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Abstract

This study involved the use of full factorial method Lo evaluate the effect of
cutting variables on surface roughness and types of chip formation in turning
of AISI 304L alloy steel with coated carbide insert under dry condition. The
input variables used were cutting speed, feed rate and depth of cut. Minitab 17
software was used to analyse the data. The analysis of variance shows that
feed rate has the most significant effect on surface roughness with 79.86% and
the relationship between feed rate and cutting speed at constant depth of cut
shows that as feed rate increase for every cutting speed, the surface roughness
increases. It was observed that the chips formed at different cutting conditions

were continuous, helical, straight, and serrated types.

Keywords: Cutting speed, feed rate, depth of cut, surface finish and turning

process
1.0 INTRCDUCTION are determined either analytically or
graphically during design of cutting tools.
Engineering products ar¢ produced from For effective production, researches were
different materials and these products are carried out in the past and many are in
manufactured into its usual form from progress for the purpose of reducing
processes such as turning and milling production  cost and  manufacturing
operations. Whereas others do not, but parameters without compromisc
require  further working to  finish product quality (Kapil et al. 2013).
component of the desired shape and size In any metal cutting operation the lcatures
(Rajender, 2000). In metal turning process. of tools. input work materials and machine
cufting tools remove a certain layer of parameter settings wilt influence
materiual and impart the required shape, process efficiency and outpul quality
size and surface quality to the workpiece. characteristics. A significant improvement
Varieties of cutting tools have been in process efficiency may be obtained by
developed to satisfy the requirements of process ~parameter optimization :
production  for its smooth running. In identifies and determines the regions of
turning and facing operations an improper critical process control factors leading (0
selection of cutting parameters will cause desired outputs Or  TESpONSEs
undesired surface roughness and high acceptable variations ensuring a lower cost

tooling cost. Al dimensions and shapes
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of manufacturing. For

cutting conditions that ‘ :
depth of cut plays an important role in the

efficient use of a machine tool. In on:d_cr to
ing conditions,

determine the optimum cutti I3
there is the need to estimate the tool life
and cutting forces with a reasonable
degrec of accuracy since many of the
constraints on the process are influenced
by these parameter (Raoa e/ al., 20]4).' In
metal cutting processes, the desired cutting
parameters are determined either by
experience or by using a handbook which
does not ensure the selected parameters to
be optimal. To determine the optimal
cutting conditions, reliable mathematical
models have to be formulated to associate
the cutting parameters with cutting
performance in terms of statistical
approach. In literature, Response Surface
Methodology (RSM) has been used by
some researchers for the analysis and
prediction of surface roughness (Lalwani
et al, 2008). Many works on machining of
carbon or alloy steel have applied a full or
partial factorial design (Abouelatta and
Madl 2001, Lawal et al, 2014, Lawal et

al, 2015).

Ilhan and Harun, (2011) optimized turning
parameters based on the Taguchi method
to minimize the surface roughness. They
carried out dry turning tests on hardened
AISI 4140 (51 HRC) with coated carbide
cutting tools. To ensure accurate readings
of the surface roughness each experiment
were repeated three times. Analysis of
variance (ANOVA) was used to
investigate the effects of cutting speed,
feed rate and depth of cut on surface
roughness. It was concluded that the feed
rate has the most significant effect on
surface roughness. Ali, (2010) investigated
the surface roughness in the turning of
AISI ‘8660 hardened alloy steels using
ceramic based cutting tools studied in
terms offcul[iny, parameters such as cutting
speed, feed rate, depth of cut as well as

is, speed, feed and

3041 Steel with

turning process, the, . ~u s tool no

L e '
1 Chip Fi ormation in Turning

oughness ané
Inserls

se radius, by means of a Statisticg
h, Machining tests were carried o,
with physical vapour _'dcpositiOn (PVD
coated ceramic  cutting tools  unger
different conditions. An orthogonal desigp
signal-to-noise ratio and ANAQVA Were
employed to find out the effective cutting

“ters and nose radius on the surface

parameters _
The results obtained showe

roughness. '
that the feed rate was the most dominant

factor among controllable factors on the
surface roughness, followed by depth of
cut and tool's nose radius. The interaction
of feed rate and depth of cut was found to
be significant on the surface finish due to
surface hardening of steel. Lanjewar el al,,
(2008) conducted experiments to evaluate
the performance of AISI304 steel on auto
sharpening machine by using Taguchi
method. The results revealed that tools
shape and feed are significant factors.

approac

Ahmed, (2013) studied the effects of
cutting speed, feed rate, tool path and
depth of cut process parameters on the
surface roughness in the pocket machining
of AAS083 aluminium alloy materials
using Taguchi method. It was found that
surface roughness correlates positively
with feed rate and depth of cut, but
negatively with cutting speed while the
tool path pattern factor is of less
significance. In this study, the effect of
cutting variables on surface roughness and
chip formation during turning of the AISI
304L austenitic stainless steel using coated
carbide inserts adopting design of
experiment via full factorial design method

would be investigated.

2,0 MATERIALS AND METHODS

2.1 Materials

The workpiece material employed in this
investigation was AISI 304L alloy steel
with the following chemical composition
as shown in Table 1. The cutting tool used
in the turning process was coated carbide
inserts (CNMG 120408-DM).

Scanned with CamScanner
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Table 1: Chemical composition of AISI 304L ( AK Steel 2007)
% C % Si )

% Mn % Ni % Cr %N % P %S
Min. 0 R e T
0 0 8.000  18.000 0 0 0
1 0.03
N 30 0.750 2000 12,000 20000  0.100 0045 0030

2.2 Method

This design technique involves the
combination of three factors at three levels
necessary to study the combined effect of
the experimental factors on a response. A

complete trial or replications of all the Table 3 using Minitab 17 software. The

possible combinations of the levels of the confidence level specified for this analysis
factors were investigated in this study. is 95%.

The factors and their levels are shown in
Table 2. Three factors at three levels
experimental design layout as specified by
full factorial design [L27(3%)] is shown in

Table 2: Factors and their levels

Parameter Ll L2 L3
Cutting speed (m/min) 150 200 250
Depth of cut (mm) 0.1 0.2 0.3

Feed rate (min/rev) 0.5 0.6 0.7

TR R—
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Table 3: Experimental Design Layout

Runs Cutting speed (rpm) Feed rate (mm/rev) Depth of cut (m‘m)_\

! 2 3 .
2 3 l 3
3 3 3 5
4 | | :
5 1 ! >
; 3 2 :

2

s ; 3 3
9 ; !
10 ; : 3
I : ; 2
2 : : 2
13 , 3 3
14 = ' 3
Is ; ) 1
6 3 . I
I . ) 2
8 ; < 1
12 | 2 g
20 ; 2 2
21 | 3 :
22 | | 2
23 : ! |
24 ] 2 :
25 5 . )
26 I ' ;
27 | 7 l
2 ~
3

;I":; tll::'mng process was conducted on a
P Ee] esr P’il‘umf:rlcal control (CNC) lathe
gl -32) as shown in Figure 1 with
o Ing configuration: - slant bed
i ntre and maximum spindle speed
. TP, rapid traverse of 15,000

In, spindle motor power of 28 KW
motor drive, maximum work weight of

prepared to a diaméter of 50

length of 2
maﬁltt OF 200 mm, This yag (o il Bld
aim a ratio of 1: 4 neccssary 6
' lameter
to

length) of workpij

: piece

reCuflred stiffness ofs ocis

cutting force (Lawal ¢f o ;(l)cl;i ‘
- 2014),
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Figure 1: Experimental set up for turning operation

Each turning experiment was conducted
for ten minutes and a new cutting tool was
used for each run. After each turning
operation, the surface roughness of the
machined surface was measured using
Surface Roughness Tester (SRT-6210S)
having a diamond stylus tip of radius 5
pm. The experimental set up for surface
roughness measurement is shown in Figure
2. A cut-off length (or sampling length) of
0.8 mm was used for surface roughness

27

measurements between 0.36 and 2.5 pm.
while 2.5 mm cut-off length was used for
surface roughness measurements above 2.5
um. The roughness surface (R,) was
measured at three positions along the
machined surface. that is. at the middle
and 10 mm from the two ends of the
machined surface. The average of the three
R, values measured was calculated and
recorded for each experimental run.
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After the completion of each

€Xperimental run, sample of the
chips formed were collected and
labelled. The surface morphology
of the samples of chips formed
during each of the experimental
funs was investigated at 100 x
magnification under the Nikon
Eclipse - MEG600 optical
metallurgical microscope.

3.0 RESULTS AND DISCUSSION
3.1 Surface Roughness

The  results of the effect of machining
parameters (cutting speed, feed rate ang

depth of cut) on the response (surface
roughness) during the machining of AJS]
304L steel when using coated carbide tools
are presented in Table 4. Signal-to-noise
ratio analysis of the surface roughness
values were determined using the smaller
the better characteristic quality as shown
in equation | and Presented in Table 4.

S/N=-1010g%(2?.1 yily o

where n = number of Outputs in the
combination of factor level, y = the

outputs for the Specified combination of
factor leve|.

28
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Table 4: Experimental Results of Surface Roughness and S/N ratio

Runs Cutting Feed rate LB_e_pth of cut Surface _S'/Nﬁ'?é{il—o—""
speed (mm/rev) (mm) roughness, (dB) for
(rpm) Ra (pmm) Surface
Roughness

1 200 0.3 0.5 1.53 -3.695

2 250 0.1 0.7 0.52 5.646

3 250 0.3 0.7 0.82 1.712

4 150 0.1 0.7 0.77 2.270

5 250 0.1 0.6 0.97 0.265

6 200 0.2 0.6 1483 -3.694

7 200 0.3 0.7 3.26 -10.264
8 250 0.1 0.5 0.95 0.491

9 200 0.2 0.7 1.87 -5.437
10 200 0.3 0.6 4.04 -12.128
11 200 0.1 0.6 1.13 -1.062
1.2 150 0.3 0.7 4.46 -12.987
13 200 0.1 0.7 1.26 -2.007
14 200 0.2 0.5 2.60 -8.299
15 150 0.2 0.5 2.12 -6.527
16 250 0.3 0.6 2.58 -8.232
17 250 0.2 0.5 1.22 -1.763
18 250 0.2 0.7 1.43 -3.107
19 150 0.2 0.6 2.56 -8.165
20 150 0.3 0.5 3.06 -9.714
21 150 0.1 0.6 0.93 0.630
22 150 0.1 0.5 1.64 -4.297
23 250 0.2 0.6 1.72 -4.711
24 150 0.3 0.6 4.26 -12.388
25 200 0.1 0.5 111 -0.867
26 250 0.3 0.5 2.46 -7.819

27 150 0.2 0.7 3.16 -9.904
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relative importance for each. parameter jg
given by the order of their Percentage
contribution (p-value) during the
machining process. Table 5 shows the
results of the analysis as well as the b-
value of each parameter.

22 Analvsis of Variance and Main

Effect Plot of Surface Roughness

P janc was
Analysis of variance (ANO_VA_)_ 2
conducted to identify the s,lgmhczml>
effect of machining parameters on ’1511':
surface roughness of the workpiece. 1The

Table 5: ANOVA for Surface Roughness

DOF_ SS MS F p-value (%)
Variables
- 7 5.935 2.967 441.59 18.14
Cutting speed (rpm)
9 26.13 13.065 1944.19 79.86
Feed rate (mm/rev)
2 0.5179 0.259 38.53 .58
Depth of cut (mm)
20 0.1344 0.007 0.41
Error
26 32.7173 1.258 100
Total

When the optimal values of the input
variables were substituted in the model
equation, the predicted optimum surface
roughness value of 0.515 um was

It can be observed that cutting speed, feed
rate and depth of cut have percentage
contribution of 18.14, 79.86 and 1.58 %
respectively. This indicates that the feed

rate (79.86%) has the most significant

eltect on the surface roughness during the
turning process.

The main effect plot for the surface
roughness is shown in Figure 3.
observed from the main e
optimal values of the ¢y
rate and depth of ¢yt
rpm), level 1 (0.1 mmy/
mm) respectively,
the output parame
was obtained ysip

It was
ffect plot that the
tting speed, feed
are at leve| 3 (250
rev) and leve| 3 (0.7
A mode] €quation 2 for

ter (§urface roughness)
g Minitab 17 softwar

.

obtained. However when confirmation test
was conducted, the value of surface
roughness obtained was 0.522 pwm. The
percentage error in this experiment is
1.44% which is acceptable.

R,=208-0.011435+9.56/i-+04%loc  (2)

where ¢y is cutting speed, fi is feed rate
and doc is depth ot cut

© values of R~ and adjusted R* are
% and 64.20 respectively. These values
are lower than accepted values which md
be due to eXperimental uncertainty,
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3.2 Chip Formation 0.10. 0.20. and 0.30 mm/rev. respeciv

The types of chip formed at different
cutt'ing conditions are shown in Figure 6
dL!nng turning of AISI 304L alloy steel
with coated carbide insert. The chips are
observed to be continuous, helical
straight, and serrated, Figure 6 (a b)’
shows the chips generated at constant
cutting speed of 150 rpm, feeq rate 0.]0
:)ngn/re\:i ar(x)d with different depths of cuf of
<2 and 0.6 mm, respect;
noticed that with oovely. Iy was
Ith the increage i th
of cut, the chip transformg f € depth
thg Saw toothed type With th, om Wavy to
chip curvature, (e chip thicke decreage of
contact length are increage Ness, and the
¢) shows the cp; * T1gure 6 (o
cutti PS formeg (c
INg speed 20 Pm, g at Constany
* depth op eut (s

for ¢, d and e. With the increase of the feed
rate. the chips are transformed oradul
from wavy to serrated, the chip C“r"mmf
was changed, and at the highes! fecd s
(0.30 mm/rev), the chip breakage oor=
Figures 6 (d) and 6 (f) show the djw:
formed at constant feed rate of 0.2 T“"”:.,
and depth of cut of 0.5 mm with :\;‘1
different cutting speeds of 200 & l,;u:\
P respectively, The chips are Cm“zuiﬁi—' |
at all cutting speed; however ’ Cemed?
Speed 200 rpm, the chips are sesl” §
and a reduction in chip C”rvm}”eylf’-"
observed. As the speed increased Ho-:e:;if |
10 250 rpm, the chip thickness ddt\

While the radius of curvature ™"

W
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Figure 6: Types of Chip
4. CONCLUSION
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