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Boundary Conditions and Initial Conditions  

 

Boundary Conditions  

 
Boundary conditions specify the restrictions to {ƻƭǳǘƛƻƴΩǎ ōŜƘŀǾƛƻǊΦ 

.ƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎ ǎŜǘǘƛƴƎǎ ƛƴ ±/{ ŀǊŜ ŀǾŀƛƭŀōƭŜ ƛƴ bƻŘŜΩǎ ǇǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿ 
(Kinematic Constraints and Concentrated Loadings section).  
 
5ŜŦƛƴƛǘƛƻƴ ƻŦ ōƻŘȅ ŦƻǊŎŜǎ ǾŜŎǘƻǊ ƛǎ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ {ƻƭǳǘƛƻƴΩǎ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿ όǘƻǇ 
most object in solution explorer tree). 
 
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 
or reduction of degrees of freedom there is a possibility to simulate the vector of 
body forces. 
 

Initial Conditions  

 
A special case of Boundary Conditions correspond to Initial Boundary Conditions. 
Initial Boundary Conditions can be described on the example of initial velocity. The 
structure in the example moves in X axis. 
 
Initial Velocity is set in the Kinematic Constraints and Concentrated Loading at 
bƻŘŜΩǎ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿΦ ¢ƻ ŘŜŦƛƴŜ Lƴƛǘƛŀƭ /ƻƴŘƛǘƛƻƴ ȅƻǳ ǎƘƻǳƭŘ ŎǊŜŀǘŜ ŀ ǘƛƳŜ 
interval with start time point and finish time point set to 0 ms.  

Do not select the elapse check box. Elapse check box is responsible for imposing the 
boundary conditions from the start time till the end of global simulation time. Set 
the velocity value or characteristics.  

The constrains should be set as follow:  
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Kinematic Constraints & Concentrated Loadings  

 
Kinematic constraints and Concentrated Loadings are defined for Nodes of the 3D model. 
Several types of Kinematic Constraints and Concentrated Loadings can be applied to a 
Node.  
 
The Kinematic Constraints and Concentrated 
[ƻŀŘƛƴƎǎ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ bƻŘŜΩǎ tǊƻǇŜǊǘƛŜǎ 
window contains two groups of loadings ς 
Concentrated Loadings and Kinematic 
Constraints.  
 
Concentrated loadings sections deals with 
forces and moments applied to selected 
Node or group of Nodes  
 
ω Forces 
ω Moments 
 
Kinematic constraints section is used to 
assign velocity history. 
 
ω Angular Velocities 
ω Linear Velocities 
 
Constraints and Loadings can be given to all 
degrees of freedom (d.o.f.) in a given group 
or to a specific degree of freedom 
 
The User can define time interval for a 
selected history. For instance given velocity 
during the entire simulation.  
 
The User can define a complex time history ς 
a history defined separately in a number of 
time intervals 
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Kinematic Constraints  

 
!ŦǘŜǊ ŎƘƻƻǎƛƴƎ ǘƘŜ ΨYƛƴŜƳŀǘƛŎ /ƻƴǎǘǊŀƛƴǘǎΩ ŦƛŜƭŘ ƛƴ ǘƘŜ YƛƴŜƳŀǘƛŎ /ƻƴǎǘǊŀƛƴǘǎ ŀƴŘ 
Concentrated Loadings section of the Node Properties window, you can set the same 
Kinematic Constraints (angular and linear velocities) to all 6 degrees of freedom. 
 
ω !ŦǘŜǊ ŎƘƻƻǎƛƴƎ ǘƘŜ Ψ!ƴƎǳƭŀǊ ±ŜƭƻŎƛǘƛŜǎΩ 

field you will set the same kinematic 
constraints to Angular Velocities for all 
d.o.f. 

 
ω !ŦǘŜǊ ŎƘƻƻǎƛƴƎ ǘƘŜ Ψ[ƛƴŜŀǊ ±ŜƭƻŎƛǘƛŜǎΩ 

field you will set the same kinematic 
constraints to Linear Velocities for all 
d.o.f. 

 

¶ You can also set kinematic constraints 
only for a single d.o.f (for instance Y 
d.o.f in case of Linear Velocities) 

 
The procedure for definition of a predefined type of history is as follows: 

 
 

1) In the Kinematic Constraints and Concentrated Loadings section of the Properties 
window click on the Kinematic Constraints field. A window named Kinematic 
Constraints will be displayed on the screen. 
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2) Select frame of reference for the defined history: 
 
ω global coordinate system 
ω local Node principal coordinates (co-rational) 

 
/ƭƛŎƪ Ψ!ŘŘΩ ǘƻ ŀŘŘ ǘƛƳŜ ƛƴǘŜǊǾŀƭΦ 

 
3) Select type of time ς history: 

 
ω Fixed d.o.f. ς specific for kinematic constraints corresponds to zero velocity 
ω Constant velocity 
ω Linear 
ω Bezier ς type history 2 order 
ω User defined characteristic  

 
4) Define parameters for selected history. 

For instance: constant positive velocity 12 [m/s] 
 

5) Define time interval for selected history. 
For instance velocity during the entire simulation (marc  

 
You can also define a complex time history ς a history defined separately in a number of 
time intervals. 
 
In the example illustrated below kinematic loading starts from smooth, Bezier-type grow 
of velocity from 0 to 10 [m/s] during first 10 milliseconds followed by constant 10 [m/s] 
velocity during consecutive 10 millisecond and linear deceleration to -5[m/s] in the 
consecutive 10 milliseconds interval. 

 
Following similar procedure you can set Kinematic constraints for chosen d.o.f.  
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After selecting the Omega X, Omega Y or Omega Z field of the Angular Velocities section 
of the Properties window you can define separate settings of angular velocities for X, Y and 
Z axis of the coordinate system. 
 
After selecting the ΨCƛȄŜŘΩ option if the Kinematic Constraints window you can block 
Angular velocities for selected d.o.f 
 
 
On the Solution 3D view the 
defined Angular Velocity will 
be illustrated by a round green 
line. 
 
Fixed Angular Velocities will be 
illustrated by round red line 
(one line for each X, Y and Z 
d.o.f).   

 
Similarly, after selecting the V_x, V_y or V_z field of the Linear Velocities section of the 
Properties window you can define separate settings of linear velocities for X, Y and Z axis of 
the coordinate system. 
 
After selecting the ΨCƛȄŜŘΩ option if the Kinematic Constraints window you can block linear 
velocities for selected d.o.f 
 
On the Solution 3D view the 
defined Linear Velocity will be 
illustrated by a green arrow. 
 
Fixed Angular Velocities will 
be illustrated by red arrows 
(one for each X, Y and Z d.o.f). 
 
   

Concentrated Loadings  

 
In the Concentrated Loadings ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ bƻŘŜΩǎ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿ ȅƻǳ Ŏŀƴ ǎŜǘ forces 
and moments for all degrees of freedom or for a selected degree of freedom.  
 
The procedure of defining Concentrated Loadings is practically identical as the one 
described for Kinematic Constraints. 
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1) After selecting one of the fields of the Concentrated Loadings section of the 

Properties window, a window named Loadings will be displayed on the screen. 
 

2) Select frame of reference for the defined history: 

¶ global coordinate system 

¶ local Node principal coordinates (co-rational) 
 
/ƭƛŎƪ Ψ!ŘŘΩ ǘƻ ŀŘŘ ǘƛƳŜ ƛƴǘŜǊǾŀƭΦ 
 

3) Select type of loading  

¶ Constant velocity 

¶ Linear 

¶ Bezier ς type history 2 order 

¶ User defined characteristic  
 

4) Define parameters for selected history. 
 

5) Define time interval for selected history. 
 
On the Solution 3D view the 
defined Force will be 
illustrated by a blue arrow. 
 
Moments assigned to a Node 
will be illustrated by blue 
round line (one for each X, Y 
and Z d.o.f). 
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ά!ǎǎƛƎƴ Lƴƛǘƛŀƭ ±ŜƭƻŎƛǘȅέ ¢ƻƻƭ 

 

 
ά!ǎǎƛƎƴ ±ŜƭƻŎƛǘȅέ ǘƻƻƭ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŘŜŦƛƴŜ ƛƴƛǘƛŀƭ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎ 
basing on assumed rotation velocity and rotation axis position. 

 
In the VCS 3D view you will be able to see 
set of linear velocities assigned to all prior 
selected Nodes. 
Linear velocity  is represented by 3 
components of velocity vector 
 
 

1) !ŦǘŜǊ ŎƘƻƻǎƛƴƎ ǘƘŜ ά!ǎǎƛƎƴ Lƴƛǘƛŀƭ 
±ŜƭƻŎƛǘȅέ ǘƻƻƭ ŦǊƻƳ ǘƘŜ Ƴŀƛƴ 
toolbar select all nodes to which 
you wish to assign initial velocity. 

 
2) Select two Nodes in the 3D view in order to define the rotation axis. 
 
3) Define the angular velocity 

 

 
 
 
 
 
 
 
 
 
 

 



P a g e | 10 

 

 
 

Contact Settings  

 
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. 
 
The VCS implements specialized contact detection routines and wholly physical contact 
mechanics. The general contact detection routines, used e.g. in FE programs, are a CPU 
demanding processes that would take more CPU time then calculation of mechanical 
response of Super Elements model. 
In order to keep the CPU time efficiency the VCS contact/impact algorithms use a multi-level 
contact detection procedures based on the Contact Envelope concept.  Most of the CPU 
time can be saved by sparse specification of possible Contact Pair. 
 
In VCS the contact Settings are defined in two steps described below: 
 
Step 1: 
 
The first step includes the activation or 
creation of contact bodies ς the 
CONTACT ENVELOPES.  
Contact Envelopes are activated in the 
ƻōƧŜŎǘΩǎ tǊƻǇŜǊǘƛŜǎ ǿƛƴŘƻǿΦ  
In order to create a contact envelope the 
ΨShow Contact EnvelopeΩ flag needs to 
ōŜ ǎŜǘ ǘƻ ΨTrueΩ (in the ΨContact / Impact 
SettingsΩ section of the Properties 
window). 
Contact Envelope can be also created as 
a mass-less Rigid Body. 
 

 

Step 2: 
 
At this point the User needs to choose between two methods of Contact Definition. 
 

¶ GENERAL CONTACT - allows detection of global contact between all the elements 
with ŜƴŀōƭŜŘ ΨContact /ƘŜŎƪΩ property (switch position has to 
be set to ΨTrueΩ).   
Note that in case of General Contact the definition of objects 
ŎƻƴǘŀŎǘ ǊŜǎǇƻƴǎŜ ƛǎ ƳŀŘŜ ƛƴ ǘƘŜ Ψ{ƻƭǳǘƛƻƴ {ŜǘǘƛƴƎǎΩ ǇǊƻǇŜǊǘƛŜǎ 
window . 
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Contact Envelopes  

 
VCS contact/impact algorithms use a multi-level contact detection procedures based on the 
Contact Envelope concept. 
 
The contact detection routine is multi-level. When the Contact Check switch is on the object 
is embedded in a spherical envelope. The contact is then checked for the spherical 
envelopes of all elements. Once this first-level contact is detected the second-level contact 
routine checks the contact with more refined contact envelopes. The shapes of these 
envelopes depend on the geometry of a corresponding object. 
 

¶ The simplest Contact Envelopes are defined for Rigid Bodies ς they simply coincide 
with the shape of a rigid body. 

 

¶ The Contact Envelope of a Beam element consists of a cylindrical surface, which is 
used for detection and handling of an impact against side faces of the beam. In 
addition two spherical envelopes can be added at both ends of the cylindrical 
envelope in order to control end impacts of the beam. 

 

 

¶ CONTACT PAIR -           Contact Pair is defined between two selected elements.  
This method gives wider range of settings. Apart from the 
basic parameters (contact friction coefficient, contact 
restitution coefficient and contact stiffness factor) the Contact 
Law can be defined. 

 

Important practical advices for contact definition  

 

Á Use contact spheres rather than contact envelopes whenever possible 

 

Á Avoid using box-to-box contact pairs (detection of edge to edge contact is sometimes 

ambiguous) 

 

Á Define as little contact pairs as possible. 

 

Á The contact between box and cylinder is detected only at the edges of the box. 

 
Á By default collision of Rigid Bodies in VCS is assumed to be PERFECTLY ELASTIC 

(restitution coefficient equals 1) 
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¶ Note that separate Contact Envelope is defined for Deformable Barrier contact. This 
envelope is generated automatically when contact with barrier deformable block is 
detected. 

 

Rigid Bodies as Contact Elements  

 
Contact Envelopes can be defined for Rigid Bodies ς they simply coincide with the shape of a 
Rigid Body. In VCS contact is detected between three basic 3D primitives: spheres, cylinders, 
boxes (parallelepipeds) and all possible combinations of the above. 
 
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. Second in line is the contact between cylinders and finally the most CPU 
demanding is the contact algorithm for boxes. 
 

 
IMPORTANT 
 
Note that by default collision of Rigid Bodies in VCS is assumed to be PERFECTLY ELASTIC 
(restitution coefficient equals 1)  
 

Spherical Contact interface  

 

The contact interface can be defined by a mass-less sphere. . Among all the rigid types 
implemented in VCS the spherical body is most CPU effective in contact modeling.  
 
The procedure of defining such contact interface is described below: 
 












































