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Abstract - This project is based on Tribology. This work consists of analysis and optimization of quantity of lubrication 
provided between sheet metal and the diein press forging process. This project involves several analyses of press forging 
process of a simple product with different oil film thickness. Several comparisons are made between shear stress developed, 
deformation, and maximum principal strain for different oil film thickness cases. Output of the research work indicates that 
by applying optimum lubrication quantity will reduce the wear of punch and die and hence increase the tool life. 
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I. INTRODUCTION 
 
This project is based on Tribology. Tribology is the 
study of wear occurs due to friction between parts. 
Tribology mainly deals with technique of lubrication 
and mechanism of friction and wear. The loss of input 
energy in any mechanism is mainly due to friction 
and lubrication is the most efficient way to reduce 
friction. 
 
This project involves forging process Forging is 
defined in the term for shaping of metal by using 
localized compressive forces.This research work 
involves press forging process. In this project we 
have used a simple model in our work to perform 
FEA. The CAD model for analysis purpose is created 
in CREO Parametric 2.0, whereas, the analysis is 
done on ANSYS 15.0. 
 
This project is based on quantity of lubrication 
provided in press forging process. Basically, 
lubrication is given between sheet metal and the die 
to reduce the friction occurs during forging process. 
The aim of this project is to achieve minimum 
quantity lubrication required to get better quality 
product with minimum die and punch wear. 
 
This project involves several analyses of press 
forging process of a simple product with different oil 
film thickness Several observations are performed to 
know the effect of changing oil film thickness on 
maximum principal strain generate on die and the 
punch. 
 
Part modeling and assembling of the CAD model is 
done on CREO Parametric 3.0, whereas the analysis 
is performed on Explicit Dynamics module of 
ANSYS 15.0. 

CAD model is imported in the ANSYS work bench 
platform in IGES format (Initial Graphics Exchange 
Specification) and then materials are assigned for 
thevarious parts of the assembly. Meshing, boundary 
conditions, initial conditions and then simulation is 
performed on ANSYS. 
 
II. METHODOLOGY 
For the project work we have used CREO Parametric 
3.0 and ANSYS 15.0 for the design and analysis of 
punch and die used in press forging operation. The 
work is carried- out within Tribology topic. 
The planned steps to complete this study were: 
1. Literature survey 
An international literature survey was conducted to 
establish baseline information on maintenance 
practices and potential areas of savings through 
tribology. 
 
2. International contact 
International contacts were used to expand the 
baseline information for this project. To complete a 
global survey on how much energy is consumed by 
industry to overcome friction and to replace worn out 
parts and components. To show how much energy 
can be saved by developing and implementing new 
scientific achievements and new technical solutions 
to reduce and control friction and wear. 
 
3. Modeling And Analysis 
Modeling work is performed on CREO Parametric 
3.0. This model is then saved in IGES format.  This 
file will be imported in the Explicit Dynamics module 
of the ANSYS to perform simulation of press forging 
process and to analyze the effect of change in 
lubricant quantity on stress and strain developed in 
die and punch during forging. 
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In this way, by varying lubricant quantity, we can 
have better result in the form of increased tool life 
and less energy consumption to get required shape. 
 
Methodology of Modeling in brief:- 
First of all we divide the overall assemblies into four 
features:- 
1. Die  
2. Punch 
3. Sheet metal  
4. The film of oil accommodating the shape of die. 
These all parts are created in part modelling of CREO 
Parameteric. Then all these parts are imported and 
assembled in assembly module of the same software. 
 
Placement and boundary conditions of parts :- 
The die is placed fixed in its position. The oil film is 
placed inside the die cavity.A thin plate is placed on 
the surface of die, the punch plate is placed slightly 
away from the sheet metal or plate. The punch is 
allowed to move only in perpendicular direction 
towards the die. This assembly file is then save into 
IGES format so that it can import into ANSYS. 
 
Methodology of Analysis in brief:- 
The aim of analysis is to analyze the effect of 
lubrication in reducing friction between the plate, die 
and punch. For this we perform simulation with 
various oil film thicknesses to find the optimum 
amount of lubrication requires for the press forging 
operation. 
 
III. PRIOR APPROACH 
 
Steve Pickering (2011)presents the purpose of his 
research paper is to examine the tribological 
characteristics and issues related to journal bearings 
under boundary and mixed lubrication conditions 
during shaft startup, shutdown, and low speeds. The 
key issues and problems related to journal bearings, 
most notably wear, are discussed as well as the 
subsequent issues created in the field. The mechanical 
analysis of the loading conditions is documented for 
both numerical calculations and experimental test 
methods. Studies prove the negative effect bearing 
wear has on performance and pressure loads. 
Solutions include polymer liners. 
 
M. Tannert, C. Brecher, S. Bäumler, K. 
Bakarinow(2012) 
This paper presents an approach for a holistic 
simulation of forging processes considering the 
interactions between forging press, tooling system 
and forging process. It can be used in coupled 
simulations and will enable industrial users in forging 
industry to do simulation-aided tool optimizations in 
the design stage of newly developed forging dies. The 
final aim is to reduce the time-consuming 
experimental optimization process of these dies on 
the production machine which nowadays leads to 

high overall costs. Our work is based on press forging 
process, so it might be concerned as our base paper. 
 

 
 
Fig 1- Results of a coupled simulation - machine behavior (left) 

and workpiece geometry 
 
Yeo, H., Choi, Y. &Hur, K. Int J Adv 
ManufTechnol (2001).  The stress 
analysis and design of a pre-stressed cold extrusion 
die with stress rings has been carried out in this study. 
The calculation of the contact pressure on the 
interface between the stress ring and die insert is 
included. In this method, an elastic Lame’s equation 
and finite-element method are used for the analyses 
of the die insert and the stress ring, respectively. This 
process has been simulated by the finite-element 
method. Using these results, stress analysis has been 
performed for shrink fitting and during cold extrusion 
by using the present method.  
 
A. Y. Suh (2003)Studied about the tribological 
contacts in mechanical components brings about 
topographical, chemical, and mechanical changes 
mainly at the sub-micron surface. In this project, 
extensive studies involving theuse of various 
engineering and scientific tools were performed to 
better understand the exact mechanisms behindthis 
phenomenon. A High Pressure Tribometer (HPT) was 
used to simulate shoe-on-disk tribological contacts 
undervarious conditions as encountered in 
compressor surfaces. Based on the experimental 
hardness results, it was found that the hardness of the 
material becomes higher at the micro- and sub micro 
scales than the bulk, regardless of the amount of wear 
towards scuffing. It was also observed that there was 
a gradual weakening of the uppermost 60 nm. In this 
report, we describe in detail the surface roughness 
changes that occur to the Al390-T6 samples as they 
undergo progressively longer tribological testing, 
eventually leading to scuffing. 
 
Maria Nilsson (2011) focuses on the tribological 
performance of tool surfaces in two steel working 
operations, namely wire drawing and hot rolling. In 
all forming operations dimensions and surface finish 
of the products are of utmost importance. Forming 
basically includes three parts – forming conditions 
excluded – that may be changed; work material, tool 
and (possibly) lubricant. In the interface between 
work material and tool, the conditions are very 
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aggressive with generally or locally – high 
temperatures and pressures. The surfaces will be 
worn in various ways and this will change the 
conditions in the process. 
 
IV. OUR APPROACH 
  
By reading above literatures we have obtained 
various gap founds in their work, so according to it 
we have selected press forging process. The forging 
involves a case of controlled plastic deformation of 
heated metals and alloys into desired useful shapes 
and size. Basically there is friction between die and 
the punch or the friction between metal and the die 
this friction leads to wear of the die. During forging 
process the metal parts involved in the process have 
to bear load applied during process like shearing load, 
heat transfer by conduction and heat generation 
through friction. 
 
To reduce this friction, we provide lubricant in press 
forging process but ifthe amount of lubricant is not 
sufficient then it leads to shorter life time of die. On 
the other side if the lubricant quantity is more than 
required then it is loss of oil and energy. Therefore, 
there is need to optimize the quantity of lubricant 
required to increase the efficiency of the tool. 
 
Objective:-The basic problem of lubrication in press 
forging process is to adopt correct method of 
application of die lubricant and to use appropriate 
quantity of lubricants at appropriate intervals. Our 
aim is to optimize the minimum quantity of lubricant 
required for press forging process to produce good 
quality product at lowest cost and to increase the life 
of die and punch. 
 
For the analysis purpose we have selected very 
simple product for press forging process. Design for 
Die & Punch is given below. 
 
1. MODELLING 
Modeling is done on CREO Parametric 3.0. First of 
all we divide the overall assemblies into four 
features:- 
 

 
 

 Die  
 Punch 
 Sheet metal  

 The film of oil accommodating the shape of 
die. 

2. ASSEMLBLY 
Placement of different parts is done on assembly 
module of CREO Parametric 3.0.This assembly file is 
then saved into IGES (Initial Graphics Exchange 
Specification)format so that it can import into 
ANSYS. 
 
3. ANALYSIS 
The aim of analysis is to analyze the effect of 
lubrication introducing friction between the plate, die 
and punch. For this we performed analysis with 
various oil film thicknesses to find the optimum 
amount of lubrication requires for the process.For this 
purpose, we have chosen Explicit Dynamics module 
of ANSYS 15.0 is used. To perform analysis we have 
followed different steps which are mentioned below. 
 
4. MATERIAL DEFINITION  
In our case, we have used tool steel for punch and 
die. 
For sheet metal, we have used aluminum alloy. 
For lubrication, we have used furnace oil. 
 
5. MATERIAL BEHAVIOUR SETTINGS 
Die      

 Stiffness behaviour is flexible 
 Reference frame is Lagrangian 
 Material assignment is tool steel 

Oil film  
 Stiffness behaviour is flexible 
 Reference frame is Eulerian (virtual) 
 Material assignment is furnace oil 

Sheet metal  
 Stiffness behaviour is flexible 
 Reference frame is Lagrangian 
 Material assignment is aluminium alloy  

Punch  
 Stiffness behaviour is flexible 
 Reference frame is Lagrangian 
 Material assignment is tool steel 

 
6. CONNECTION DEFINITION IN ANSYS 
Surface contacts among the surfaces of parts are 
defined according to the press forging operation. 

1. Frictional contact is given between the 
punch Surface and the sheet metal. The 
values are given below :- 
Frictional coefficient is set to 0.15 
Dynamic coefficient is set to 0.1 
Decay constant is set to 0.1 

2. Frictionless contact is given between the 
lubricant and the sheet metal 

3. Frictionless contact is given between the die 
and the lubricant  

4. Frictional contact is given between the 
punch Surface and the sheet metal.The 
values are given below :- 
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Frictional coefficient is set to 0.15 
Dynamic coefficient is set to 0.1 
Decay constant is set to 0.1 
 

7. MESHING 
For meshing we have adopted automatic meshing 
option 

 Number of nodes are equal to 24627 
 Number of elements are equal to 19035 

 
8. BOUNDARY CONDITIONS 
Base of the die is kept fixed so that it will not allowed 
to move due to the virtue of the force applied on it 
from punch during forging process. 
 
 Velocity given to the punch in the perpendicular 

direction towards die. 
 Velocity - 20 Meter/Second. 
 
9. ANALYSIS SETTINGS 
According to our calculation punch required 1.8 x    
10-3seconds to press the sheet completely, so that 
sheet will have complete contact with the cavity 
surface.  Other settings like initial time step, 
minimum time step and maximum time step are set to 
be program controlled. 
 

 
TABLE I 

 
Similarly, several analyses have been performed to 
get optimized result. Results obtained by varying oil 
thicknesses 0.14, 0.24, 0.34, 0.44, 0.54 mm are given 
below:- 

O i l  T h i c k n e s s M a x .  v o n - M i s e s  S t r e s s 
0 . 1 4 5 3 8 . 6 9 
0 . 2 4 5 3 7 . 6 9 
0 . 3 4 5 3 6 
0 . 4 4 5 3 6 
0 . 5 4 5 3 5 . 5 7 
 
O i l  T h i c k n e s s M a x .  P r i n c i p a l  S t r a i n 
0 . 1 4 6 . 0 3 E - 0 3 
0 . 2 4 6 . 0 7 E - 0 3 
0 . 3 4 6 . 1 2 E - 0 3 
0 . 4 4 6 . 6 6 E - 0 3 
0 . 5 4 6 . 7 3 E - 0 3 
 
O i l  T h i c k n e s s M i n .  P r i n c i p a l  S t r a i n 
0 . 1 4 - 1 . 1 3 E - 0 2 
0 . 2 4 - 1 . 1 4 E - 0 2 
0 . 3 4 - 1 . 1 7 E - 0 2 
0 . 4 4 - 1 . 5 2 E - 0 2 
0 . 5 4 - 1 . 5 2 E - 0 2 
 
10. VALIDATION  
 
In this stage, the value obtained by mathematical 
calculation is compared with the results got on 
software based analysis. For this the Mathematical 
calculation is shown below.  
Let first of all calculate force provided for press 
forging operation in our case.  

F =
m(v1 − v2)

t  
Where, 
F is the force applied 
m is the mass of the punch = 12 kg 
v1 is the initial velocity of punch = 20 m/s 
v2 is the final velocity of the punch = 0 m/s 
t is the time taken = 1.8 X 10-3 
 
Therefore,  
F = ( )

.   
=    x 10    N 

Now, let us calculate the Stress  
And we know that stress =   and the projected area 
of punch is 0.15 m X 0.15 m 
Therefore, 
 
σ = ×

.  × .
  Pascal = 5.33MPa 

 
Calculation of compressive strain  
We know that compressive strain, ε =  σ (1 + µ) 
Here,σ = 5.33 Mpa = 5.33 x 106 pascal 
E is the young’s modulus of material, and E of 
aluminum alloy (sheet metal material) is 70 X 
10 Pascal 
By calculation we get:- 
ε =  .   

 
  (1+µ) 
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  = .
 
×10 ×1.3 

  = .989 ×10  
Now, let us compare this value with the results shown 
on ANSYS. 
The results shown below is of simulation for 0.34mm 
of Oil Thickness 
 

 
Table1: Results for 0.34 mm of Oil Thickness 

 
T o t a l  D e f o r m a t i o n  M a x i m u m  P r i n c i p a l  E l a s t i c  S t r a i n  M i n i m u m  P r i n c i p a l  E l a s t i c  S t r a i n 
S h e e t  M e t a l 
1 5 . 4 3 3  m m 4 . 5 0 0 6 e - 0 0 5  m m / m m - 1 . 1 7 1 4 e - 0 0 2  m m / m m 
3 5 . 0 6 6  m m 6 . 1 2 0 2 e - 0 0 3  m m / m m - 1 . 4 8 4 3 e - 0 0 5  m m / m m 
0 .  m m - 1 . 7 8 6 4 e - 0 0 6  m m / m m  - 1 . 1 7 1 4 e - 0 0 2  m m / m m 
1 5 . 4 3 3  m m 4 . 5 0 0 6 e - 0 0 5  m m / m m 0 .  m m / m m 
0 .  m m 0 .  m m / m m - 1 . 4 8 4 3 e - 0 0 5  m m / m m 
3 5 . 0 6 6  m m 6 . 1 2 0 2 e - 0 0 3  m m / m m 0 .  m m / m m 
 
 
(a) Contour of Equivalent von Mises stress on 

punch  

 
(b) Contour of Total deformation on sheet Metal  

 
(c) Contour of minimum principal elastic strain on 

sheet metal 

 
(d) Contour of maximum principal elastic strain on 

sheet metal 

 
 
CONCLUSION 
 
From the obtained results we can conclude the    
following points  
 
1. For the Maximum von-Mises Stresses, after 

increasing the Oil Thickness further (i.e. beyond 
0.34 mm), a negligible reduction is observed in 
the Maximum von-Mises Stresses over the Press 
Tool. Thus, it is concluded that the optimum 
value of Oil Thickness between Sheet Metal 
Body (Work Piece) and the Die should be near to 
0.34 mm. 

2. For the Maximum Principal Strain, by increasing 
the Oil Thickness between Sheet Metal Body 
(Work Piece) and the Die beyond a certain level 
(i.e. 0.34 mm), a sharp rise is observed in the 
Maximum Principal Strain over the Sheet Metal 
Body (Work Piece), which is unwanted. Thus 
from here also, it is again concluded that the 
optimum value of Oil Thickness between Sheet 
Metal Body (Work Piece) and the Die should be 
near to 0.34 mm. 

3. For the Minimum Principal Strain, by increasing 
the Oil Thickness between Sheet Metal Body 
(Work Piece) and the Die beyond a certain level 
(i.e. 0.34 mm), a sharp rise is observed in the 
magnitude of the Minimum Principal Strain over 
the Sheet Metal Body (Work Piece), which is 
also unwanted. Thus from here also, it is again 
concluded that the optimum value of Oil 
Thickness between Sheet Metal Body (Work 
Piece) and the Die should be near to 0.34 mm. 
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