
FEMtools Product Overview  
Essential Tools for Finite Element Based 

 Simulation, Validation, Updating and Optimization  
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Designing products today offers many challenges. They 
must be stronger, lighter, safer, less expensive, and new 
materials are being used. Products have to satisfy a  
widening range of design criteria, including environmental 
impacts. 

To keep development time and cost competitive, industry 
relies on computerized simulation tools. Finite element  
analysis (FEA) is a powerful technique to simulate the  
behavior of a product under various types of loadings.  

The FEA method has matured over the past three decades 
to a point where design, meshing, analysis and postpro-
cessing are becoming highly integrated and automated. 
This predictive approach relies on the quality of the  
simulation model, the software to analyze it and the  
engineering judgment of the analyst interpreting the  
results. 

In order to keep up with quality requirements, simulation 
models and procedures must be validated. A good way to 
do this is testing. Experimental methods to support product 
design and analysis are based on prototype measurements 
under laboratory conditions or in real -life situations. They 
are effective to learn about the product, and the environ-
mental conditions.  

In a competitive world, however, a trial -and-error design 
and analysis approach involving a series of prototypes is too 
time-consuming and expensive. It is therefore necessary to 
reduce the number of iterations on prototypes. This can be 
achieved by deriving more information on prototype testing 
and by shifting prototyping to later in the design process.   

Integrating test and analysis enables synergistic processes 
from which the entire engineering team can benefit. Some 
examples: 

¶ FEA results can be used to optimize the experimental 
setup (pretest analysis) 

¶ Mixed numerical -analytical methods are used to quickly 
and reliably identify otherwise only approximately 
known structural properties (e.g. joint stiffness),  
material properties, and loading (non -destructive,  
indirect, testing).  

¶ Test results are used as reference data to validate and 
refine a finite element model (error localization,  
correlation analysis, model updating). Unknown or  
badly known physical properties can be identified and 
uncertainties in finite element models better assessed. 

¶ Hybrid models that contain partially FE models and  
partially test models can be developed to build more 
complete models that include all essential components 
while maintaining a good balance between model size 
and performance.  

Test -Analysis Integration  

Model validation should be part of every modern engineer-
ing analysis quality assurance procedure (ref. ISO 9001). 
Many parameters in a finite element analysis are uncertain. 
FE model validation is the demonstration that a simulation 
model is fit for purpose and results can be used with less 
uncertainty.   

By better exploiting the combined test and analysis data, 
engineering staff and management will gain more confi-
dence in the simulations they increasingly need to rely on 
for applications like design optimization, acoustics, and 
fatigue analysis. They will also gain expertise for future 
modeling, build up reusable knowledge and more rapidly 
acquire essential skills like engineering judgment.  

Most obstacles to combining test with analysis have been 
removed in recent years. With FEMtools, Dynamic Design 
Solutions offers a software suite that satisfies the needs of 
the engineering community for a dedicated toolbox for 
integrating test -analysis, with a focus on model validation. 
It contains all the essential components and is open,  
customizable, easy to use and available on all popular  
hardware platforms.  
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FEMtools is a multi-functional, cross-platform and solver -
independent family of CAE software programs providing 
advanced analysis and scripting solutions in the following 
areas:  

¶ Test-analysis integration 

¶ Simulation and structural optimization  

¶ Process integration and automation  

¶ Engineering database management 

There are six FEMtools configurations, each targeting  
different types of applications:  

¶ FEMtools Framework ã An Interactive desktop and 
scripting environment for engineering analysis and CAE 
process automation. 

¶ FEMtools Dynamics  ã Advanced finite element  
solutions for simulating dynamic response and  
structural modifications.  

¶ FEMtools Pretest and Correlation ã A solution for 
modal pretest analysis and model validation using test -
analysis correlation. 

¶ FEMtools Model Updating ã An integrated solution 
for structural dynamics simulation, model validation 
and updating.  

¶ FEMtools Optimization ã An integrated solution for 
structural design optimization.  

¶ FEMtools Model Updating and Optimization ã A 
complete solution combining FEMtools Model Updat-
ing and FEMtools Optimization.  

The program is available on all popular engineering  
computing platforms and integrates in an existing  
environment.  

Each FEMtools configuration can be complemented 
with the following add -ons for integration with  
standard commercial FEA programs or for additional 
specialized functionality:  
¶ ABAQUS Interface and Driver  â Interfacing and 

piloting the ABAQUS general purpose finite ele-
ment program.  

¶ ANSYS Interface and Driver â Interfacing and 
piloting the ANSYS general purpose finite ele-
ment program . 

¶ LS-DYNA Interface and Driver â Interfacing and 
piloting the LS-DYNA general purpose finite ele-
ment program . 

¶ NASTRAN Interface and Driver â Interfacing 
and piloting the NASTRAN general purpose fi-
nite element program . 

¶ SAP2000 Interface and Driver â Interfacing and 
piloting the SAP2000 finite element program for 
civil engineering simulations . 

¶ FEMtools MPE â Powerful modal parameter 
extraction using local and global methods.  

¶ FEMtools RBPE â Rigid body properties  
extraction from FRFs. 

¶ FEMtools DAQ  â Data acquisition using National 
Instruments frontends.  

For test data, FEMtools can read and write Test 
Universal Files or use custom scripts for additional 
interfacing solutions.  

FEMtools is designed to handle all sizes of finite  
element models for a wide range of structural  
analysis applications in different industries 
(automotive, aerospace, marine, civil engineering, 
power generation, machinery,Û).  

Configurations and Add -ons Overview  
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FEMtools Framework  

What is FEMtools Framework?  

FEMtools Framework is a multi-functional interactive 
environment for advanced engineering application 
development, integration, and automation. The framework 
includes data interfaces, database management utilities, 
mesh generation and manipulation tools, parameter and 
response management, state-of -the-art data visualization, 
plus a full featured scripting language and API function 
library.  

Optionally, FEMtools Framework includes a standard finite 
element library and solvers for linear static and normal 
modes analysis. Alternatively, standard external solvers like 
NASTRAN, ANSYS, ABAQUS, LS-DYNA or in-house solvers 
can easily be integrated and piloted as part of larger 
analysis processes.  

This open and flexible CAE application development 
platform is used by analysts to integrate their tools, and 
create vertical applications that meet the specific 
requirements of an industry. A unique capability of 
FEMtools Framework is the integration of data resulting 
from experimental static or dynamic testing.  

FEMtools Framework provides the foundation for all 
FEMtools application modules, data interfaces and add-on 
tools. 

Furthermore, a growing number of development partners 
are working on integrating their existing tools or 
developing entirely new tools that exploit the framework 
infrastructure and re -usable components. This is a more 
efficient approach than developing new applications from 
the ground -up. 

As a stand-alone tool, FEMtools Framework can be used as 
a utility software for  

¶ Data management, translation and transformation  

¶ Pre- and postprocessing of FEA and test data. 

¶ CAE process integration and automation.  

¶ Development of vertical applications.  

  

An Interactive Desktop and Scripting Environment for Engineering 
Analysis and CAE Process Automation 
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 FEMtools Framework configuration adds the following modules to the 
framework:  

Database Management  

Utilities for interactive definition, editing and transforming data.  
Includes alignment of finite element and test models, expansion and 
reduction of databases. Data exchange with external programs is  
provided by optional add -on modules. 

Mesh Generation and Morphing  

A function library is available to generate surface meshes and volume 
meshes. Unstructured surface meshes can be generated for generic 
surface patches that are defined using simple geometry description 
(vertex, curve, surface). Volume meshes are obtained from 2D meshes 
with operations like extrusion and revolving.  

This FEMtools API function library complements the lattice-based 
mesh deformation ('morphing') and provides the functionality to 
mesh very complex geometries. It can be used for applications like 
parametric meshing for shape optimization, meshing design spaces 
for topology optimization or to implement mesh coarsening and  
refinement tools  

Mesh Quality Analysis  

Mesh quality analysis tools verify the quality of imported or generated 
finite element meshes. Quality metrics like aspect ratio, convexity, 
taper, warp angle and others can be computed and visualized with 
color-coded mesh graphics.  

Finite Element Library and Solvers  

An internal library of finite elements and materials is included for 
stand-alone static and normal modes analysis. 

Parameter and Response Management  

Commands for defining parameters and responses are included. Pa-
rameters are physical element properties that can be used as variables 
for sensitivity analysis, design optimization or model updating applica-
tions. The definition can be based on existing property cards or new 
properties will be generated of selected elements or sets of elements.  

Responses can be mass, displacements, strain, modal parameters. 
MAC, FRFs or ODS. They serve as targets for sensitivity analysis, model 
updating and design optimization.  

User Interface  

FEMtools is operated via a customizable menu interface, the FEMtools 
command language and FEMtools scripting.  

Graphics Viewers  

Highly interactive tools for dynamic 3D visualization of finite element 
and test models, animated shapes and all FEMtools analysis results. 
Support for high resolution monitors (4K).  

FEMtools Script Language and API  

Procedures can be automated or customized using an integrated 
scripting language and API for database access, process control, and 
user interface programming.  


