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Abstract

Alloy Steel EN-24 (Medium Carbon Steel) used in manufacturing of Automotive & aircraft components, Axles
& Axles components, Shafts, Heavy duty Gears, Spindles, Studs, Pins, collets, bolts, couplings, sprockets,
pinions & pinion arbors. Turning is the most common process used in manufacturing sector to produce smooth
finish on cylindrical surfaces. Surface roughness is the important performance characteristics to be considered in
the turning process is affected by several factors such as cutting tool material, spindle speed, feed rate, depth of
cut and material properties. In this research Response surface methodology (RSM) was applied to determine the
optimum machining parameters leading to minimum surface roughness in turning process. The main purpose of
this research is to study the effect of carbide inserts on EN-24 Alloy Steel surface by using three parameters
(spindle speed, feed rate and depth of cut). This research was conducted by using 100 HS Stallion CNC Lathe
machine. Seventeen sets of experiments were performed. In this work empirical models were developed for
surface roughness by considering spindle speed, feed rate and depth of cut as main controlling factors using
response surface methodology. The optimum value of the surface roughness (Ra) comes out to be 0.48 um. It
is also concluded that feed rate is the most significant factor affecting surface roughness followed by depth of
cut. As Cutting speed is the less significant factor affecting surface roughness. Optimum results are finally
verified with the help of confirmation experiments.

Keywords: EN-24 Alloy Steel, Response Surface Methodology, Anova, Machining Process, Surface
Roughness,

aircraft components, Axles & Axle components,
Shafts, Heavy duty Gears, Spindles, Studs, Pins,

I.  Introduction
Surface finish play a significant role during

machining of any of the component. Better finished
components increase the productivity & economics
of the industry. A Better machined surface surely
improves fatigue strength, creep failure, corrosion
resistance. As we know in actual machining, there
are a number of factors which affect the surface
roughness as cutting conditions, tool variables and
work piece variables. Cutting conditions include
speed, depth of cut and feed. tool variables include
tool material, rake angle, nose radius, cutting edge
geometry, tool overhang, tool point angle, tool
vibration etc. and work piece variable include
hardness of material and mechanical properties. As It
is very difficult to take all parameters that control the
surface roughness for a particular manufacturing
process. In a turning operation, it is very difficult to
select the cutting parameters to achieve the high
surface finish. This study would help the operator to
select the cutting parameters.

The work material used for the present study
is Alloy Steel EN-24 (Medium Carbon Steel) used
in manufacturing of Automotive &

collets, bolts, couplings, sprockets, pinions & pinion
arbors.

Il.  Methodology

In this research Response surface
methodology (RSM) was applied to determine the
optimum machining parameters leading to minimum
surface roughness in turning process. The main
Experiments in the present work were designed by
Box—Behnken approach with the help of software
Design-Expert6.0.8. In the present work, experiments
are designed accordingly to the Box-Behnken
approach of Response Surface Methodology (RSM).
Main experiment contains three factors each at three
levels. So, total number of runs required is seventeen
including five replications of centre point. The
version 6 of the Design Expert software was used to
develop the experimental plan for RSM. The same
software was also used to analyse the collected data.
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I11.  Experimental detail

3.1 Work material

In present study, EN-24 alloy steel (bars of
diameter 34 mm and length 60 mm) is used as
workpiece. It is Suitable for manufacturing of
Automotive & aircraft components, Axles & Axle
components, Shafts, Heavy duty Gears, Spindles,
Studs, Pins, collets, bolts, couplings, sprockets,
pinions & pinion arbors, extrusion liners, magneto
drive couplings, studs.

Table 3.1:Chemical Composition of EN-24

Metal Percentage

C 0.403

Si 0.185
Mn 0.606

S 0.019

P 0.0134
Cr 1.140
Mo 0.257
Ni 1.360
Fe 95.748

3.2 Selection of cutting Tools & tool holder
The Coated Tungsten Carbide Turning
(CNMG120408) is used

Tool Make- WIDIA

Tool material- Tungsten carbide

Tool Coating Material- TiN coating

TiN is a hard ceramic material, coating to improve
surface properties, harden, protect cutting and sliding
surfaces. Coatings generally increase a tool's
lubricity. A coating allows the cutting edge of a tool
to cleanly pass through the material without having
the material stick to it.It also help in decrease the
temperature associated with the cutting process and
increase the life of the tool.

C — Shape 80° diamond

N — clearance angle

M — tolerance

G — insert type (pin type/top clamp)

Insert

80°
‘1\

%
/

«— | — + S -
Figure 3.1 WIDIA Tool Bit for turning with
geometry.

3.3 Experimental plan & cutting condition
The experiments were conducted at CNC turning
centre in R&D polytechnic Ludhiana. EN-24 alloy
steel bars of diameter 34 mm and length 60mm is
used as workpiece for turning process in dry
condition.

Figure 3.2 Stallion 100 HS CNC Lathe Machine

Process variables and their levels

The working ranges of parameters for
subsequent design of experiment based on Response
Surface Methodology have been selected. In the
present experimental work, spindle speed, feed rate
and depth of cut have been considered as main
process variables. The process variables with their
units (and notations) are listed in Table 3.2

Table 3.2: Process variables and their levels

Factors Units | Level- | Level- | Level-
1 2 3
Spindle rpm 2400 | 2800 | 3200
speed(N)
Feed (F) | mm/min 0.1 0.2 0.3

Depth of mm 0.5 1.00 1.50
cut
(DOC)

3.4 Experimental design

Experiments have been carried out using
Response Surface Methodology experimental design
which consists of 17 combinations of spindle speed,
longitudinal feed rate and depth of cut. It consist

WWW.ijera.com 154|Page



Puneet Saini et al Int. Journal of Engineering Research and Applications

www.ijera.com

ISSN : 2248-9622, Vol. 4, Issue 5( Version 7), May 2014, pp.153-160

three process parameters to be varied in three discrete
levels. The experimental designs based on BBD has
been shown in Table 3.3

the surface of the workpiece. So it is checked by
marking centre lines at 90 degree on the cross section
of the work piece. The measuring stroke always starts
from the extreme outward position. At the end of the

Factor 1 | Factor | Factor 3 measurement sthe pickup returns to the position
2 ready for the next measurement. Roughness
measurements, in the transverse direction, on the
Std | Run | Block | A:Speed | B:Feed | C:Depth work pieces have been repeated three times and
of cut average of four measurements of surface roughness
6 1 Block | 3200.00 | 0.20 0.50 parameter values has been recorded. Surface
1 roughness measurement with the help of stylus has
7 | 2 | Block | 240000 | 020 | 1.50 been shown in Figure 3.3.
1
2 3 Block | 3200.00 | 0.10 1.00
1
17 | 4 Block | 2800.00 | 0.20 1.00
1
12 | 5 Block | 2800.00 | 0.30 1.50
1
15| 6 Block | 2800.00 | 0.20 1.00
1 2
7 BliCk 2800.00 | 0.10 150 figure 3.3 Mitotoyo Suftest-4 Machine
10 | 8 Block | 2800.00 | 0.30 0.50 .
1 IV.  Experimental Results For Surface
9 9 Block | 2800.00 | 0.10 0.50 Roughness
1 Factor 1 | Fact | Facto
8 | 10 | Block | 3200.00 | 0.20 150 orz | r3
1 St | Ru| Block | A:Spee | B:Fe | C:De Ra
14 | 11 | Block | 2800.00 | 0.20 1.00 d|n d ed | pth :Jf (um)
1 Cu
1 12 Block | 2400.00 0.10 1.00 6 1 | Block1 | 3200.00 | 0.20 | 0.50 | 1.05
1 5
16 | 13 Block | 2800.00 0.20 1.00 7 2 | Block1 | 2400.00 | 0.20 | 1.50 1.8
1 2 | 3 [ Block1 | 3200.00 [ 0.10 | 1.00 | 1.19
3 14 | Block | 2400.00 | 0.30 1.00
1 17 | 4 | Block1 | 2800.00 | 0.20 | 1.00 | 1.54
5 | 15 | Block | 2400.00 | 0.20 0.50 12| 5 | Block1 | 2800.00 | 0.30 | 1.50 | 2.7
1
2 | 16 | Block | 320000 | 0.30 1.00 15| 6 | Block1 | 2800.00 | 0.20 | 1.00 | 1.48
1 11 | 7 | Block1 | 2800.00 | 0.10 | 1.50 1.8
13 | 17 | Block | 2800.00 | 0.20 1.00
1 10 | 8 | Block1 | 2800.00 | 0.30 | 0.50 | 2.55
9 | 9 | Block1 | 2800.00 | 0.10 | 0.50 | 0.48
3.5 Roughness Measurement
Roughness measurement has been done 8 | 10 | Block1 | 3200.00 | 0.20 | 1.50 2.9
using a portable stylus type profilometer, mitotoyo 14 | 11 | Block1 | 2800.00 | 0.20 | 1.00 | 1.52
suftest-4 shown in figure 3.3. The mitotoyo suftest-4
is a,self-contained, portable instrument used for the 1 112 | Block1 | 2400.00 | 0.10 | 1.00 0.é39
measurement of surface texture. The measurement
results are displayed on an LCD screen and can be 16 | 13 | Block1 | 2800.00 | 0.20 | 1.00 1.5
output to an optional printer or another computer for 3 | 14 | Block1 | 2400.00 | 0.30 | 1.00 | 2.46
further evaluation. The instrument is powered by
non-rechargeable alkaline battery (9V). It is equipped 5 | 15| Block1 | 2400.00 | 0.20 | 0.50 | 1.19
with a diamond stylus having a tip radius 5um. For 4 |16 | Block1 | 3200.00 | 0.30 | 1.00 2.6
accurate measurement of surface roughness it is
necessary to set the stylus on the top most position of 13 | 17 | Block 1 | 2800.00 | 0.20 | 1.00 1.3
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Table 4.1 Selection of Model for Ra Pur | 0.037 4 9.320
Sequential Model Sum of Squares: e E-003
Err
Source | Sum |D|Mea |F |P- Rema or
of fin V | value | rks
Squa Squa | al | Prob
res re ue | >F
Mean |48.6 |1 | 48.66 Model Summary Statistics:
6 Sou | Std. | R- Adjust | Predict | Pre | Rem
Linear | 6.96 |3 |232 |22 | <0.00 rce | Dev. | Squar | ed ed SS arks
4 101 ed R- R-
5 Square | Square
2FI 075 |3]025 [4. [0.034 d d
27 1 9 Lin | 0.32 | .0838 | 0.8009 | 0.6947 | 2.5
Quadr | 041 |3 |0.44 |5. |0.030 |Sugg ear 2 4
atic 41 | 5 ested 2F1 | 0.24 | 0929 | 0.8865 | 0.7745 | 1.8
Cubic | 0.14 |3 | 0.047 | 5. | 0.076 | Alias 1 !
0117 ed Qu | 0.16 | 0.978 | 0.9512 | 0.7230 | 2.3 | Sugg
Residu | 0.03 |4 | 9.320 adr 6 0 |ested
al 7 E- atic
003 Cu [0.09 [0995 |0.9821 + | Alia
Total 56.9 |1 ]3.25 bic | 7 5 sed
7 7
Lack of fit test: 4.1 ANOVA for R,
ANOVA is performed using the Design-
Sou | Sumof 1 Df | Mean | F P- Rem Expert 6.0.8. software. ANOVA for response R, is
rce | Square Squar | Val | valu | arks given in Table 4. 2
S e ue |e
Prob Table 4.2 ANOVA for Ra
>F So | Sum | DF | Mea F P- Remar
Lin [131 |9 |015 |15. | 0.00 ure | of n | valu | value
ear 58 | 89 e | Squ Squ | e
ares are
Mo | 8.08 7 1.15 | 46.29 < Signifi
del 0.000 cant
1
2F1 1 0.5 6 0.092 ?'8 (2)'002 A | 032 1 1032|1281 | 0.005 | Signifi
9 cant
B 472 1 472 | 189.1 < Signifi
5 0.000 cant
1
Sﬁ 014 13 0047 i—o g S—;gg C (193] 1 |193|7719| < | Signifi
ic - - — 0.000 cant
- 1
g2 | 0.19 1 {019 | 751 | 0.022 | Signifi
- 9 cant
Cub 1000010 plia c2 019 | 1 | 019 7.49 | 0.023 | Signif
0 cant
AC | 0.38 1 |0.38 | 15.29 | 0.003 | Signifi
6 cant
BC | 0.34 1 |0.34 | 13.72 | 0.004 | Signifi
9 cant
Res | 0.22 | 9 | 0.02
idu 5
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al

Lac | 0.19 | 5 | 0.03 | 4.02 | 0.101
k 7 2
of
Fit

Insigni
ficant

Pur | 003 | 4 | 9.32

Err 003
or

Cor | 8.31 | 16
Tot

Std | 0.16 9.34

<O

De
Y,

R- | 0.97 | Pre | 0.80
Sq| 30 | d | 84

uar R-
ed Sq
uar
ed
Me | 1.69 | PR | 1.59
an ES
S

Adj | 095 | Ad | 23.2
R- 20 eq 33

Sq Pre
uar cisi
ed on

The model F value of 46.29 implies that the
model is significant. There is only a 0.01% chance
that a model F value this large could occur due to
noise. Value of Prob. > F value less than 0.0500
indicate model terms are significant. In present
experimentation A, B, C, B% C? AC and BC are
significant model terms. Values greater than 0.1000
indicate the model terms are insignificant. If there are
many insignificant model terms which are not
counting to support hierarchy, model reduction may
improve the model. The "Lack of Fit F-value" of 4.02
implies the Lack of Fit is not significant relative to
the pure error. There is a 10.12% chance that a "Lack
of Fit F-value" this large could occur due to noise.
Non-significant lack of fit is good -- we want the
model to fit.sThe "Pred R-Squared" of 0.8084 is in
reasonable agreement with the "Adj R-Squared" of
0.9520. "Adeq Precision" measures the signal to
noise ratio. A ratio greater than 4 is desirable. Here
ratio of 23.233 indicates an adequate signal.This
model can be used to navigate the design space.

4.2 Regression Models

The regression equations for the response
characteristics as a function of input process
parameters are given below in both coaded and actual
factors.. The insignificant coeffiecients (investigated
from ANOVA) are omitted from the equations.The
developed statitical model for Surface roughness is
Surface Roughness = 1.49 + 0.20 * A+ 0.77* B +
0.49 * C +0.21 * A*+0.21 * B°+ 0.37 * C* + 0.31
*A*C-029*B*C

Surface Roughness = 2.41360 -1.04406E-003 *
speed + 5.10632 * feed -3.85399 * depth of cut +
21.05921 * feed® + 0.84137 * depth of cut’
+1.54375E-003 *speed *depth of cut -5.85000*feed
*depth of cut.

4.3 Discussions of Results of Main Experiment
4.4.1 Single Factor Effect on R,: Fig. 4.1 show the
effect of three process inputs i.e., speed, feed and
depth of cut of turning on average surface roughness
value.

Effect of speed: From the main effect plots based on
the fig. 4.1a, it has been observed that whenever
spindle speed is increased from 2400RPM to
2800RPM the value of Ra is increased from 1.19um
to 1.54um and when again speed increased from
2800RPM to 3200RPM, the value of Ra is increased
up to the value of 1.69um.So result shows surface
roughnesss is increased with speed.

Effect of feed: From the main effect plots based on
the fig. 4.1b it has been observed that when feed rate
is increased from 0.1Imm/min to 0.3mm/min, the
increment of Ra is 0.696um to 2.46um aproximately.
So result shows that feed gives the main effect on Ra.

Effect of depth of cut: From the main effect plots
based on the fig. 4.1c, it has been observed that
whenever depth of cut is increased from 0.5mm to
1mm the value of Ra is very slightly increase from
1.19um to 1.54um approximately and when again
depth of cut increases from 1mm to 1.5mm, the value
of Ra is increased upto the value of 1.98um
approximately.So result shows that with increase in
depth of cut value of R, is increased.
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Fig. 4.2 Estimated contour and response surface

for Ra

Fig.4.2 d-e shows the three dimensional
interaction response surface and contour plot for
the response Ra in terms of speed and feed & depth
of cut. Contour plot plays a very important role in
the study of response surface. By generating
contour plot using Design expert software for the
response surface analysis, it is easy to analyze the
shape of surface and locate the optimum with
reasonable precision. From the examination of the
contour plot and response surface, it is observed
that at feed 0.20mm/rev Ra increases from 1.37pm
to 2.437um with increase in speed from 2400RPM
to 3200RPM with increase Depth of cut from
0.1mm to 1.5mm.Fig.4.2 a,b,c displays the normal
probability plot of residuals and predicted versus
actual plots for Ra. It is observed that the residuals
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generally fall on the straight line implying that
errors are normally distributed. The outlier points
are verified by checking for any points lying
outside the red lines. It is evident from all points lie
inside the red lines area, which signifies that the
model fit well.

V.  Conclusion

The current Experiment has Performed to
study the effect of Machining parameters on
surface Roughness The following conclusions are
drawn from the study:
1.  The Surface roughness is mainly affected by
feed rate and depth of cut. With the increase in feed
rate & depth of cut the surface roughness increases
2.As the cutting speed increases there is slightly
increase in Surface Roughness.
3. The optimum value of the surface roughness
(Ra) comes out to be 0.48 um.
4.The parameters taken in the experiments are
optimized to obtain the minimum surface
roughness possible. The optimum points of cutting
parameters for better Quality Surface finish isas :-
i) Spindle speed = 2800rpm.
ii) Feed rate= 0.1 mm/min.
iii) Depth of cut =0.5 mm.

References

[1] Kirby Daniel E., Zhang Zhe , Joseph C.
(2006) , “Optimizing surface finish in
turning operation using the Taguchi
parameter design method , Int J Adv
Manuf Technol ,30: 1021-1029

[2] Krishankant, Taneja Jatin , Bector Mohit ,
Kumar Rajesh (2012) , “Application of
Taguchi Method for Optimizing Turning
Process by the effects of Machining
parameters”, International Journal of
Engineering and Advanced Technology,
Volume-2, pp. 2249 — 8958

[3] Lalwani D.I.,, Mehta N.K. and Jain P.K.
(2006) ), “Experimental investigation of
cutting parameters influencing on cutting
forces ans surface roughness in finish
hard turning of MDN 250 steel” Journal of
material processing technology,pp.167-
179

[4] Mallampati Mahesh and Das Chitranjan
(2012), “Optimization Of  Cutting
Parameters As Speed, Feed & Depth Of
Cut Based On Surface Roughness In
Turning Process Using Genetic Algorithm
And Particle Swarm  Optimization”
JInternational Journal of Engineering
Research & Technology ,Vol. 1 Issue 7.

[5] Murthy T. Sreenivasa , Suresh R.K.,
Krishnaiah G. , Reddy V. Diwakar (2013),
“ Optimization of process parameters in

6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

dry turning operation of EN 41B alloy
steels with cermet tool based on the
Taguchi method” , International Journal of
Engineering Research and Applications,
Vol. 3, pp.1144-1148

Nikoloas I.,Galanis, Dimitrious E. and
Manolakos (2010), “Surface roughness of
prediction in  turning of femoral
head”’,International Journal of
Manufacturing Technology,vol.51,pp.79-
86.

Sahoo A.K. and sahoo Bidyadar (2011),
“Surface roughness model and parametric
optimization in finish turning using coated
carbide insert:  Response  Surface
methodology and Taguchi aproach’’,
International ~ journal  of industrial
engineering computations, vol.2 pp.819-
830

Sahoo P. (2011), “ Optimization of turning
parameters for surface roughness using
RSM and GA” ,Advancs in production
engineering & management,vol. 6,no.
3,197-208.

Sahin Yusuf, Motircu A. Riza (2005),
“Surface roughness model for machining
mild steel with coated carbide tool ”,
Materials and Design, vol.26, pp.321-326.
Sijo M.T and Biju N (2010), “Taguchi
method for optimization of cutting
operations”, Int. Conf. On Advances In
Mechanical Engineering. pp 103-105.
Singh Hardeep, Khanna Rajesh and Garg
M.P. (2011), “Effect of cutting parameters
on MRR & Surface Roughness in Turning
EN-8”, International Journal of Current
Engineering &
Technology,vol.1.N0.1.1SSN.2277-4106
Singh Hardeep , Sharma Sumit , Awasthi
Vivek , Kumar Vineet , Singh Sandeep
(2013), “Study of Cutting Parameters on
Turning using EN9 ’°, International
Journal of Advance Industrial Engineering
,ISSN 2320 -5539

Sharma  AV.N.L.,,  Venkatasubbaiah
K. Raju  P.S.N.(2013) ), “Parametric
Analysis and Multi Objective Optimization
of Cutting Parameters in Turning
Operation of EN353 — With CVD Cutting
Tool Using Taguchi Method ,International
Journal of Engineering and Innovative
Technology ,Volume 2, ISSN: 2277-3754.
Sharma Pankaj , Bhambri Kamaljeet
(2012) ), <“Effect of Multi-Response
Optimization By Experimental
Investigation Of Machining Parameters In
CNC Turning By Taguchi Based Grey
Relational Analysis”, International Journal

WWW.ijera.com 159 |Page



Puneet Saini et al Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 4, Issue 5( Version 7), May 2014, pp.153-160

www.ijera.com

[15]

[16]

[17]

(18]

[19]

[20]

of Engineering Research and
Applications, Vol. 2, pp.1594-1602.
Tanikic Dejan and Marinkovic Velibor
(2012) ), “Modelling and Optimization of
the Surface Roughness in the Dry Turning
of the Cold Rolled Alloyed Steel Using
Regression Analysis”,J. of the Braz. Soc.
of Mech. Sci. & Eng., Vol.34, No. 1/ 41
Thamizhmanii S., Saparudin S., Hasan
S.(2007), “Analysis of surface roughness
by using taguchi method” Achievements
in materials and manufacturing
engineering, vol.,20,pp. 503-505

Yadav Ashish , Bangar Ajay , Sharma
Rajan , Pal Deepak (2012), Optimization
of Turning Process Parameters for Their
Effect on En 8Material Work piece
Hardness by Using Taguchi Parametric
OptimizationMethod  ”  ,International
Journal of Mechanical and Industrial
Engineering (IJMIE), Volume-1, ISSN
No. 2231 —6477.

Yang W.H and Tarng Y.S. (1998),
“Design  optimization  of  cutting
parameters for turning operations based
on Taguchi method”, Journal of Material
Processing Technology, vol. 84,pp.122-
129.

http://en.wikipedia.org/wiki/Box-
Behnken_design, Date: April 18, 2012
http://www.itl.nist.gov/div898/handbook/
pri/section3/pri336.htm,Date: April18,
2012.

WWW.ijera.com 160|Page


http://www.itl.nist.gov/div898/handbook/

