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Abstract: In machining processes, surface roughness of the machined part is the major quality related
issue. This paper deals with experimental investigation on the role of different cooling methods on product
quality in plain turning of EN31 alloy steel by uncoated tungsten carbide inserts of different nose radius.
The experiments were performed under dry, wet and cryogenic cooling conditions based on Taguchi L9
orthogonal array with constant speed, feed and varying depth of cut. The results show that cryogenic
machining processes can be implemented to minimize the surface roughness characteristics, thus the quality
level of final product should be improved.
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1. INTRODUCTION

Today’s manufacturing sector demands for higher
productivity, better product quality and economy
in manufacturing process. The tool life plays a
major role in increasing the productivity[1].
Metals, especially alloy steels are the mostly used
materials in the industry today. Functional metal
parts can be produced in many ways as for
example by casting, metal forming, sintering and
machining with each process having its own
advantages and disadvantages. During
machining, the performance of cutting tool is
higher if the cutting edge of the tool can be used
for longer time[2]. Due to tool wear, the tool has
to be turned or changed so that a fresh edge can
be used which leads to increase in production time
and cost. The tool may be cheap, but to turn it
means to interrupt the machining process, which
costs time and therefore money[1]. The two most
commonly used tool materials to perform
machining operations are coated/uncoated
carbides and high speed steel. The tools have to
withstand high temperature and stress during
turning; they have to be shock resistant during
milling, corrosion resistant and chemically inert
towards the work piece material[1]. The most
popular approach towards reducing the heat
generated during cutting is by far, by employing

cooling mechanism. The cutting conditions in
metal cutting can be improved by the use of
cutting fluids, acting both as a coolant and a
lubricant[3, 4, 5]. Different types of cooling
methods are used to overcome temperature rise.
Among them, the use of emulsion fluid is the most
popular cooling method, mainly because of
economy and ease of use [6]. However, the main
problem with the conventional coolant is that it
does not reach the real cutting area. The extensive
heat generated developed from the tool chip
interface evaporates the coolant before it reaches
the cutting area. Hence heat generated during
machining is not removed and is one of the main
causes of the reduction in tool life[7]. Therefore
the in this paper the new cooling approach is
investigated to overcome this problem i.e.
cryogenic cooling in which the liquid nitrogen is
used as a coolant.

2. EXPERIMENTATION
In this experimentation, the effect of cryogenic
cooling on surface roughness was compared with
dry and wet machining. Experiments were carried
out in dry, wet and cryogenic conditions. In this
new approach the liquid nitrogen at atmospheric
pressure was used as a coolant for machining
purpose.
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2.1. Lathe Machine
For this experimentation, a Kirloskar made
center lathe with step variable spindle speed and
feed was used. The headstock was powered by
an AC motor and incorporated with a 3-jaw chuck
to hold the work piece. Revolving tail stock center
was used at the other end to support the work
piece.

2.2. Material Used
En31 steel workpiece having initial diameter
58mm and length 200mm was turned in a
Kirloskar made lathe by uncoated carbide inserts
of various nose radius. For each experiment, a
fresh cutting edge was used. After
experimentation, a surface roughness tester was
used to measure the surface roughness.

2.3. Coolants Used
In the wet machining, an oil based conventional
coolant is used which is supplied by the same
nozzle that is used for the cryogenic fluid supply
as shown in fig. 2. A coolant pump with the coolant
tank setup is used for this machining purpose.
Cryogenic cooling is an external cooling method
making use of a pipe with an internal diameter
of 1.5 mm. The flow of liquid nitrogen from the
nozzle was targeted at the rake face along the
main cutting edge of the tool. The liquid nitrogen
jet coming along the main cutting edge is provided
mainly to protect the rake face and the principal
flank surface. Liquid nitrogen was used in the jet
form flowing from a nozzle at a predetermined
rate of flow of .36lt/min as shown in Fig. 1.

2.4. Single Response Parametric
Optimization

The Taguchi parametric approach is applied to
find out the optimum results. Experiments were
conducted under the constraint of processing
parameters and their levels (as shown in Table
1) by following Taguchi L9 O.A. It recommends
the use of loss function to measure the deviation
between the experimental value and the desired
value which is further transformed into signal-
to-noise ratio (S/N). Basically, there are three
types of categories in the evaluation of signal-to-
noise ratio i.e. lower-the-better (LB), higher-the-
better (HB) and nominal-the-better (NB). The
purpose of this study is to optimize the process
parameter for minimizes surface roughness.

2.5. Different Machining Conditions for
Taguchi L9OA

Three levels and three parameters for Taguchi
L9OA were used as depicted in following Table.

Table 1
Three Levels and Three

Parameters for Taguchi L9OA:

Sr. No. Nose Radius D.O.C. Machining
Conditions

1 0.4 0.6 Dry

2 0.8 1.0 Wet

3 1.2 1.2 Cryogenic

2.6. Design of Experiments
The experiments consist of total 3 machining
conditions namely Dry machining, Wet machining
and Cryogenic machining as shown in Table 2.

Table 2
Design of Experiments Based on Taguchi L9OA:

Sr. No. Nose Radius D.O.C. Machining
Conditions

1 0.4 0.6 Dry

2 0.4 1.0 Wet

3 0.4 1.2 Cryogenic

4 0.8 0.6 Wet

5 0.8 1.0 Cryogenic

6 0.8 1.2 Dry

7 1.2 0.6 Cryogenic

8 1.2 1.0 Dry

9 1.2 1.2 Wet
Figure 1: Nozzle used for coolant flow in the setup
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3. RESULTS AND DISCUSSIONS
3.1. Measurement of Surface Roughness
Basically, it is a measure of the texture of a
surface. It is quantified by the vertical deviations
of a real surface from its ideal form. If these
deviations are large, the surface is rough; if they
are small the surface is smooth. The measurement
of surface roughness is shown in Fig. 2. The values
of surface roughness are shown in Table 3. Signal
to noise (S/N) is used to represent a response or
quality characteristics and the largest S/N ratio
is required.

Variation of S/N ratio and Surface roughness
w.r.t. nose radius, depth of cut, cooling conditions
are shown in Fig. 3.

3.3. Taguchi Analysis: Surface Roughness
versus nose radius, depth of cut,
Cooling Conditions

The values of response for S/N ratios are shown
in Table 4. The results of confirmation experiment
for surface roughness are shown in Table 4. The

Figure 2: Measurement of surface roughness

Table 3
Values of Surface Roughness of Experiments

S. Nose D.O.C Machining Surface S/N
No Radius Condition Roughness ratio

Ra

1 0.4 0.6 Dry 3.86 -11.73

2 0.4 1.0 Wet 3.20 -10.10

3 0.4 1.2 Cryogenic 2.17 -6.72

4 0.8 0.6 Wet 3.41 -10.65

5 0.8 1.0 Cryogenic 2.50 -7.95

6 0.8 1.2 Dry 4.18 -12.42

7 1.2 0.6 Cryogenic 2.62 -8.36

8 1.2 1.0 Dry 4.30 -12.66

9 1.2 1.2 Wet 3.68 -11.31

3.2. Taguchi Analysis: Surface Roughness
versus nose radius, depth of cut,
Cooling Conditions

The values of response for S/N ratios are shown
in Table 4. The results of confirmation experiment
for surface roughness are shown in Table 4. The

Figure 3: Variation of S/N ratio Surface roughness
w.r.t. nose radius, depth of cut, Cooling Conditions

Table 4
Values of Response for Signal to Noise Ratios

Nose Radius D.O.C Cooling Condition
Raw S/N Raw S/N Raw S/N
Data data Data data Data data

3.076 -9.52 3.296 -10.25 4.113 -12.27

3.363 -10.34 3.333 -10.24 3.43 -10.69

3.533 -10.78 3.343 -10.15 2.43 -7.68
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Variation of S/N ratio and Surface roughness
w.r.t. nose radius, depth of cut, cooling conditions
are shown in Fig. 3.

4. CONCLUSIONS

Experimental observations reported in this study
suggest that the use of cryogenic coolant in
machining of alloy steel EN31 significantly affects
the surface roughness. In particular cryogenic
cooling conditions, it offers best surface roughness
as compare to dry and wet machining. The
following conclusions may be drawn from the
results of this research.

1. From main effect plot the optimal
parametric combination for surface
roughness is found to be r1-doc1-cryo i.e.
0.4 nose radius, 0.6 doc and cryogenic
cooling conditions respectively.

2. Cooling condition found to be most
significant factor having percentage
contribution of 86.95 %, RPM contributes
9.26% and feed 3.75% respectively.

3. The improvement of S/N ratio from initial
parameter level to optimal parameter
level is found to be -1.43283 dB.

4. Based on the confirmation run, the

surface roughness improvement is
17.84%.
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