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Abstract: This paper presents an experimental study to optimize cutting parameters during machining of SS
304 for simultaneous minimization and maximization of Surface roughness (Ra), machining time, geometrical
tolerance of Stainless Steel affect the aesthetical aspect of the final product and hence it is essential to select the
best combination values of the CNC turning and CNC Milling process parameters to minimize as well as
maximize the responses. An orthogonal array, Signal to noise(S/N) ratio and analysis of variance(ANOVA) were
employed to analyze the effects and contributions of depth of cut, feed rate and cutting speed on the response
variable. The experiments were carried out on a CNC turning and CNC machining, using coated carbide insert
for the machining of Stainless Steel. The experiments were carried out as per L9 orthogonal array with each
experiment performed under different conditions of such as cutting speed, depth of cut, and feedrate. te analysis
of variance (ANOVA) was employed to identify the level of importance of the machining parameters on Surface
roughness (Ra), machining time and geometrical tolerance. The result of this research work showed that feed
rate is the most significant factor for minimizing surface roughness. Higher feed rate provides higher surface
roughness.

. Introduction
1.1 Cnc Machines - An Overview

It has long been recognized that conditions during cutting, such as feed rate, cutting speed and depth of
cut, should be selected to optimize the economics of machining operations, as assessed by productivity, total
manufacturing cost per component or some other suitable criterion. Since long researchers showed that an
optimum or economic cutting speed exists, this could maximize material removal rate. Manufacturing industries
have long depended on the skill and experience of shop-floor machine-tool operators for optimal selection of
cutting conditions and cutting tools. Considerable efforts are still in progress on the use of handbook based
conservative cutting conditions and cutting tool selection at the process planning level. The most adverse effect
of such a not-very scientific practice is decreased productivity due to sub-optimal use of machining capability.
The need for selecting and implementing optimal machining conditions and the most suitable cutting tool has
been felt over the last few decades. Despite early works on establishing optimum cutting speeds in CNC
machining, progress has been slow since all the process parameters need to be optimized.

Furthermore, for realistic solutions, the many constraints met in practice, such as low machine tool
power, torque, force limits and component surface roughness must be overcome. The non-availability of the
required technological performance equation represents a major obstacle to implementation of optimized cutting
conditions in practice. This follows since extensive testing is required to establish empirical performance
equations for each tool coating work material combination for a given machining operation, which can be quite
expensive when a wide spectrum of machining operations is considered.

The F8 large, vertical machining center is designed to provide the power, speed, precision and
versatility to attack both large production part applications as well as big die and mold components. The F8 is
designed to provide stiffness and rigidity for chatter-free, heavy cutting, roughing and finishing on the same
machine, agility for high-speed / hard-milling and accuracies for tight-tolerance blends and matches typical of
complex, 3-D contoured geometry associated with die/mold and medical production. The unique machine
design provides unparalleled access to ease setup and changeover reducing WIP and overall lead time.
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Fig 1The F8 large, MAKINO vertical machining center

1.3 Experimental Setup
To attain the main objectives of the present investigation, the experimental work has been planned in the
following sequences

Selection of material for CNC Machining operation

Studying the effect of process parameter on mechanical properties of SS304

Establishing relationship between material properties and CNC process parameters

Manufacturing process of CNC turning operation of selected materials based on the design of experiments.
Developing mathematical model using DOE, ANOVA, and Regression analysis.

Table 1.Material Properties of STAINLESS STEEL AISI 304

COMPOSITION REPORT
CARBON% 0.08
SILICON% Max 1

MANGANESE% 2

CHROMIUM% 19
NICKEL% 9

IRON% BALANCE

Stainless steel is used for jewellery and watches. The most common stainless steel alloy used for this is

316L. It can be re-finished by any jeweller and will not oxidize or turn black

Exhaustive literature survey was carried out and the available relevant information was presented under the
following headings. It is the conceptual framework of a methodology for quality improvement and process
robustness that needs to be emphasized

Gilbert(2010) studied the optimization of machining parameters in turning with respect to maximum
production rate and minimum production cost as criteria

Armarego&Brown (2013) investigates unconstrained machine — parameter optimization using differential
calculus.

Carmitacamposeco — negrete(2013) Optimization of cutting parameter for minimize energy consumption
inturning of AISI 6061 T6 using taguchi methodology .

jihongyan,lin li (2013) Multi-objective optimization of milling parameters- the off between energy ,
production rate and cutting quality

Shortening cycle times in multi-product , capacitated production environment through quality level
improvements and setup reduction(2013) moustaphadiaby , josevruzaaron.

YingguangLi, WeiWang,WeimingShenWeimingShen 16 November 2012 Afeaturebasedmethod for NC
machining time estimation Changging.
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*  Firmanridwan, Uun-xu.17- JUNE 2012.Advanced CNC system with in-process feed-rate optimization.
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+  Rajarshi Mukherjee, Shankar Chakraborty, SumanSamanta 3" APRIL 2012. Selection of wire electrical
discharge machining process parameters using non-traditional optimization algorithms

Il.  Optimization Of Multiple Performance Characteristics

2.1 Introduction

Optimization of process parameters is the key step in the Taguchi method in achieving high quality
without increasing the cost. This is because optimization of process parameters can improve performance
characteristics and the optimal process parameters obtained from the Taguchi method are insensitive to the
variation of environmental conditions and other noise factors. Basically, classical process parameter design is
complex and not easy to use. Especially, a large number of experiments have to be carried out when the number
of the process parameters increases.

2.2Taguchi method for optimization of process parameters
Analysis of the S/N ratio

The Taguchi method uses S/N ratio instead of the average value to infer the trial results data into a
value for the evaluation characteristics in the optimum setting analysis. This is because S/N ratio can reflect
both average and variation of the quality characteristics. In the present work, the optimization of CNC
TURNING and CNC MACHINING process parameters using Taguchi’s robust design methodology with
multiple characteristics is proposed. In order to optimize the multi performance characteristics, namely Cycle
Timeand Surface roughness (R,) while machining in CNC of Stainless Steel304material. Here performances
namely Ra and cycle time are to be minimized .Most of the investigations presented in section2 employed
Taguchitechniques, such as orthogonal arrays and S/N ratio analysis to optimize values of cutting parameters
that minimize the response variable. Taguchi methodology allows obtaining results using fewer experimental
runs than other techniques.

2.2.1analysis Of Cnc Process Parameters
Introduction

The statistical procedure used most often to analyze data is known as the analysis of variance
(ANOVA). This technique determines the effects of the treatments, as reflected by their means, through an
analysis of their variability.

In statistics, analysis of variance (ANOVA) is a collection of statistical model, and their associated
procedures, in which the observed variance in a particular variable is partitioned into components attributable to
different sources of variation. In its simplest form, ANOVA provides a statistical test of whether or not the
means of several groups are all equal, and therefore generalizes t-test to more than two groups. Doing multiple
two-sample t-tests would result in an increased chance of committing type-1 error. For this reason, ANOVAs
are useful in comparing two, three, or more means

DOI: 10.9790/1684-12143139 www.iosrjournals.org 33| Page



Optimization of Cutting Parameters for Minimizing Cycle Time in Machining of SS 310 using ....

I11.  Machining process:experimental procedure
Table 2 Machining parameters

| SPEED

1 FEED

11 DEPTH OF CUT

v MATERIAL AISI STAINLESS STEEL 304

\Y Insert/ TOOL XNMU 0906 ANTRMTT9080

Control factors

i |

System

Input t Output
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Fig 2 Existing Taguchi Methods

Machining parameters vs Process parameters

Machining Process
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Fig 3 Machining parameters vs Processparameters

Table 3machining parameters and their levels

Symbols Process Unit Level- | Level-2 Level-3

Used parameter

A Spindle RPM 477 488 500
Speed

B Feed rate mm/rev 143 150 155

C Depth of cut Mm 0.25 0.30 0.35

| J

Fig 4 Methodology
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Table 4Taguchi L9 Orthogonal Array

Spindle Feed Rate
Job No Speed (rpm mm/rev Depth of Cut (mm
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Fig 5 Part Drawing For Minimum Cycle Time and
Surface Roughness Component

Operation Breakup

There are 18 options in this component. We are using Taguchi method for Optimising Cutting Parameters in
Operation Number 01.

01.Face Milling Maintain the Height 58.0 and Flange Thickness 9.0mm.

IV. Results And Data Analysis
Three Categories of Performance Characteristics,
The lower-the-better,
The higher —the-better, and
The nominal-the-best
To obtain the optimal machining performance, the lower- the- better performance characteristic for surface
roughness and cycle time have been taken for obtaining optimal machining performances.

Analysis of S/N Ratio:
n=-10logyo[ra’]
n=-10log;o[cycle time]?

where n=multi response signal to noise ratio

The results obtained from the experimental runs carried out, according to the orthogonal array shown in
Table 4. Table 5 contains data for cycle time, surface roughness and S/N ratio for each Response and Data.The
main effect plots are used to study the trend of the effects of each of the factors. Main effects plots for the three
factors for Spindle speed, feed rate and Depth of cut versus surface roughness and cycle time have been shown
in Figs.
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Table 5 Experimental Result and Corresponding S/N Ratio

S

Spindle

peed

(rpm)
477 143 0.25
477 150 0.3
477 155 0.35
488 143 0.3
488 150 0.35
488 155 0.25
500 143 0.35
500 150 0.25
500 155 0.3

Surfac
e
rough
SIN
Ratiol

1.85 108 -5.34343
1.9 102 -5.57507
19 99 -5.57507
1.7 97 -4.60898
1.85 95 -5.34343
1.75 93 -4.86076
17 91 -4.60898
1.9 90 -5.57507
1.95 87 -5.80069

S/N Ratio2
-40.6685
-40.172
-39.9127
-39.7354
-39.5545
-39.3697
-39.1808
-39.0849
-38.7904

Main Effects Plot for SN ratios
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Fig 7 Surface Roughness graph

Analysis Of Variance(ANOVA) And main effects plots

Table 6General Linear Model: Surface Roug, Cycle Time versus Spindle spee, Feed Rate,
Type Levels Values

Factor
Spindle speed random
Feed Rate  random

Depth Of Cut random

3 477, 488, 500
3 143, 150, 155
30.25,0.30,0.35
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Table 7Analysis of VVariance for Surface Roughness, using Adjusted SS for Tests
Source DF SeqSS AdjSS AdjMS F P

Spindle speed 2 0.021667 0.021667 0.010833 1.44 0.409

Feed Rate 2 0.031667 0.031667 0.015833 2.11 0.321

Depth Of Cut 2 0.001667 0.001667 0.000833 0.11 0.900

Error 2 0.015000 0.015000 0.007500

Total 8 0.070000

S =0.0866025 R-Sq=78.57% R-Sq(adj) = 14.29%

Table8Analysis of Variance for Cycle Time, using Adjusted SS for Tests
Source DF SeqSS AdjSS AdjMS F P

Spindle speed 2 282.889 282.889 141.444 79.56 0.012

Feed Rate 2 48.222 48.222 24.111 13.56 0.069

Depth Of Cut 2 6.889 6.889 3.444 1.94 0.340

Error 2 3556 3556 1.778

Total 8 341.556

S=1.33333 R-Sq=98.96% R-Sq(adj) = 95.84%

Table 9 Percentage of influence of factors spindle speed, feed rate and depth of cut.

Factor case 1 case 2
Spindle speed 39.39% 83.69%

Feed Rate 57.57% 14.27%

Depth Of Cut 3.03% 2.04

Case 1 : surface roughness
Case 2: cycle time
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Fig 8 cycle Time Graph
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Main Effects Plot for Means
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Fig 9 cycle Time Graph

V.  Confirmation test
In order tovalidate conclusions obtainedin thissection, an experimental run was done with the optimum
cutting parameters according to main effects and S/N ratio analysis.

VI.  Conclusions

Taguchi methodology was employed for optimizing a finish machining process, involving AlISI SS 304
as the material to be machined and a T-max Cutter of dial00 with coated inserts. Optimum values of cutting
parameters were found out in order to minimize cycle time and Surface roughness during the machining process.

The cycle time is the response variable that should be analysed. According to the analysis showed in
table 9,Spindle speed is the most significant factor (83.69%)followed by feed rate(14.27%) and depth of
cut(2.04%).The most optimal results for cycle time were found when the spindle speed was set at 500rpm,feed
rate of 155mm/rev and depth of cut of 0.35mm.Higher spindle speed, feed rate and depth of cut leads to
minimum cycle time.

For minimising surface roughness, feed rate is the most significant factor(57.57%).The most optimal
results for this response variable were found when the spindle speed was set at 488rpm,feed rate143mm/rev,and
depth of cut 0.35mm.In order to increase accuracy and find the values that lead to a reduction of the response
variables studied, it is necessary to conduct in machining operations.
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