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Chapter Overview

In this chapter we introduce the concepts and uses for Remote Boundary Conditions:
Definitions

Remote Points

Behavior Control

. Pinball Control

Remote Point Sharing

Display Options

. Workshop 6.1, Remote Boundary Conditions

IOMMOO®pP

. Appendix
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NLWAYSHE A. Definitions

3

Remote boundary conditions provide a means to apply a condition whose center of
action is not located where the condition is scoped (i.e, “remotely”).

Remote Boundary Conditions include: Point masses, thermal point masses, springs,
joints, remote displacement, remote force and moment loads.

As the list above implies, not all the items constitute a “boundary condition”.
Common features of all remote conditions:

* All use MPC contact constraint equations in the application of the condition.
* Geometry behavior can be set to rigid, deformable or coupled.

* Large numbers of remote conditions can be costly in terms of solution times.
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WS B. Remote Points

A remote point can be defined at an arbitrary location and is then scoped to
the existing geometry where desired. A specific “condition” (described
earlier) is then applied to the remote point.

Remote Force Example
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LWVSAE . . . Remote Points

Remote points occur automatically when a remote BC is defined.

®* The coordinates shown in the details indicate the location of
the remote point.

* Locations can be in terms of global or local coordinates.

* A point associated with a remote boundary condition can be
“promoted” to an independent remote point via RMB.

Additional Controls:

°* Remote boundary conditions contain a “behavior” control that
allow rigid, deformable or coupled settings.

* Pinball Region allows a reduction in the amount of constraint
equations used.

* DOF Selection allows independent selection of the degrees of
freedom associated with the remote condition.

Each is discussed next. ..
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= Scope
|Scoping Method | Geometry Selection
f";"egme}‘ru :il F;re

| Coordinate System iiGloba| Coordinate System
¥ Coordinate | 0. in

|| ¥ Coordinate  |0. in
Z Coordinate | 140, in

| Eneation | Ehekcto/change
In;ert L4
Suppress
L% Promote to Remote Point |

Promote to Named 5Selection

B? Duplicate
Copy
# Cut

Copy To Clipboard (Beta)

* Delete
dk Rename (F2)

Details of "Remote Point"

=l Definition
Suppressed Lhlo
| Behavior Deformable
| Pinball Region lan
|DOF Selection ‘ Pfdgrarﬁ Controlled




IAWSYEE C. Behavior Control

Several examples are included to illustrate the rigid/deformable option:

et "

. Example of a remote force scoped to the face shown in red:

Deformable

B: Static Structural

Static Structural
Time: 1. s

11/21/2011 11:20 AM

- Fixed Support 2
- Remote Force: 1000. N
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IWWAYSH. . . Behavior Control

A remote displacement scoped to the yellow face with
all directions free except the out of plane, Z direction: 1

A R e

Behavior Deformable
Advanced
Pinball Region : 1a0IE

* Notice in the deformable case the circular section has
become “egg shaped” whereas the rigid section Deformable
maintains its circular shape.

B: Static Structural
Static Structural

Time: 1. s

11/21j2011 1:40 PM

. Fixed Support 2
[BY Force: 1000. 1
Remote Displacement

Rigid
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IWWAYSH. . . Behavior Control

A remote displacement scoped to the end of the beam. The “coupled” option is

8

C h ose n . A: Static Structural

Static Structural
Time: 1. s
12/18/2012 7:56 AM

- Fixed Support
Remote Displacement

With all DOF active notice the beam
end remains in plane (the scoped face
contains no Z deformation because
the remote point contains none).

In this case the Z DOF is set inactive.
Thus the scoped face is free to deform
in the Z direction.
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1 Max

0.88889
0.77778
0.66667
0.55556
0.444449
0.33333
0.22222

ol 0.11111

0 Min

1.0011 Max
0.88986
0.77863
0.6674
0.55616
0.44493
0.3337
0.22247
0.11123

0 Min




LWAYSED. Pinball Control

Large numbers of constraint equations can slow down compute times or cause over-constraint
conditions. The “Pinball Region” settings allows the number of constraint equations to be limited as

well as controlling their location:
* Default setting = All (note, to return to the default enter zero “0”).
 If the default (“All”) is active, no pinball is displayed graphically.

* |If a value is entered for the pinball region, a sphere representing the pinball is displayed.

* Note: if a pinball region is defined such that no part penetrates the scoped region, no constraint
equations are written and an error message will be displayed.

AEA)eﬁails of "Remote Force"

,,,,,

] ;beﬁnifion
-l Advanced
[Pinball Reqgion E21. mm
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AWAYSH. . . Pinball Control

Notice when the pinball region is defined, only parts of the scoped region that are
penetrated by the pinball have constraint equations defined.

CW Equations

Details of "Remote Force"
Scope

Definition

= Advanced

| Pinball RegionLZl. mm I

Details of "Remote Force"

Definition

Advanced
Pinball Region [ all I

Constraint Equations
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LWAYEH E. Remote Point Sharing

Since each remote condition defines its own remote point and
constraint equations, multiple conditions can adversely affect solution
times. In cases where multiple remote conditions share a remote
location, a single remote point can be used for all conditions:

* Remote points are created in advance of the remote boundary
conditions.

* Notice the details for each remote point contain all the same
settings discussed earlier.

DF-raik of "Remote Displacement"

If remote points exist in the model, |~12<°2=

Scoblng Method ‘ [Remote Point

remote boundary conditions can | remotePoints  |Remote Point

| Coordlnate System Coordlnate System

be scoped to them. R Coordinate _[B:rum
¥ Coordinate \O*n:m
| Z Coordinate  |0. mm

Location Click to Change
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J Remote Points 2, Remote Point |5

|#d] Project
= |3 Model {A4)
[+ ,/® Geomekry

PV i

= P R
Remote Point

Details of "Remote Point™”

u; Scope
Scoplng ‘Method
Geometry

Geometry ‘Selection
1 Face

Coordlnate System |

“[ % Coordinate

¥ Coordinate

e 0

Coordlnate System

Dmm

||| Z Coordinate

|0, mm

| Location

= [ || Definition

| Click to Change

[ Suggressed g
| Behavior | Deformable

Plnball Region

[ all




LWAYEH ... Remote Point Sharing

Once a remote boundary condition is set on the analysis branch, remote point can be promoted
to be reused on other conditions:

* RMB on remote Boundary condition > Promote to remote point

Filter Name - 2+
[E] Project

5 el () * Remote point becomes accessible

- A8 Geometry
5 Coordinate Systems

8 Commecsrs in the tree outline:

v A Mesh
B4 Static Structural (AS)
7 Analysis Settings Filter Name - 21 =
T Insert =] Project

3| Model (A4
Details of "Remote Force” Eh- &) Model (A4)

B — * Details of remote point remain o e

Scoping Method | Geonll (5] 1 ERves R;mube Points |

Geometry 1 Face| (@] Promote to Named Selection | uncha nged P

Coordinate System | Globa = B Mesh
¥ Coordinate | 6.5855 & Duplicate £1-[2] static Structural (AS)
¥ Coordinate | 0.11 m B Copy [ vZ\ Analysis Settings
Z Coordinate | -6312{ dh Cut -2 Remote Force
Lacation T P ——— N Details of "Remote Force - Remote Point'
- pernion Py To * Remote point can be renamed < Tsooe
ID (Beta) 7T | % Delete Scoping Method | Geometry Selection
Type Remal 30 Renarme (72) Geamety 1Face
Define By Vectol Coardinate System | Global Coerdinate System
X Coordinate  6.5858¢-01L m
Magnitude |10, N (ramped) Y Coordinate 011 m
Direction Click to Change 7 Coordinate | -5.3126e.012 m
Suppressed Na Location Click to Change
Behavior Deformable =] Definition
=I| Advanced 1D (Beta) 718
Pinball Region Al
Behavior Deformable I
/!

DOF Selection Program Controlled
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LWAYEH ... Remote Point Sharing
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* Details of remote boundary condition have changed:
- Scoping method is now “remote point”

- Remote point coordinates and behavior cannot be
changed from this details window. Any change has to
be done on remote point details window.

- New Boundary condition can be scoped on this
remote point.
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Filter: Mame
=] Project
El- @] Model (A4)

----- ,,in Geometry

----- w24 Coordinate Systems

E| ----- v [_ﬂ_ Remote Points

5_______(0_ Remote Force - Remate Point
----- Connections

J@ Mesh
El--=] Static Structural (A5)

&

- Analysis Settings

Details of "Remote Force"

Croma

Scoping Method
Remote Points

Remaote Point
Remate Force - Remote Point

Coordinate System
¥ Coordinate
¥ Coordinate
Z Coordinate

Location

-1| Definition

ID (Beta)

Type

Define By
Magnitude

Direction

Suppressed

Behavior

- Advanced

Pinball Region

Global Coordinate System
6,5858e011 m

011 m

631262012 m

Click to Change

717

Remote Force
Vectar

10. N (ramped]
Click to Change
Ma

Deformable

All



A\WNYEE F. Display Options

Constraint equations generated by remote boundary conditions can
be displayed graphically by configuring the “FE Connection Visibility”
settings and clicking the “Graphics” tab.

=it Dreviews AReport Preview 7
VVGraphics orksheet \

Display Options: _ |
 “Activate Visibility” by default is set to “Yes”. For maximum e o T
performance on large models, or if you know you will never view Details of "Solution Information” '
. . . . &3] i nformation
FE connections you can set this to “No” prior to solving. f[FE Connection visibility
Activate Visibilit | Yes
. . | “biéplrés: e AIIFE Connectors
* Can display all connections or filter by type. [Oraw Conmecions Attaded 7o [AllNodes
Line Color | Connection Type
. A ! | visible on Results 1o o
* Option to display connections on results plots. [Line Thickness |Single
| Display Type |Lines
* Control cosmetics (e.g. color, line versus point, etc.).
“RMB > Export FE Connections” from the solution information e g
| i SR So!gtlon {AB) - S
branch allows details for FE connections to be exported. The - TIIENE
current visibility settings control the content of the export. o enans
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. . . Display Options

As stated earlier, remote boundary conditions are defined
using constraint equations (CE).

Several other FE connections exist which can also be
displayed and exported.

 Beam based connections are used to define spot
welds.

* Weak springs are applied to a model when a structural
under-constraint condition is possible.

* Export FE Connections will create a text file containing
all constraint equations written in ANSYS MAPDL
command language.

15 © 2015 ANSYS, Inc. February 27, 2015

EI,/@ Solution (AG)
(4] solution Information

Details of "Solution Information”

Solution Output
Mewton-Raphson
Update Interval
Display Points

Activate Visibility

Line Color
Visible on Results
Line Thickness
Display Type

Solution {(A6)
A8

M Total Defc
/@ Equivalen!

& Q’l Force Reg

Draw Connections Attached T

-I| Solution Information

Solver Output
Residuals 0

25s

All

=I| FE Connection Visibility

All FE Connectors

CE Based
Beam Based
Weak Springs
Mone

Insert

/‘ Solve

g Export FE Connections




I\WNSYSH. . . Display Options

Examples of FE Connection display options:

all FE Connect...

Draw Connections Attached To SCLOrS
Line Col CE Based
neLolor Beam Based
A: Static Structural visible on Results weak Springs
Solution Information line Thirkness MNone

11/29j2011 10:15 &AM

|
Beam

- Spring

[T L B DL L )

Display Tyvpe
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G. Workshop 6.1

* Workshop 6.1 — Remote Boundary Conditions
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H. APPENDIX

Constraint Equations
CE Exemple
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WSS Constraint Equations

* Constraint equations allow you to relate the motion of different portions of a model
through the use of an equation.

* The equation relates the degrees of freedom (DOF) of one or more remote points for
Static and Transient Structural, Harmonic and Modal analysis systems.

* Constraint equations are linear combinations.

 (Can be applied to joints when using the ANSYS Rigid Dynamics solver (not covered
here).
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LWVSN'AY - - - Constraint Equations

I [ Model (A4)
- A Geometry

2ms

©, Remote Points
e B, PoOINE A
£ point B
_______ Remote Points

03/12/2013 1345

[A) Point A
[B] Point B

Constraint equations require the use of remote
points as defined here in the desired locations.

A constraint equation is added to the . [ Conditions < . Direct FE

CEl
- l

= Pipe ldeglization
El--[=] Static Structural (AS)
------- ~2 Analysis Settings
"""" B Displacement

------- LB Dicnlacement 2

LS9 Constraint Equation
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NWS'AH . . . Constraint Equations

The constraint equation is then constructed using the

0 0=
worksheet. New rows are added for each term in the
expression by right clicking to “Add” | ] e e,
Aadd
Fields for remote point and DOF selection are drop down
choices in the worksheet. Coefficient values are entered as
needed.
| Coefficient| Units | Remote P::Jim:| DOF Selection |

0] 1/mm Point A |X Displacement

o«

m ; |

¥ Displacement
£ Displacement
Fotation X

i

Finally a constant value can be added in the details for the Details of "Constraint Equation”

constraint equation. ‘z; o
Constant Walue |0

Examples follow . ..
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CE Example

In this example a beam model is constrained at the end labeled “C”
and loaded at point “A” as shown here.

A constraint equation is defined to control the movements at the
point labeled “B” relative to point “A”:

UAXx = UBz | c
All DOF
Fixed

What this relation says is, what point A does in the +X direction,
point B must do in the +Z direction.

The equation can be re-written as:
0 =UBz - UAx
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EUS& - - - CE Example

After inserting a constraint equation in the environment, the Worksheet is configured as
shown here.

== | 0 = -1 (1/mm) * Point A(X Displacement) + 1 (1/mm) * Point B(Z Displacement)
o _Anahreis Setfinng | Coefficient| Units | Remote Pointl DOF Selection |
- S, Constraint Equation -1 1/mm Point A X Displacement
0, Remote Dplacement Point A 1 1/mm Point B Z Displacement
-/, Fixed Support Point C

= Z

X deformation
at Point A

Z deformation
at Point B
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. . . CE Example

Notice the expression is written above the worksheet columns.

0 =-1(1/mm) * Point A(X Displacement) + 1 (1/mm) * Point B(Z Displacement)

| Coefficient [ JUnits | Remote Pointl DOF Selection |
-1 1,/mm Point A X Displacement
1 1,/mm Point B Z Displacement

/ Coefficients \

=|1 kl,-"mm) * Point B(Z Displacement) +|-1|[(1/mm) * Point A(X Displacement)

Y

Constant

In this example both constants were set to unity (1) and the constant value to zero. Other
values may be provided in different expressions.
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WSS Workshop 6.2

* Workshop 6.2 — Constraint Equations
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