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ABSTRACT 

 Process of manufacturing of connecting rod in close die forging is studied. Defects found in connecting rod are 

unfilling, cracks, scale pits and lap. Unfilling defect contributed more toward rejection. To reduce unfilli ng defect, 

simulation is to be carried out in FEM based software DEFORM 3D, to visualize the mate rial flow in die cavity.  

Temperature range is to be found during simulation in DEFORM 3D, where there is complete filling of material in die 

i.e. removal of unfilling defect. Experiments are to be carried out at  temperature range to validate DEFORM 3D result. 
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I. INTRODUCTION 

Forging is the process of shaping heated metal by application of sudden  blow or steady pressure and makes use of 

characteristics of plasticity of material. It is carried out either hot or cold. Traditionally, forging was performed by a 

smith using hammer and anvil. Using hammer and anvil is a traditional form of forging. The smithy or forge has evolved 

over centuries to become a facility with engineered processes, production equipment, tooling etc. Hot forging is done at 

temperatures above recrystallization temperatures, typically 0.6 Tm or above, where Tm is melting temperatu re. 

In forging the material is deformed applying either impact load or gradual load. Based on the type of loading, forging is 

classified as hammer forging or press forging. Hammer forging involves impact load, while press forging involves 

gradual loads. Based on the nature of material flow and constraint on flow by the die/punch, forging is classified as open 

die forging, impression die forging and flashless forging. 

  

1.1Open die forging: In this, the work piece is compressed between two platens. There is no constraint to material flow 

in lateral direction. Upsetting is an open die forging in which the billet is subjected to lateral flow by the flat die and 

punch. Due to friction the material flow across the thickness is non-uniform. Material adjacent to the die gets restrained 

from flowing, whereas, the material at center flows freely. This causes a phenomenon called barreling in upset forging.  

1.2Closed die forging: It is also known as impression die forging. Impressions are made in a pair of dies. These 

impressions are transferred to the work piece during deformation. A small gap between the dies called flash gutter is 

provided so that the excess metal can flow into the gutter and form a flash. Flash has got a very important role during 

deformation of the work piece inside the die cavity. Due to high length to thickness ratio of the flash gutter, friction in the 

gap is very high. Due to this the material in the flash gap is subjected to high pressure. There is high resistance to flow. 

This in turn promotes effective filling of the die cavity. In hot forging, the flash cools faster as a result of it being smaller 

in size. This enhances the resistance of the flash material to deformation resistance. As a result of this, the bulk of work 

piece is forced to deform and fill the die cavity more effectively – even intricate parts of the die cavity is filled. 
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II. SIMULATION OF CONNECTING ROD 

DEFORM 3D is FEM based software used for dynamic analysis. It will be useful to know about the flow of material in 

die cavity after simulation.  

Simulation is carried out at different temperature to find out temperature range were no unfilling defect is found.  

Simulation result are as follows:  

   

                   Fig:simuation at 1150
o
c                                                    Fig:simulation at 1200

o
c 

 

             Fig: simulation at 1100
o
c                                                Fig: simulation at 1250

o
c 

 

Fig simulation at 1220
o
c 

It is concluded from the above all 5 simulation that unfilling defect is found at 1100
o
c, 1150

o
c.no unfilling defect was 

found at 1200
o
c, 1220

o
c, 1250

o
c.so 1200-1220

o
c is the temperature range of EN9 material where no unfilling is 

found.simulation carried out was at finishing stage .Drop in temperature after rolling process is 20
o
c.soexperiments to be 

carried out in temperature range of 1220
o
c-1240

o
c. 

III. Experiment for validation of simulation result 

After finding the temperature range from the simulation ,it  is necessary to validate the result of simulation so 11 

experiment at different 11 temperature are to be carried out. 

Step1: Cutting the long rod of EN9 of 65×65mm  into 11 billets using band saw machine.  
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Step2: Heating billets at different 11 temperature in oil fired gas furnace and measuring temperature using radiation 

pyrometer. 

Step3: Carring out two step forging process i.e rolling and finishing. 

Step4: After forging final inspection i.e visual inspection  

Result: whether unfilling found or not 

Table :experiment at different temperature and result 

Forging temperature (
o
C) Result(after inspection) 

1220 No unfilling defect found 

1222 No unfilling defect found 

1224 No unfilling defect found 

1226 No unfilling defect found 

1228 No unfilling defect found 

1230 No unfilling defect found 

1232 No unfilling defect found 

1234 No unfilling defect found 

1236 No unfilling defect found 

1238 No unfilling defect found 

1240 No unfilling defect found 

 

Thus it is concluded from the experiment that no unfilling defect was found at all 11 temperature .  

IV. Conclusion 

Simulation was carried out at different temperature in DEFORM 3D result found was that no unfilling was found in 

1220-1240
o
c.so it is quite necessary to validate the result of DEFORM 3D .so experiments were carried out in 

temperature range at 11 different temperature. Result found was very satisfactorily no defects in all 11 temperature so 

experiments was validation for simulation result.  
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