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Abstract—Materials with resistance to wear are frequently 
utilized in industry and these materials are notoriously 
difficult to machine. One of the methods of softening the 
work piece is hot machining. The temperature rise at the 
shear zone reduces the yield strength and work hardening of 
the work piece, which make the plastic deformation of hard-
to-machine materials easier during machining. Hot 
machining prevents cold working hardening by heating the 
piece above the recrystallization temperature and this 
reduces the resistance to cutting and consequently favours 
the machining. Hot Machining can be used to decrease tool 
wear, power consumed and increase surface finish. 

In this study, an experimental investigation had been carried 
out for hot-machining operation of   EN 31steel using a 
carbide cutting tool. The heating of the work-piece was 
carried out by burning a mixture of liquid petroleum gas and 
oxygen. The surface finish is influenced by work-piece 
temperature, cutting speed, feed and depth of cut. The 
influence of surface temperature, cutting speed, feed rate, 
and depth of cut on the surface finish was investigated.

Keywords: Surface roughness; Tool life; hot machining; 
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I. INTRODUCTION

Now days, to satisfy industrial requirements we should have 
materials with very high hardness and shear strength.
Materials with resistance to wear are frequently utilized in 
industry and these materials are notoriously difficult to 
machine. So manufacturers are intended to manufacture 
such materials having high hardness and shear strength. 
There are various conventional methods for machining, but 
use of such methods reduces tool life with increase in tool 
wear and it results in increase in cost of manufacturing. The 
heating of work piece is not a new method for making easy 
properties of machinability of materials. For machining it is 
necessary to choose the best heating method to heat the 
materials ideally. The wrong selection of heating method 
can induce undesirable structural changes in the work piece 
and increases the cost. One of the primary objectives is to 
reduce the machining cost without sacrificing the quality of 
the machined parts. There are various heating methods, like 
bulk heating using furnace, area heating using torch flame, 
plasma arc heating, induction heating and electric current 
resistance heating at tool-work interface.

II. LITERATURE REVIEW

Kunio Uehara et al.[1] carried out a study on electric hot 
machining, in which the work piece is heated by electric 
currents which flows through the cutting point. It was found 
that the coated carbide tools exhibited a good cutting 
performance especially on the tool wear, and that the cause 

of this phenomenon is due to low electric resistance of base 
metal of the coated tools and high wear resistance of the 
coated layers.

K.P Maity et al.[2] carried out an experimental 
investigation of hot machining to predict tool life. The work 
piece used in the process was high manganese steel and a 
carbide cutting tool was used to machine it. The heating was 
done to reduce the hardness of the work piece. Since high 
manganese steel is hard and the tool will break during 
machining operation, heating is done on the work piece using 
liquid petroleum gas and oxygen as the flame source. An 
expression of tool life as a Function of cutting speed, feed, 
depth of cut and temperature was developed using regression 
analysis. The adequacy of the model was tested. The effects 
of cutting conditions on tool life were also investigated. And 
concluded that the tool life is influenced by work-piece 
temperature, cutting speed, feed and depth of cut in that 
order. So the effect of temperature of work-piece is found to 
be the most significant on tool life. However the 
recrystallization temperature of work-piece limits the 
maximum value of temperature. The chip-reduction 
coefficient decreases with increase in temperature.

A. I˙nan, C. O¨ zel et al.[3] Studied, an expression 
for the tool life of sintered carbide tool machining heated 
austenitic manganese steel was developed. The influences 
of surface temperature, cutting speed, feed rate, and depth 
of cut on the tool life were investigated. Afterwards, an 
expression for the effects of cutting conditions on tool life 
was determined using a mathematical model developed by 
a factorial regression method. And concluded that 
Compared to conventional machining, at room temperature 
the tool life in hot machining of austenitic manganese steel 
was longer. As the cutting speed was increased, the tool life 
was decreased. The longest and shortest tool lives in hot 
machining and conventional machining were obtained at 22 
m/min and 75 m/min tool lives, respectively. These results 
indicate that hot machining allows the use of higher cutting 
speed.

Nihat tosun and latif ozler. [4] Carried a hot 
machining operation using high manganese steel and liquid 
petroleum gas flame. A mathematical model was attained 
for the tool life using regression analysis method. In 
addition the tool life was also attained using artificial 
neural network (ANN). At the end both the tool life 
equation were compared. ANN and regression analysis has 
been used for the estimation of tool life in hot machining of 
high manganese steel on a lathe.

The experiments illustrate that the tool life has 
increased much in hot machining of the manganese steel 
specimens with respect to that of the room temperature 
machining. The longest tool life has been obtained at 600 0C 
machining. The tool life obtained at 600 0C machining is 
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approximately same as the tool life obtained at400 0C 
machining. Consequently, 400 0C machining is the optimum 
heating temperature if we consider the microstructure of the 
work piece and the cost. The tool life has decreased when the 
cutting speed has been increased. The results indicate that 
ANNs were giving better result with respect to regression 
analysis method. In addition, it is shown that ANNs can be 
used as an effective and an alternative method for the 
experimental studies whose the mathematical model cannot 
be formed.

D.K PAL et al. [5] carried out an analysis on the 
effects of various cutting parameters while machining 
operation on austenitic manganese steel at high 
temperatures. Investigations were made on the evaluations 
of tool life and its dependence on work piece temperature 
and relative cutting speed were studied empirical relations 
were also suggested while calculating the tool life.

T. Akasawaa, et al. [6] carried out an analysis in 
which the machining steels as the intermediate removing 
means of the hot forging process will be a significant 
application of the hot machining. It is predicted that the 
cooling of the cutting tools is effective for improving the 
performance of the hot machining of this field. Several 
problems are examined experimentally. The cermets tools 
show most suitable nature. The tool life of 8 hours is 
obtainable in the hot machining of low carbon steels. A 
cooling method for the cutting tool is contrived and tested. 
The cooling of the cutting tool is very effective for reducing 
the tool wear in the hot machining.

Nirav M. Kamdar et al. [7] 
Experimental Investigation on Machining Parameters of EN 
36 Steel using Tungsten Carbide Cutting Tool during Hot 
Machining and concluded that Process parameters do not 
have same effect for every response. Significant parameters 
and its percentage contribution changes as per the behavior 
of the parameter with objective response. Cutting force and 
Feed force are decreases with the increase in Temperature, 
Cutting speed and Feed rate. Temperature is the most 
significant control factor on Cutting force and Feed force. 
Hot machining is beneficial in terms of low Cutting force 
and Feed force. Power consumption decreases with 
increases in Temperature and increases with increase in 
Cutting speed and Feed rate. In low cutting speeds, the 
discontinuous form chips produced in machining may be 
changed to continuous form. 

This paper presents an overview of the recent 
investigations in the study of thermally enhanced 
machining. By reviewing literature, we can conclude that 
the tool life is influenced by work-piece temperature, cutting 
speed, feed and depth of cut in that order. So the effect of 
heating method. In fig. 1 experimental set up for Hot 
machining is shown. Temperature of work-piece is found to 
be the most significant on tool life.

III. EXPERIMENTAL DETAILS

The turning experimental work was conducted in dry cutting 
condition on lathe for hot machining of EN 31 Steel using 
Tungsten carbide cutting tool with Flame heating method.
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Fig. 1: Experimental Setup of Hot machining

A. Work piece Material and Cutting Tool:

The EN31 steel rod of size 500 mm in length and diameter 
50 mm has been used as a work piece material for the 
present experiments because EN31 is a high quality alloy 
steel giving good ductility and shock resisting properties 
combined with resistance to wear. This steel is basically 
known as bearing steel and used for bearing production in 
industrial sector. The chemical composition table.

SR NO ELEMENT
1 IRON Fe:
2 CHROMIUM, Cr
3 CARBON, C
4 MANGANESE, Mn
5 SILICON, Si
6 SULFUR, S
7 PHOSFOROUS, Ph

Table. 1: Chemical Composition o

1) Cutting Tool Insert:
 MAKE: KORLOY
 GRADE: 5330 TNMG

B. Design of experiment based on Taguchi method:
In this investigation carried out by varying four control 
factors Temperature, Cutting Speed and Feed 
cut on hot machining. For experimental work of 
50 mm diameters EN 31 Steel bar used. Control factors 
along with their levels are below.
design of experiment method was implemented. In Taguchi 
method L16 Orthogonal array provides a set of well
balanced experiments, and Taguchi’s signal
ratios, which are logarithmic functions of the desired output
serve as objective functions for optimization.

1) Process Parameters:
 Cutting speed:22,44,52,69  m/min
 Feed Rate : 0.25, 0.125, 0.106, 0.079 mm/rev
 Depth of cut: 0.5, 1.0, 1.5, 2.0 mm
 Temperature:100, 200 ,300, 400 0

IV. RESULTS AND ANALYSIS

Taguchi Design 
Taguchi Orthogonal Array Design
L16 (4^4)
Factors:  4
Runs:    16
Columns of L16 (4^5) Array
1 2 3 4
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Fig. 1: Experimental Setup of Hot machining

and Cutting Tool:

The EN31 steel rod of size 500 mm in length and diameter 
50 mm has been used as a work piece material for the 
present experiments because EN31 is a high quality alloy 
steel giving good ductility and shock resisting properties 

th resistance to wear. This steel is basically 
known as bearing steel and used for bearing production in 
industrial sector. The chemical composition table.

CONTENT (%)
96.5-97.32
1.30-1.60
0.980-1.10

0.250-0.450
0.150-0.300

≤0.0250
≤0.0250

Chemical Composition of EN 31steel

Design of experiment based on Taguchi method:
In this investigation carried out by varying four control 
factors Temperature, Cutting Speed and Feed rate, depth of 

machining. For experimental work of hot turning 
50 mm diameters EN 31 Steel bar used. Control factors 

Hence Taguchi based 
design of experiment method was implemented. In Taguchi 
method L16 Orthogonal array provides a set of well-
balanced experiments, and Taguchi’s signal-to-noise. (S/N) 
ratios, which are logarithmic functions of the desired output, 
serve as objective functions for optimization.

Cutting speed:22,44,52,69  m/min
Feed Rate : 0.25, 0.125, 0.106, 0.079 mm/rev
Depth of cut: 0.5, 1.0, 1.5, 2.0 mm

0C

NALYSIS
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Sr.no speed feed
depth of 

cut
temp

surface 
roughness

tool 
wear

1 22 0.25 0.5 100 6.9 0.06

2 22 0.13 1 200 2.62 0.04

3 22 0.11 1.5 300 2.26 0.03

4 22 0.08 2 400 2.39 0.02

5 44 0.25 1 300 2.87 0.02

6 44 0.13 0.5 400 3.12 0.01

7 44 0.11 2 100 1.97 0.05

8 44 0.08 1.5 200 0.98 0.03

9 52 0.25 1.5 400 2.81 0.01

10 52 0.13 2 300 1.96 0.02

11 52 0.11 0.5 200 4.64 0.03

12 52 0.08 1 100 2.5 0.05

13 69 0.25 2 200 1.7 0.03

14 69 0.13 1.5 100 1.8 0.04

15 69 0.11 1 400 3.05 0.01

16 69 0.08 0.5 300 2.53 0.02

Table. 2: Data Analysis Sheet

Taguchi Analysis: surface roughness versus speed, feed, 
depth of cut, temp 

Level speed feed of cut temp
1 -9.948 -5.853 -12.013 -8.933
2 -6.189 -8.997 -8.792 -6.532
3 -9.027 -7.300 -5.247 -7.537
4 -6.866 -9.879 -5.978 -9.028

Delta 3.760 4.026 6.767 2.495
Rank 3 2 1 4

Table. 3: Response Table for Signal to Noise Ratios Smaller 
is better depth

General Linear Model: surface roughness versus speed, 
feed, depth of cut, temp 
Method
Factor coding (-1, 0, +1)

Factor Type Levels Values

speed Fixed 4 22, 44, 52, 69

feed Fixed 4 4  0.079, 0.106, 0.125, 0.250

depth of cut Fixed 4 0.5, 1.0, 1.5, 2.0

temp Fixed 4 100, 200, 300, 400

Table. 4: Factor Information

Source DF Adj SS Adj MS F-Value P-Value
speed 3 4.701 1.5670 2.60 0.226
feed 3 5.153 1.7177 2.85 0.206

depth of cut 3 14.280 4.7598 7.91 0.062
temp 3 1.968 0.6559 1.09 0.473
Error 3 1.805 0.6017
Total 15 27.907

Table. 5: Analysis of Variance

       S R-sq R-sq(adj) R-sq(pred)
0.775720 93.53% 67.66% 0.00%

Table. 6: Model Summary

Regression Equation

Surface roughness = 5.13 -0.0242 speed + 7.42 feed -1.535 
depth of cut -0.00143 tem

Fig. 2: Effect of Speed, Feed, Depth of Cut and Temperature 
on Surface Roughness Taguchi Analysis: tool wear versus 

speed, feed, depth of cut, temp

depth
Level speed feed of cut temp

1 30.14 32.18 32.42 26.33
2 31.61 33.23 33.23 30.27
3 33.27 32.37 32.47 34.27
4 35.23 32.48 32.13 39.39

Delta 5.09 1.05 1.11 13.06
Rank 2 4 3 1

Table. 7: Response Table for Signal to Noise Ratios
Smaller Is Better

General Linear Model: tool wear versus speed, feed, depth 
of cut, temp 
Method
Factor coding (-1, 0, +1)

Factor Levels Type Values
speed Fixed 4 22, 44, 52, 69
feed Fixed 4 0.079, 0.106, 0.125, 0.250

depth
of cut

Fixed 4 0.5, 1.0, 1.5, 2.0

temp Fixed 4 100, 200, 300, 400
Table. 8: Factor Information

Source DF Adj SS Adj MS
F-

Value
P-

Value
speed 3 0.000379 0.000126 39.95 0.006
feed 3 0.000008 0.000003 0.79 0.575

Depth 3 0.000008 0.000003 0.84 0.555
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of cut
temp 3 0.003118 0.001039 328.26 0.000
Error 3 0.000009 0.000003
Total 15 0.003523

Table. 9: Analysis of Variance

S R-sq R-sq(adj) R-sq(pred)
0.0017795 99.73% 98.65% 92.33%

Table. 10: Model Summary

Regression Equation

Tool wear = 0.07162 -0.000284 speed +0.0083 feed –
0.00080 depth of cut -0.000123 temp

Fig. 3:  Effect of Speed, Feed, Depth of Cut and 
Temperature On tool wear

 Figure 2 shows the Effect of Speed, Feed, and Depth Of 
cut And Temperature on Surface Roughness and we can 
see that depth of cut is main effecting factor on surface 
roughness. Because temperature is rising material 
become soften and depth of cut also been increased to 
material removal rate without Compromising the 
surface quality.

 Figure.3 Effect of Speed, Feed, Depth Of Cut And 
Temperature On tool wear and we can see that tool 
wear is affected by temperature, speed, depth of cut and 
feed in that order.

V. CONCLUSIONS

 Process parameters do not have same effect for every 
response. Significant parameters and its percentage 
contribution changes as per the behaviour of the 
parameter with objective response.

 Surface Roughness decreases with increase in 
Temperature, with increases in Cutting speed and with 
decreases in Feed rate. Temperature is the most 
significant control factor on Surface Roughness. Hot 
machining gives good surface finish at high 
temperature, high cutting speed and low feed rate

 Hot machining is most effective technic to machine the 
hard material with good surface finish & with less 
amount of tool wear.
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