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Abstract 

Innovation is the key to success. Forging Companies, especially as suppliers of the 

automotive industry are under constant pressure of a fast developing and growing market. 

This article shows examples of innovative developments by one of the largest forging 

companies of the world. These innovations deal with both, innovations of the products 

and the processes and are related to the commitment to be a “Full Service Supplier” of 

forged and machined products manufactured through technologies that are best in class. 

 

1 Introduction 

������� ���	
 , the flagship of the ���
���� 	����  has forging facilities located in India, 

China, Germany, Sweden, Scotland and the USA (Pic. 1). In 2006 the Group generated a 

turnover of 750 Mil. € with a steel consumption of 460.000 metric tons (and 6000 tons of 

Aluminum). 

 

Customers around the world are in the Automotive- and Non-Automotive-Industry. 

Typical products are chassis parts for passenger cars and trucks, like front axle beams, 

steering knuckles and control arms in steel and aluminium and engine components, like 

crankshafts, pistons, connecting rods and camshafts (Pic. 2). Some of the components 

produced for the Non-Automotive Industry are tips for Earth Movers and systems for 

railways. 
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Pic. 1: Forging Facilities of ���
����	����   

 

 
Pic. 2: Product Range of the ���
����	����  
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The Competitiveness in these markets relies on the company’s ability to meet its 

customer’s demands of quality, time-to-market and costs. Thus, it is absolutely necessary 

to develop products and processes that are best in class with innovations that are - in the 

best case - ahead of customer’s expectations. 

2 Product and Process Development 

The ���
���� 	����  companies are considered partners by their customers therefore 

development of their products is taking place in close cooperation based on the demands 

defined by the customers. As an example, Pic. 3 shows the development process of a 

passenger car chassis part. Starting from the customer’s specification, that includes a 

definition of geometrical items, loadcases for the Finite Element Analysis and other 

demands, the product is developed using state-of-the-art CAD-systems. If native data are 

required the necessary CAD system, like Pro/ENGINEER, CATIA or Unigraphics is 

used.  

 
Pic. 3: Development process for chassis parts 

Product development is a combination of product design and product optimization using 

Finite Element Analysis (FEA) like Pro/MECHANICA, CATIA-FEM or ABAQUS. A 

selection of new trends in the forging industry is shown in the next chapter (3 New trends 

in product development).  
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After an optimum product design has been found, the process development will be 

carried out. Again, the use of FEA is elementary for a cost efficient outcome; in this case 

the simulation software FORGE2005 by Transvalor is available in all plants of the 

���
����	���� . How this can be used and what is being automated in the ���
����	����  is 

described in 4 New trends in process development.  

In order to evaluate new developments and give best possible support to the customers, 

the ���
����	����  has made some investments in test rigs. ������  for example is using a 

brand new High Frequency Test Rig from Sincotec (Pic. 4), which is capable of testing 

chassis like knuckles and engine components like crankshafts very cost efficient in a 

short time. New developments in materials and testing are shown in chapter 5. 

 

 
Pic. 4: Test Rig for chassis and engine components at ��������������	
�
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3 New trends in product development   

3.1 Balancing of crankshafts 

Pic. 5 shows improved balancing results of a crankshaft compared with the original 

design. Better balancing is achieved by varying the counterweight geometry within the 

tolerance band of the profile. This is done using an in-house developed balancing 

simulation software. Further, the sensitivity of various forging process tolerance on the 

imbalance is checked by carrying out sensitivity analysis.  
 

 
Pic. 5: Balancing of a crankshaft 

3.2 Heat code location optimization 

 

Pic. 6 shows the impact of the location of a heat or cast code on bending stress levels. 

Studies have been carried out with an existing location of the heat code as defined in the 

original design and proposed heat code location with indentation & protrusion to 
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understand the maximum bending stress levels. As a result of this analysis we found that 

in the proposed heat code location the bending stress dropped down by 66% in protrusion 

and by 39% in indentation as compared to the original design and enabled us to optimise 

on the location of heat or cast code on the counterweight.    

 

 
Pic. 6: Heat code optimization by FEA 

3.3 Custom design of grain flow 

Pic. 7 shows a grain flow before and after a preforming change. This is a good example 

of a combination of product and process development. This change was necessary due to 

stresses calculated in a FEA and the experience of a high density in grain structure that 

can lead to reduced stress endurance. Thus, the process was subject to investigation with 

the aim to reduce this density in the marked area of high stresses, which was achieved by 

a change in the preforming. 

 

                  
Pic. 7: Custom design of grain flow (left: before, right: after performing stage change) 



Kalyani New Developments in Forging Product and Process Engineering 7 

4 New trends in process development 

4.1 Forging Simulation with Forge2005-Cluster-Solution 

In order to be able to use the forging simulation technology to the full extent, the ���
����

	����  has installed the Forge2005-Cluster-Solution in most of the plants (Pic. 9). 

Regular simulation like blocker or finisher of a chassis or engine part can take 2 or 3 days 

on a single-CPU computer. In the past this lead to a dilemma for the process engineer. He 

had to decide between developing a good process by using the simulation technology or 

meeting the demands of time-to-market, since using the simulation meant more or less 

expanding the development time by weeks. Today, by using clusters, both can achieved. 

A cluster with 9-nodes is able to cut town the computation time by a factor of approx. 8 

by dividing the mesh of the workpiece in the 9 parts (Pic. 8).  

 

 
Pic. 8: How the Cluster divides the mesh (example) 

By this it is not only possible to avoid enormous costs during sample forging runs that are 

related to bad process design with forging defects and nonfills. Furthermore the customer 

benefits from a better quality of the process where series conditions are achieved in a 

much shorter timeframe. 
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Pic. 9: Cluster Installations in the ���
���� 	����  (left) and a computation time comparison 

between Single-CPU-computers and a Cluster 

In addition to that some simulations are impossible to run on a single computer due to 

needed memory space (for example with very fine mesh sizes) or computation time of 

several weeks, like coupled analyses. 

Coupled analyses are sometimes necessary to get decent results. Some products, like 

pistons, show deviations in the simulation results compared to the real forging run. The 

influence lies in the deformation of the tools during the material forming. A coupled 

analysis is taking this into account, which leads to a high computation time because of a 

tool analysis after each increment of the simulation.  

The development of a new generation of die holders at ��������������	
 �has been made 

by using the coupled analysis. In addition to that uncoupled simulation has been made 

with ABAQUS to verify the results. Pic. 10 shows a result of an ABAQUS-simulation, 

the setup of twister simulation and a trimming simulation which are also very time-

consuming and only possible to run in a proper timeframe by the use of a cluster. 

 

         
Pic. 10: Uncoupled Analysis of a forging die (left), a twisting simulation of a crankshaft (middle) 

and a trimming simulation (right) 
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4.2 Think 85! 

One of the most important projects in the ���
���� 	����  is the consumption weight 

reduction program. The aim for all products is defined as 85 %, meaning the ration of the 

net to billet weight. Pic. 11 shows the results for a truck knuckle with an initial billet 

weight of 40.8 kg. After the optimization process the billet weight was reduced by 2.5 kg. 

This optimization was only possible by using the simulation tool Forge2005. 

 

  
Pic. 11: Think 85! One example of consumption weight optimization 

4.3 Process Automation 

In terms of reducing overall production cost while improving the process quality and 

productivity the companies of the KALYANI GROUP are automating all new and most 

of the existing processes. The degree of automation is an important factor. Complex 

automated systems do not always fit the requirements of flexibility as a result of turnover 

fluctuations or conversions of production programs. 

At CDP BHARAT FORGE the automation serves the production in all ranges (billet 

cutting, forge shop, final inspection …). A project engineering team is working on the 

design, programming and the realization of the automation projects, i.e. the automation of 

machines or complete lines. Programming covers the ranges robots, plc, visualization and 

start-up. 

Automation was started several years ago in the forging and machining shop and is now 

transferred to new processes, like a bending process for a control arm (Pic. 12) and the 

final inspection (Pic. 13). 
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Pic. 12: New automated bending process for a control arm 

Further future automation projects are for example: 

�  piston forging line 

�  crank shaft forging line 

�  crank shaft final inspection 

�  some smaller projects 

 

 

 
Pic. 13: Automation of a final inspection line combined with machining for pistons 



Kalyani New Developments in Forging Product and Process Engineering 11 

The Automation of forging lines is a way to reduce production cost of processes that are 

already very cost efficient. Pic. 14 shows a picture of a fully automated forging line for 

crankshafts at ����������	
 . 

 

 
Pic. 14: Automated production line for crankshafts at ����������	
  

5 New developments in materials and testing 

In new materials the projects of the ���
����	����  are aimed at reducing costs by use of 

improved micro-alloyed steels (to avoid heat treatment) with improved material 

properties to give the customer more options  for product design.  

The new micro-alloyed steels used by ��������������	
 , which are also available for all 

companies the ���
���� 	���� , give the product designer a yield strength of 50 

respectively 150 MPa above average which gives him the opportunity to save costs by 

saving on heat treatment (Pic. 15).  

Other developments aim at reducing costs by exchanging alloy elements taking into 

consideration the fact considering that some alloy elements are much more expensive 

than others. This of course has to be effected without changing the mechanical properties 

or - if possible - by improving them. To be able to use new alloys, each one has to be 

tested on a test rig. Since this is time-consuming and expensive, the ���
���� 	����  has 

made investments in this area with Servo hydraulic Test Rigs and Electrodynamic 

Shakers in Pune, India and a High Frequency Test Rig in Ennepetal, Germany. 
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Pic. 15: Newly developed micro-alloyed steels (BY) 

Further test rigs are used for approval processes, like additional steel suppliers and 

backup-production lines. In a bilateral project ���� ������� ���	
  is exploring the use of 

the high frequency testing method for truck knuckles which are usually tested on servo 

hydraulic equipment. This project could lead to much shorter test cycles while the overall 

costs are reduced. 

 

 
Pic. 16: Testing of a truck knuckle on a high frequency test rig 


