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6#3 -ÁÎÕÁÌ ɀ "ÅÁÍ 3ÔÒÕÃÔÕÒÅ 

ü How to create a VCS 3D beam structure ς general information about VCS work scheme  

ü Super Beam ς general information 

Á άCreate Super Beamέ tool 

Á Super Beam ς properties 

¶ Mechanical Response 

¶ Orientation of the Beam 

¶ Geometry 

¶ Mass and Inertia 

¶ Contact / Impact settings 

¶ Results 

Á Create Super Beam from FE Part  

ü Beam Structure ς modelling example ς bumper discretization 

ü Solid Beam  

Á Create Solid Beam  

Á Solid Beam - properties 

ü User Defined Beam 

Á Create User Defined Beam  

Á Used Defined Beam ς properties 

ü Beams ς Edit tools 

Á Modify Offset, Orientation, Position 

Á Size Beam 

Á Convert Offset to Beam 

Á Substitute Node 

Á Copy Cross Section from other Beam 

Á Select all Beams with a chosen Cross Section 

ü 3D structure ς Additional Elements 

Á How to create and edit Rigid Bodies 

§ άaƻŘƛŦȅ hŦŦǎŜǘέ ǘƻƻƭ 

§ άwƻǘŀǘŜ wƛƎƛŘ .ƻŘȅέ ǘƻƻƭ 

§ ά{ƛȊŜ wƛƎƛŘ .ƻŘȅέ ǘƻƻƭ 

Á Rigid Bodies ς THEORETICAL  DETAILS ς Local  coordinate system example  

Á Example of application ς engine, gearbox 

ü VCS 3D Structure ς edit tools 

Á άaƛǊǊƻǊέ ǘƻƻƭ 

Á ά¢ǊŀƴǎƭŀǘŜέ ǘƻƻƭ 

Á άwƻǘŀǘŜέ ǘƻƻƭ 

 

(*) Each of the titles given above is a hyperlink to the appropriate chapter and part of the VCS Manual. 
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How to create a VCS 3D beam structure ς  
general information about VCS work scheme 
 
Visual Crash Studio environment enables constant verification of the created model. The 
advantage of VCS application is the fact that calculation of a solution can be performed at each 
of mentioned below modelling stages. 
 
First calculations start at the cross section level. Subsequent calculation can be performed as 
each part of the structure is created. In case of simple structure calculation time should not 
exceed several seconds. If the structure is advanced the time required for calculation should not 
exceed several minutes. This work scheme assures that final simulation is performed for a 
verified and complete structure. 
 
The exemplary VCS work scheme presented in detail below consists of 12 points: 
 

1. Import of the initial geometry ς managing FE data in VCS environment 

2. Material definition 

3. Structure development ς STEP 1 ς Cross Sections 

4. Cross Section analysis 

5. 3D Structure development ς STEP 2 ς Super Beam elements 

6. 3D Structure development ς STEP 3 ς creation of additional elements 

7. 3D Structure development ς STEP 4 ς mass distribution 

8. Initial and boundary conditions setting 

9. Contact Impact Procedures 

10. Solution settings 

11. Calculations and animation 

12. Results ς Chart Wizard 

 
(*) Each above point is a hyperlink to the appropriate part of the VCS Work Scheme chapter. 
In order to return to the list click on the VCS logo on the right side of each title 

 

1. Import of the initial geometry  -  FE data in VCS environment 

 
VCS gives the possibility to import data from FE parts model. 
A Macro Element model based on Super Beams can then be created basing on the imported mesh 
geometry. 
 
όϝύ CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ±/{ ƛƳǇƻǊǘ ǇǊƻŎŜŘǳǊŜǎ ǇƭŜŀǎŜ ǎŜŜΥ ά±/{ aŀƴǳŀƭ ς VCS Workspace and 
ƛƳǇƻǊǘ κ ŜȄǇƻǊǘ ǇǊƻŎŜŘǳǊŜǎέ 
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Please note that VCS provides the 
possibility to set the required units 
when importing a FE model 
(functionality available in the 
άLƳǇƻǊǘ ŀƴŘ ¦ƴƛǘǎ /ƻƴǾŜǊǎƛƻƴ 
¦ǘƛƭƛǘȅέ ǿƛƴŘƻǿΦ 
 
In the same window you can select 
the file from which you wish to 
import a mesh model (Ls-Dyna file). 

 
 
All imported elements can be easily found in the Solution Explorer Window, in the Imported 
Objects folder. They will be also displayed in the 3D view window. 
Note that along with the geometry, all information about the Material of the FE elements as 
well as shell thickness data will be automatically imported into VCS. 

 

2. Material definition 

 
All Materials used in the VCS Solution can by 
defined by means of the Material Editor 
window.  
The Material is described by five groups of 
data in the Properties window: 
 

¶ Material Constraints 

¶ Stress Strain Characteristic  

¶ Strain Rate Characteristic 

¶ Hardening Factor 

¶ Fracture Indicator 
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In case of material import from available FE models material properties have to be verified. 
 
IMPORTANT: 
Improperly defined Material is a common mistake that causes distortion of the simulation results! 
(*) For more information about VCS material definition and editionΥ ά±/{ aŀƴǳŀƭ ς aŀǘŜǊƛŀƭ 9ŘƛǘƻǊέ 

 

3. Structure development ς Step 1 ς Cross Sections 

 
The first step in building the Super Beam Element models is the definition of Cross Sections 
which characterize mechanical response of a beam.  The cross sections are defined, pre-
calculated and optimized in the VCS module Cross Section Editor.   
The Cross Section Editor is used to design, calculate and optimize Thin Walled Cross 
Sections. Cross Sections processed by the Cross Section Editor are then used to build 3D 
prismatic and tapered Super Beams. 

All Cross Sections created in VCS 
consist of Points, Plates ς created by 
connecting two Points, Segments ς 
build of Plates, Super Folding 
Elements and possibly Connections. 
 
All elements of the Cross Sections are 
automatically catalogued in 
appropriate folders in the Solution 
Explorer tree which is located on the 
left hand side of the screen. 

 
όϝύ CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎ ǇƭŜŀǎŜ ǎŜŜΥ ά±/{ aŀƴǳŀƭ ς /Ǌƻǎǎ {ŜŎǘƛƻƴ 9ŘƛǘƻǊέ 

 

4. Cross Sections analysis 

Every cross section used in a model has 
to be calculated. In this stage of the 
project first significant results are 
obtained. Information about axial 
response, bending and torsion are 
displayed in the Cross Section Editor and 
ƛƴ ǘƘŜ /Ǌƻǎǎ {ŜŎǘƛƻƴΩǎ ǇǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿΦ 
If a cross section contains major flaws 
that prevent a proper implementation of 
Macro Element Methodology the cross 
Section Editor of VCS indicates the 
problem. 
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Cross Section analysis ends the first part of the project. The results at the Cross Section level 
are reported. Decision concerning re-design has to be made.  
 
IMPORTANT NOTICE: 
Proper modelling and calculations of cross sections are significant for the entire, further 3D 
simulation. Neglecting this stage of VCS model development can lead to errors and false 
results in later simulations! 
 
(*) For more information about croǎǎ ǎŜŎǘƛƻƴ ŎŀƭŎǳƭŀǘƛƻƴǎ ǇƭŜŀǎŜ ǎŜŜΥ ά±/{ aŀƴǳŀƭ ς /Ǌƻǎǎ {ŜŎǘƛƻƴ 9ŘƛǘƻǊέ 

 

5. 3D Structure development ς Step 2 - Super Beam Elements (SBE) 

 
A Super Beam is defined by two Nodes located in the VCS 3D space. The mechanical 
response of a Super Beam is determined by Cross Sections assigned to each end of the 
Beam.  

If the FE model is available 3D 
modeling procedure starts from 
creation of Super Beam Elements from 
FE part. 
  
Subsequent work involves ascription of 
cross sections to super beams and the 
definition of super beam properties. 
Important issue is the discretization of 
the model and arrangement of super 
beams in 3D space. 

 
IMPORTANT NOTICE: 

General concept of discretization:  
Super Beams can bend ONLY at the ends (where deformable cells are defined).  Therefore in the 
example of an actual beam bending model which collapse in the middle of its span at least two 
Super Beams are needed. In the case when potential location of plastic hinges (local collapse of 
the cross section) is not known in advance, the densest (the 2H criterion) discretization is justified. 
 

6.  3D Structure development ς Step 3 - additional elements 

 

Visual Crash Studio requires special treatment for modeling of some structural elements. 
The combination of engineering experience as well as knowledge about modeling tools 
helps to create a properly discretized model. In case of VCS the model focuses of first order 
effects of crushing response.  
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Elements which cannot be modeled in 
VCS directly as it is in reality, need to be 
replaced with elements which physically 
work as a counterpart with equivalent 
response.  
 
The example of an element for 
replacement is a roof metal sheet and 
suspension modelled with the use of 
specially defined beams or engine and 
wheels modelled with the use of Rigid 
Bodies. 

 

7. 3D Structure development ς Step 4 - Mass Distribution 

 

The specific of the VCS software 
requires distributing the mass of a 
structure into Nodes.  
The information about the mass of each 
object created in the 3D environment is 
located in the Node/s on which the given 
element was defined. In consequence 
modeled beam of total mass of 2 kg 
assigns automatically a 1 kg mass to each 
of the Nodes on which the beam is 
created.    
 
Additional mass can be added by definition of concentrated mass in node properties window or 
by creation of a rigid body with defined mass/or density. 
 
όϝύ CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ Ƴŀǎǎ ŘƛǎǘǊƛōǳǘƛƻƴ ǇƭŜŀǎŜ ǎŜŜΥ ά±/{ aŀƴǳŀƭ ς bƻŘŜǎέ 

 

8. Initial and Boundary Conditions Setting 

 

Initial and boundary conditions specify the 
ǊŜǎǘǊƛŎǘƛƻƴǎ ǘƻ {ƻƭǳǘƛƻƴΩǎ ōŜƘŀǾƛƻǊΦ 
Boundary conditions settings in VCS are 
ŀǾŀƛƭŀōƭŜ ƛƴ bƻŘŜΩǎ ǇǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿ 
(Kinematic Constraints and Concentrated 
Loadings section).  
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Definition of body forces vector is available 
ƛƴ ǘƘŜ {ƻƭǳǘƛƻƴΩǎ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿΦ 
The modeled structure may be exposed to 
specified loading which acts in time of 
simulation or may have limitations to the 
movement range. 

 
Except the definition of forces, moments and velocities applied to certain Nodes of the 
modeled structure there is also a possibility to simulate the vector of body forces. 
 

όϝύCƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ōƻǳƴŘŀǊȅ ŀƴŘ ƛƴƛǘƛŀƭ ŎƻƴŘƛǘƛƻƴǎ ǎŜǘǘƛƴƎ ƛƴ ±/{ ǇƭŜŀǎŜ ǎŜŜΥ ά±/{ 
Manual ς о5 {ƛƳǳƭŀǘƛƻƴǎέΣ ŎƘŀǇǘŜǊ ά.ƻǳƴŘŀǊȅ /ƻƴŘƛǘƛƻƴǎ ŀƴŘ Lƴƛǘƛŀƭ /ƻƴŘƛǘƛƻƴǎέΦ 
!ŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ŀƭǎƻ ŦƻǳƴŘ ƛƴΥ ά±/{ aŀƴǳŀƭ ς bƻŘŜǎέΣ ŎƘŀǇǘŜǊ έbƻŘŜ tǊƻǇŜǊǘƛŜǎέ  

 

9. Contact / Impact Procedures 

 

Definition of contact settings starts when the whole model structure is prepared. 

 

The contact/impact can be simulated 
for all structural VCS elements and all 
their combinations.   
The only exception is the contact 
between deformable blocks of moving 
and stationary barriers.  
 
VCS contact/impact algorithms use a 
multi-level contact detection procedures 
based on the Contact Envelope concept. 

 
The simplest Contact Envelopes are defined for Rigid Bodies ς they simply coincide with the 
shape of a rigid body. 
The usage of mass-less Rigid Bodies as contact elements is the most effective means of 
contact modeling.  
Among all the rigid types implemented in VCS the spherical body is most CPU effective in contact 
modeling. 
 

(*)For more information about contact / impact procedures in VCS please seeΥ ά±/{ aŀƴǳŀƭ ς 3D 
{ƛƳǳƭŀǘƛƻƴǎέ 
 

10.  Solution settings 
 

The user needs to define time settings routine of the simulation. 
Definition of body forces and general settings for viscous forces and contact events are also 
required. Moreover, the user can control the visualization parameters and important 
settings of processing type.   
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11. Calculations and Animation 

Before the calculation process starts the 
model consistency check will be 
automatically conducted. 
The calculation time depends on the 
simulation elapse time, size of the model 
and assumed value of timestep.   
 
After completing the calculation process 
the animation oŦ ǘƘŜ ƳƻŘŜƭΩǎ ƭƻŀŘ ŎŀǎŜ ƛǎ 
available During the animation the 
movement and deformation of the 
model can be observed. 

 
(*)For more information about calculations and animation in VCS please seeΥ ά±/{ aŀƴǳŀƭ ς 3D 
{ƛƳǳƭŀǘƛƻƴǎέ 

 

12.  Results ς Chart Wizard 

 

Chart Wizard is used to create various 
graphs illustrating the simulation results. 
The User can view results for each object 
of the structure, for group of objects and 
for the entire structure. 
Chart wizard window is divided into 
three sub-windows.  
The main window presents the function 
chart. Each object clicked on the 3D 
Solution view or in the Solution Explorer 
window is added to the list in the bottom 
/ƘŀǊǘ ²ƛȊŀǊŘΩǎ ƭƛǎǘ ǿƛƴŘƻǿΦ  

 
 

This list window enables the selection for function domain. Selection of input data in the 
bottom window assigns values to abscissa. List window at the left side of the Chart Wizard 
is a selection window for dependent variable (ordinate). The default independent variable 
(X-axis) is time. 
 
(*)For more information about Chart Wizard please seeΥ ά±/{ aŀƴǳŀƭ ς о5 {ƛƳǳƭŀǘƛƻƴǎέ 

 

 

 

 






















































































































