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Abstract 

The continuous demand for higher component quality and cost reduction lead to 
numerical simulations more and more at an early stage of product development. For 
prediction of the complex behavior of elastomeric components the FEA capabilities of 
CAD Software packages are not sufficient.  
To meet the special needs of the technology specialist Freudenberg in the field of 
elastomeric seals and vibration parts, MSC and the CAE specialists of Freudenberg 
have developed automated simulation tools specially designed for elastomeric 
components. Working with these automated tools, a product developer is able to 
perform nonlinear FEA simulations without being an expert for FEA. Therefore, at an 
early stage of product development FEA can be used very efficiently which leads to 
higher quality of components and cost reduction. Because this method is gaining more 
and more acceptance, the CAE specialist has more time to work on problems that are 
more complex.  
Overall, utilization of this method shows how close simulation and product development 
at Freudenberg work together to fulfill the demands of our customers. 
 

1. Introduction 
Until recent years the Finite-Element-Analysis (FEA) were utilized by specialists in 
central organized computer aided engineering departments. Due to shortened 
development time, more and more effort is made to integrate standard simulations 
directly into the development process. Different CAD programs are offering special 
FEA-tools developed directly for the designer. Those systems are integrated into the 
CAD software and can be used after short trainings and working on the job without 
having a special FEA background. For simple linear problems, the achieved results are 



reliable. 

Due to the complex physical coherence, which has to be taken into account for rubber 
components and the resulting nonlinearities in the mathematical description, those FEA 
software packages are not useful for designing a rubber part. To enable the product 
development to use numerical tools and therefore to reduce development time, 
Freudenberg approaches this situation differently. For different elastomeric 
components, the CAE (Computer Aided Engineering) department together with 
MSC.Software Corporation has developed special automated FEA tools. Those tools 
are utilizing those FEA solvers, which are commonly used by the CAE for simulating 
elastomeric components. In contrast to the FEA software packages offered by the CAD 
companies, those automated FEA tools are capable of simulating nonlinear material 
behavior, kinematic nonlinearities and contact boundary conditions. Featuring special 
functionality for each different component and a graphical interface, those tools are 
easy to use. Product developer and designer can use the automated FEA directly from 
their CAD Workstation. Therefore they are enabled to perform self dependent FEA 
without “detour” by using a FEA specialist and they get the results in the especially for 
their needs developed format. 

2. Overview over design related computational methods 
 

In the modern development process of elastomeric components, computational 
methods are state of the art. The following questions are of main interest. Designing 
components used for vibration control one focus on the stiffness of the used rubber 
parts and the dynamic behavior of the complete system. When designing sealing the 
geometry, the contact pressure and the tool design are of interest. In order to achieve 
good results the following design related computational methods are used. 

Analytical equations 

The big advantages of analytical equations are the closed formulation. The 
disadvantages are the idealizations. The utilization is restricted to simple analytical 
describable geometries as circles or rectangle cross-sections. Furthermore, they are 
based on linear elastic material behavior and therefore they are only valid for simple 
states of deformation as compression, shear or torsion and small deformations. The 
main effects as kinematic nonlinear behavior, the nonlinear stress-strain curve and 
contact boundary conditions when designing a rubber component are not considered. 
Overall, to apply the equations in reality is highly restricted, because the accuracy of the 
results is low and may lead to oversized or wrongly designed components. 

Empirical evolved design rules based on FEA 

Empirical evolved design rules based on FEA is a combination of analytical solutions of 
elementary load cases and results of a FEA parameter study. The connection between 



those two is developed through empirical found factors, which compensate the 
difference between the analytical solution for a defined continuous parameter space 
and the results of the FEA. The equations developed are therefore a phenomenological 
enhancement of the known analytical solutions. 

Automated FEA 

A completely different approach is the methodology of automated FEA. Using this 
approach, FEA is customized for the product development. A user, who normally does 
not have specific FEA know how, is capable to start a program without the help of a 
specialist, which performs a complete FEA including pre processing, solving of the 
nonlinear equation system and post processing. In contrast to the empirical evolved 
design rules a complete Hard- and Software environment is necessary. This does not 
have to be installed obligatory in the development department, but in a central group. At 
Freudenberg, different automated FEA modules are using one central FEA server. In 
this central department, the automated FEA modules are programmed, maintained and 
further developed.  

3. Developing automated FEA 

3.1. Goal and conditions 
Automated FEA is an efficient method to utilize the numerical simulation of components 
close to the design departments. The product developer and designer are enabled to 
perform nonlinear FEA simulations as a standard in development without being a FEA 
specialist. Furthermore, this software tool can be used directly from the CAD 
workstation. 

The goal is to  

Reduce development time and costs, 
Guarantee a high quality and raise the quality of products by using sound designing 
methods, 
To achieve free capacity for the specialists perform more complex numerical 
simulations  

The following conditions have to be fulfilled: 

A high number of product variants are going to be developed. 
Analytical equations for the description of the component behavior are not available or 
are not accurate enough due to the complex mechanical relation. 
The development of empirical evolved design rules is too expensive due to the high 
number of influence factors. 
The manual nonlinear FEA shows a stable convergence behavior. 

The IT-environment qualifies as follows: 



The CAD workstation and the central FEA server are connected online. When using 
Windows/NT an additional graphical X11 environment is needed (e.g. HCL/Exceed). 
The CAD System as well as the used pre processor must have the same CAD 
interface.  
 
Pre- and Post processor must have a programmable interface which can be used for 
the programming of the specific demands of each component.  
The used FEA solver must meet the necessary requirements for designing elastomeric 
components, i.e. hyper elastic material behavior, large deformations and contact 
conditions. 
 

3.2. Concept and attributes of automated FEA at Freudenberg 
As described above, the utilized concept of automated FEA at Freudenberg needs a 
CAD workstation and a central FEA server. Both are connected online. The schematic 
concept of the automated FEA is shown in Fig. 1. 

Basis of each automated FEA is a 2D CAD drawing which has to fulfill certain 
requirements. This drawing is exported from the CAD system in a neutral CAD format. 
IGES (“Initial Graphics Exchange Specification”) for example has the advantage of a 
widely spread and established data exchange format. Practically all CAD systems are 
supporting IGES. Additionally it is necessary to define certain simulation parameters, 
e.g. the nature of simulation, the material of the different parts of the component, the 
nature and size of loading and the presentation of results. Those parameters have to be 
defined by the user before starting an automated FEA. Besides using an interactive 
graphical interface he has the possibility of changing parameters directly in a file which 
is send together with the CAD file to the FEA server. This is a very efficient method 
especially when only small changes at a set of parameters are necessary. 

Normally the automated FEA is started from the CAD Workstation where the drawing is 
produced. Both the CAD and the file containing the parameters are transferred using an 
online connection to the FEA server. Following the FEA is started on the FEA server. 
This includes the automatic meshing of the geometry, the FEA itself and the post 
processing. Typical results are stiffness curves, structural deformations and 
eigenmodes. The results are saved in standard formats in ASCII, picture and animation 
files and transferred back to the CAD workstation. There they can be visualized or used 
for further investigations. In summary the characteristics of the automated FEA are: 

All relevant nonlinearities for elastomeric components – nonlinear material behavior, 
kinematic nonlinearity and contact –are considered 
For the description of the used elastomers, the Freudenberg material model is used. 
This material law was developed especially for the description of the elastomers 
Freudenberg uses and implemented in the FEA Codes [1]. It is used as a standard for 
the manual performed simulations as well as for the automated FEA. 
The access to the automated FEA is easy and direct. The product developer and 
designer can utilize the method directly from their own workstation. The input of the 
necessary data is made by using special interfaces adapted to the component. 



For the description of the geometry, no parameters are needed. Therefore, it is 
possible to simulate highly different component geometries. 
During the post processing stiffness curves, plots of deformations or animations of 
deformations or eigenmodes are automatically build. The respective files are 
transferred back to the CAD workstation. There they can be processed with commonly 
available software. 
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Figure 1: Schematic concept of the automated FEA 

4. Integration of an automated FEA used for Torsional 
Vibration Damper  

Focused on the Lead Center (TVD) Freudenberg Vibracoustic, the CAE department of 
Freudenberg Forschungsdienste developed together with MSC.Software Corporation 
an automated FEA module for TVD [2]. The function of a TVD is to reduce the 
disadvantageous torsional vibrations. Those kinds of vibrations are occurring in the 
automobile (see fig. 2) at rotating shafts (crank shaft, camshaft) and in the power train. 
These vibrations are reducing the lifetime of the parts, disturb the acoustic behavior of 
the vehicle and causing an increased wear of the belt drive. The use of torsional 
dampers and –absorbers reduces the load, increase the lifetime and improves the 
acoustical behavior of the vehicle. Freudenberg Vibracoustic - Lead Center Torsional 
Vibration Dampers develops and manufactures TVD that are optimal adjusted to the 
different requirements at its locations Neuenburg/Weinheim (GER) und 
Lutterworth/Wallsend (UK) by communicating with the engine and automotive 



producers. 

 

Figure 2: Positions of Torsional Vibration Dampers and – absorbers 

 

For the TVD developed automated FEA method is based on MSC.Patran as a Pre- 
and Postprocessor and the FEA-Solver ABAQUS [3]. Both Software packages meet 
the requirements and are also used for special investigations performed by the CAE 
department. For queuing and process control, the MSC.AnalysisManager is used. For 
the programming purposes, PCL (Patran Command Language) was used. For the 
control on UNIX side, a UNIX script developed by Freudenberg CAE is used. 

Sequence 

The product developer generates based on his 3D drawing a radial cross section of his 
component. Each part of the component is sorted in a pre specified layer. This drawing 
is afterwards exported as a IGES-file 
Next, he starts the automated FEA from his workstation. The IGES File is transferred to 
the FEA server. Everything else is done on this central server. The product developer 
therefore does not need any FEA environment (Hardware, Pre- and Post processor, 
Solver). 
The Pre processor MSC.Patran imports the IGES File and puts the different layers into 



different groups. Parallel it is checked if each layer is existent and if the geometry is 
complete. 
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Figure 3:  Sequence of an automated FEA 

 

After read in of data and preparation of geometry, a Start up form (fig. 4) pops up. Due 
to the different colors of the different parts a visual control of the made specifications in 
the IGES file are possible. Within the Startup-Form (fig 4) the user defines the type of 
analysis. He can choose between a quasistatic- and a modal analysis. 
In correlation to the color code, a material from the database can be selected. 
If choosing the quasistatic analysis the user has the option of simulating three load 
cases for each separate elastomer ring. If he has chosen the option of a modal analysis 
the number of wished eigenvalues and the maximum of the investigated frequency 
spectrum is sufficient. 
Pressing the OK-Button in the Startup-Form leads to a check of the specified input. If an 
error is detected the user gets a detailed message and can eliminate the error. If 
everything is all right, the Startup-Form vanishes. The following Preprocessing is done 
in the background and ends with the creation of the ABAQUS Input-File. 
 
This input file is handed over to the MSC.AnalysisManager, which coordinates the 
queuing of the ABAQUS simulation. 
After the successful calculation, the automated post processing with MSC.Patran 



follows. In order to do that the ABAQUS/FIL-File is read in into MSC.Patran Database. 
The plots of results (fig. 5) are saved in a usable graphic format (GIF, JPEG) and as 
ASCII-files. These files are then transferred back to the local CAD Workstation. 

 

Figure 4:  Startup-Form 

5. Future potential of development 
When interpreting structural deformations and global characteristics as load deflection 
curves the influence of the mesh is less important as when interpreting local 
characteristics such as stresses or strains. Because the generation of the mesh is 
performed completely automatically, the output of an automated simulation should be 
reduced to deformations, stiffness curves and eigenmodes. Only when the specified 
type of simulation runs safely, the mesh quality can be refined and local characteristics 
as stresses or strains can be evaluated. 

Due to the modular concept, an established automated mechanism can be easily 
extended. Therefore, it is possible to add different load and boundary conditions (e.g. 
Calibration of an elastomeric component) and to include other simulation types such as 
viscoelastic or dynamic. Furthermore, the modular concept allows integrating other 
modules for different component groups. More than one automated FEA module are 
then using the same module for preparation of geometry, meshing or evaluation of 
results. 



 

Figure 5:  Plots of results 

 

It is also possible to integrate the tool of automated FEA into other software structures. 
For example, the automated FEA is used for simulation of shrinkage of radial shaft 
seals and the geometric data are exported in a QS database. Thereby the used data 
for product development are documented and the simulated results can be verified 
systematically. 

As described above for the exchange of data between user and the FEA server an 
online connection is used. To make it possible to use the automated FEA without 
having an online connection an alternative concept has been developed which utilizes e-
mail. The user sends the geometric data and needed parameter as an attachment via 
e-mail to a certain address, which forwards this attachment to the automated FEA 
module. The results are after finishing the simulation send back from this mail account. 
This capability offers new possibilities for using the automated FEA technique. To 
ensure the safety of data, results are only send to authorized addresses. 

The described concept features a simple maintenance and therefore low costs. If 
copies of the programs are installed at the different locations, also licenses are needed 
for the FEA solver and costs for maintenance is multiplied. 



6. Summary 
In order to use all potentials to reduce development time and costs of elastomer 
components and guarantee a high product quality it is necessary to integrate the known 
development tools as close as possible into the development and design process.  

Traditionally, analytical equations are used when developing an elastomeric 
component. Numerical simulation tools as the FEA lead when used correctly to highly 
accurate results, because the nonlinearities can be taken into account. 

The FEA packages integrated into the CAD systems are not capable of simulating 
elastomeric components due to their nonlinear behavior. To give the product developer 
direct access to FEA when designing a new standard application Freudenberg 
Vibracoustic uses empirical evolved design rules based on FEA and automated FEA 
technology.  

Due to the positive experience with the automated FEA technology, the CAE 
department of the Freudenberg Forschungsdienste together with MSC.Software 
Corporation has developed further automated FEA modules for hydraulic suspension 
bushings, conventional mounts, gaskets and dynamic seals.  

Utilizing those methods, the product developer is able to perform FEA himself, which 
gives him information about the static and dynamic behavior of the elastomeric 
component. For the simulation of complex situations a FEA specialist will be needed in 
the long term.  
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