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Abstract— Milling  is  one  of  the  most  important  conventional machining  operations  used  in  Industry.  The milling 
operation is influenced by many parameters.  One  of  the  most  important factors  is  temperature,  since  it affects the  tool  
life, wear,  etc., Therefore  prediction  of  temperature  during  operation  is  very important for understanding, optimizing the 
process parameters to improve machining operation. The work piece material chosen was stainless steel, since the machining 
of stainless steel is very low because of high hardness.  This  paper  deals  with  the acquirement  and  comparison  of 
parametric  values obtained during milling operation done on steel alloy of specification AISI 420  with  the  simulated  
values  through  FEA.  The parameter chosen was temperature.  The tool used for operation is coated tungsten carbide.  
Finite  Element  Analysis  using DEFORM  3D software is done on the milling operation by varying the speed of mill cutter 
on the work piece, for three times and temperature values are obtained during each individual process. The material is 
defined in software by using John-cook’s equation. The same procedure is done in real time for the same processing 
conditions used in software on a vertical machining centre. The temperature produced during the process is observed using 
an Infrared pyrometer.  The results obtained from experimental work and simulation when compared was proved to be valid.  
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I. INTRODUCTION 
 
Stainless steel’s resistance  to  corrosion,  low  
maintenance, and  relative  cheapness  makes it  a 
ideal  for  a  range of commercial  applications.  It is 
widely used in industrial equipment, automotive and 
aerospace structures, surgical instruments, storage 
tanks etc. Stainless  steel  is  a  kind  of  steel  alloy  
with  a  minimum  of 11.5% chromium  content  by  
mass which  make  it  highly resistive to  corrosion. It  
is  characterized by high plasticity, melting point, 
large linear expansion factor, which results in high  
cutting  force  and  temperature,  poor  machining 
quality, built up edge and tool wear in cutting practice 
s. It is classified as difficult to cut material. Milling is 
the process of cutting away material by feeding a 
work  piece  past  a  rotating  multiple  tooth tool  
cutter  at  a specified rate  and  depth  of  cut.  
Therefore, Cutting parameters like cutting speed, feed 
rate, tool geometry and depth of cut are to be 
determined to carry out milling operation. Finite  
Element Method (FEM) based modeling and 
simulation of machining  processes  is continuously 
attracting researchers for better  understanding  the  
chip formation  mechanisms,  heat  generation  in  
cutting zones. Predictions of the physical parameters 
such as temperature and stress distributions 
accurately play important role for predictive process 
engineering of machining processes. Finite Element 
Analysis is a most powerful and accurate approach 
for the determination of process parameters that is 
made possible by advancements in computational and 
processing power of comp uters. FEA  is  used  for  
variety  of  applications  like  stress  analysis, heat  
analysis,   

 
fluid flow  analysis  etc. In  this  method  a continuum  
is  discredited  into  simple  geometric  shapes called 
finite elements. DEFORM 3D is a powerful process 
simulation system used for the analysis of three 
dimensional flow of complex metal processes. It is a 
practical and efficient tool to predict the material flow 
in industrial forming operations without the cost and 
delay of shop trials. It consists of three steps. They 
are Preprocess step include defining work piece, tool 
geometry and process parameters like surface speed, 
mill diameter and depth of cut. Simulate step include 
the simulation work of defined operation. The 
running time depends on the capacity of computer. 
Post process step gives the simulated results of the 
Operation 
 
II. DEFORM SIMULATION 
 
Accurate flow stress models of work piece are highly 
necessary to represent work material constitutive 
behavior under high speed cutting conditions.  The 
work piece is defined by using John-cook material 
constructive model as shown in Equation (1). The 
John cook equation is a function of strain, strain 
hardening coefficient, reference strain rate, work 
piece temperature, room temperature, melting 
temperature, and strain rate sensitivity index. 
 

 
 
The values Johnson-cook model consatants for AISI 
420 are shown in table I 
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Table I. Johnson-cook model constants for AISI 
420 steel 

 
The work piece, Tool material properties are defined 
in pre process step. Tool material selected is coated 
Tungsten Carbide. Coatings used are TIN and TIAlN. 
Three simulations were carried out for three different 
cutting conditions as shown in tables II, III, IV. 
 

 
 

 
 

 
 
Simulation work is carried out. The FEM model of 
milling operation and temperature distribution for 
three different cutting conditions is shown in Fig 1, 2, 
3. 

 

 

 
 
III. EXPERIMENTAL WORK 
 
The  milling  operation  is  carried  out  on  AISI  420  
stainless steel  with coated  Tungsten  carbide  tool. 
Composition of material is shown in Table V 
 

Table V Chemical composition of AISI 420 

 
The machining operation is done for three times on a 
vertical machining center for the same cutting 
conditions as shown in table II, III, IV. The 
experimental setup is shown in Fig. 4 
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The projection length of work piece and tool is 
maintained 47 mm to reduce the vibrational effects 
and to prevent run out. Infrared pyrometer is used to 
measure the Temperature during milling operation.  
The temperature  
Distribution for the experiments is shown in table 
VI 

 
 
IV. RESULTS AND DISCUSSIONS 
 
The variation of temperature distribution between 
FEA simulation and experimental work are shown in 
table VII. 
 

Table VII comparison of results 

 
The  error  for  the  first  experiment  is  found  to  be 
-36.17% and for the subsequent experiments the 
errors are 17.40% and 62.04% respectively. The 
graph between Experimental work and simulation 
work is shown in Fig. 5 
 
 
 
 
 
 
 

 
Fig. 5 Exp. Results Vs. FEA result 

 
CONCLUSIONS 
 
The  simulation  of  milling  operation  on  AISI  420  
steel  is carried out successfully for Johnson cook 
parameters which are effectively incorporated in flow 
stress equation for flow stress  data.  The error 
between experimental work and simulation by FEA is 
in the range of ±40%. The results of the work can be 
used for optimizing the parameters of milling 
operation of AISI 420 stainless steel. 
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