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Abstract―Thermally Assisted machining(TAM) is used to 

decrease the cutting force in metal cutting process of hard to cut 

materials. Researches have been carried out to investigate 

reduction in cutting force. Surface roughness is important 

parameter and researches have been done to study effect of 

machining parameters on surface roughness for different 

machining processes.In this work, experiments were carried out 

to investigate effects of speed, feed, depth of cut and temperature 

on roughness in Thermally Assisted Turning (TAT) of mild steel. 

Optimum machining parameters were obtained by Taguchi 

method from the experimental results.  
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I. INTRODUCTION 

 

AM is machining technique in which heat is introduced to 

reduce strength of work piece. It is also referred as “hot 

machining”, “heat assisted machining”. M.J.Bermingham et al 

[1] investigated tool life and wear mechanism in TAM, they 

found that TAM reduced cutting forces with increase in work 

piece temperature. Researches have been carried out to 

investigate reduction in cutting force while machining of hard 

to cut metals but it is noted that due to high friction while 

machining and adhesion of chip to the work piece surface 

ductile materials also becomes difficult to machine which 

becomes reason of poor surface finish. Using TAM 

machinability of ductile materials can be increased[2]. L.Ozler 

et al [3] investigated influence of temperature on tool life in 

hot machining of austenitic manganese steel. 

 TAM can be performed in turning, milling, drilling, 

grinding etc. Plasma, laser beam, induction heating, furnace 

preheating, electrical current heating, flame heating are heating 

methods used in TAM. 

K.P.Maitey, P.K.Swain [4] developed tool life equation for 

hot machining by experimental results, work piece was heated 

by flame of LPG and oxygen. 

Surface roughness is important parameter from quality 

point of view and it also reduces manufacturing cost. 

N.Satheesh Kumar et al [5] experimentally analyzed effect of 

spindle speed and feed rate on surface roughness of carbon 

steel in CNC turning, they concluded that good surface finish 

was achieved by low feed rate and high spindle speed. 

IlhanAsilturk [6] determined optimum cutting parameters for 

better surface finish, Taguchi method and ANOVA were used 

in the investigation. 

Researches have been carried out to analyze cutting force 

reduction by TAM for hard to cut metals.In this work effect of 

TAM on surface roughness of mild steel was investigated. 

Flame heating was used and experiments were carried out with 

varied machining parameters and temperature.  

II. DESIGN OF EXPERIMENT 

 

Taguchi method is an effective approach for planning 

experiments. Using orthogonal arrays number of experiments 

can be determined. Experiment time decreases and significant 

factors can be found in shorter time. Signal to Noise(S/N) ratio 

is used to check level of signal (desired) to level of noise 

(undesired). 

TABLE I 

MACHINING PARAMETERS 

Level Temperature 
ºC 

Feed 
mm/sec 

Speed 
rpm 

Depth of cut 
mm 

1 34 0.5854 325 0.5 

2 50 0.6010 545 1.0 

3 100 0.5583 915 1.5 

 

Orthogonal array L9 was chosen for level 3. Table I shows 

machining parameters for each level. 

TABLE II 

EXPERMINET LAYOUT 

Sr.No. Temperature 

ºC 

Feed 

mm/sec 

Speed 

rpm 

Depth 

of cut 

mm 
1 1 1 1 3 

2 2 1 1 2 

3 3 1 1 1 

4 1 2 2 3 

5 2 2 2 2 

6 3 2 2 1 

7 1 3 3 3 

8 2 3 3 2 

9 3 3 3 1 

 

Variation in machining parameters for nine experiments 

were chosen by L9 orthogonal array as shown in Table II.  

 

III. EXPERIMENTAL SETUP 

TAT was done on nine cylindrical rods of mild steel.The 

experimental set up is shown in fig.1. 

T 
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Fig.1 Experimental setup schematic diagram 

A heating torch was mounted on tool carriage to provide a 

moving heat source. The torch burned oxygen and acetylene 

gas. The torch flame was controlled so that excess heating 

would not occur. Optical pyrometer was used to measure 

temperature of work piece surface. 

 

Fig.2 heating with flame 

IV. RESULTS AND DISCUSSION 

 

Surface roughness measurement was done at Quality 

check department, Indogerman Tool Room, Ahmedabad. 

Results are shown in Table III. Analysis of results was done 

using Minitab16.  

TABLE III 

RESULTS 

Sr.No

. 
Temperature 

ºC 

Feed 

mm/sec 

Speed 

rpm 

Depth 

of cut 

mm 

Ra 

1 1 1 1 3 2.30 

2 2 1 1 2 1.80 

3 3 1 1 1 1.38 

4 1 2 2 3 2.32 

5 2 2 2 2 1.29 

6 3 2 2 1 1.83 

7 1 3 3 3 1.07 

8 2 3 3 2 1.08 

9 3 3 3 1 1.13 

S/N ratio is the criteria to analyze the results using 

Taguchi method, it should have maximum value to get 

optimum response.Fig.3 shows main effect plot for S/N ratios 

with smaller is better method. Minimum roughness was 

obtained for 50ºC, feed 0.5583mm/sec, speed 915 rpm, depth 

of cut 1 mm (2,1,3,2 array). 

 

Fig.3 Plots for S/N ratios 

 

It was noted that with increase in temperature and depth of 

cut up to level 2 better surface finish was obtained and with 

low feed and high speed better surface finish was obtained. 

This effect can be thought of in context of ductility of mild 

steel. At high temperature and depth of cut adhesion of chips to 

surface may increase which increases roughness on work 

piece.  

V. CONCLUSIONS 

 

Experiments were conducted to analyze effect of speed, feed, 

depth of cut and temperature in TAT of mild steel. Taguchi 

method was used to design experiment and analyze results. 

Nine experiments were conducted using L9 orthogonal array. 

 Optimum surface roughness was obtained at 50ºC, feed 

0.5583mm/sec, speed 915 rpm, and depth of cut 1 mm. 

 Increase in temperature and depth of cut results in adhesion 

of chips to the surface and increases surface roughness. 

 TAM can be performed with controlled machining 

parameters to increase surface quality of low hardness steel. 
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