
New potentials realized through process chain simulation using a crash box as an example

Continuous Simulation 
by Dr. Hendrik Schafstall, Dr. Ingo Neubauer, Julian Litzkow The mega trends of the manufacturing industry are 
lightweight construction, energy efficiency and resource availability, as well as sustainability. In 
addition, the components and assemblies have to be high quality and met economic requirements.

In general, lightweight construction solutions are the result of weight re-
ductions in the material, construction and/or manufacturing/conceptual 

sectors. The individual solutions from all fields should be coordinated to 
utilize their respective advantages and mutual potential influences. In this 
sense of “designed as manufactured” it would be possible to consider local 
properties such as microstructure, strength or internal stresses, which are 
only implemented into the component during the manufacturing process. 
This necessitates that the manufacturing mechanisms are considered in 
the design. This holds particularly true for new materials or material mixes, 
which require different manufacturing processes, adjusted heat treatments 
or other joining processes for the assembly.

Simulation of a process chain

Overall, components today are designed and optimized with the help of 
simulation software. The simulation visualizes the real manufacturing 
process under consideration of all necessary details for the greatest 
virtual accuracy. Until now, singular CAD-based simulations have been 
the norm, which do not display the potential interactions between the 
different manufacturing steps. Only the linking of all manufacturing 
steps in a simulated assembly allows for a detailed overview of these 
interactions and their role in optimizing the component.

Conclusions about the structural behavior can 
be drawn from such a linked simulation and used 
in the design.

Interdivisional cooperation

Simufact has addressed this challenge and deve-
loped corresponding simulation solutions. Such 
a solution can only be developed by communi-
cating across departments, because the goal is to 
determine what information (system variables) 
is essential at what process stage and when and 
how it has to be made available in the simulation. 
It’s not only a question of manufacturing a low-
cost and faultless component. It is a question of 
optimizing a product’s manufacturing process 
and its applications. Within this framework it is 
important to be able to realize pre-defined local 
properties in a reliable process. Knowledge of de-
tails will increasingly shape component design in 
the future. The virtual visualization of the entire 
process chain requires an adjusted organizatio-

Virtual process chain from forming to structural analysis. Images: Simufact
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cordingly the goal is to predict the absorption 
capacity as well as the position and location of 
the deformation.
For illustration purposes, a simplified crash box 
made up of two welded half shells is used and 
deformed with a drop hammer at the end. The 
goal of the simulation is to determine the amount 
of energy absorption and the deformation beha-
vior, in addition to preserving and evaluating the 
influence of component history, meaning the 
locally implemented properties from forming 
and joining.

Forming and joining

All simulations use the same material data set, 
which covers temperatures ranging from room 
temperature to melting temperature. This infor-
mation includes the forming behavior, the ther-
mal and mechanical properties (phase depen-
dent), as well as the structural behavior (phase 
dependent, temperature dependent, strain rate 
dependent). Moreover, all analyses use the same 
elastic-plastic multi-phase material model and 
the same element types (hexahedron elements 
for the precise visualization of local strain and 
stress). Whenever necessary, the mesh topology 
can be adjusted to the simulation, because the 
forming simulation mesh is subject to different 
requirements than the welding simulation or the 
structural analysis.
The forming process consists of the rolling pro-
cess of the half shells, simulated with Simufact.
forming.

Due to performance reasons, the roll forming process is calculated with 
half symmetry, a representative section is cut out of the stationary area 
and expanded to nominal length. The full model results from mirroring 
and duplicating the half shell. During the roll forming process the ma-
terial is reinforced resulting in residual stress, which can influence the 
structural behavior under load. Due to the curvature the metal thickness 
in the deformed areas deviates from the consistent thickness of the 
CAD geometry. The simulation of the subsequent welding of the side 
components is done with Simufact.welding. The state variables from the 
forming simulation such as stresses, strain hardening and the geometry 
with the actual sheet metal thickness distribution are imported. The two 
half shells are clamped and laser welded by robots on both sides and 
then unclamped after cooling.

Simulation of microstructural changes

The laser is described as a heat source in Simufact.welding, which ope-
rates at a defined robot-defined speed and transforms the input energy 
in the weld into temperature. As a result, the microstructure in the heat-
affected zone is transformed to austenite when the AC3-temperature is 
reached and the strain hardening in the area is reset. Depending on the 
cooling rate, the austenite turns to bainite, perlite, ferrite or martensite, 
whereby the volume changes occurring during the phase transitions 
result in elongation change, which in turn influence the residual stress 
and distortion. In addition, local latent heat is created and due to the 
lattice structure changes the forming-induced plasticity. The end result 
is a mixed microstructure with a process-determined strength and hard-
ness distribution. In other words: the welded component is distorted 
and differs from the CAD geometry. Other causes for residual stress, 
distortions and microstructural changes are clamps with their position, 
geometry, location and clamping duration as well as the laser source, 
the weld progression, the energy input, the velocity and the welding 
sequence. Simufact.welding calculates these effects. The primary aim is 
to determine the strength distribution, the final geometry with distortion 

Simulation model of a laser welding process with visualization of hardness dis-
tribution at the end of the process (bottom right) and the maximum temperature 
reached (upper right).

Load analysis of a crash box. Left: forming behavior 
with additional history input (forming, welding). Right: 
Forming behavior without input of geometry history.

nal structures and procedures. On the simulation side, 
it requires a comprehensive uniform material database 
(e.g. temperature range, microstructural considerations, 
strain hardening) and synchronized uniform material 
models across all simulation models to prevent miscal-
culations of component properties due to intermixing 
different material models. Alternately, replacement mo-
dels with replacement parameters must be used.
The core questions are: where do I want to use what 
information, what visualization depth is necessary and 
also where does it even make sense? A comprehensive 
visualization requires a lot of effort and has to be weig-
hed against possible benefit. However, whole process 
chain visualization can open up new liberties in com-
ponent design, particularly in lightweight construction, 
because the component properties implemented during 
manufacturing can be factored into the design. In the 
long-term, the virtual versions of components including 
their manufacturing-implemented local properties will 
also need to be delivered to the customer. 

Process chain visualization of a Crash box

In the following, the manufacturing sequence of a ty-
pical component is illustrated using the example of a 
crash box, as well a discussion of the subsequent load 
analysis and the effects of considering manufacturing-
implemented component properties on its function.
The crash box serves to absorb energy on impact; ac-

Modified representation of a crashbox

Rolling process to create a half shell with visualization of the 
strain hardening distribution at the end of the forming process.
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and the residual stress distribution, in order to make a statement about 
the influence of the crash.
To conclude, the welded component with all its properties is imported 
into Simufact.forming and upset with a drop hammer. The welded contact 
surfaces are automatically firmly connected. Areas without a welded con-
nection remain freely moveable. This allows for an analysis of the influence 
of welding errors on the functional behavior of a welded structure. This 
simulation also uses the same material model and material law.

Load analysis: Crash of a crash box

The hammer is modeled as a rigid body. It is dropped on the profile at a 
predefined mass and velocity and the resulting deformation is calcula-
ted. Due to the deformation, energy is absorbed and therefore reduced.
The crash simulation is investigated in two versions: version 1 considers 
the history and locally implemented properties (state variables). In 
version 2 the history is not considered and the calculation is performed 
without the locally implemented properties, but with the real geometry 
after forming.
A comparison of the results shows, that the crash box version 1 with the 
history input absorbs more energy per drop and therefore absorbs the 
total energy earlier – conversely, more energy is absorbed with the same 
stroke. Cause of this is local strengthening in the heat-affected zone 
after welding due to microstructural changes. Furthermore, it can be 
noted that the deformation begins at a different location – in the crash 
box version 2 (without history) it occurs further up. 

Version comparison: crash simulation with and without input history

This comparison shows the great influence of history input from previous 
process stages on the structural behavior. The welding process signifi-
cantly alters the deformation behavior and the strengthening of the weld 
increases the absorption capacity of the crash box. These influencing 
factors can be considered in the design to, for example, influence the 

time and location of deformation. In addition, 
the forming processes are important, because 
sheet metal thickness distribution and strain 
hardening in the formed zones are influential. 
In subsequent studies, the defining parameters 
can be identified and accordingly functionally 
adjusted. The illustrated approach is based on 
the possibilities and potentials of virtual process 
chain visualization available today.

Summary

Nowadays, the virtual mapping of the different 
manufacturing stages within a process chain 
from rolling to welding and the subsequent crash 
box is possible with Simufact programs and of-
fers up new possibilities for the optimization of 
manufacturing processes and their coordinati-
on. As the crash box example showed, the consi-
deration of a components manufacturing history 
enables its design optimization. This form of 
„designed as manufactured“ will be established 
in manufacturing companies and also presup-
pose other organizational-structural changes. 
The manufacturing simulation and structural 
simulation divisions will merge and be invol-
ved in the development process earlier. In all of 
this, it must not be forgotten that only what can 
be physically or mathematically described and 
solved can be virtually simulated. Simufact of-
fers comprehensive solutions here, not isolated 
solutions. W
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