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ABSTRACT

The quality of machined parts and tooling costs are major challenges encountered during the turning process.

Therefore, optimum machining parameters suitable for turning operations must be selected in other to obtain the
desired quality of the finished product at reduced machining time and cost. The present study was carried out on

AISI 1018 low carbon steel during turning operation to reduce tooling costs as a result of tool wear and achieve
optimum metal removal rate. Taguchi technique was employed using the Lo orthagonal array and the analysis of
variance (ANOVA) to investigate the effect of the turning parameters on Metal Removal Rate (MRR) and Tool Wear
Rate (TWR). The LARGER THE BETTER signal to noise (S/N) ratio based on the Taguchi technique was applied for
MRR while the LOWER THE BETTER S/N ratio was applied for TWR. The results revealed that depth of cut is the

most significant process parameter for MRR with a percentage contribution of86.84%; the cutting speed and the
feed rate are the most significant process parameters for TWR with percentage contributions of60.86% and
33.03% respectively. The study concludes that AISI 1018 low carbon steel has a maximum MRR of35.29 mm3 /s

and a minimum TWR of0.21 mm/s.

Keywords: Orthogonal array, Robust design, Tool wear rate, Metal removal rate

1. INTRODUCTION

A good surface finish, reduced machining and tooling
costs are the key considerations during machining. A
good surface finish is necessary to improve the
corrosion resistance, fatigue strength, and aesthetics
of the finished product. The MRR and TW Rare very
important factors in the machining process and have
effect on the machining and tooling costs during
turning operation. To increase productivity and
reduce machining and tooling costs the engineer
needs to select optimum process parameters during
enhancing the
performance of a system, part or component while
satisfying the desired constraints and is achieved by
optimizing the process parameter, thus obtaining the
desired finish.

turning. Optimization aims at

There are many studies on optimization of process
parameters to achieve desired surface finish at
reduced machining costs. A method of coupling
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artificial neural network and use of improved
harmony search algorithm to determine the optimum
cutting parameter settings necessary for minimizing
surface roughness when turning polyamide materials
was reported [1]. Response Surface Methods (RSM)
were employed to evaluate the effect of material
removal rate, electrode wear rate and surface
roughness in die sinking EDM with hollow tool [2].

A parametric study and optimization of the wire
electric discharge machining (WEDM) parameters for
CK 45 steel using the response surface methodology
was conducted and reported [3]. The Taguchi
technique have been employed in optimization during
machining process using different parameters and
quality characteristics as reported in [4]-[12]. A
thorough review of the optimization
techniques employed in determining the process
parameters in milling was presented [13]. The effects
of machining parameters during CNC turning of AISI

various
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1018 mild steel using the Graph theoretical model was
investigated [14]. The effects of each input parameter
on output responses using analysis of variance
(ANOVA) were investigated and the responses
modelled using regression analysis [15]. A multi-
objective optimization of turning parameters was
conducted wusing the combined Multi-objective
optimization by ratio analysis (MOORA) and entropy
method [16].

This work concentrates on finding the optimum
parameter settings for machining of AISI 1018 low
carbon steeling other to achieve better metal removal
and tool wear rates. The parameters considered are
the cutting speed, feed rate and depth of cut.

2. METHODOLOGY

The method employed in this study is a mix of both
traditional and experimental design methods of
Taguchi technique used to optimize the MRR and TWR
of the AISI 1018low carbon steel during the turning
operation on the lathe.

2.1. Materials

The work piece material is the AISI 1018 low carbon
steel (LCS) rod with a cross sectional diameter of 70
mm and length of 600 mm and chemical composition
as shown in Table 1. The cutting tool material used
for the turning operation is the AISI T-42, CT, S-400,
3/8” x 4” single point HSS tool with hardness value
67HRC and chemical composition as shown in Table 2.
The HSS tool chosen can withstand higher feed rates
as a result of its hardness.

The lathe machine (D 360 x 1000) equipped with a
variable spindle speed of 1800 rpm and a 4KW motor
drive was used for the turning operation. A center
hole was drilled on the face of the work piece to allow
for support at the tailstock. The work piece was trued
centered and cleaned by removing a 0.2mm of the top
of the surface, prior to the actual machining tests to
eliminate any surface defects and wobbling. The
initial cutting parameters used were cutting speed
70m/min; feed rate 0.1 mm/rev; and depth of cut
0.5mm. The three levels chosen made it easy to study
the non-linearity effects.

Table 1: Chemical composition of AISI 1018 low carbon
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Table 2: Chemical composition of AISI T-42 CT HSS Tool

Element Content %
Carbon, C 1.43
Chromium, Cr 3.92
Molybdenum, Mo 3.56
Tungsten, W 8.56
Vanadium, V 2.90
Cobalt, Co 9.45

Table 3: Experimental outlay and variable sets for TWR

steel
Element Content %
Carbon, C 0.14-0.20
Iron, Fe 98.81-99.26
Manganese, Mn 0.60-0.90
Phosphorus, P <0.040
Sulphur, S <0.050
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and MRR
LEVELS

S/N Parameters Units 1 2 3
1 A: Cutting Rpm 70 110 140

speed
2 B: Feed rate mm/rev 0.10 0.20 0.30
3 C: Depthofcut Mm 0.50 0.75 1.00
2.2.Method

The Taguchi robust design technique requires a
reduction in the process variation through robust
design of experiments. The principal objective of the
method is to develop high quality product at very low
cost to the manufacturer [10].In summary, the steps
involved in optimizing the quality of a product using
Taguchi approach are:
1. Identification of the objective of the experiment
2. Identification of the performance measures and its
measurement
3. The characteristic of performance and their levels
4. Selection of orthogonal array and its allotment to
the factors at their levels of the orthogonal array.
5. Testing for the trials in the orthogonal array.
6. Analysis of the experimental data using the signal-
to-noise ratio
7. Verification of the optimal design parameters
through confirmation experiment.
The Experimental outlay and variable sets for tool
wear rate and metal removal rate is shown in Table
3.The LARGER THE BETTER signal to noise (S/N)
ratio based on the Taguchi robust design technique
was applied for MRR while the LOWER THE BETTER
S/N ratio was applied for TWR using the quality
characteristics and choosing three factor levels (1, 2,
3) for an Lg (3%) orthogonal array design matrix as
shown in Table 4. The calculated S/N ratios for the
quality characteristics were evaluated and optimum
control factor levels were determined for the
parameters. The experiments were done to investigate
the relation between the process parameters and
response factor. The Minitab 16 software was
employed in this study. Results of the experiment
were further analyzed using ANOVA.
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Table 4 Applicable Taguchi standard orthogonal array Lo

Experiment Parameter = Parameter = Parameter
Number 1: A 2:B 3:C

=Y
U=y
U=y
Juy

O OO Ul W
W WWNNDN R
WINEFRE WNRFE WN
N R WEFE WD W

2.3 Metal removal rate (MRR)

The metal removal rate (MRR) in turning operations is
the volume of material/metal that is removed per unit
time in mm3 /min. For each revolution of the work
piece, a ring shaped layer of material is removed. The
MRR is mathematically expressed as [6, 17]:

W; — Wy (( mm3
B () 0

pt min

MRR =

In (1), W; is the weight of workpiece in grams before
turning; Wy is the weight of workpiece in grams after
turning; t is the machining time and p is the density of
mild steel. For the low carbon steel used in this study;
p=78x10"3gm/mm3

2.4 Tool Wear Rate

Tool wear rate in machining is defined as the amount
of volume loss of tool material on the contact surface
due to the interactions between the tool and work
piece. Mathematically, it is expressed as [17]:

TWR =

T; — T¢
— (mm/s) ©)

In (2),T; is the length of cutting tool before turning;

T is the length of cutting tool after turning and ¢ is

the time taken for each experiment.

3. RESULTS AND DISCUSSION

3.1. Analysis of Signal to Noise Ratio

Tables 5 and 6 show the computations for the quality
characteristics (MRR and TWR) which were each
carried out for three minutes with their respective
signal to noise ratios which are aimed at minimizing
quality characteristic variations due to uncontrollable
parameter. The signal to noise ratio used for MRR and
TWR are THE LARGER THE BETTER and THE LOWER
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THE BETTER respectively. These are expressed
mathematically below:
The S/N ratio for THE LARGER THE BETTER is:

1 1
S/N=-101 —Z— 3
/ 0910n 2 (3)

The S/N ratio for THE LOWER THE BETTER is:
S/N = —10log,, y*? (4)

In (4), n is the number of measurements in a row and
y is the value in the row. The S/N ratio are determined
by taking into consideration equations (3) and (4).
Table 7 shows the Taguchi orthogonal array setting
and design matrix used for the LARGER THE BETTER
S/N ratio for MRR and the LOWER THE BETTER S/N
ratio for TWR respectively.

The mean responses associated with the dependent
variables of this study were also evaluated and
presented in tables 8 - 10. The evaluation of mean
responses is depicted graphically and they show the
statistically significant in the
orthogonal array. This is achieved by separating the
effect of each factor by examining the control matrix of
table 7 and determining the average S/N ratios and
mean responses for each factors at each of the three
levels as outlined in tables 8-10 and summarized in
table 11. The range (Delta) is the difference between
high and low response. The larger the (Delta) value
for a parameter, the larger effect the variable has on
the response factor. This is due to the fact that the
same change in signal causes a larger effect on the
output variable being measured. Figure 1 depicts the
main effects plot means for tool wear rate (TWR).
Figure 2 shows that for the low carbon steel, the TWR
increases with increase in cutting speed and decreases
with increase in depth of cut and the rate of feed.
Figure 3 show the main effects plot for means of metal
removal rate (MRR). In figure 4, it was observed that
the MRR increases with increase in cutting speed,
increase in feed rate and increase in depth of cut.
Table 11 and 12 shows the evaluated response and
their rankings for the response factors based on the
qualities of the larger the better for MRR and the
lower the better for TWR; and also for response mean
values. Figure 5 shows the SEM micrograph of the AISI
1018 low carbon steel.

factors that are
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Table 5: Experimental design matrix of metal removal rate for AISI 1018LCS

C. Mgbemena, et al

Expi\ll‘i)r.nent A'S(;;Z[(ling B:Feed rate C: DSE:h of w; W, MRR S/N ratio (dB)
1 70 0.10 0.50 173 156 12.108 21.6614
2 70 0.20 0.75 170 137 23.504 27.4228
3 70 0.30 1.00 174 131 30.627 29.7221
4 110 0.10 0.75 175 143 22.792 27.1556
5 110 0.20 1.00 177 134 30.627 29.7221
6 110 0.30 0.50 172 158 9.972 19.9756
7 140 0.10 1.00 176 133 30.627 29.7221
8 140 0.20 0.50 173 152 14.957 23.4969
9 140 0.30 0.75 175 128 33.476 30.4947

Table 6: Experimental design matrix of tool wear rate for AISI 1018LCS
A: B: C:Depth
Expt. No Cutting Feed ' T; Ty TWR S/N ratio(dB)
of cut
Speed rate
1 70 0.10 0.50 0.70 0.55 0.25 12.0412
2 70 0.20 0.75 0.81 0.40 0.41 7.7443
3 70 0.30 1.00 0.69 0.37 0.32 8.8970
4 110 0.10 0.75 0.71 0.40 0.31 10.1728
5 110 0.20 1.00 0.72 0.27 0.45 6.9357
6 110 0.30 0.50 0.67 0.26 0.41 7.7443
7 140 0.10 1.00 0.64 0.31 0.33 9.6297
8 140 0.20 0.50 0.71 0.21 0.50 6.0206
9 140 0.30 0.75 0.82 0.31 0.51 5.8486

Table 7: Estimated quality characteristics, S/N ratios and orthogonal array setting for assessment of mean responses of

MRR and TWR of AISI 1018LCS

El’\‘l‘(’)t' A B C Mean MRR S/ NN?;?{O of " Mean TWR S/ NT@?{O of
1 1 1 1 12.108 21.6614 0.25 12.0412
2 1 2 2 23.504 27.4228 0.41 7.7443
3 1 3 3 30.627 29.7221 0.32 8.8970
4 2 1 2 22.792 27.1556 0.31 10.1728
5 2 2 3 30.627 29.7221 0.45 6.9357
6 2 3 1 9.972 19.9756 0.41 7.7443
7 3 1 3 30.627 29.7221 0.33 9.6297
8 3 2 1 14.957 23.4969 0.50 6.0206
9 3 3 2 33.476 30.4947 0.51 5.8486

Table 8: Average responses obtained for MRR and TWR for cutting speed (A) at level 1, 2 and 3 within experiments 1 to 9

Quality characteristic

Average of response for

Response value for

S/No. factor level different level Response value for MRR TWR
1 Mms; (a; +a, +as/3) 22.08 0.3267
2 (S/Ngv1) (ay + a, + as/3) 26.27 9.894
3 Mms, (ay +as+ag/3) 21.13 0.3900
4 (S/Napy) (a, + as + ag/3) 25.62 8.284
5 Mms, (a; +ag +ay/3) 26.35 0.4467
6 (S/Ngy3) (a; +ag+aqe/3) 27.90 7.166

Table 9: Average responses obtained for MRR and TWR for Feed rate (B) at level 1, 2 and 3 within experiments 1 to 9

Average of response for

Response value for

Response value for

S/No. Quality characteristic different level TWR MRR
1 (Mms;) (by + by + b,/3) 0.2967 21.84
2 (S/Ngp1) (by + by + b;/3) 10.615 26.18
3 (Mms,) (by + bs + bg/3) 0.4533 23.03
4 (S/Ngwv2) (by + bs + bg/3) 6.900 26.88
5 (Mms,) (b3 + bg + by/3) 0.4133 24.69
6 (S/Ngw3) (b3 + bg +by/3) 7.830 26.73
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Table 10: Average responses obtained for MRR and TWR for depth of cut (C) at Level 1, 2 and 3 within experiments 1to 9

$/No Quality Average of response for Response value for  Response value for
' characteristic different level TWR MRR
1 (Mms,) (c1 + ¢ +¢cg7/3) 0.3867 12.35
2 (S/Ngp1) (cq +cg +cg7/3) 8.602 21.71
3 (Mms,) (cz + by +¢c9/3) 0.4100 26.59
4 (S/Nyy2) (cy + by +¢9/3) 7.922 28.36
5 (Mms,) (e +cs+¢;/3) 0.3667 30.63
6 (5/Ngy3) (c3+cs+c¢;/3) 8.821 29.72
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Figure 1: Main effects plot means for tool wear rate Figure 2: Main effects plot for signal to noise ratio of tool
(TWR) wear rate (TWR)
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Figure 3: Main effects plot for means of metal removal Figure 4: Main effects for means of signal to noise ratio for
rate (MRR) metal removal rate (MRR)

Table 11: Summary of responses and rankings for TWR
of AIST 1018 low carbon steel

Response : Signal to noise ratio
Level A: Cutting B: Feed rate C: Depth of
speed cut
1 9.894 10.615 8.602
2 8.284 6.900 7.922
3 7.166 7.830 8.821
Delta 2.728 3.714 0.899
Rank 2 1 3
Means
1 0.3267 0.2967 0.3867
2 0.3900 0.4533 0.4100
3 0.4467 0.4133 0.3667
Delta 0.1200 0.1567 0.0433
Rank 2 1 3
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Figure 55FEM Micrograph of AISI 1018 Low Carbon Steel
at 600X

Table 12: Summary of responses and rankings for MRR
of AISI 1018 low carbon steel

Response : Signal to noise ratio
Level A: Cutting B: Feed rate C: Depth of
speed cut
1 26.27 26.18 21.71
2 25.62 26.88 28.36
3 27.90 26.73 29.72
Delta 2.29 0.70 8.01
Rank 2 3 1
Means
1 22.08 21.84 120.35
2 21.13 23.03 26.59
3 26.35 24.69 30.63
Delta 5.22 2.85 18.28
Rank 2 3 1

3.2. Analysis of Variance (Anova)

The aim of the analysis of variance (ANOVA) is to
examine which design factors significantly affects the
MRR and TWR. The relevance of the machining
parameters with respect to MRR and TWR were
investigated for the low carbon steel and presented in
Tables 13 and 14. The total sum of squared deviations
from the S/N ratio,n,, were evaluated using the
equation.

SS; = Z(ni —Nyy) ()
i=1

In (5), nis the number of experiments in the
orthogonal array and n;is the mean signal to noise
ratio of the it experiment. The percentage
contribution P reports the significance level. It can be

calculated as:
SS,

p =355, (6)

C. Mgbemena, et al

Here SS, is the sum of the squared deviation.
The Fisher test (F-test) is employed to statistically
identify which parameters have significant effect on
the quality characteristics. In this study, the F ratio is
the ratio of the mean squared error to the residual
error and is used to determine the significance of a
factor.
The sources with values less than 0.1 (i.e. for a
confidence level of 90%) were considered to have
statistical significant contribution to the performance
measures. The depth of cut with a percentage of
86.84% is the parameter with significant effect on
metal removal rate (MRR). Similarly, the significant
factors that affect the tool wear rate (TWR) of LCS in
this experiment are the cutting speed and the feed
rate as shown in Table 14.
3.3. Estimation of Expected Responses and
Confirmation of Experiments
The estimation of the expected responses and
confirmation of experiment is the final stage in the
Taguchi design. The
experiment is used to confirming the inference drawn
during the analysis phase. For conducting the
confirmation experiments, the optimum conditions
are set for significant parameters and a designated
number of experiments are carried out under
specified conditions. The mean of the confirmation
experiments result is compared with the estimated
average based on the parameters and levels tested.
The expected response is estimated using the
optimum control factor settings from the main effect
plot; by employing the response table for S/N ratio
and the response table for mean [11].

robust confirmation of

Table 13: ANOVA results for MRR of AISI 1018LCS

Source DOF Seq. SS Adj SS Adj MS F P C (%) Status
A:Cutting Speed 2 46.45 46.45 23.22 1.85 0.351 Insignificant
B:Feed Rate 2 12.29 12.29 6.15 0.49 0.672 Insignificant
C:Depth of cut 2 553.42 553.42 276.71 22.01 0.043 86.84 Significant
Error 2 25.14 25.14 12.57
Total 8 637.29

S =3.5434; R — sq = 96.06%; R — sq(adj) = 84.22%

Table 14: ANOVA results for TWR of AISI 1018LCS

Source DOF Seq. SS Adj. SS Adj MS F P C (%) Status
A:Cutting Speed 2 0.0216 0.0216 0.0108 18.71 0.051 33.03 Significant
B:Feed Rate 2 0.0398 0.0398 0.0198 34.40 0.028 60.86 Significant
C:Depth of cut 2 0.0028 0.0028 0.0014 2.44 0.291 4.28 Insignificant
Error 2 0.0012 0.0012 0.0006
Total 8 0.0654 0.0654

Nigerian Journal of Technology
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The expected response model is as in equation (6) and
the result is shown in table 15.

E, = AV, + (appe — AV) + (bope — AV;)

+ (Copt - AVr) (6)
In (6), E, is the expected response; AV, is the average
response; d,,; is the mean value of setting at optimum
setting of factor a; by, is the mean value of setting at
optimum setting of factor b and ¢, is the mean value
of setting at optimum setting of factor c.

Table15: Optimum settings of control factors and
expected optimum strength

Response Control Optimum Expected
Factor Setting optimum strength
A 140
MRR B 0.30 35.2944
C 0.75
A 140
TWR B 0.30 0.2145
C 0.75

4. CONCLUSION

From this study, the following conclusion were drawn:

1. From the ANOVA, it was found that depth of cut is
the most important parameter for MRR. The most
important parameters for TWR were found to be
the cutting speed and feed. It is therefore
important to employ suitable combinations of
cutting speed, feed and depth of cut to reduce the
variations that can affect the quality of the work
piece and the cutting tool.

2. The signal to noise(S/N) ratio showed that for tool
wear rate, the optimal machining condition was
obtained at a cutting speed of 140 rpm, a feed of
0.30 mm/rev and a depth of 0.75mm. For metal
removal rate, the optimal machining condition
was obtained at a cutting speed of 140 rpm, a feed
of 0.30mm/rev and a depth of 0.75mm.

3. The AISI 1018 LCS has an improved MRR with a
value of 35.29mm3/s during turning operation
when the control factors(cutting speed, feed rate
and depth of cut) are 140rpm, 0.3mm/rev and
0.75mm respectively. Similarly,AISI 1018 LCS rod
has an improved TWR with a value of 0.21 mm/s.
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