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Boundary Conditions and Initial Conditions

Boundary Conditions

Boundary conditions specify the restrictiong§t@ f dzi A 2y Q& 06 SKIF @A 2 N

. 2dzy REFNE O2yRAGAZ2Yya&a aSddAiay3a Ay =/{ N
(Kinematic Constraints and Concentrated Loadings section).
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most objet 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 Nodeseofrtbdeled 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 Hescribed 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
b2RSQ& t NPLISNIASa S6AYR26d ¢2 RSTAYS Ly
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 ocharacteristics.

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

Kinematic constraints and Concentrated Loadings are definedioesof the 3D model.
Several types of Kinematic Constraints and Concentrated Loadings can be applied tc

Node.

The Kinematic Constraints and Concentra
[ 2 RAy3a aSoOirazy 27
window contains two groups of loadings
Concentrated Loadings and Kinematic
Constraints.

Concentrated loadingsections deals with
forces and moments applied to selette
Node or group of Nodes

Forces
Moments

w
w

Kinematic constraintsection is used to
assign velocity history.

w
w

Angular Velocities
Linear Velocities

Constraints and Loadings can be given to
degrees of freedom (d.o.f.) in a given grot
or to a sgcific degree of freedom

The User can define time interval for a
selected history. For instance given veloci
during the entire simulation.

The User can define a complex time histp

a history defined separately in a number ¢
time intervals

3D simulation
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B 2. Geometry

CentreOfGravity

Origin

B 3. Mass and Inertia
Concentratedinertia
ConcentratedMass

Mass
PrincipalMoments

B AngularVelocities
OmegaX
OmegaY
OmegaZ
B LinearVelocities
V_x
Viy
Va2
|E 5. Contact/Impact setfings
CreateRemoveContactSphe
B Rzne

Name

Concentratedloadings
Concentrated Loadings
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Kinematic Constraints
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Concentrated Loadings section of the Node Properties window, you can set the sam¢
Kinematic Constraints (angular and linear velocities) to dddiees of freedom.

w! FGSNI OK22aAy3a (K
field you will set the same kinematic
constraints to Angular Velocities for a
d.o.f.

w! FOSNI OK22aAay3d (K
field you will set the same kinematic
constraints to Lineavelocities for all
d.o.f.

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

ot 21

1. Apperance

E 2. Geomelry

@ 3. Mass and Inertia

B 4. KinemathonsInﬂsdeawi&dl.m&qp
3] CorcentratedLoadm s

B 5. Contact/lmpact seffings

CreateRemoveContactSpher False

E Other
Layer Defauilt
Name 0- Node

The procedure for definition of a predefined type of history is as follows:
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1) In the Kinematic Constraingsd Concentrated Loadings section of the Propertie
window click on the Kinematic Constraints field. A window named Kinematic
Constraints will be displayed on the screen.

3D simulation
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2) Select frame of reference for the defined history:

w global coordinate system
w local Node principal coordinates {cational)

/] fA01 W'RRQ (2 IRR GAYS AYGSNDIf O
3) Select type of time history:

w Fixed d.o.f¢ specific for kinematic constraints corresponds to zero velocity
w Constant velocity

w Linear

w Bezierg type history 2 order

w 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 complaxre historyg a history defined separately in a number of
time intervals.

In the example illustrated below kinematic loading starts from smooth, Bggergrow

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 deceleratieb[nw's] in the
consecutive 10 milliseconds interval.

Interval (0-0) -1 Interval (0-0) = B Interval (0-0)
Start Time - [0 End Time - [10 r ] |[stertTime: 10 End Time - [20 r Start Time - [20 End Time - [30 r

Start Value: |0 Value: |10
End Vale: |10/

| Bezier |

User andﬂnur [ Constant [Fm | None
ezior | Linear
| User Delmned | !{ﬂfmcfm"! | Ficed | None

| User Defined

Frame of reference Frame of reference Frame of reference
@ Global C Local @ Global @ Global  Local

oy | Close | Fosly | Close sody | Ciose

Following similar procedure you can set Kinematic constraints for chosen d.o.f.
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After selecting th@®©mega XOmega Yor Omega Zield of the Angular Velocities section
of the Properties window you can define separate settings of angular velocities for X,
Z axis of the coordinate system.

After selecting théV C A &pSoR ®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 greer
line.

Fixed Angular Velocities wikkb
illustrated by round red line
(one line for each X, Y and Z
d.o.f).

Similarly, after selecting thé_x V_yor V_zfield of the Linear Velocities section of the
Properties window you can define separate settings of linear velocities for X, Y and Z
the coordinate system.

After selecting the¥ C A &pSoR ftheKinematic Constraints window you can block linei
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 andld.f).

Concentrated Loadings

In theConcentrated Loadingg SOG A2y 2F (GKS b2RSQA& forcheR |
and momentsfor all degrees of freedom or for a selected degree of freedom.

The procedure of defining Concentrated Loadiagsactically identical as the one
described for Kinematic Constraints.

3D simulation m
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1) After selecting one of the fields of the Concentrated Loadings section of the
Properties window, avindow named.oadingswill be displayed on the screen.

2) Select frame offeference for the defined history:
1 global coordinate system
1 local Node principal coordinates {cational)

/I fA01 W' RRQ (2 FTRR UAYS AYyGSNDITt o

3) Select type of loading
1 Constant velocity
1 Linear
1 Bezierg type history 2 order
1 User defined characteristic

4) Defineparameters for selected history.
5) Definetime 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 Zd.o.f).

3D simulation m
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basing on assumed rotation velocity and rotation axis position.

In the VCS 3D view you willddge to see
set of linear velocities assigned to all pri
selected Nodes.

Linear velocity is represented by 3
components of velocity vector

1) ! FGSNI OK22aAy3
+St20 08¢ G22f
toolbar select all nodes to which
you wish taassign initial velocity.

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

3) Define the angular velocity

Auxis Point 1 Axis Point 2 :

x [o X [3000
Y: [3000 Y. o
z |o z |o

[~ Show Cross Section Points
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Contact Settings

Definition of contact settings starts when thole model structure is prepared

The contact/impact can be simulated falt structural VCS elementnd all their
combinations.The only exception is the contact betweksiormable blockef moving and
stationary barriers.

The VCS implements specializedtact detection routinesand whollyphysical contact
mechanics The general contact detection routines, used e.g. in FE programs, are a CF
demanding processes that would take more CPU time then calculation of mechanical
response of Super Elements model.

In order to keep the CRimne efficiency the VCS contact/impact algorithms use a revél
contact detection procedures based on hentact Envelope conceptMost of the CPU
time can be saved by sparse specification of possible Contact Pair.

In VCS the contact Settings alefined in two steps described below:

Step 1

The first stepncludes theactivation or
creation of contact bodiesthe
CONTACT ENVELOPES

Contact Envelopes are activated in the
202S00GQa t NRPLISNIA
In order to create a contact envelofiee
Bhow Contact Envelo@ag needs to

0 S & PrieinitBe @¥htact / Impact
Settingg$section of the Properties
window).

Contact Envelope can be also created
a massless Rigid Body.

Step 2

At this point the User needs to choose betweenwathods of Contact Definition.

1 GENERAL CONTAG@IIlows detection of global conth between all the elements
with Sy I 0 Cobtaet! W S @dp&rty (switch position has to
be set toWrue}

Note that in case of General Contact the definition of objec
O2y il OG NBaLRyaS Aa YIRS A
window .

3D simulation m




Page| 11

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

Important practical advices for contact definition

A Use contact spheres rather than contact envelopes whenever possible

A Avoid using boxo-boxcontact pairs (detection of edge to edge contact is someti
ambiguous)

A Define as little contact pairs as possible.

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

A By default collision oRigid Bodies in VCS is assumed tBBERFECTLY ELASTIC
(restitutioncoefficientequals 1)

Contact Envelopes

VCS contact/impact algorithms use a migtiel contact detection procedures based on 1
Contact Envelope concept

The contact detection routine is mdiéivel. When the€Contact Checgwitch is on the object
is embedded in apherical envelop&he contact is then checked for the spherical
envelopes of all elements. Once this fiestel contact is detected the seceladel contact
routine checks the contact with more refined contact envelopes. The shapes of these
envelopes depend on the geometry of a corresponding object.

1 The simples€Contact Envelopeare defined foRigid Bodieg; they simply coincide
with the shapeof a rigid body.

1 TheContact Envelope of Beamelement consists of a cylindrical surface, which
used for detection and handling of an impact against side faces of the beam. It
addition two spherical envelopes can be added at both ends of the cylindrical
envelope in order to control end impacts loétbeam.

3D simulation %@
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1 Note that separate Contact Envelope is definedfeformable Barrier contactThis
envelope is generated automatically when contact with barrier deformable bloc
detected.

Rigid Bodies as Contact Elements

Contact Bvelopescan bedefined for Rigid @&liesg they simpy coincide with the shape of
Rigid Bdy.In VCS contact is detected between three basic 3D primitives: spheres, cyl
boxes (parallelepipeds) and all possible combinations of the above.

The usage ahassless Ryid Bodies as contact elements the most effective means of
contact modeling.

Among all the rigid types implemented in VCS the spherical body is most CPU effecti
contact modelingSecond in line is the contact between cylinders and finally the GRSt
demanding is the contact algorithm for boxes.

IMPORTANT

Note that by default collisioof Rigid Bodies in VCS is assumed tBIBBFECTLY ELASTI
(restitution coefficientequals 1)

Spherical Contact interface

The contact interface can liefined ty a massless sphere. Among all the rigid types
implemented in VCS the spherical body is most CPU effective in contact modeling.

The procedure of defining sucbntact inerface is described below:
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