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ABSTRACT

The optimization of conventional machine procesaupeters is absolute importance in order
to improve the productivity and reduces the lossEse conventional machine process
parameters were performed with the different cgtwonditions and tool characteristics on
the three kind of tool used. Inconel 825, a nidk&$ed alloys, has found in many industries
because of their unique combination of propertiashsas high strengths at elevated
temperatures, resistance to chemical degradatimh,have high wear resistance. Working
time is fixed for each performance is 150 seconkilevother parameters have significant
effect. Taguchi loss function technique has begrlemented to convert multiple responses in
machining parameters into a single one and optirtize above responses. The ANOVA
approach found the significant parameters whiclecaffthe individual responses and
combined responses.

KEYWORDS: Optimization; Surface Roughness; Taguchi Design.

1 INTRODUCTION

During machining nickel-based super alloys, thdirgttools are subjected to extreme level

of mechanical and thermal stress leading to acteld@rtool wear. HSS is inexpensive
compared to other tool materials, but it has litiota of cutting parameters. HSS can work at

low cutting speed range of 30-50 m/min owing to mpoear resistance along with low =
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thermal and chemical stability. Therefore, selettb cutting tool is an important factor when

machining nickel-based super alloys. Tool matesteduld possess sufficient wear resistanc
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thermal stability, good combination of hardness tmahness, chemical stability and thermal
shock resistance. Athawale & Chakraborty [2] higldgmpetitive global market, the
organizations are now forced to focus more on emireg productivity while decreasing cost
by right selection of machine tools. Cemented clrlpossesses high fatigue and transverse
rupture strength, high compressive strength, hiffimess and hot hardness. It exhibits lower
friction and is chemically stable. It has strongafiee characteristics with good electrical and
thermal conductivities. It can operate at highetticg speed than HSS, but are more brittle
and expensive than HSS. Cemented carbide tooldassified into three grades; P, M and K
according to ISO designation. The properties ohi#daand K grades are included in M grade.
Each grade within a group is assigned a numbeepoesent its position from maximum
hardness to maximum toughness (higher the numbegher the tool). Ceramics are non-
metallic materials and can withstand extreme teatpeg during machining. The capability to
retain the stiffness and hardness of the materialexated temperature as high as 1000 °C is
the major advantage of ceramic tools. Bushlya eff4l aimed at the identification and
characterization of wear mechanisms of SiC whiskarforced alumina when turning aged
Alloy 718 under different cutting conditions and evhmachining dry and with coolant.
Machinability which roughly and qualitatively spkes the degree of ease by which a work
material can be machined, was quantitatively ddfine earlier times in terms of
machinability index. However, this definition sulfefrom a great deal of limitations since, it
considers only cutting speed and tool life. It basn observed that a particular work material
under a constant cutting speed can result in éiffievalues of tool life which also depends on
initial condition of the work piece material.

2. OBJECTIVE OF PRESENT WORK

Although considerable work on tool wear during mauty of nickel-based super alloys with
major focus different other grades is relativelycaloy. It is known that machining
characteristics of a particular work piece matedapend primarily on its composition
properties. Although coated tools have been use@iiation of at least three types included
uncoated tool, detailed responses are observeeltEff tool coating on cutting force surface
roughness and tool wear are also not evident fltwarpast research work. However, role of
CVD and PVD coating techniques on responses ooz of machinability is still not
clear. However, there was barely any effort toicalty analyze the optimum responses oft5
different coating layers deposited by CVD and P¥Ehniques with uncoated tools.
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1. To investigate the effect of cutting speeds andpamatively evaluates the performance of
uncoated and CVD coated cemented carbide toolkree important characteristics such
as tool wear, chip characteristics and surfaceiiite

2. To investigate the effect of environment (dry, cemvonal flood cooling and MQL) on
various machining characteristics to determinesdge of cutting fluid can be completely
eliminated with the help of best performing coateol under different cutting condition
(roughing and finishing).

3. METHODSAND MATERIALS

Incoloy 825 is highly resistant to corrosion. Itshiaigh nickel content, sufficient to resist

chloride ion stress corrosion cracking, and a \&gple austenite structure. The levels of

molybdenum and copper enable the alloy to resthigieag agents and acids. Chromium gives
resistance to oxidizing conditions, such as naca solutions, nitrates and oxidizing salts. It
is particularly useful in sulphuric & phosphoricids; sulphur containing flue gases, sour gas
and oil wells and sea water. The alloy is titanistiabilized to resist pitting and intergranular
attack after fabrication, particularly welding, whi includes heating in the critical
sensitization temperature range (650°C — 760°Cixtl®mphases may form in alloy 825 at
temperatures above 540°C, so it is not normallyd usethese temperatures, where creep-
rupture properties would be design factors. PVDy#Rtal Vapor Deposition) and CVD

(Chemical Vapor Deposition) are two techniques tratused to create a very thin layer of

material into a substrate; commonly referred tahas films. They are used largely in the

production of semiconductors where very thin laysdra-type and p-type materials create the
necessary junctions. CVD and PVD coatings are useaany manufacturing applications as

a wear-resistant coating: carbide milling and togninserts, wear components, some plastic

processing tools, etc. In high stress metal-formapglications, where the tool's tolerances

and substrate permit, high temperature CVD &PVDtioga Using full factorial the number

of experimental configurations to be studied. Femore, the conclusions drawn from small

scale experiments are valid over the entire expartal region spanned by the control factors
and their settings. Mathematical models were detibgesoftware design Expert in order to
express the influence degree of the main cuttimgbbes such as cutting speed, feed rate and
tools components experiments with combination dffedént cutting parameters were
designed by MINITAB 14. The L27 full factorial dgsi has been selected for DOE in%
MINITAB 14. The design are shown in table 1.
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Table 1 Design of Experiment Run

S. No. Cutting Feed Fd Tool T
Speed Cs

1 60 0.08 Uncoated
2 60 0.12 CVvD

3 60 0.2 PVD

4 80 0.08 Uncoated
5 80 0.12 CVvD

6 80 0.2 PVD

7 120 0.08 Uncoated
8 120 0.12 CVD

9 120 0.2 PVD

10 60 0.08 CVvD

11 60 0.12 PVD

12 60 0.2 Uncoated
13 80 0.08 CVvD

14 80 0.12 PVD

15 80 0.2 Uncoated
16 120 0.08 CVD

17 120 0.12 PVD

18 120 0.2 Uncoated
19 60 0.08 PVD

20 60 0.12 Uncoated
21 60 0.2 CVvD

22 80 0.08 PVD

23 80 0.12 Uncoated
24 80 0.2 CVD

25 120 0.08 PVD

26 120 0.12 Uncoated
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27 120 0.2 CVvD

Output Responses

The cutting or tangential force acts downward antthol tip allowing deflection of the work
piece upward. It supplies the energy required lerdutting operation. The specific cutting
force required to cut the material is called speaiitting force. Surface roughness has been
precisely measured with the help of a portable Mita Surfest SJ-410 device. A stereo zoom
microscope was used to capture the image of ths {both rake and flank surfaces) after
each duration of machining shown in Fig. 1 Therimsient uses two separate optical paths
with two objectives and eyepieces to provide sligtifferent viewing angles to the left and

right eyes.
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Fig 1 Stereo zoom microscope for tool wear
4, TAGUCHI QUALITY LOSSFUNCTION
The Taguchi quality loss function is to calculdie tleviance between the experimental value
and desired value [3]. The calculation of Taguakalgy loss function is following steps,
1. All experimental value converted to loss funet{tij).
2. Normalized loss function (Nij).
3. Calculated the total loss function (TLij).
4. Finally calculated the Taguchi quality loss ftioc (n)).
S. RESULT ANALYSIS
Responses are obtained by performing the machopegation as per design of experiment i$s
shown in table 5.1. As seen in the responses aandower value is better for cutting Force®
its lower value is obtain on parameters is 120mgitspeed, 0.08 Feed and PVD coating toolﬁ“

Minimum value for surface roughnesses obtain oampaters is 120 cutting speed, 0.08 Fee§
h

Singh U et al., Jour. Sci. Res. A. Sci.3, No.5, (2017): 380-388 384




Downloaded from www.jusres.com
“Optimization of electro chemical machining processameter by using fuzzy logic.”

and PVD coating tools. Lower value for tool weatait on parameters is 60 cutting speed,
0.08 Feed and PVD coating tools. Cutting force sumlace roughness are obtaining their best
responses in same parameter whereas for tool wearbain its optimum value in different
cutting speed only. So for the above case all faat® influencing the responses, and it can be
optimize by loss function to known the optimum paegers for all responses.

ANOVA ANALY SIS OF RESPONSES

The analysis of variance (ANOVA) of all three respes that is cutting force, surface
roughness and Tool Wear are shown in table 2 tie thlsespectively was used to study the
significance and effect of the cutting parametershe response variables i.e. cutting force,

surface roughness and Tool Wear. ANOVA analysisiggnt factor are depend on P Value

is less than 0.05.

Table 2 Analysis of Variance for Cutting force

Singh U et al., Jour. Sci. Res. A. Sci.3, No.5, (2017): 380-388

Source DF | SeqSS Adj SS Adj MS F P
Cs 2 188403 188403 94201.6 96.74 0.000
F 2 19541 19541 9770.3 10.03 0.001
T 2 109618 109618 54809.1 56.29 0.000
Residual Error 20 19475 19475 973.8
Total 26 337037
Table 3 Analysis of Variance for Surface Roughness
Source DF | Seq SS Adj SS Adj MS F P
Cs 2 0.3281 0.3281 0.16403 5.62 0.012
F 2 1.7425 1.7425 0.87124 29.84 0.000
T 2 2.6006 2.6006 1.30030 44.54 0.000
Residual Error 20 0.5839 0.5839 0.02920
=
Total 26 5.2551 8
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Table 4 Analysis of Variance for Tool Wear

Source DF | SeqSS Adj SS Adj MS F P

Cs 2 0.000596 | 0.000596| 0.000298  22.31 0.000
F 2 0.000109 | 0.000109| 0.000055  4.09 0.032
T 2 0.001757 | 0.001757 | 0.000879 65.77 0.000
Residual Error 20 | 0.000267| 0.000267 0.000013

Total 26 | 0.002730

6. OPTIMIZATION
Optimization for this multi- objective problem isome by Taguchi loss function, in this

method is first responses are normalized for lother better. After that the Taguchi loss

function is obtained with is rank higher the vabfdoss function is the optimum solution for

combined all responses are shown in fig 2. Maieafplots shows the optimum parameter

for all responses in terms of higher the betteghér point for each factor shows the optimum

for responses as shown in Fig 3.
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Fig 2 Taguchi Loss Function Optimize for 27 Run Expenine

Singh U et al., Jour. Sci. Res. A. Sci.3, No.5, (2017): 380-388

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 :

JUSRES, 2017

386



Downloaded from www.jusres.com

“Optimization of electro chemical machining processameter by using fuzzy logic.”

Main Effects Plot for SN ratios
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Fig 3 Main Effect plot for Loss Function

7. CONCLUSIONS

Based on the experimental results presented awdsdied, the following conclusions can be

drawn on the effect of cutting speed, feed andhdeptcut on the performance of Tungsten

carbide tipped tools when turning Inconel 825. Fynidne optimization approach are used for

all responses to obtain the best or optimum parmseire cutting speed =120 m/min, f=0.08

mm, tool used is PVD. But from main effect plote auggest another best parameters for all

responses is cutting speed =120 m/min, f=0.20 rmooi,used is PVD which is very close to

the optimization parameters. Mist application aftiog fluid could be applied in the future to

the same tool-work combination for the same donodiautting parameters as chosen in the

present study and its effects on the surface roegghiand tool wear could be studied and

analyzed.
REFERENCES

[1]. Ali S.M., Dhar N.R., & Dey, S.K.,
Effect Of Minimum Quantity Lubrication

(Mgl) On Cutting Performance In Turning

Medium Carbon Steel

By Uncoated

Carbide Insert At Different Speed-Feed

Combinations, Advances

in Production

Engineering & Management 6 (2011) 3,
pp. 185-196 ISSN 1854-6250

[2]. Athawale V m, Chakraborty S, A =
TOPSIS Method-based Approach to§
Machine Tool Selection, Proceedings ofg

the 2010 International Conference on%

=
)

. . . =8~
Singh U et al., Jour. Sci. Res. A. Sci.3, No.5, (2017): 380-388 357




Downloaded from www.jusres.com
“Optimization of electro chemical machining processameter by using fuzzy logic.”

Industrial

Management Dhaka, Bangladesh, January Hardy,

9 -10, 2010.

[3]. Bhatt, A., Attia, H., Vargas, R.,
Thomson, V. (2010), Wear mechanisms of
WC coated and uncoated tools in finish

718,
International, Vol. 43, pp.1113-1121.

[4]. Bushlya, V., Zhou, J., Avdovic, P.,
Stahl, J.E. (2013), Wear mechanisms of

silicon

turning of Inconel Tribology

carbide-whisker-reinforced,
alumina (Al203-SiCw) cutting tools when
high-speed machining aged Alloy 718,
Advanced
68,

International  Journal  of
Manufacturing Technology, Vol.
pp.1083-1093.

[5]. Das. S. R., Nayak. R. P & Dhupal.
D, (2012),

Parameters on Tool Wear and workpiece

Optimization of Cutting
Surface Temperature in Turning of AISI
D2 Steel,
manufacturing Vol.3,Issue 2 pp. 85-92.

International Journal of lean

Engineering and Operations [6].

[8]. Kechagias J.,

Herbert, D.A.,
M.C., (2012),

Investigation into the characteristics of

C.R.J.,,

Brown,

Axinte,
P.D.

white layers produced in a nickel-based
super alloy from drilling operations,
Machining Science and Technology An
International Journal, Vol. 16, Issue 4, pp.

40-52.

[7]. Khushboo P. Warhade, sonam K.

bhilare, “Modeling and analysis of
machining process using Response Surface
Methodology”, International Journal ofN
Emerging trend in
Development, Issue 3,Vol.2 (March 2013),

ISSN 2249-6149.

Engineering and

Stavropoulos P.,
Maropoulos S. and Salonitis K., (2014),
“On the multi — parameter optimization of

CNC plasma-arc cutting process quality

Singh U et al., Jour. Sci. Res. A. Sci.3, No.5, (2017): 380-388

indicators using Taguchi Design of

Experiments”, Recent Advances in

Electrical Engineering, pp 128-133.
D~
—
o
N
&
23]
[+4
7))
=)
w
388




