

Tool 01 High carbon steel cutter 

Tool 02 Hardened alloy steel cutter 

Tool 03 High speed steel cutter 

Tool 04 TiN coated high carbon steel cutter 

Table 3: Cutting Tools Used in Experimentation 

The first alternative tool selected was hardened alloy 

steel cutter. Addition of alloying element like tungsten and 

vanadium improves properties like hot hardness and 

toughness of a cutting tool. Chemical composition of 

hardened alloy steel cutter. 

Constitu

ent 
Fe C Si Mn S Mo Cu 

Wt.% 
73.

7 
2.0 

0.44

4 

0.32

6 

.26

9 
4.08 .236 

Constitu

ent 
Cr Ni Co V W Nb Ti 

Wt.% 
2.6

4 

0.25

4 

0.94

0 

> 

1.00 

> 

4.0

0 

0.11

2 

0.02

9 

Table 4 Chemical symphony of Hardened Alloy Steel Cutter 

The second alternative tool used in place of high 

carbon steel cutter was high speed steel cutter. 

 
Fig. 5: High Speed Steel Cutter 

Constit

uent 
Fe C Si Mn S Mo Cu P 

Wt.% 
79.

3 

0.9

33 

0.3

78 

0.2

99 

0.0

33 

0.8

46 

0.1

52 

0.0

96 

Constit
uent 

Ni Co Cr Nb Ti V W Se 

Wt.% 
0.1

47 

0.1

07 

2.7

3 

0.0

36 

0.0

10 

> 

1.0

0 

> 

4.0

0 

0.0

49 

Table 5: Chemical symphony of High Speed Steel Cutter 

As a third alternative tool for slitting of AISI 1015 

mild steel rivet coating of high carbon steel cutter was done 

to improve the performance. Physical Vapor Deposition 

(PVD) technique was selected for coating deposition because 

this process takes place in high vacuum at temperatures 

between 150 and 500 °C which is suitable for coating of high 

carbon steel cutter. Hard coating of TiN was deposited over 

high carbon steel cutter. TiN has the property of golden 
appearance, low density and high melting point. The TiN 

coatings have the lot of benefits on cutter include a gracious 

appearance, tremendous adhesion to substrates, high 

chemical inertness, resistance to eminent temperatures, hard 

surface. 

 
Fig. 6: Tin Coated High Carbon Steel Substrate 

 Coating Deposition Process 

TiN coating were deposited on the cutting tool substrate of 

semicircular geometry by using PVD (Physical Vapour 

Deposition) cathodic arc evaporation technique at Oerlikon 

Balzers coating India limited, Kurali. 

 Substrate Cleaning 

Before the coating of high carbon steel substrate of the tool 

undergoes cleaning process to get the best quality of coating. 

After that substrate placed into the chamber of surface 

treatment process and deposition of the TiN coating by same 

process. 
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 Coating Deposition 

 Micro Hardness Testing 

Micro indentation hardness testing (or micro hardness 

testing) is a method for measuring the hardness of a material 

on a microscopic scale. A diamond indenter, in form of a right 

pyramid with a square base and an angle 136˚ between 

opposite faces, was forced into the material under load F. The 

two diagonals ‘d1’ and ‘d2’ of the indentation left on the 

surface of the material after removal of the load were 
measured to calculate arithmetic mean diameter (d). In the 

present work, the load P = 0.1 kgf or 0.98 N for a dwell time 

of 10 second was applied Vickers hardness number was 

calculated. 

Hv = 
𝟐𝑳𝒔𝒊𝒏 (

𝜶

𝟐
)

𝒅𝟐  

Where P is the applied load in kgf, α is the angle 

between opposite faces of the diamond indenter (136°) and d 

is the mean diagonal of the indentation in mm. 

 Scratch Test 

One of the most important properties of a thin film coating is 

the adhesion (interfacial forces between two surfaces) 
between the coating and the substrate. The most common 

method of accurate measurement of thin film coating 

adhesion is the scratch test. 

 
Fig. 7: Schematic Diagram for Mechanism of Scratch Test 

 Tool Wear Measurement 

The experimental procedure used in tool wear measurement 

is described below: 

1) STEP NO: 1. The uncoated high carbon steel cutter was 

used for machining purpose with cutting speed of 35 rpm 

and depth of cut 12 mm. 

2) The experiments were carried out for 4 hours and 

average tooth wear measured under optical microscope 

of vision measuring system. The experiment was 

continued under same cutting condition and for same 
cutter for next 2 hours and tooth wear was measured. The 

experiment was further continued for next 2 hours under 

same cutting condition and tooth wear was measured for 

same cutter. 

3) STEP NO: 2. The hardened alloy steel cutter was used 

for machining purpose under same cutting condition. 

4) STEP NO: 3. The high speed steel cutter was used for 

machining purpose under same cutting condition. 

5) STEP NO: 4. The TiN coated high carbon steel cutter 

was used for machining purpose under same cutting 

condition. 

The same observation technique were followed for wear 

measurement and the observe results were tabulated for 

further calculation. 

V. RESULT AND DISCUSSION 

 Hardness Test 

Result of test performed to evaluate the physical and 

mechanical properties of four different cutter used in 

machining of AISI 1015 mild steel rivets are interpretive and 

compare as follows: 

Different Cutter Micro Hardness (VHN) 

Tool 1 430 

Tool 2 600 

Tool 3 790 

Tool 4 2300 

Table 6: Hardness Test Data for Tools 

 Tool Life Comparision 

Tool life comparison of four different cutters used in 

machining of AISI 1015 mild steel rivet can be done with the 

help of Fig 8 and Fig 9. 

 
Fig. 8: 

 Tool Cost Comparision 

 
Fig. 9: 

VI. CONCLUSION AND SCOPE FOR FUTURE WORK 

 Properties like hardness and wear resistance play an 

important role to improve the performance and life of a 

tool. 

 Result shows decrease of 21% in wear of hardened alloy 

steel cutter and a decrease of 32% in wear of high speed 

steel cutter compared to wear in high carbon steel cutter 

under same cutting condition. 

 From the experimental investigation it is observed that 
coating of TiN on high carbon steel substrate 

substantially improves hardness and wear resistance 

properties of TiN coated high carbon steel cutter 

compared to uncoated high carbon steel cutter. 

 Result shows that, monthly tooling cost is reduced to 

almost half by using TiN coated high carbon steel cutter 

as compared to uncoated high carbon steel cutter due to 

higher tool life of TiN coated high carbon steel cutter. 
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VII. SCOPE FOR FUTURE WORK 

 This research may be extended to study the effects of 

multi-layer coatings on slitting tool performance. Multi 

layers are believed to offer very high strength, hardness, 

heat resistance, and many new properties that could 

greatly enhance the performance of the slitting tools. 

 This research also extended to examine how the number 

and thickness of the alternating layers affect the hardness 

and wear resistance properties of the slitting tool. 
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