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Abstract— In the current manufacturing industries, cost of the
product is most important parameter and there are too many
parameters that effects such as tool Life, Production of the
component, Product quality. Tool life directly affects the
product quality and productivity of the product. We have
determined the tool life by the method of design of
experiment. All the cutting parameter such as cutting speed,
depth of cut, feed of the cutting tool has been taken into the
account along with two different conditions as dry and wet
Then the observed data has been studied on the Minitab
software to develop the equation based on the material
parameter. This has given the nearly precise idea for the
cutting tool life.
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. INTRODUCTION

One persistent trend throughout the history of metal
machining has been the use of higher and higher cutting
speeds. In recent years, there has been renewed interest in this
area due its potential for faster production rates, shorter lead
times, reduced costs and improved part quality. In its simplest
definition, high speed machining means using cutting speeds
that are significantly higher than those used in conventional
machining operations. To achieve approximately zero
tolerance product higher configuration and expensive
machine should be used. Major concern of this, it increases
the final cost of the product. This project emphasis on how to
reduce the cost of product without loss of the expected
quality. And to reduce the cost of the product manufactured
on these machines we need to reduce the cost of the quality
setup as well as the initial setup done on the machine. Quality
setup means the dimensional quality of the product with the
expected productivity of the machine. To increase the
productivity with the quality we have to develop such theory
that suggest the setup parameter before loading the product
on the machine. The set-up parameter means the life of the
CNC turning tool, because the condition and finally the life
of the tool is important to maintain the anticipated
productivity as well as expected quality. To determine the
life, Tool Wear Rate of the tool we have to perform the trial
by changing the material with the CNC Carbide insert.
Materials will be used in experiment: EN — 9, EN — 31,
Aluminum

These are the most commonly used materials in the
engineering industries. By performing the experiment we can
determine the Tool Wear Rate. Before changing the material
we will be able to know the how many tools are required to
produce the required quantity, by these way we will be able
to reduce the cost of quality setup and increase the
productivity of the machine.

We can also calculate tool life by using Taylor’s tool
life equation and make a comparison with experimental
observation.

Il. EXPERIMENTAL PROCEDURE

The complete experimentation was conducted on LMW CNC
lathe machine. For the following experimentation the mainly
two conditions were carried out that is dry running and wet
running using Multan B-204 as a coolant.

Initially the parameters were decided before
performing the experiment. The parameters were decided for
cutting speed of 210, 230 and 250 rpm and depth of cut as 0.5
and 1 mm and keeping feed rate constant as 0.14. The
operation was performed for both the conditions that is dry as
well as wet.

A. Machine Specification

LMW CNC Lathe used for the experimentation had a
following set of fixed/Ranged Parameter. The entire
experimentation was being conducted under the controlled
conditions. The specifications of CNC Lathe were as follows:

Sr. Element Size / dimension
1 Name of equipment CNC TURNING
2 Equipment serial no. 55-01252
3 Tag no. TC-03
4 Application TURNING
5 Model no. SMART RUN
6 Make LMWSMARTRUN
7 Swing over bed 480mm
8 Max. turning length 262mm
9 Max. turning dia. 200mm
10 Standard turning 169mm
11 Spindle motor 5.5Kw/7.5Kw
12 Spindle bor 53mm
13 Spindle nose Flat dia. 140mm
14 Coolant motor 0.25Kw
15 Cheep conveyor 0.18Kw
16 AXis drive SIMODRIVE
17 Ball screw x-axis 32 x 10 pitch
18 Ball screw z axis 32 x 10 pitch
19 Speed range 50-4500 rpm
20 Max rapid speed 20000mm/min
21 Weight 3800 kg
22 Floor space 2960*1685*1485
23 Standard access 165mm hydraulic chuck
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Fig. 1: Image of CNC Lathe

I11. DESIGN OF EXPERIMENT

There are certain methods for the D.O.E. are available in the
statics and are listed below Factorial, Response surface,
Mixture, Taguchi, Select optimal design, Response
optimizations. This are variables (also think of as ingredients
or parameters) that have direct influence on the performance
of the product or process under investigation. Factors are of
two types: Discrete - Assumes known values or status for the
level. Example: Container, Vendor, Type of materials, etc.
Continuous - Can assume any workable value for the factor
levels. Example: Temperature, Pressure, Thickness, etc.
Levels: This is the values or descriptions that define the
condition of the factor held while performing the
experiments.
Combination: An instance of the experiment unit with a
particular level from each factor applied.
For a full factorial design, if the numbers of levels are same
then the possible design N is N = Lm
Where, L = Number of levels for each factor,
M = Number of factors

Fractional factorial designs are good alternatives to
a full factorial design, especially in the initial screening stage
of a project. It is used to simplify the experiment. Fractional
factorial experiments investigate only a fraction of all the
possible combinations. This approach saves considerable
time and also money in case of costly material, but requires
rigorous mathematical treatment, both in the design of
experiment and in the analysis of the results.

A. Compilation of Data

Completion of various rounds of data collection and
compilation, following data was received.
The data for EN9 was as follows

e | olume
Run Parameter Flank | rate of of T(.)OI
Wear | flank . Life
wear material
removed
1 Dry 0.5 | 0.35 | 0.004 1250 87.2
2 210 1 0.35 | 0.0086 1560 40.26
3 Wet 0.5 | 0.49 | 0.0042 1410 116.54
4 1 0.33 | 0.0073 1629 45.1
5 0.5 | 0.35 | 0.0053 941 65.4
6 230 | Dry 1 0.35 | 0.0115 1176 30.2
7 0.5 | 0.37 | 0.0042 1059 87.4
8 230 | Wet 1 0.33 | 0.0097 1221 33.83
9 Dry 0.5 | 0.35 | 0.008 628 43.6
10 250 1 0.35 | 0.0173 784 20.13
11 Wet 0.5 | 0.37 | 0.0063 706 58.27
12 1 0.33 | 0.0146 815 22.55

The data for Aluminum was as follows

™ | oume
Run Parameter Flank | rate of of T(.)OI
Wear flank . Life
wear material
removed
1 Dry 0.5 | 0.31 | 0.0002 50135 1355
2 210 1 0.32 | 0.0006 20054 542
3 Wet 0.5 | 0.42 | 0.0002 60165 1625
4 1 0.26 | 0.0006 24050 650
5 230 | Dry 0.5 | 0.28 | 0.0002 37605 1016
6 1 0.25 | 0.0006 15100 408
7 0.5 | 0.24 | 0.0002 45125 1219
8 230 | Wet 1 0.26 | 0.0006 18150 490
9 Dry 0.5 | 0.27 | 0.0002 31005 838
10 250 1 0.28 | 0.0006 12095 326
11 Wet 05| 03 0.0002 36050 974
12 1 0.26 | 0.0006 14550 393
The data for EN31 was as follows
e | olume
Flank | rate of Tool
Run Parameter Wear | flank of _ Life
wear material
removed
1 Dry 05| 0.33 0.004 1250 70
2 210 1 0.32 | 0.0086 1560 30
3 Wet 0.5 | 0.46 | 0.0042 1410 90
4 1 0.30 | 0.0073 1629 38
5 0.5 | 0.32 | 0.0053 941 51
6 | 20| DY 1 {032 [o00115] 1176 25
7 0.5 | 0.33 | 0.0042 1059 68
g | 230 | Wet 030 {00007 | 1221 | 28
9 Dry 05| 031 0.008 627 35
10 250 1 0.31 0.0173 784 16
11 Wet 05| 0.33 0.0063 706 45
12 1 0.29 0.0146 815 17
B. Charts

Amongst all the parameters, the two parameters which will
have effect on the tool life are cutting speed and depth of cut.
While feed rate will also have an effect but as we have kept it
constant the maximum effect on the tool life in both the
condition (i.e. dry and wet) will be of cutting speed and depth
of cut. The following charts show the tool life against cutting
speed.

Cutting Speed Vs Tool Life ( Dry
Condition )

150
? \ ~4—EN-9 Dry
£ 100 B
& \ ~-EN-31Dry
=
— 5 N
k: R\ wde—Alluminium Dry /
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200 220 240 260 —EN-9Dry

Cutting Speed ( m/min. )

Chart 1: Dry Data Analysis
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Cutting Speed Vs Tool Life ( Wet
Condition )

200
c .
£ 150 ~ ——EN-9 Wet
P 100 --EN-31 Wet
- ~d~Alluminium Dry / 10
° 50
’9 ——EN-9 Wet
0 —fN-31 Wet
200 220 240 260 g Alluminium Dry / 10

Cutting Speed ( m/min. )

Chart 2: Wet Data Analysis

C. Theoretical vs Actual Data Analysis

By keeping the feed 0.14 mm/rev, the tool life founded
experimentally and the theoretical equation to get the tool life
on computer developed and validated with the existing tool
life which is experimentally determined of cut. The following
charts show the tool life against cutting speed Equation for
EN-9 for dry condition:

( Feed / ( cutting speed x depth of cut ) ) X eXp (1/pepth of cut) X
0.42 x ( cutting speed / cutting speed max ) and same thing is

validated as mentioned in the below chart:

Tool_Life Comparision Theo Vs Actual
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Cutting Speed ( m/min. )

Chart 3: Theoretical vs Actual Analysis (Dry Condition)

By keeping the feed 0.14 mm/rev, the tool life

founded experimentally and the theoretical equation to get the

tool life on computer developed and validated with the

existing tool life which is experimentally determined.

Equation for EN-9 for wet condition:

( Feed / ( cutting speed x depth of cut ) ) X eXp (1/pepth of cut) X

0.52 x ( cutting speed / cutting speed max ) and same thing is
validated as mentioned in the below chart :

Tool_Life Comparision Theo Vs Actual
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Chart 4: Theoretical vs Actual Analysis (Wet Condition)

IV. CONCLUSION

After completion of all the trials on CNC lathe turning
machine for the different materials, for the different
parameters and different running conditions. After each trial
the flank wear and the amount of material removed were
measured along with the time taken to remove it. The
roughness in surface finish was the prime indication of the
tool failure or end of tool life. The tool life on different
material was found different. Also there was a difference in
tool life for the different conditions. The tool life founded
experimentally and the theoretical equation to get the tool life
on computer developed and validated with the existing tool
life which is experimentally determined. Equation for EN-9
for dry condition:

(Feed / (cutting speed x depth of cut)) x exp (1 / Depth of
cut) x 0.42 x (cutting speed / cutting speed max) and same
thing is validated.

The same equations are developed for the all of three
materials for the both conditions and we derived the

following conclusions:

1) Asthe conditions of the cutting changed from dry to wet,
the tool life is increased by 33.64% for the EN-9
material.

2) As the conditions of the cutting changed from dry to wet,
the tool life is increased by 28.57 % for the EN-31
material.

3) Asthe conditions of the cutting changed from dry to wet,
the tool life is increased by 19.90% for the AL material.

4) The derived equation is matched with the existing
condition of tool life and this will help to maintain the
inventory of the tool insert to finish the batch of the
production.

5) Estimated tool life has reduced the tooling cost by
reducing the damage of the production.

V. FUTURE SCOPE

1) Further experimentation should be done on effect of
different coolant on the tool life.

2) Tool analysis of the tool insert should be done on
analysis software to strengthen the insert.

3) Effect of Work piece hardness on the tool life should be
studied.
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4) Effect of tooling material on the work piece should be
studied.

5) Effect of residual stresses in work piece on tool life
should be studied.
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