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Abstract
This paper presents minimization of surface roughiin dry turning of AISI 430F steelsing TiN-TiCN-AbOs-ZrCN multilayer
coated cemented carbide & cryo-treatiederts. Effect of cutting velocity, feed rate, depth wf & machining duration is studied on
the surface roughness. Taguchi’s design of expeatimseused to find the optimum factor levels. foigsnd that the feed te has much
effect in producing lower surface roughness folldvag speed. The depth of cut has lesser role diaciroughness. The wlt of
Taguchi method shows that cutting velocit250m/min, feed rate of 0.2Bm/rev and depth of cut 0.3mm should be maintained as
optimal parameter settings for both coated icryo-treated tools. Cryo-treated togierform bette!
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1. INTRODUCTION

Now-adays, determination of optimum values of proc
parameters in manufacturing are the areas of greaest for
researchers and manufacturing engineers. For m
machining, it is necessary to focus on the achi@rgrof high
quality in terms of productlimensional accuracy, surfa

quality, high production rate, letsol wea and economy of

machining.  Surface roughness is among the indei
customer requirements as it is caused by the infleef the
cutting tool during the machining proce$®oughness is tr
dominant magnitude related to the machinability tbg
processed material, the tool form, the machiningd@@mns,
and the tolerance requirements. Therefore, attesmptild be
made to minimize surface roughness because
unevenness leads to functional discrepan

1.1 Surface Roughness

R, value, the arithmetic average roughness (centes
average), determined from deviations about theecelie
within the evaluation length is the most popularapzeter fol
a machining process and product quality controlis’
parameter is easy to dedineasy to measure even in the i
suitable profilemeters and gives a general descriptior
surface amplitude. Though it lacks physical sigaifice, it is
established in almost every national standard feasaring
roughness. The average surface roasis is given k

|
Ra=- [ ly()| dx @

Here, Ra is the arithmetic average deviation from mear
line; lis the sampling length, y coordinate of the profileve

N | Y Na ___n A
'ﬁ?%il?&%mﬁt%’%‘iﬁim!ﬂm 7
|“|F 1' I’ '.' IF “r v

Lan

Fig-1: Evaluation of surface roughni

1.2 Taguchi DOE

Taguchi’s design of experiment methodology is avemment
tool to optimize the cutting parameters with lespegimenta
runs [2]. Taguchi primarily recommends experimertasign
as a tool to makeroducts more robus to make them less
sensitive to noise factors. The experimental depigrcedure
is suitable tool for reducing the effect of vamation produc
and process quality characteristics [3]. Analydisvariance
(ANOVA) can be employed identify the most significant

Variables and interaction effects In turning, many
researchers have modeled surface roughness. D&itma
presented a study of the influence of cutting patans on th
surface roughness obtained in turning of imachining steel
using Taguchi design and shown that the cuttingoigl has ¢
greater influence on the roughness followed byfdes rate
Lin et al. [6] have shown that feed rate is théical paramete
in turning to affect the surface roughness irease of feed
rate increases the surface roughness. Suresh Ef] dlave
shown that surface roughness decreases with apaserir
cutting speed in turning of mild steel. Arbizu aRdrez [8]
have developed models to determine surface qualifyarts
obtained through turning processes and shown thdace
roughness increases with increase in depth of ndtfaed
rate. Sahin and Motor [9] have developed a surface
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roughness model for turning of mild steel with emhtarbide
tools and shown that feed rate is the main influenéactor

on surface roughness. Surface roughness increaghs w

increase in feed rate but decreases with increasmutting
speed and depth of cut. The literature survey shtves
mainly three cutting parameters viz. cuttings pdedd rate
and depth of cut are the common parameters coesider
most of the studies. The present research has twmoges.
The first is to demonstrate the use of Taguchi'sapeeter
design in order to identify the optimum parametric
combination to minimize surface roughness. The rse&ds to
propose a predictive methodology for estimatingfeamg
roughness using data obtained during experimentatio
conducted as per Taguchi design.

2. EXPERIMENTAL DETAILS
2.1 Work Piece Material

The work piece material used was AlSI 430F ste¢héform
of cylindrical bar of diameter 50mm and length 250nThe
composition of AISI 430F is listed in weight pertage as Cr
16%, C 0.12%,Mn 1.25%, Si 1%,P 0.06%, S .15% miml a
Fe remaining.

2.2 Cutting Tool Material

The cutting tool is P30 cemented carbide insertsakg
Widia) having Insert designation as CNMG 12 04 @8 tool
geometry -60, -60, 60, 60, 150, 750, 0.8 mm. P 2@ of
cemented carbide has excellent hardness, weatarmstsand
toughness [10]. The composition of P30 carbideeriss
WC74.25%, TiC 8.25%, Ta +NbC 8.80%, and Co 8.70%.

2.3 Machine Tool

The turning operations were carried out in a righC turning
machine AMS India, Bangalore. The tool holder uged
machining is MCLNR 2525 M12.

2.4 Surface Roughness M easur ement

Surface roughness was measured using a portalls-sype
profilometer, Talysurf (Taylor Hobson, Surtronic,33K)

2.5 Experimentation

Three cutting parameters with their levels are show
Tablel. A Ly; orthogonal array was chosen for conducting
experiments [11, 12]. The complete experimentah Eiong
with response (surface roughness) for coated aymtreated
tools is shown in Table 2. The responses are ctet/énto
signal-to-noise ratio (S/N ratio) for lower-the-tet quality
characteristic. Analysis of responses is carried by
MINITAB 14 software. S/N ratio for ‘lower the bettetype
response is given by

SIN ratio= -10log [(1/n (F+y*+........ +vIl ()

Where y, y, are the responses of values of quality
characteristic for the trial condition repeatedtimes.

2.6 Cro-Treatment

In the present investigation, PVD coated carbidiits were
subjected to deep cryogenic treatment (-190°C)yyo-
treatment (CT) is a secondary process to convesltibeat
treatment that involves deep freezing of materlsryogenic
temperatures to enhance the mechanical and physical
properties [13].

Table 1: The cutting parameters with their levels

Input Parameters Levels

Cutting Speed, ¥(m/min) 150 | 200 250
Feed rate, f (mm/rev) 0.3 0.5 0.7
Depth of cut, d (mm) .25 5 75

Machining Duration, s (sec 60

3. RESULTSAND DISCUSSION

Analysis of variance (ANOVA) conducted on responses
obtained using coated and cryotreated tools arevishio
Table 2 and 3 respectively. It is to be noted feat rate has
significant effect on the surface roughness thaherot
parameters in both cases. However, percentageimatictn of
feed rate in case of uncoated tool is marginajnbi. The R
value (coefficient of determination) is obtained88s65% and
85.1% for coated and cryotreated inserts respdgtive

The residual plots are shown in Figure 3 and Xifgotreaded
and coated inserts respectively. It is evident fthese figures
that the residuals follow approximately in a normal
distribution. It indicates that ANOVA has proceeded a
correct manner.

The main effect plots are shown in Figures 2 and 4
respectively for cryotraeted and coated insertse Hest
parameter setting for minimizing surface roughnisstound

as cutting velocity of 250 m/min, feed rate of Or@B/rev and
depth of cut of 0.3 mm for both types of inserts.

CONCLUSIONS

Taguchi approach is very simple and efficient wayitnd out

the optimality conditions. In this work, the optimeutting

parameters are found to be velocity of 250 m/meéedfrate of
0.25 mm/rev and depth of cut of 0.3 mm for minimgi
surface roughness while turning mild steel withtedacarbide
and cryotreated tool. With this particular combioatof input

parameters, the roughness value is 0.2 and 0.0d8abéd and
cryotreated respectively.
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Analysis of variancendicates that feed re and velocity are roughness in both the tc conditions and the performance of
the most influencing parametefor minimizing surface cryotreated is better.

Table 2: Parameters and their levels

SN Ratio d(mm) f(mmirev) Ra(pm)
V(m/min)
Coated Coated Cryotreated Cryotreated
150 6.7448 | 0.2t 0.3 0.46 0.288 10.8122
0 -4.1849 | 0.2¢ 05 1.619 1.427 -3.08848
150 -7.3843 | 0.28 0.7 2.34 2.153 -6.66088
150 6.3752 0.E 0.3 0.48 0.287 10.8424
150 -6.7292 | 0. 0.5 2.17 1.968 -5.8805
150 -10.955 | 0. 0.7 3.53 3.334 -10.4593
150 -5.7111 | 0.7¢ 0.3 1.93 1.731 -4.76594
150 -8.0624 | 0.7¢ 0.5 2.53 2.325 -7.32846
150 -11.174 | 0.7¢ 0.7 3.62 3.427 -10.6983
200 5.3521 | 0.2¢ 0.3 0.54 0.341 9.34491
200 -8.1648 | 0.2¢ 0.5 2.56 2.352 -7.42875
200 -9.7625 | 0.28 0.7 3.077 2.885 -9.20292
200 -5.3903 | 0. 0.3 1.86 1.67 -4.45433
200 -9.6001 | 0. 0.5 3.02 2.818 -8.99882
200 -10.98 0.t 0.7 3.54 3.347 -10.4931
200 -8.3991 | 0.7¢ 0.3 2.63 2.419 -7.67272
200 -12.063 | 0.7¢ 0.5 4.01 3.826 -11.6549
200 -14.353 | 0.7¢ 0.7 5.22 5.024 -14.021
250 13.979 | 0.28 0.3 0.2 0.019 34.4249
250 -2.8603 | 0.2 0.5 1.39 1.182 -1.45235
250 -8.755 | 0.28 0.7 2.74 2.529 -8.05898
250 6.7448 0.t 0.3 0.46 0.255 11.8692
250 -7.3471 | 0.E 0.5 2.33 2.122 -6.53491
250 -11.457 | 0. 0.7 3.74 3.55 -11.0046
250 -4.0279 | 0.7¢ 0.3 1.59 1.391 -2.86654
250 -10.955 | 0.7¢ 0.5 3.53 3.337 -10.4671
250 -12.948 | 0.7¢ 0.7 4.44 4.226 -12.5186
Main Effects Plot for SN ratios Nl:lrmal prﬂbability Pbt
Cutting Velocity ool e Depth OF Cut » »
5 >

. Z . " \ £ %

-;f: " T \ § 0

% 150 Feaiugate 250 0.25 0.50 0.75 g

i \ 10 3

L ]
_;2 \‘ ' -2 0 2 4
Slgna‘_tmmset:-zma”m . b::er 0.7 Standardized Residual

. ) Fig- 3: Normal probability plot (cryotreate
Fig- 2: Main effect plot (cryotreate

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org 352




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Main Effects Plot for SN ratios
Data Means

Cutting Velocty Depth OfF Cut

T~
T

150 200 250 0.25 0.50 0.75
Feed Rate

0

-3

6

9 \\
[).I3 0:5 D.I?'
Signal-to-noise: Smaller is better

0
3
o v

Mean of SNratios

Fig-4: Main effect plot(coated

Normal Probability Plot

ag
*
a0 ;
t
8 so
o
o
10
*
1
-2 -1 ] 1 2
Standardized Residual
Fig- 5: Normal probability plot (cryotreate
REFERENCES

[1]. Australian Standard, AS2536 Surface Texture, Stalx
Association of Australia, 1982.

[2]. R.H Locner, J.E Matar, 1990, Designing for qual
Productivity Press.

[3]. T.P Ryan, 2000, Statistical Methods for Qua
Improvement, 2nd Edn. John Wiley and Sons, USABNS
10: 0471197750, pp: 592.

[4]. G.R Henderson, 2006, “Six Sigma: Quality Improvetr
with MINITAB”. John Wiley and Sons, England, ISBNO:
0470011556, pp: 452.

[5]. J.P Davim, 2001, “A note on the determination dfiropl
cutting conditions for surface finish obtained imrting usinc
design of experiments”. J Mater Process Technob; 30E-
308.

[6]. W.S Lin, B.Y Lee, C.L Wu, 2001, “Modeling the sué
roughness and cutting force for turning”. J Mater dess
Technol, 108:286-293.

[7]. P.V.S Suresh, P.V Rao, S.G Deshmukh, 2002, “A g
algorithm approach for optimization of surface rbogss
prediction model”. Int J Mach Tools Manuf 42:¢680.

[8]. I.P Arbizu, C.J.L Pérez, 2003, “Surface roughr
prediction by factorial design of experiments iurning
processes”. J Mater Process Techno144:390-396.

[9]. Y. Sahin, A.R Motorcu, 2005, “Surface roughness ah
for machining mild steel with coated bide tool”. Mater Des
26:321-326.

[10]. E.M Trent, P.K Wright, 2000, Metal Cuttin
Butterworth Hinemann, Boston, 2000, p. .

[11]. P. J Ross, 1996, Taguchi Techniques for Qu
Engineering, McGraviHill Book Company, New Yorl

[12]. S. S Mahapatra, A.Patnaik, P.K Patnaik, 2006,
“Parametric Analysis and Optimization of Cuttingr&aeters
for Turning Operations based on Taguchi Meth
Proceedings of the International Conference on &l
Manufacturing and Innovation, pp—8, July.

[13]. R.F. Barron—Effects of cryogenic treatment on la
tool wear. In: progress in refrigeration scienced
technology — proceedings of the 13th international cong
of refrigeration, vol. 1. AVI Publishing Company; p2%-34,
1973.

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org 353




