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Abstract:- This research aims to determine the optimal
Surface Roughness for machining D3 die steel alloy with
uncoated carbide inserts. It will do this by studying the
most efficient turning parameters, such as cutting speed,
feed, and depth of cut. Models have been generated
using a variety of statistical modeling approaches,
including Genetic Algorithm with Response Surface
Methodology. This research aimed to use the regression
technique to develop a model that could predict surface
roughness. It has also been investigated if the Taguchi
Technigue may be used to optimize process parameters.
To decide the primary boundaries affecting Surface
Unpleasantness, we used Signal-to-Noise (S/N) ratio and
Analysis of Variance (ANOVA) tests. This paper aims to
contribute valuable insights into achieving the best
Surface Roughness outcomes in the machining process
for D3 die steel alloy with Uncoated Carbide Inserts. The
utilization of Genetic Algorithm and Response Surface
Methodology showcases a robust approach for modelling
intricate parameter interactions. If you know the values
of the parameters, you may use the Regression
Technique to forecast the surface roughness. Process
parameter optimization may be made more systematic
with the use of the Taguchi Technique.

Keywords:- Turning Operation, Surface Roughness,
Mathematical Model, ANOVA, Taguchi Technique.

I INTRODUCTION

The increasing demand for precision machining in
industries working with D3 Die Steel has ignited a crucial
need for the optimization of turning operations. D3 Die
Steel characterized by its uncommon hardness and wear
opposition, remains as a crucial material in different modern
applications,. However the intricate nature of this alloy
presents specific challenges during machining processes,
necessitating a meticulous exploration of optimal
parameters. This research endeavors to address these
challenges by employing a systematic approach to
experiment design through Design of Experiments (DOE)
techniques. The primary focus revolves around investigating
the influential factors of shaft speed, feed rate, and
profundity of cut on machining performance. Each
parameter is carefully chosen due to its recognized impact
on the intricate nature of turning operations on D3 Die Steel.
The inherent hardness and wear resistance of D3 Die Steel
make it a demanding material for machining processes.
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Achieving a superior surface finish (Ra) is of paramount
importance in applications where precision is critical.
Consequently this study aims to unravel the complex
interplay between the chosen process parameters and the
resulting surface finish aiming to identify the optimal
combination that yields enhanced machining performance.
The significance of this research extends beyond the
immediate challenges posed by machining D3 Die Steel. It
contributes to a deeper understanding of the underlying
dynamics involved in precision machining, particularly in
the context of high-performance materials. By systematically
analyzing the obtained results, the study seeks to not only
optimize the process parameters for D3 Die Steel but also to
provide valuable insights that can be applied to similar
materials in the future. The outcomes of this research hold
the potential to advance manufacturing processes, ensuring
efficiency and precision in the production of components
from high-performance materials.

1. TAGUCHI TECHNIQUE

A novel approach to experimental design based on
clearly specified criteria has been proposed by Taguchi. A
unique kind of arrays known as orthogonal arrays are used
by this technique. Using these typical arrays as a guide, one
may determine how many tests are necessary to uncover all
the elements influencing the performance metric. Selecting
different combinations of input design variables at different
levels is the orthogonal arrays method's meat and potatoes.
The Englishman R.A. Fisher was the first to suggest the
method of designing experiments with many components
[6]. As a common term, this approach is called the factorial
design of experiments.

For any given collection of elements, a complete
factorial design will reveal every conceivable combination.
It takes a lot of tests to get a complete factorial design right
since there are generally a lot of elements in industrial
studies. Only a subset of all possible outcomes is chosen in
order to keep the number of trials manageable. Performing a
partial fraction experiment is the best way to get the most
information out of a small number of trials. Despite the
method's fame, there are no standards for using it or
interpreting the data collected from tests. For factorial
experiments, Taguchi developed a unique set of general
principles that have various uses.
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The Taguchi methods are a set of statistical techniques
originally intended to enhance product quality that have
found new uses in fields as diverse as engineering,
biotechnology, advertising, and marketing.

I11. TURNING PROCESS PARAMETERS

As an example of a common machining technique,
turning involves rotating the work piece with a single-point
tool to produce chips, which are then used to remove
undesired material. Using a lathe as a machine tool allows
for this to be achieved. During a turning process, there are a
few variables that can be adjusted. One of these is the
cutting speed, V¢, which is measured in feet per minute or
meters per second. The other is the feed, f, which is
measured in inches per revolution or millimeters per
revolution. Lastly, there is the depth of cut, d, which is
measured in inches or millimeters. The chip is often made in
plane strain, which means that its width is equal to its
unreformed chip width. This is because the depth of cut (d)
is typically at least five times the feed (f).

Table 1 D3 Die Steel's Chemical Composition

Element C Cr Mn Ni Si
Wit% 0.21 0.11 0.40 0.31 0.30
Table 2 D3 Die Steel's Mechanical Characteristics
Brinell Hardness Number (BHN) 248

Density 7.7 X 10° kg/'m’
%o Elongation 10-15
Tensile Strength, Ultimate 700-1200
MPa
Yield Strength 600 MPa
Poissons Ratio 0.27-0.30

Table 3 Experimental Conditions
Work piece Material D3 die Steel
Length of the work piece | 200mm
Diameter of the work piece | 35 mm

Lathe Used Conventional Lathe

Inserts Used Carbide Insert (KORLOY Make)

Insert Designation TNMG 16 04 08 (ISO Designation)

Tool holder MTINL 25 * 25 *H 16 (ISO Designation)

Measuring Instrument Profilometer (Talysurf), Mitutoyo SJ-201P
(for measuring Surface Roughness)

Environment DRY

Table 4 Three-Level Values for Process Parameters

Process Parameter Levels

Parameters Designation | L1 | L2 | L3
Speed (rpm) A 150 | 250 | 400
Feed (mm/rev) B 01| 04 | 07
Depth of Cut (mm) C 051 15 | 15

IJISRT24APR028

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/1JISRT24APR028

In order to design the experiment, we looked to
Taguchi's Orthogonal Array Experimentation Technique.
The experimental configuration that met the minimal
number of requirements for the factors and levels reported in
Table 5 was a L9 orthogonal array.

Table 5 Levels, Factors, and Degrees of Freedom

Factor Code Factor No of Levels Degree of Freedom
A Speed 3 2
B Feed 3 2
C Depth of Cut 3 2
Total degrees of freedom 6
Minimum number of Experiments 1

Table 6 L9 Orthogonal Array Standard

Trial No. Speed (rpm) Feed (mm/rev) DOC (mm)
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

Table 7 L9 Array Standard with Observations

Trial No.| Speed Feed DOC (mm) Ra
(rpm) (mm/rev)
1 150 0.22 05 2.73
2 150 0.40 1.0 5.43
3 150 0.70 15 8.56
4 250 0.22 1.0 6.02
5 250 0.40 15 8.11
6 250 0.70 05 3.10
7 400 0.22 15 10.16
8 400 0.40 05 3.75
9 400 0.70 1.0 8.64

In Table 1 we can see the exact chemical make-up of
the D3 die steel test specimen. Results for the specimen's
mechanical characteristics are shown in Table 2. We
followed these experimental protocols for this investigation,
as shown in Table 3. Procedure parameters are shown in
Table 4, along with their values at three different levels.
You may find the minimum number of experiments, factors,
levels, and degrees of freedom in Table 5. Conventional L9
Orthogonal Array (OA) data is shown in Table 6. L9 OA
with noticed values for every boundary is displayed in Table
7.
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Table 8 A Linear Model of Surface Roughness Ra

Factor | Type | Levels Values
Speed | Fixed 3 150,250,400
Feed | Fixed 3 0.22,04.0.7
DOC | Fixed 3 0.5,1.0,15

Table 9 Surface Roughness Ra Analysis of
Variance (ANOVA

Source DF | AdjSS | AdjMS | F-Value | P-Value

Regression | 3 56.3308 | 187769 418 0.001

speed 1 6.2222 62222 11.33 0.020

feed I 0.5149 0.5149 094 0377

depthofeut | 1 495937 | 49.5037 90.29 0.000

Error 5 27464 (.5493

Total § 590772

$=0.741132 R-Sq=95.35% R-Sq (adj) = 92.56%

Table 10 Signal-to-Noise Ratio Response Table

Level speed feed depth of cut

1 14.02 14.82 10.01

2 14.53 14,79 16.34

3 16.78 15.74 18.99
Delta 2.76 0.95 5.08
Rank 2 3 1

Main Effects Plot for SN ratios
Data Means

speed feed [ depth of cut
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Signal-to-noise: Larger is better

Graph 1: Surface Roughness S/N ratio values

IJISRT24APR028

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/1JISRT24APR028

As shown in Table 8, the General Linear Model for
Surface Roughness Ra's.

Table 9 is the Surface Roughness Ra Analysis of
Variance (ANOVA).

Table 10 displays the results of the Signal-to-Noise
Ratio Response Table.

V. CONCLUSION

There was a statistically significant relationship
between turning parameters (such as feed rate, depth of cut,
and speed) and work piece surface roughness, according to
the experimental results. This data also demonstrates a
correlation between cutting speed, feed rate, and depth of
cut and the work piece's induced surface roughness.

e The minimum surface roughness is observed at spindle
speed is 150, feed is 0.22 and depth of cut is 0.5 as
compared to other results for D3 die steel. Where the
surface roughness is most affected by the feed rate.

e The minimum surface roughness is observed at spindle
speed is 250, feed is 0.22 and depth of cut is 0.5 as
compared to other results for D3 die steel. Where the
surface roughness is most affected by the feed rate.

e The minimum surface roughness is observed at spindle
speed is 250, feed is 0.40 and depth of cut is 1.0 as
compared to other results for D3 die steel. Where the
surface roughness is most affected by the feed rate.

Hence it’s observed that the surface roughness is
minimum for D3 die steel. According to the primary effect
plot, the work piece's surface roughness is most impacted by
feed rate and speed, whereas depth of cut has no discernible
impact.

The surface roughness of the work piece increases with
a higher feed rate and decreases with a higher cutting speed.
Thus, the optimal machining parameters for minimising the
work piece's surface roughness are feed rate and speed.
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