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Abstract
This experimental investigation analyses the imfigeof cutting conditions on material removal r@#RR) during turning of AISI
4041 die alloy steel. Analysis of variance (ANOYA¢mployed to investigate the influence of cuttipged, feed rate, and depth of
cut on material removal rate (MRR). Conducting ex@eriments by varying the parameters of turnikg kutting speed from 100
m/min to 300 m/min, feed 0.02 mm/rev to 0.06 mméed depth of cut from 0.2 mm to 0.7 mm are stuiliedetails according to
Taguhi's design of experiments. At last resultsaarayzed using Taguchi, ANOVA and parametric agtition is done for maximum
material removal rate (MRR). From the experimemtatiit is concluded that for turning of AISI 40die alloy steel optimum
machining condition for higher material removal easfMRR) with cutting speed (300 m/min), feed rat6q mm/rev), and depth of

cut (0.2 mm).

Index Terms. ANOVA, MRR, Taguch.
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1. INTRODUCTION

AISI 4041 die alloy steel have been increasinglgdudby
manufacturing industry. They offer a range of pmtipe not
seen in other types of steel: high strength, weaistance,
fatigue resistance, toughness and high hardnessyvéisatile
properties of AISI 4041 die alloy steel render thauitable for
applications in manufacturing industries.

Ersan Aslan et al. (2007) presented an experimeaialy to
show the combined effects of three cutting pararegteamely
cutting speed, feed rate and depth of cut on twéopaance
measures, flank wear (VB) and surface roughnesy, (iRere
investigated employing an orthogonal array andathedysis of
variance (ANOVA). Optimal cutting parameters forclea
performance measure were obtained; also the retdtip
between the parameters and the performance measeres
determined using multiple linear regression. GalBaxtarya,
and S.K.Choudhury (2012) present work is an attetopt
develop a force prediction model during finish magtg of
EN31 steel (equivalent to AISI 52100 steel) hardetoe60+2
HRC using hone edge uncoated CBN tool and to aedlye
combination of the machining parameters for better
performance within a selected range of machiningipaters.
Yilong Wang et al. (2011) investigated two soluipnamely
plasma nitriding treatment for work piece surfaaedification
and elliptical vibration cutting for cutting proses
modification, to determine their effect on reduciogl wear
in diamond machining of AISI 4140 die steel. Furthere a
new approach by combining the two solutions was als

explored. Experimental results showed that diantontiwear
could be reduced by several orders of magnitudenainar-
quality surface can be obtained by using either gtesma
nitriding treatment or the elliptical vibration tinig. R. Suresh
et al. (2012) study, performance of multilayer haahtings
(TIC/TICN/AI203) on cemented carbide substrate gsin
chemical vapor deposition (CVD) for machining ofrdened
AISI 4340 steel was evaluated. An attempt has beade to
analyze the effects of process parameters on meality
aspects using Taguchi technique. Response surfate gre
generated for the study of interaction effects oftiog
conditions on machinability factors.

This necessitates a process optimization to deberraptimal
values of cutting parameters, such as cutting spfeed rate
and depth of cut, to fully evaluate the performaatéurning
on hardened materials. The present study is ampttéo
achieve this goal when turning hardened AISI 40l atloy
steel.

2EXPERIMENTAL PROCEDURE

Experiments will be conduct based on Taguchi’s wetiith

three factors at three levels each. The levelsaddmpeters will
be deciding through detailed study of literaturdeTvalues
take by factor are termed to be levels. The factwitk be

study and their levels chosen are detailed in dia€ll.
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Table 1: Cutting Parameters and Their Levels to be used in
lathe Machine

Levels
S.No | Input Parameters
1 2 3
Cutting Speed
1 (m/min) 100 | 200 | 300
2 Feed Ral€ 02 | 04 | 06
(mm/rev)
3 |Depth of Cutiy, | o5 | 07
(mm)

Taguchi method, a powerful tool in the design gbexriment,

is to be used to optimize the lathe machine pararseabf
effective machining of AISI 4041 die alloy steeletermine
the S/N ratio, and analysis of variance (ANOVA) for
indicating the most significant parameters affegtithe
machining performance criteria, i.e., material rgadoate.

3. RESULTSAND DISCUSSION

The investigated results of Material Removal Ra#RR)
obtained during turning of AISI 4041 die alloy dte&€he
results were obtained at variation of Cutting Speed from
100 to 300 m/min, feed rate e.g. from 0.2 to 0.6/rem and
depth of cut from 0.2 to 0.7 mm.

+ c1 c2 C3 c4 Cc5

Ve FR DC MRR SHRAZ
1 1 1 1| 0747 | -2.5336
2 1 1 2 0710 | -2.9748
3 1 1 3 0670 —4.2934-[
4 1 2 1| 0679 | -32.3626
5 1 2 2 D659 | -32.6223
i 1 2 3 0631 | -3.9994
T 1 3 11168 1.2439
8 1 3 2 D659 | -32.6223
9 1 3 3 0.620 | -4.1522
10 2 1 1 2198 5.8406
11 2 1 2 2051 65.2393
12 2 1 2 1.821 52538
13 2 2 1| 2336 F.3695
14 2 2 2 2172 6.F73T2
15 2 2 2 2024 51670
16 2 3 1 2198 5.8406
17 2 3 2 2051 65.2393
18 2 3 2 1.821 52538
19 3 1 1 32115 9.8692
20 3 1 2 2840 9.0664
21 3 1 3 | 2615 8. 32494
22 3 2 1 32,298 | 10.6245
23 3 2 2 3077 9. 7625
24 3 2 3 | 2615 3.3494
25 3 3 1 32,298 | 10.6245
26 3 3 2| 3077 9.7T625
27 3 3 32 | 2816 3.9927
R

Fig 1. Showing the results of Turning Parameters on Mdéan
MRR
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Fig 2: Showing the effect of Turning Parameters on Mdan o
MRR

Fig 2 shows effect of various turning parametergshenmean
of MRR plotted utilizing the machining results abed of
AISI 4041 die alloy steel. From the figure, itabserved that
the mean value of MRR is increase by increasingGtiting
Speed from 100 to 200 m/min and 200 to 300 m/mime T
mean of MRR is increase by increasing the valuteed rate
from 0.2 to 0.4 mm/rev, and from 0.4 to 0.6 mm/r&he
mean of MRR is decrease by increasing depth ofrouat 0.2
to 0.5 mm and 0.5 to 0.7 mm.
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Fig 3: Showing the effect of Turning Parameters on Mdan o
S/N ratio of MRR

Fig 3 shows effect of various turning parametergshenmean
of S/N ratio of MRR plotted utilizing the machinirmgsults
obtained of AISI 4041 die alloy steel. From thgufie, it is
observed that the mean value of S/N ratio of MRihdsease
by increasing the Cutting Speed from 100 to 200 im/amd
200 to 300 m/min. The mean of S/N ratio of MRRrisrease
by increasing the value of feed rate from0.2 to ®/rev,
and from 0.4 to 0.6 mm/rev. The mean of S/N rafiM&R is
decrease by increasing depth of cut from 0.2 tondn% and
0.5t0 0.7 mm.
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The results are analyzed using ANOVA for identifyithe
significant factor affecting the performance measafrturning
on AISI 4041 die alloy steel. An ANOVA result showsat
cutting speed and depth of cut are significantdiatiecause
their P values for both are 0.000. Other factod fese is not
significant because their P value is larger tigé&n

[P Minitab - machining spead MPI - [Session]
[EE File Edit Data Calc Stat Graph Editor Tools Window Help

=== © =N < 7 i

General Linear Model: MRR versus Ve, FR. DC

actor Type Levels Values
Ve fixed 3 1, 2, 3
FR rixed 3 1, 2, 3
354 fixed 3 1, 2, 3

Variance for MRR, using Adjusted SS for Tests

Seq S5 2dj SS  Rdj MS ¥ ®
23.5663 23.5663 11.7831 659.32 0.000
0.0756 0.0756 0.0378 2.11 0.147
0.7348 0.7348 0.3674 20.56 0.000
0.3574 0.3574 0.0179

24.7321

N
aoNNRE o
]

Error
Total

5 = 0.133685 R-Sq = 98.55% R-Sq{adj) = 93.12%
Unusual Observations for MRR

Cba MER Fit S5E Fit Residual S5t Resid
4 0.67%00 0.95152 0.06807 -0.27252 -2.37T R

R denctes an observation with a large standardized residual.

Fig 4. ANOVA Test for Means

Surface Plot of MRR vs FR, Vc

Hold Values
DC 0

Fig 5: Surface Plot of MRR, Cutting Speed vs. Feed Rate

Fig 5 shows the surface plot of MRR, cutting speedfeed
rate. From this figure it is clear that the maximWhRR is
notice at higher level of feed rate and higher llefecutting
speed.
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Fig 6: Surface Plot of MRR, Cutting Speed vs. Depth of Cu
Fig 6 shows the surface plot of MRR, cutting speeddepth
of cut. From this figure it is clear that the maxim MRR is
notice at higher level of depth of cut and highevel of
cutting speed.

Surface Plot of MRR vs DC, FR
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Fig 7: Surface Plot of MRR, Depth of Cut vs. Feed Rate

Fig 7 shows the surface plot of MRR, Depth of Csit feed
rate. From this figure it is clear that the maximihRR is
notice at lower level of depth of cut and highereleof feed
rate

CONCLUSIONS

1. It is noted that the maximum value of MRR is 983
mma3/sec which is at 300 m/min cutting speed, 0.06/nev
feed rate, and 0.2 mm depth of cut.

2. The mean value of MRR is larger for 300 m/mircofting
speed which is 2.9946 mm3/sec.

3. It is observed that the mean value of MRR igdafor 0.06
mm/rev of feed rate which is around 1.9798 mm3/sec.

4. It is observed that the mean value of MRR igdarfor 0.2
mm of depth of cut which is 2.1374 mm3/sec.

5. For AISI 4041 optimum machining condition for lRRvith
cutting speed (300 rpm), feed rate (0.06 mm/rew), depth of
cut (0.2 mm).
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