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Welcome

This training resource guide is intended to serve both as a
hands-on learning tool in becoming proficient with Simulate for
Geomagic Design and also as an on-demand reference guide
for accessing information on a specific feature or topic.
Additional help can be found in the program under the Help

menu.

The exercises that are blended within the content of this guide
may be completed in any order desired. However, to get the
most benefit from the exercises, it is suggested you start at the
beginning of the document, read each topic and do the
exercises in the order listed. This will help you better
understand the features in each exercise and also make you a

more proficient Simulate for Geomagic Design user.

Use the page back / forward and Table of Contents buttons to
navigate around the guide. You can also use the scroll wheel on

your mouse or the keyboard arrow keys.

Navigation tools
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Using the documentation

d There are two products that make up the motion simulation and FEA tools
in Geomagic: Simulate for Geomagic Desigh and Dynamics for
Geomagic Design. This training document and all images within it were
developed using Simulate for Geomagic Design. If you are using Dynamics
for Geomagic Design, you may see subtle differences in a few dialog
boxes, not enough to affect the training experience.

d Throughout much of this documentation, the title “Simulate for Geomagic
Design” has been simplified to “Simulate”. So, you may see references to
both titles, meaning the same product.

d In most instances there is more than one way to perform a task or access
a feature. For example, there are at least four different ways to create a
constraint. The approach shown in the examples may not be the only way
to complete a task.

d Commands prompting for user action are listed in bold type. For example,
right-select, choose and drag.

d Program feature names and objects that are to be accessed by the User are
listed in bold blue type. For example, Structural Load, Face Normal and
Solve FEA.

d General notes and tips, in bold smaller type, are found throughout the
example problems. Notes give additional information or clarity on the
particular task being performed. Tips offer alternative ways or short cuts to
accomplish a task.

d You may find it easier and faster to manipulate the viewing of your model
by using the mouse and keyboard:

Pan: Ctrl + press & hold mouse scroll button
Zoom: Crtl +Shift + press & hold mouse scroll button
Rotate: Press and hold mouse scroll button

@
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Product Overview

* Dynamics for Geomagic Design (Motion)

— 3D Motion Simulation that evaluates the kinematic and
dynamic performance of Geomagic assemblies

 Simulate for Geomagic Design (Motion +FEA)

— Simultaneous solution of 3D Motion and stress and
deflection FEA. A quasi-static stress analysis is performed
at each motion frame using the dynamic loads calculated
by the motion simulation

— Additional FEA analyses:
» Linear-elastic Stress and Deflection (Static)
» Steady State Thermal
» Natural Frequency & Mode shapes
» Linear-elastic Buckling

@
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Classification of Mechanisms - Kinematics

Kinematic System

» System with O degrees of freedom (DOF)

* Regardless of the system’s mass , gravity, inertia, and
externally applied forces, this system is still restricted to a
given range of motion.

* In Rigid Body Motion analysis, motion inputs remove degrees
of freedom. In other words, they are considered as being a
forced constraint

This system has 0 DOF, when motions are included
on the actuators. Regardless of the mass of the
system, the links will always move through a given
(or defined) range of motion

« » &
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Classification of Mechanisms - Dynamics

Dynamic System

» System with more than 0 degrees of freedom (DOF)

» The system’s mass , gravity, inertia, and externally applied
forces will govern the time-response of the system and how
the system can move

This system has more than 0 DOF. The automobile frame
and wheel experience different motions due to the presence
of the spring and shock. The movement of the spring and
shock is governed by the accelerations and mass of the
system. If the mass of the system was changed, the motion
would also change.

@
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Associativity with Geomagic Design

» User initiates data transfer from within Geomagic Design

« Geometry and constraints transferred to Simulate for
Geomagic Design

* Constraints are mapped to corresponding motion constraints

« If the Geomagic Design model is updated, only the changes
are transferred back to the motion model

Simulate for Geomagic Design also supports direct reading of
ACIS file formats

S nd = sDSysSTEMS
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User Interface (Overview)

A SimWise 4D - [Untitled2]

Main Menu o [@]x]

$7Fle Edit View Insert World Object Tocls Window Help [-]=]«]
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Annotations & Dimensions

//Cameras &\ Lighting
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Connections
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Properties ‘

Orientation Indicator
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< Properties List \#
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v (No computed frames)

Run & Playback Controls
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Exercise - FourBar

Simulation Objectives:

® Export a model from Geomagic to Simulate for Geomagic Design
® Run a basic motion simulation

® Get familiarized with the associativity between Geomagic and
Simulate for Geomagic Design

Features Covered:

® Constraint Mapping
® Constraint Navigator
® Gravity

® Unit Settings

® Running a Simulation
® Creating a Meter

® Geometry Change

Fx (Ibf) Fy (Ibf) Fz (Ibf) |F| {Ibf) vs._ time (sec)
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Open the Geomagic model

1. Start Geomagic

2. Select File, Open and Browse and locate the file called “Simulate
for Geomagic Design Tutorial — FourBar.AD_ASM".

3. Onthe menu bar, click on Add-Ons, Motion and click on Export to
Motion. Simulate for Geomagic Design will startup automatically and
the model will be automatically transferred from Geomagic into the
Simulation environment.

(CYCERR- NN g
Assembly  Viewing and Analy-is
B -

Add-on |||Simulate| TraceParts
Manager Library

@rt to Simulate for Geomagic @

4. Toggle to the Simulate for Geomagic Design window to bring up
Simulate for Geomagic Design.

5. The first window that appears is the CAD Associativity window. Select
Ok. This window lists all the parts and constraints that are mapped
From Geomagic into Simulate for Geomagic Design and converted
into corresponding mechanical joints. The Motion model retains
associativity to the CAD model in that any changes made to the parts
or constraints in the CAD model will be reflected in the Motion model

‘ » 14 B
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The Constraint Navigator

The second window that appears gives the User the option to use the
Constraint Navigator. Select Yes. This tool allows you to review and
verify the connectivity of all the components in the model. This also allows
you to check the validity of the constraints mapped from the Geomagic
assembly into Simulate for Geomagic Design.

Alibre Motion 4D 23

We recommend you analyze your model to make sure the mates
from your CAD package are physically meaningful. The
constraint navigator is a useful tool to walk through your
assembly and verify each joint in turn.

To learn more about how to use this tool, click the help button in
the constraint navigator toolbar.

Do you wish to use the constraint navigator?

Yes No |

Click on the Driver Link. Notice that only the parts and constraints
connected to this part are displayed. Then click on the Coupler Link, and
so on. When finished, right-click on the background and choose
Constraint Navigator or click on the x in the upper right corner of the
Constraint Navigator panel

15

Forward Table of Contents



Change Gravity and Unit Settings

1. Select the Simulation Settings icon %
2. Select Gravity from the settings list and click on —X. Leave the Settings
d-box open.
4 Alibre Motion Settings @ 2| X
£l Simulation Settings ;
- Tolerance ? [V Gravity on Note: The cyan
:---Interanon Gravity Direction and Magnitude colored arrow
*@ s € -X X on the
E‘]'fo_gzise“'”gs CY Orientation
. Clipping -z Cz Indicator
-----\T:J’edzrs _ represents the
o = Bl is2 direction of
B Preferences graviw
N
@ﬂ Close | | Help ‘ ﬂ#‘\)‘.’
1
3. Select the Units option from the settings list, select the drop down

menu next to Unit System and select English(pounds). Close the d-

box when finished.

% Alibre Motion Settings

& Simulation Settings
----- Tuolerance

----- Clipping
----- Wectars

- Preferences

Distance |in A

Mass

lbm -

Time |sec hd

Rotation |deg -
Temperature m

Force |Ibf hd

[v Automatically determine units when entering formulas

T 7|

Close |

=~ N
Unit System: (([EEEE D) =
NS~—,

Pressure |psi -

Frequency |Hz -

N EHE

Energy |- none - hd
Power |HP -

Velocity |- none - -
Rot Vel. |-none - -

| Help |
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Run the Simulation

To run the simulation, select the Run button located on the Player
Control Panel.

innloxl_

Run

The Run button will changeover to a red Stop button. Click on the Stop
button at any time to stop the simulation

KO

Stop

Playback the results of the simulation by clicking, holding and
dragging the slider button next to the Player controls. You can also
click on the Play button

Playback Drag

(][« [ m L >
N

Select the Reset button to reset the simulation back to the beginning

@M\ | o T

Reset

@
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Add a Motor

>
In the graphics window, right-
click on the constraint e
connecting the Driver Link to Show
Hide
the Ground Block and choose Visibility
Properties from the flyout
menu. This will activate the % Swap Coords
- - Distribute on Face...
Properties dialog box.
N, Properties
#\ Properties of constraint[32] "Align (2)" @ | ?|X]
In the Propgrtles d-box, select Appearanceimim | Configuration | Active | Motor |
the Constraint tab and scroll _ -
and select the Revolute Motor, ~ &RevoluteJointonPlane | [=Ferin
) . Spherical Joint on Plane e

Thls VX:I change lt;]e Revolute . parallel Joint Y ey &2
oint (Align) to a Motor constraint = orketuaia B
J ( 9 ) Revolu'te Motor » ‘E C Moaxes C Al

FBe L

@Spur Gear —Slide Along

44 Bevel Gear x ry [z

—Rnd -

Close I Apply | Help |

Click on the Motor tab and verify the motor type is Angular Velocity and
that the value is set to 90 deg/sec. Select Apply and then Close.

Z Properties of constraint[32] "Align (2)" @ 2| X
.Appearancel Constraintl Limits | Conﬁguraﬂonl Active
Motor Type———————————— 1
(~ Orientation

@ Angular Velocity
( Angular Acceleration

(" Torque 2

TED ot

(coord[12] on Driver Link<1> z-axis)

Close |

@

Back

Value I

Apply | Help |
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Run the Simulation

Select the Run button on the Player Control Panel to run the
simulation .

O =] D

Run

Notice that the simulation cannot rotate a full revolution without the
constraint breaking apart. The reason for this is because, due to the
size and arrangement of the linkage, it is kinematically impossible.

Constraint cannot
be enforced

« » 19
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Modify the Geomagic Assembly

1. Toggle back to the Geomagic assembly

2. Right-click on the Coupler Link and choose Edit Here

3. Double-click the Coupler Link, click on the 14in length dimension,
change it to 10in, then select the green check mark

Deactivate
Sketch

4. Right-click on the Assembly name in the browser and choose Edit
Part/Subassembly

BN | FourBar - Alibre .

! Ground Bloc E Edit Pﬂwsubammm'
! Ground Blocl X W

‘ Driver Link<1>
El‘ Coupler Link<1=

= B Configurations
. L. ¥ Config<1>

« » -
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Modify the Geomagic Assembly

1. Right-click on the Output Link and choose Edit Here

2. Double-click the Output Link, click on the 3.5in length dimension,
change it to 5.25in, then select the green check mark

W2 10U /

4

Deactivate
Sketch

3. Right-click on the Assembly name in the browser and choose Edit
Part/Subassembly

Design Explorer
BN | FourBar - Alibre .

N | Gmund-BIDc E Edit Part/Subassembly S,
@ GroundBlocf X COloTPrOpETIES

.. @ Driver Link=1=
El @ CouplerLink<1>

= B Configurations
. L. ¥ Config<1>

« » -
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Update the Motion Model

1. Save the model

2. Onthe Geomagic ribbon bar, click on Add-Ons, Simulate, Export to
Simulate for Geomagic Design

Export to Simu for Geomagic Design

Updated Model
in Simulate for
Geomagic
Design

3. Run the simulation and stop it any time. Notice that resizing the Coupler
Link corrected the design

O =] D

Run

‘ » 22 B
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Add an Meter (Angular Velocity)

1. Inthe Object Browser, click on Coupler Link, then click on Insert,
Meter, Angular Velocity. A meter will be added below the graphics window.

/% Alibre Motion H— Alibre]

File Edit Vi InsertWorld Object Tools Window Help
0 2 | X D B Y8hhnstaint RN EE Y
B & | QE & e 5 Sub-assembly...
L (\rve from File.
BT T ATDTE~ r:
y
ﬂ ----- &4 Coupler Link<1::
o = — g
----- & Ground Block<1
----- & Ground Block<2 -
----- & Output Link<1> Time
=& Align (2) - Position
& o Align (3) I Table.. Velocity
& o Align @) [ Link to Excel Spreadsheet... AT
@ @ Align (5) Body 4 Linear Momentum
-2 Align (6) Connecting Body
Ground Plane Angular Velocity
<5 Coord AU e
=* Force Constraint Tepsion
¥ Torgue Constraint Length
2 Structural Load Constraint Displacement
W Restraint Constraint Force...
Mesh Control Constraint Torgue...

Contact Force
Contact Impulse
Friction Force
Closest Distance

Interference
FEA Result
SEIENCY
@Angular Velocity of Coupler Link<1> EI Note: You can CIiCk on the
——— W (deglsec) Wy (deg/sec) _ Inputs and Outputs tab
Wz (deglsec) ——— |w)\’ g o I2(EE)

B located at the bottom of the

' Object Browser to see the
08 new meter feature listed

0.6

0.4 o—

e |82 = e I = I
0.2
= FAE
00 _Connections [inpyts and Outputs|-
10 11

Forward
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Run the Simulation

>
1. Run the simulation and stop it any time.
Run
1 Angular Velocity of Coupler Link<1> E@
Wx (deg/s) Wy (deg/s) —— Wz (deg/s) — |W| (deg/s) vs. time (s)
70
60
a0
40
30
20
10
-10
-20
-30
0 1 2 3 4 5 6 T

End of Exercise
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User Interface (Properties List)

The Properties List contains all options available for specific
model elements. For example, bodies will have certain properties
available that are specific to bodies, constraints will have certain
properties available specific to constraints, and so on.

When a model element, such as a body or constraint is selected in
the graphics area, or in the browser, all available properties for
that element will display in the Properties list. If an item has a
check mark next to it in the Properties list, that checked item will
have a corresponding tab associated with it in the Properties d-
box for the selected element.

ppearance /\ Properties of body[10] "Rocker Link<1>" = 7 X
U Central Inertia = _ d _ _ JJ
DCIipping Appearance |POS l Vel l Geometry| Vectors |
O
Dggdlor Name Appearance
O Contact |FiockerLink<1> [v Shown
OFEA [ Automatic [ Track |0 frames
EA Display [ Center of mass shown
‘. 2
O eometry [ Translucent
Heat Color [ |-
O sosurface
O Keyframe
aterial
Pos Close ‘ | |
U Sound
O Surface Rendering
giuzace Vel. Tabs can be added and removed by simply
exture . ) . .
6 ser Loads checking or unchecking the appropriate item
ectors in the Properties List.
el
Uworld Pos

@

Back Forward Table of Contents



Bodies (Material)

Each body can be assigned a material using the Geomagic
material database. The default material is 1020 steel.

'Appearance] Pos ]Vel L'E\tzr::umetryr | FEA | Clipping |
Material Properties

Copied from 'Steel - ANSI C1020 in the database
Mass D.EA-BJ b

Volume 227 in"3

Coeff Restfitution 05 J
Coeff Friction 05 J

Material Properties d-box

Selecting the Change button accesses the material library.
Here the user can change a property of a material or use the
Edit the database option and define a custom material.

WECEHEIRISEEl = ARNS T 20

Termperature: |293 ﬂ K Editthe database... ‘

MassDensity |  0.284 Ih/in"3
Elastic Modulus ’—28+11 Pa
Foiszon's Ratio 0.29
Yield Stress 313e+d Pa
Ultimate Tensile Stress ’W Pa
SpecificHeat | 018 Bu/(bK)
Thermal Conductiviy | 000159 HP / (inK)
Thermal Coeff. of Expansian ’W in{ in k)

| QI | Cancel

Material Parameters d-box

@
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Bodies (Position and Orientation)

The position and orientation of a body can be specified with
respect to either 1) its own coordinate system (the part origin)
or 2) the Global (World) coordinate system.

‘u’el ] Material] Geometry | FEA | Clipping | World Pos | 1

Position and Orientation
in deg
X | 0.236 Rx | 0
Y | 023 Ry | 0
z| 0 Rz | 0
(World coordinates) (Body-XYZ)
| Fixed [ Keyframed [ Prescribed Motion... |

Position Settings d-box

The Pos tab in the body Properties d-box brigs up the position
and orientation in the body’s coordinate system. The World Pos
tab brings up the position and orientation in the Global (World)
coordinate system

The fixed option specifies the part is fixed to the background.

The Keyframed option allows the user to control the motion of
a body using defined displacements and rotations at specified
frames. These specifications will override the simulation time.
See Keyframing in the training guide for more information on
using this feature.

@
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Bodies (Prescribed Motion)

>

The Prescribed Motion feature, found under the Body Pos tab,
allows the user to define inputs to a body using formulas and/or
constants. For example, a body can be specified to move
through space with a given translational velocity in two
directions and a rotational velocity about one axis.

591 Rz | -6.06
(Body-XYZ)

med r@scribed Motion... b

Fosition and “elocity /

< 1 liJ Ve v ﬁjinfs Cancel
) = v v |80 s
er [l owr [ L

orld coordinates) orld coordinates)

Help

ik

Angularvelocity

W v ﬁjdegfs
wy [ £
wl [ L

Mwworld coordinates)

Prescribed Motion Settings d-box

This feature is useful for applying motion to objects that do not
have constraints associated with them or where there is no
ability to apply a motor or actuator to the body.

The Prescribed motions are not to be confused with initial
conditions that can also be applied to bodies, which are defined
under the Velocity tab.

@
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Bodies (Initial Conditions)

>

Initial (velocity) conditions can be defined for a body under the
Vel tab.

Initial conditions affect only the starting conditions of the body
at t=0. For example, specifying Vx for a body applies a velocity
in the x direction only at time=0. For time >0, the velocity can
be overcome if external forces begin acting on the body to slow
it down.

.Appearance] F’osaterial | Sphere | FEA |

Vx | U mjs Wx | 0 deg/s
Wy | 0 mfs Wy | 0 degfs
Vz | 0 m/s Wz | 0 degfs
Center of mass (Body coordinates)

Vx | 0 m/s

Wy | 0 myjs

Vz | 0 myjs Display Settings...

Velocity Settings d-box

The velocities values in the d-box fields will automatically
update during a simulation to reflect the velocity of the body at
that particular instance | time. If, after running a simulation, the
simulation playback control is set to any other point in time
besides t=0, and the user selects World, Erase Motion History,
then whichever velocity values are showing in the d-box fields
will become the new initial velocities for the next simulation

@
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Bodies (Vectors)

Vectors allow the user to display graphical
arrow representations of different output
characteristics of a body.

.Appearancel Pos \ Vel ] Material | Geometry | FEA

Show vectors to display:

[v Velocity [ Angular Velocity
| Acceleration [ Angular Acceleration
|» Applied Force | Applied Torque
[ ContactForce [ Contactlmpulse

Display Settings... |

Vector Settings d-box

The length of the arrow graphic will scale accordingly with the
change in value for the characteristic the vector represents.

Selecting the Display Settings button, under Simulation Settings,
allows access to change the scaling of the length and width of
the vectors

Scale

Velocity -|.| 005 in/(infs)
Acceleration |:||'| 003 in/(in/s"2)
Force -|-| 525 in/ibf

Angular Vel. |:||'| 0.00687 in/ (deg/s) Vector Scale
Angular Accel. l:”'l 0.000687 in/(deg/s"2) Settings d-box
Torque -|-| 00222 in/ (Ibfin)
Arrow direction Arrow width

(@ Arrows out [v' Automatic
(" Arrows in ’m n

@
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Bodies (Collision)

Bodies can be defined to collide (or make contact) with one
another.

To define a collision, select two or more bodies, right click
on any one of the selected bodies, and choose Collide.

O, Zoom to Selection

Show

Hide

Visibility 4
& Include in FEA

Show Mesh

Z_ PEMeTate

= Penetrates All
I Fixed

Tracked by Camera
& Constraint Navigator
J| Properties

When bodies are set to collide, they will use one of two
methods for detecting collision, facetted or smooth surface.
Facetted is applicable to situations where two bodies contact
each other on more than one surface simultaneously. Smooth
surface is applicable to situations where two bodies contact
each other on only one point (e.g. cam/follower).

.Geometry] CM ] Vectors Contact | FEA | Clipping | Color | L

Contact detection Contactresponse

cetted surface (@ Impulse/Momentum

llow Penetration (" Custom model

revent Penetration

Facets... Properties...

oth surface
(Sygle-poinf)

@
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Bodies (Collision) cont ........

The Contact response method defines how the bodies will
respond when they collide. The two options are
Impulse/Momentum (i.e. coefficient of restitution) or custom.

.Genmetry] CM ]Vectors Contact ‘ FEA | Clipping | Color | 4!

Contact detection Contactresponse
(@ Facetted surface Impulse/Momentum
(@ Allow Penetration ustom mode

(" Prevent Penetration

del /

mpulse/Momentum

Facets...

Smooth surface
(Single-point)

Cancel
ustom

Coeff. Restitution | 05 J
Coeff. Friction | 05 J
Mormal force model: | J
Friction force model: | J

Friction can also be defined for the collision

@
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Coords (Overview) -r.'ﬁ

>

Coords (short for coordinate systems) are the parent basis for
almost all elements in Simulate for Geomagic Design. They
establish orientation and position for various elements such as
constraints, forces and springs. They also establish reference
frames for calculating the various motion data, such as position
and velocity.

| Note: A coord’s orientation and
| | position may be different from
~t<  the Global orientation and
position.

When creating elements such as constraints, the user has the
option of creating the coords first and the defining the
constraint. Or, the coord can be created automatically while
creating the constraint. In the latter case, there is less initial
user control over where the constraint is being place and how it
is being oriented.

Some model elements, such as forces, only need one coord to
define them. Other elements, such as constraints, need two
coords. In the case of a constraint, one coord is attached to one
body and the other coord is attached to either another body or
the background.

Elﬂ constraint[8]
: ------ + coord[6] on Ground
e coord[4] on Rocker Link<1=

@
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Coords (Overview) cont....

Certain characteristics of coords can be metered, such as
position, velocity and acceleration.

Coords can be “tracked”, where a graphical trace curve will be
generated from the position path the coord takes during a
simulation. This feature is found under the Appearance d-box in
the coord Properties.

Appearance | Pos l Vectorsl

Name Appearance '
#] on Rocker Link<1 Shown "‘-.\
[v Automatic Track  |150 frames £ N
= \ )
: [
Coior NN -

In hierarchy, when working with constraints, coords are
considered as parent features to the element they represent.
Deleting the coord (or coords) will automatically delete the
related constraint(s). On the other hand, deleting the
constraint(s) will not delete the coord(s).

If a coord is attached to a body, and the body is deleted, the
coord will not be deleted but will instead be attached the
background.

@
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Coords (Detaching/Attaching)

>

A coord can be moved from one parent element to another. For
example, a coord can be detached from one body and attached
to another. This prevents having to delete and create a new
coord. In addition, it allows constraints to be moved between
bodies. For example, the user might want to change the
constraint from attaching Part A and Part B to instead attach
Part A and Part C.

To move a coord from one body to another:

Step 1: Right-click on the coord and choose Detach coord from
body. The coord will now be placed on the background.

O, Zoom to Selection

Show

Hide

Visibility 4
¥ Create Constraint...

Detach Coord from Body
Tracked by Camera
«| Properties

Step 2: Hold down the Ctrl key, select the coord, select the body
you wish to attach the coord to, and choose Attach coord to
body

0, Zoom to Selection

Show

Hide

Visibility >
®) Create Constraint...

Attach Coord to Body
Detach Coord from Body

Tracked by Camera

M v o a_ - rra

@
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Coords (Moving Constraints)

When moving elements such as constraints, that consist of
two coords, care must be taken that the correct method is
used, as there are different ways the constraint can be
moved or rotated. Moving a constraint incorrectly may
results in a split constraint

1. By moving or rotating the constraint and then
using the “join” feature to reassemble the
constraint

2. By moving or rotating one of the coords and then
using the “join” feature to reassemble the
constraint

3. By moving or rotating both constraint
simultaneously.

@
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Coords (Moving Constraints) cont.......

>

In the case of 1 or 2 when moving a constraint, the constraint
icon in the browser will display a blue slash through it
indicating it has been “split”. Right-clicking on the icon either
in the browser or in the graphics area, and then choosing
“join” will produce the following join options:

----g constraint[8]
ép coord[6] on
‘s coord[32] o

0, Zoom to Selection

Hide
Visibility 4

Distribute on Face...

#: Constraint Navigator
v| Properties
Join Options @
Moves bodies to satisfy constraints.
Cancel
(" Joinin place
Adjusts coord location without moving bodies.

Selecting “Assemble” will move the body to the location of the
constraint. Care should be taken when using this method, as
other constraints may become invalidated (broken).

Selecting “Join in place” will move the second coord only, and
not the body. Care should be taken when using this method, as
a constraint can move to a new location but still be attaching
two bodies. For example, a revolute constraint might
accidentally be positioned off the parts somewhere, not at the
physical pivot point. In this case, the kinematic motion will be
correct but a bending moment will be introduced
unintentionally. ‘
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Coords (Assembling bodies )

>

Coords can be used to assemble bodies, and create constraints
at the same time, similar to constraining or mating them in a

CAD program.

Step 1: Create a coord on each body

g

—)

Step 2: Hold down the Ctrl key, select both coords, right-click on
either coords an choose Create Constraint

3, Zoom to Selection
Show
Hide
Visibility L4
yavar: oo cody
Detach Coord from Body

Tracked by Camera

v| Properties

Step 3: Use one of the options to complete the join process

B Rigid Joint - from |coord[8] an CenterLink(ﬂ

@ Revolute Joint -

@Spherical Joint of |CenterLlnk<1> ﬂ

~Rigid Joint c_m Slot to |coord[1 4] on Rocker Linlﬂ

==Revolute Joint on Slot < Base Coord
@ Spherical Joint on Slot aof |RockerLink<1> ﬂ

m

@Spherical Joint on Curve

&rRigid Joint on Plane Change Direction

£ Revolute Joint on Plane

@Spherlcal ‘J_Omt on Plane ("~ Join hodies in place (move coord[8] on Center Link<1> to coord]
£ parallel Joint ) ) . .

== Linear Actuator Split constraint (Don't move anything)

£ Revolute Motor oin (mowve Center Link<1> to Focker Link<1>)

@ Belt aca-to-face (move Cantar Link<1> and flip coord[3] on Center Li
.’XSpur Gear

o4 Bevel Gear i

— B

@
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Constraints (Mapping of CAD constraints)

* Geomagic Design constraints can be automatically
converted (or mapped) into Simulate constraints

* Alist showing the mapping formulation of CAD to
Simulate constraints can be seen in the sections titled
Supported Assembly Constraints | and Il

* |tis possible that you may not see all CAD constraints
map over to Simulate. There are two reasons for this:
1) It may not be a supported constraint type or 2) it may
have been combined with other constraints and
formulated into a compound constraint

* Compound constraint:
A compound constraint is a single Simulate constraint
formulated from two or more CAD assembly
constraints. When a model is exported from
Geomagic Design into Simulate, Simulate assesses
the total degrees of freedom available between the
bodies. The Simulate constraint formulated is based
on the total degrees of freedom available for the
bodies. Geomagic Design stores these as separate
constraints, because they need to be editable from a
CAD perspective. Simulate, on the other hand, is only
concerned with movement and so unites them into
one constraint representative of the total DOF.

‘ » 39
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Constraints (Supported Assembly Constraints )

* The following list shows which Geomagic assembly
constraints are used to create corresponding Simulate
constraints

Standard

Feature 1 Feature 2 Alibre Contraint Alibre DOF SimWise Constraint
Planar Face Planar Face Mate (2) trans / (1) rot Revolute Joint on Plane
Planar Face Plane Mate (2) trans / (1) rot Revolute Joint on Plane
Planar Face Planar Face Align (2) trans / (1) rot Revolute Joint on Plane
Planar Face Plane Align (2) trans / (1) rot Revolute Joint on Plane
Planar Face Planar Face Orient (3) trans / (1) rot Parallel

Planar Face Plane Orient (3) trans / (1) rot Parallel

Cylindrical Face  Cylindrical Face Align (1) trans / (1) rot Revolute Jaoint on Slot
Cylindrical Face  Cylindrical Face Orient (1) trans / (1) rot Revolute Joint on Slot
Spherical Face Spherical Face  Align (0) trans / (3) rot Spherical Joint

Spherical Face
Spherical Face
Spherical Face
Spherical Face
Spherical Face
Spherical Face
Spherical Face
Spherical Face
Spherical Face
Linear Edge
Linear Edge
Linear Edge
Linear Edge
Linear Edge
Fixed Body

Note:

List reflects Geomagic v2013 / Simulate for Geomagic Design v9.0

Spherical Face
Spherical Face
Planar Face
Plane

Planar Face
Plane

Planar Face
Plane
Cylindrical Face
Linear Edge
Linear Edge
Linear Edge
Cylindrical Face
Spherical Face

Tangent Inside
Tangent Qutside
Align

Align

Tangent Inside
Tangent Inside
Tangent Qutside
Tangent Qutside
Align

Mate

Align

Orient

Orient

Align

(3) trans / (3) rot
(3) trans / (3) rot
(2) trans / (3) rot
(2) trans / (3) rot
(2) trans / (3) rot
{2) trans / (3) rot
(2) trans / (3) rot
(2) trans / (3) rot
(1) trans / (3) rot
(1) trans / (1) rot
(1) trans / (1) rot
(3) trans / (1) rot
(3) trans / (1) rot
(1) trans / (3) rot

Click Forward to see more
constraint formulations

@

Back

Forward

Rod

Rod

Spherical Joint on Plane
Spherical Joint on Plane
Spherical Joint on Plane
Spherical Joint on Plane
Spherical Joint on Plane
Spherical Joint on Plane
Revloute Jaoint on Slot
Revolute Joint on Slot
Revolute Jaoint on Slot
Parallel

Parallel

Spherical on Slot
Anchor
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Constraints (Supported Assembly Constraints II)

* The following list shows which Geomagic assembly
constraints are used to create corresponding Simulate
constraints

Axes

Axis on part
Axis on part
Axis on part

Planes

Plane on Part
Plane on Part
Plane on Part
Plane on Part
Plane on Part

Points

Pt on Part
Pt on Part
Pt on Part
Pt on Part
Pt on Part

Compound
Mate 1 Geom
CF/CF

CF/CF

CF/CF

Notes:

Axis on Part
Axis on Part
Global Axis

Plane on Part
Plane on Part
Global Plane
Planar Face
Planar Face

Pt on Part

Pt on Part
Plane

Plane
Cylindrical Face

Mate 1 Type
Align
Align
Align

1. CF = cylindrical face

2. Only a few common compound constraints are shown. There are many other possibilities.
3. Listreflects Geomagic v2013 / Simulate for Geomagic Design v9.0

Mate
Align
Orient

Mate
Align
Orient
Mate
Align

Align
Mate
Mate
Orient
Align

Mate 2 Geom
PF/ PF

PrtPIn / PrtPIn
PrtPIn / PrtPIn

@

Back

(1) trans / (1) rot
(1) trans / (1) rot
(3) trans / (1) rot

(2) trans / (1) rot
(2) trans / (1) rot
(3) trans / (1) rot
(2) trans / (2) rot
(2) trans / (2) rot

(0) trans / (3) rot
(0) trans / (3) rot
(2) trans / (3) rot
(2) trans / (3) rot
(1) trans / (3) rot

Mate 2 Type
Mate

Align

Orient

Forward

Revolute on Slot
Revolute on Slot
Parallel

Revolute on Plane
Revolute on Plane
Parallel

Revolute on Plane
Revolute on Plane

Spherical
Spherical
Spherical on Plane
Spherical on Plane
Spherical on Slot

SimWise Constraint

Revolute
Rigid on Slot
Rigid
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Constraints (Simulate for Geomagic Design)

* The useris not limited to using only CAD constraints.
Simulate for Geomagic Design has many different
constraint types available to join bodies together and
help properly represent the degrees of freedom (DOF) of
a system.

B Rigid Joint —
@ Revolute Joint
@'Spherical Joint
=& Rigid Joint on Slot
=*=Revolute Joint on Slot
@ Spherical Joint on Slot —
@Spherical Joint on Curve
E?Rigid Joint on Plane
£ Revolute Joint on Plane
%Spherical Joint on Plane
£ Parallel Joint —

== |inear Actuator |

Click to see sample animations
of kinematic constraints

Kinematic constraints represent all possible
degrees of freedom in physical connections

Inputs
£ Revolute Motorl
R elt 1
T Power Transmission
HSpur Gear
a# Bevel Gear _/r
—Rod 1 Distance controlling constraints
“wRope

1 FSeparator
" Linear Spring/Damper
] Ii Springs and Dampers
®Z Revolute Spring/Damper pring P
4* Bushing Flexible connectors
%8 Generic Constraint (Redundant constraint alternatives)

\ User-defined / customized constraints

@
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Constraints (Kinematic)

Click on a
Constraint picture to
see an example

animation

q

=)
-

Revolute

(1) Rotations
(O) Translations

Revolute on Slot
(1) Rotations
(1) Translation

P~ Click to see

more constraints

~

Rigid on Slot

(O) Rotations
(1) Translation

Spherical

(3) Rotations
(O) Translations

43
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Constraints (Kinematic)

Click on a
Constraint picture to
7~ see an exgmple
animation

Spherical on Slot Spherical on Curve
(3) Rotations (3) Rotations
(1) Translation (2) Translations
Click to see

more constraints

Rigid on Plane Revolute on Plane

(0) Rotations (1) Rotations
(2) Translations (2) Translations

44 B
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Constraints (Kinematic)

Click on a
Constraint picture to
see an example
animation

>

Spherical on Plane
(3) Rotations
(2) Translations

Parallel
(1) Rotations
(3) Translations

45
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Constraints (Degrees of Freedom or DOF)

* By default, each constraint represents a specific DOF of
movement. Selecting the constraint Properties tab in the
constraint Properties dialog box will show the assigned

DOF for that constraint

B Rigid Joint

® Revolute Joint
@Spherical Joint

= Rigid Joint on Slot

aa Revolute Joint on Slot

’@Spherical Joint on Slot
@Spherical Joint on Curve
-”E*Rigid Joint on Plane

£ Bevnlute lnint an Plane

-

-

Rotate Around
X Y

(" Mo axes

Slide Along
[ X [ Y

-Appearanc FEA l Friction | Active | Limits | Configuration |

&

Al

@

Example: Constraint properties for a
Revolute Joint on Slot

The user may modify the constraint by either:

1.

Modifying the CAD constraint type(s) and quantity,
when using automatically-mapped constraints

Selecting a different constraint type from the

constraint list

Selecting the different DOF checkboxes from the
Rotate Around and Slide Along options. Depending
on which DOF are selected, the constraint type will

update after applying the changes.

@
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Constraints (Activating / Deactivating)

Constraints can be deactivated if necessary. A constraint can
be specified as 1) always active (Default), 2) active while
certain criteria is true, or 3) active until some criteria has
been met

.Appearance Constraint] FEA ] Limits | Conﬁguratjon] Frictio( Active >

(s Always active

i Active while:

| ]

i Active until:

| ]

Constraint properties for a
Revolute Joint on Slot constraint

Specifying an Active While criteria can be useful when
debugging a model. For example, it can be useful for trying
to determine which constraint(s) might be causing
redundancies. In this case, the user can specify 0 or type the
word “False” for the Active While field to deactivate a
constraint.

The Active feature can also be useful in simulating the
breaking of constraints. For example, a user can specify that
a revolute constraint is to be deactivated when the force in
that constraint meets or exceeds some value.

@
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Constraints (Creating)

There are a few different ways to create a constraint

Option 1:

Select a constraint type from the constraint drop down list
on the main menu. Click on two bodies or a body and the
background. The following options will appear:

Constraint Creation Options

" Join bodies in place (mowve coord[4] on Rocker Link<1> to coord[B] on Center Link<
(" Splitconstraint (Don't mowe anything)
(" Join {mowve Rocker Link<1> to Center Link<1>)

(8 Face-to-face (mowe Rocker Link<1> and flip coord[4] on Rocker Link<1»)

-8 [menl

(8]:4 | Cancel ‘ ‘

Option 2:

Right-click on a coord and choose create constraint

B Rigid Joint

@ Revolute Joint
@Spherical Joint

=2 Rigid Joint on Slot
==*Revolute Joint on Slot
’@Spherical Joint on Slot
@Spherical Joint on Curve
E’Rigid Joint on Plane

£ Revolute Joint on Plane
@Spherical Joint on Plane
& parallel Joint

== Linear Actuator

£ Revolute Motor

 Belt

:’XSpur Gear

af Bevel Gear

— Rad

1

frarm |a new coord hd

an |CenterLink<1> ﬂ

to |coord[4] on RockerL\nk-ﬂ
<— Base Coord
of |Rocker Link<1> ﬂ

Change Direction

(& Join Center Link<1> in place (at coord[4] on Rocker Link<13)
~
~
~

@
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Constraints (Creating) cont....

Option 3:

Right-click on two coords (use Ctrl key for multi-select) and
choose create constraint. Choose one of the options
presented to finish the process.

¥ Rigid Joint - fram |c00rd[4] an RockerLink-ﬂ
@ Revolute Joint
@Spherical Joint
“"Rigid Joint [_m Slot o} |coord[28] on Center Linkﬂ

=*Revolute Joint on Slot «— Base Coord
@ Spherical Joint on Slot of |CenterLink<1> j

@Spherical Joint on Curve

& Rigid Joint on Plane Change Direction

£ Revolute Joint on Plane

of |RockerL\nk<1> ﬂ

m

@Spherlcal Joint on Plane " Join bodies in place (move coord[4] on Rocker Link<1> to coord

£ parallel Joint ) . . .
== Linear Actuator i~ Split constraint (Don't move amything)

£ Revolute Motor (" Jain (move Focker Link<1> to Center Link<1>)
@ Belt @ Face-toface (move Rocker Link<1> and flip coord[4) on Rocker

’XSpur Gear

b Bevel Gear
—DBad -

Option 4:
Right-click on a coord and a body and choose create
constraint

B Rigid Joint - frorm |a new coord ﬂ
@ Revolute Joint
@Spherical Joint
legld Joint c_m Slot |c00rd[4] an RockerLink-ﬂ

Revolute Joint on Slot < Base Coord
@ Spherical Joint on Slot of |Rockeerk<1> ﬂ
@Spherical Joint on Curve
E’Rigid Joint on Plane Change Direction
£ Revolute Joint on Plane
@Spherical Joint on Plane
£ parallel Joint
== Linear Actuator
& Revolute Motor
2 Belt
’XSpur Gear

af Bevel Gear

—Rnd

on |CenterLink<1> ﬂ

=1

m

Join Center Link<1> in place (at coord[4] on Rocker Link<13)

)

) @ D

=Y

« »
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Inputs (Motors) .

>

Motors are rotational input constraints that apply motion to
a mechanism.

'Appearance] Constraint] FEA l Limits | Configuration | Acﬂ

Motor Type
(" Orientation

® AngularVelocity
(" Angular Acceleration

(" Torgue

Value | EJ deg/s

(coord[36] on Ground z-axis)

Input properties for a Motor

By default, motors also act as a revolute constraint (remove
5 DOF). The user must be careful not to also apply a
revolute constraint, for example, in parallel with the motor,
as this would result in a redundant setup.

Selecting the constraint tab in the motor properties and
changing the Rotate Around and Slide Along options allows
the motor to be represented as, for example, a motor on a
slot.

A great benefit to using an actuator input is that user has the
ability to create a meter for an actuator to determine the
amount of force necessary to achieve a desired output
(reverse engineering the input).

@
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Inputs (Actuators) —

>

Actuators are linear input constraints that apply motion to a
mechanism.

Constraim] FEA ] Limits | Conﬁgurationl Activ 11

Actuator Type [+ Point-to-point

i Length / Displacement Slide Along

i Velocity (= = =

(" Acceleration

i@ Force |
Value ‘ HJ N

Input properties for an Actuator

Actuators can be defined as point-to-point constraints
(removes no 0 DOF) or they can be defined as, for example,
an actuator constrained to a slot (removes 1 DOF). Inthe
latter case, the user must be careful not to also apply a rigid
joint on slot, for example, in parallel with the actuator, as
this would result in a redundant setup.

A great benefit to using an actuator input is that user has the
ability to create a meter for an actuator to determine the
amount of force necessary to achieve a desired output
(reverse engineering the input).

@
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Inputs (Function Builder)

>

The Function Builder allows the user to apply and customize
many different types of inputs to things such as motors,
actuators, forces, springs and dampers.

Within the function builder, the user has many options for
creating input functions. The Property, Math and Logic
menus contain several different functions that can be used
as templates to help create and enter formulas directly into
the formula window. There are also options for adding in
common curve types, interactive slider controls and tables.

A preview window on the right side displays the curve as it is
being created so the user can see what the input will look
like.

' N
4% Edit Formula @'éj
Graph Property Math Logic  Function
AN T FEE T

step(0 mm,0 2,500 mm,2 5] + - 4001
gtepl0 mm,2.2 =,-300 mm, 4 =] + T
step(0 mm.4.2 2150 mm 6 =] +
gtepl0 mm,B.2 =.-2580 mm,3 2

3001

Walue {mm)

2004

1001

Time [z]

ok | Cancel Hel
anee =P i, y] = [3.5, 236]

@
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Inputs (Data Tables)

Data tables are used to control the inputs to things such as
motors, springs and forces. This feature allows data from
spreadsheets to be used to drive an input, such as motor
velocity or a model parameter, such as a spring stiffness.

Data can be 1) imported directly from a spreadsheet file
(.txt), 2) created by entering values in the table window, or
3) by starting with an existing pre-defined curve, such as a
step curve, and then modifying it.

By default the data is in reference to time. However, the
lookup option can be changed so that another variable
besides time can be used. For example, a custom damper
could be represented with Force vs. Velocity

/\ Edit Table -2 s

Graph

MName: |input[?] Units: |deg,"s

Lookup: |time M
Table Data
Interpolation: |Cubic Spline ﬂ

time (5] | Yalue (deg/fs) | -

=

ra

=]
m

Value (deg’s)

Ok | Cancel ‘ Help ‘
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Input (Interactive Controls)

Interactive slider controls allow the user to control the
values being used in the inputs, in real time. l.e., during a
simulation, the User can click, hold and drag the slider to
modify the input.

input[10] =]

300 deqg/s

L

Upper and lower bounds can be defined for the controls, as
well as an incremental step value for moving in between the
upper and lower bounds.

Current value: 300 degfs
Units: deg/s Cancel
Current value in MKS: 5.24

bdin: eg,fs Slider steps:
e g,.fs 20

Double-clicking the slider control will open this d-box

Controls can b 7% >fined either by 1) clicking on a constraint
and choosing Insert, control or 2) by clicking on the insert
slider button inside the function builder window for an
input.

@
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Meters

Meters (plots) are used to display output characteristics of
bodies, forces or constraints.

A meter is created by first selecting the body, constraint or
force in the Browser, graphics area or Object Manager and
then choosing Insert, Meter.

Meters can display data both graphically and numerically.
Simply right-click on the boarder of the meter to toggle
between graphical and digital.

Vx (in/s) Vy (in/s) Vz (infs) V[ (infs) vs. time (s)

100

80
60
40

20

n /N
-20 \></
A0
02 0.3 04 0.5 0

-60

0.0 0.1 6 0.7

Graphical Meter

£ 227 ints
iy .69 in/s
[%] 707 infs

Numerical (digital) Meter

A meter must be defined before running a simulation

@
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Meters cont.....

Meter components can be toggled on/off by selecting (left-
click) that component name at the top of the meter and
choosing Hide

W (inj Vz (infs) V] (infs) vs. time (s)

Hide 'Vx
Hide 'Vy'
Hide 'Vz'
Hide 'V’

1007

80

-60

0.0 01 0.2 0.3 0.4 0.5 0.6 07

Right-clicking on a meter will open its Properties. Here the
user can access other options such as Showing the mix and
max values, copying data to the clipboard (for pasting into
spreadsheet), copying a picture of the meter to the
clipboard and modifying many of its properties, such as
background color, curve color, curve size and so on.

i7s Digital
< Graph
Show Min/Max
Right-clicking on a Hide
meter to access its X Delete Delete

properties Copy Data
Copy Picture

Save Picture As...

Background Color...
v| Properties
Display Properties...

@
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Meters cont.....

Meters can be customized to display data that might not be
readily available through standard meters. For example,
plotting the ratio of an input velocity vs. an output velocity.

.Appearance] Meter Formulas | Axes |

Label  Show Formula
yiWx [T [constraint8]wx .
y2 |v7 [~ [constaint8]wy L=
3wz [ [constain{8]wz .
yé ||W|7 v  |mag(constraintg]. =
x [ime fime =

\
Added formula

Meters are also useful for obtaining formula syntax to be
used in other features, such as a run control, limits or
custom annotations. In such cases, a temporary meter can
be created and the user can simply copy & paste the
formula into the new feature and then delete the meter.
This saves time in having to memorize formulas and syntax.

@
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Power Transmission (Belts)

Belts are used to transmit rotation from one body to
another.

'Appearance] Constraint] FEA | Acti D

[+ Automatically calculate radii [ Cross belt
Belt Radius
Attached to body[2] (Cylinder) | 39 mm
Attached to body[1] (Cylinder) | 84 mm
Ratio: 0415

Input properties for a Belt

Coords are used to create the belt.

By Default, Simulate will automatically size the belt based on
the size of the geometry the coords are attached to. The
user also has the option of defining the belt size manually.

The Cross belt option allows the belt to crossover the pulleys
thereby rotating the pulleys in the opposite direction.

@
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Power Transmission (Spur Gear)

Spur gears transmit rotation from one body to another

.Appearance] Ccnstraint] FEA ] Activ

[+ Automatically calculate radii | Gear Symbol
Gear Radius
Attached to body[1] (Cylinder) ‘ 100 mm
Attached to body[2] (Cylinder) ‘ 25 mm
Ratio: 4

Input properties for a Spur Gear

Two coords can be used to create the gears or the bodies
can be selected and the base coords for the gears, and the
gears themselves, will be automatically created.

By Default, Geomagic will automatically size the gear ratio
based on the size of the geometry the coords are attached
to. The user also has the option of defining the gear ratio

manually.

The Gear Symbol option allows a simple visual
representation of the spur gear to be displayed

@
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Power Transmission (Bevel Gear)
>

Bevel gears transmit rotation from one body to another, at a
right angle to one another.

.Appearance] Cunstraintl FEA | Acﬂve]

[v Automatically calculate radii

Gear Radius
Attached to body[2] (Cylinder) | 50 mm
Attached to body[1] (Cylinder) | 110 mm

Ratio: 0.455

Input properties for a Belt

Two coords can be used to create the gears or the bodies
can be selected and the base coords for the gears, and the
gears themselves, will be automatically created.

By Default, Simulate for Geomagic Design automatically size
the gear ratio based on the size of the geometry the coords
are attached to. The user also has the option of defining the

gear ratio manually.

Depending on where the two base coords
are positioned, circles representing the
gears will extend from the base coord,
outward until they are tangent. This may
have a tendency to make the ratios slightly
different than what was expected. Simply
adjust the body positions as necessary.

@
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Distance Controlling Constraints

Two coords are used to create Rods, Ropes and Separators

-Appearance] Constraintl FEA | Actj

Length: I—EEEJ m

Current Length: 0247 m

Input properties for a Rod, Rope or Separator

Rods represent a massless, infinitely-stiff

point-to-point connection between two /
coords, that maintains a set distance

between the coords.

Ropes represent a massless, infinitely-stiff
point-to-point connection between two
coords, that can be defined with a given
amount of slack in the rope.

Separators represent a massless, infinitely-

stiff point-to-point connection between two .
coords, whereby the coords can extend o ‘

farther than the set distance but not closer.

@

Back Forward Table of Contents



Linear Spring/Damper )"

Two coords are used to create a point-to-point linear
spring/damper

.Constraint] FEA I Limits | Configuration | Active CSpring/Damper P‘ ]

Matural Length | E e | MM
Reset
Current Length 247 mm
Spring Force = |-kx -
k=| 01 | N/mm
DamperForce= |-cv -
c= | 0002 ...|Ns/mm

Input properties for a Linear Spring/Damper

The Natural Length is the free length of the spring. Any
difference between the natural length and current length
will be used in the Spring Force equation to calculate the
force in the spring.

Example: Natural Length = 200mm Total Spring Force =
Current Length = 247mm -.1x(200-247)=4.7N
Spring Force = -kx

Positive force = extension

k=.1N/mm ) .
Negative force = compression

The Spring/Damper can be used as a spring-only if the
damping coefficient is set to 0. Similarly, it can be used as a
damper-only if the spring constraint is set to O.

@
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Revolute Spring/Damper

One coord is needed to create a revolute spring/damper

'FEA } Limits l Configuration | Active RE

Matural Angle | E J deg
Current Angle -0 deg
Spring Torque = |-kr -
k= | 100 ... |Nmm/deg
Damper Torque= |-CW bl
c= | 0.914 ANmm s/deg

Input properties for a Revolute Spring/Damper

The Natural Angle is the free angle of the spring. Any
difference between the natural angle and free angle will be
used in the Spring Torque equation to calculate the torque in
the spring.

Example: Natural Angle = 200mm

Current Angle = 247mm

Total Spring Torque =
-100x (15-0)=-4.7N

Spring Torque = -kr
k=100 N mm/deg

Negative or Positive torque will
determine whether the springisina
CW or CCW wind-up

The Spring/Damper can be used as a spring-only if the
damping coefficient is set to 0. Similarly, it can be used as a
damper-only if the spring constraint is set to 0.

@
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Bushings ’

Bushings are 6 DOF flexible connectors. They do not remove
any DOF because they are force-based not constraint-based
elements. Because of this, bushing are very useful in helping
to eliminate redundant constraints. For example, setting a
stiffness value to a randomly large value (and damping
anywhere between 10% and 100% of the stiffness) simulates
that DOF being “locked” down. For example, if it was
desired to use a bushing to simulate a revolute constraint, all
three stiffnesses and two of the rotations would be assign
large values to essentially lock those DOF. The remaining
rotational DOF would have its stiffness and damping set to 0

.Appearance] Cunstraint] FEA | Activel_Bushing Tra ‘w
k= Te+3 .. | N/m
= Te+3 J M sfm
k= Te+3 ... | N/m
c= Te+3 J M s/m

-k k= Te+3 ... | N/m
Fz= J

-CVE - c= 1e+3Astm

Input properties for a Bushing. One tab controls translational
properties. Another tab controls rotational properties.

>

Fx=

Sl

Bushings can add considerable time to a simulation, as they
introduce 6 additional DOF into the model.

Bushing parameters may need to be modified if the resulting
force and acceleration meter data for the bushings contains

“noise”. 74 S
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Generic Constraint ’

Generic constraints are free-form constraint types that allow
any type of constraint to be represented by establishing goals
for each DOF.

>

The user can specify which DOF are available and which inputs
or conditions are applied to those DOF. For example, a generic
constraint can also be used to represent a revolute constraint.

In that case, all translational and two rotational DOF would be

defined as positien-=B.Ehis.essentially locks those DOF.

A generic constraint has any combination of goals. You can inspect
and modify these goals by clicking the "Goals._.." button.

Goals...

™ Pointto-paint

[Pasition | x = - =] 0 | m
|Pasitian =l =l =l 0 | m
[Positian e =l =l 0 | m
|Positian e =] |- =l 0 .| deg
|Pasitian ~ry =l |- =l 0 .| deg
| £ [ INE2 N N2 0 ..

Input properties for a Generic constraint. Select the Goals
button to activate the value entry fields

First defining any constraint, such as a spherical constraint,
rope or bushing, and then changing that constraint type to a
generic constraint will automatically populate the value
fields with the data that is characteristic of that parent
constraint. This is helpful in customizing, for example, a
spherical constraint to have velocity applied to one of its
rotational DOF.

é
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Exercise — Geneva Wheel

Simulation Objectives:

® Determine contact force on drive pin

® Determine angular velocity output profile

Features Covered:

® Subassemblies

® Coords

® Collisions

® Constraints

® Motor

® Damper

® Stop Control

® Meters

® Running a Simulation
® Results Vectors

@
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Open the Simulate file

1. Start Simulate for Geomagic Design

2. Select File, Open and Browse and locate the file called “Simulate
for Geomagic Design Tutorial -Geneva Wheel.wm3”.

Notes about units when opening non-Geomaygic files, such as ACIS
or Parasolid (these are NOT tutorial steps):

Establishes which units will Select this option to scale the geometry

be activated in the Simulate to the unit specified in the “Specify

unit settings (which units you Length Unit” setting. For example, if the

wish to see when creating CAD model was in meters, you can

dimensions, plotting scale to mm by first setting the Specify

displacements, etc.) Length Unit to mm and then selecting
this option

Scale to length unid

@
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Create Subassemblies

1. Inthe Object Browser, use the Ctrl key to multi-select select the Drive
Pin, Input Shaft and Sleeve

2. From the main menu, choose Insert, Sub-assembly and name it
“Wheel”

EEHE Edit View | Insert World Object Tools W

N2 W KD ® o ﬁ
@ Geneva Box (5, ]| Sub-assembly... Create Sub-assembly
@ 1 Curve from File... Nam@

@ Geneva Wheel File...
-5 Housing (8)-1 Annotation g

Y Input Shaft (8)-
i e &) B Camera...

¥ Place selection in the new sub-assembly

L. Output Shaft-1 ’—|
Meter 3
Contral »

3. Repeat steps 2 and 3 using the Geneva Wheel and Output Shaft parts.
Name the new subassembly “Geneva”

‘ » 78 By
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Create Rigid Subassemblies

1. Inthe Object Browser, right-select the subassembly named Wheel and
choose Rigidly Join Bodies

@ Geneva Box
-7 Geneva As
@ Wheel Assy O, Zoom to Selection
@ Housing (8 show

Hide
The bodies will be joined with Visibility v
Rigid joints automatically. % Include in FEA

i3]

Rigidly Join Bodies

ufl Properties

2. Repeat step 1 for the “Geneva Assy”

Fix Body to Background

>
i @ Housi @. Zoom to Selection
1. Inthe Object Manager, Show
right-select Housing and Hide
choose Fixed Visibility v

8% Includein FEA
# Show Mesh

& Collide
& Penetrate

Tracked by Camera

& Constraint Navigator
\ﬂ Properties

@
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Create Coords (for constraints)

1. Rotate the model to view the back side, as shown

2. Double-click the Coord tool é and select the two edges shown on
the Housing.

Select circular
edges

A coord will be
created at each
center point that
defines each
edge

3. Click onthe Select icon h. .0 cancel the Coord creation

« » -
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1.

Create a Revolute Joint

g,

o

Zoom to Selection
Show

Hide

Visibili

Detach Coord from Body
Tracked by Camera

Properties

Right-select the coord near the Output Shaft and choose Create
Constraint.

When the Create Constraint window opens, select Revolute Joint

as the joint type and define the constraint between the Housing
and the Output Shaft (use a new coord on Output Shaft)
Note: The coord numbers and order of the bodies may be different in your

model. This is ok.

Create Constraint

B Rigid Joint

g Revolute Joint |

& Spherical Joint
=&=Rigid Joint on Slot
=2=Revolute Joint on Slot
n@'Splﬂericalloint on Slot
e Spherical Joint on Curve
Rigid Joint on Plane

F Revelute Joint on Plane
7 Spherical Joint on Plane
FParallel Joint

k== Linear Actuator

£ Revelute Motor

@y, Belt

THiSpur Gear

JBeveI Gear

—FRod

vaBnne

»

from | a new coord hd

Output Shaft

=

to |coord[51] on Housing =

Gz D
Chatge Direction

(7 |

¢-- Base Coord

" Join Output Shaft in place [at coord[51] on Housing)

~
~
l.-h

@
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Create a Motor

Select the Housing

In the Connections List, hover the mouse over each coord and watch
the coord graphics highlight on the screen. Highlight the coord
between the Input Shaft and Housing, right-select it in the list and
choose Create Constraint

Connections to coord[46] on Housing

@ Housing
EN -oordldR] an Hioncinn
O, Zoom to Selection
Show
Hide
Connections to Housing S >
@Housing Visibility
@ constraint[54] *J‘Igreate Constraint...
Hover <k coord[51] on Housing :,-
Mouse # coord[46] on Housing Detach Coord from Body
over nght_ Tracked by Camera
coords Select o Properties
highlighted
coord

When the Create Constraint window opens, select Revolute Motor
as the joint type and define the constraint between the Housing and
the Input Shaft (use a new coord on the Input Shaft)

Note: The coord numbers and order of the bodies may be different in your model.
This is ok.
Create Constraint @

% Spherical Joint on Curve - from | apew coord -
B Rigid Joint on Plane P
7 Revolute Joint on Plane N W hd

herical Joint on Plane

rParallel Joint to |coord[4E] on Housing «
== Linear Actuator <=~ Bage Coord
P Revolute Motor JED
D, Belt ~
TH{Spur Gear Change Direction
,"Bevel Gear
—FRod £ % Jain Input Shaft in place (at coord[46] on Housing)
“wRope -
H hSeparator e
“isLinear Spring/Damper

~

@% Revolute Spring/Damper
4¥ Bushing

=] i i bl
78 Generic Constraint s
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Create a Motor

4. Inthe Object Browser, right-select the motor feature and

choose Properties

58 constraintl571

fed B, Zoom to Selection
@ Geneva Box d )
(ﬁ Geneva Show
-G Wheel Hide
&9 Housing Visibility v

|iioin

@ = a
w ing # split

o= oOTo 4 ﬁﬁ
ek coord[56] on Input SNG i Swap Coords

Distribute on Face...

& Constraint Navigator

&‘1‘ Properties —h.

5. Scroll to the “Motor” tab, leave the default Motor Type and enter 360

for the Value

/% Properties of constraint[57] (Revolute Moto_ @ | 7| X|

.Constlairrtl FEA I Limnits I Cnnﬂgulationl Active Motor ILI_’I
Motor Type
™ Orientation
& Angular Velocity
" Angular Acceleration
" Torque

N
Walue I _I deg/s

(coord[46] on Housing z-axis)

Close I Apphy | L}Help |

‘ » 83
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Add a Contact (Collision)

In the Object List, select the Sleeve, &
E-@; Zoom to Selection

hold down the Ctrl key, select the ST -
Geneva Wheel, right-select and gH“”"”E =
. Input 5h Hide
choose Collide B output!  yisibilty ,
(5 Sleeve =

® constrai B8 Include in FEA
& constrai| @ Show Mesh

B constrai
B constrai
Sleeve/ Geneva B constrai| - d

Wheel B constrai |£ Penetrates All
<t coord[2(
< coord[2 1~ Fixed
<= coord[3
- coord[3
<= coord[4 & Constraint Navigator
= coord[S uﬂ Properties
+ coord[2z]On ... Coord P

Tracked by Camera

SEIEIE] Aases.. 4

& Housing ACIS® B.. 2
&b 0ul B, Zoom to Selection
In the Object List, select the ?5'6* Show
Geneva Wheel, hold down the Ctrl g Hide
key, select the Input Shaft, right- B ooy Visibility ,
select and choose Collide 8 cor B Include in FEA

B cor # Show Mesh

B cor
+ o ET
Geneva Wheel / s coq 4 4

Input Shaft < coc =T Penetrates Al
Cé:* cog

< cog I Fixed
<= cod

4+ cot Tracked by Camera

% co0 @, Constraint Navigator

#+ coc i
Properties
<+ co o Pr -

‘ » 84
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Define Collision Properties

Hold down the Ctrl key and select the Geneva Wheel, Input Shaft
and Sleeve

In the Properties List, select the checkbox next to Contact. This will
bring up the Body Properties d-box with the Contact tab activated

J\ Properties of 3 Objects @ | ?|X|
Properties _ ) :
Appearance Appearance] Pos ]Vel | Material | Gegs® @ EA ]
SCEHTFE“ Inertia Contact detection Contact response

Clipping .
0o ted surface (& |Impulse/Momentum
UcColor C (" Custom model
C ¥ Contadd -
OIFEA Display seets- -
Geometry Smoath surface
e - :
(Single-point)
Close | | Help |

Select the Properties tab and change the Coeff Restitution to 0.2.
Select OK, Apply and then Close

Contact Response @

Maodel

Cancel

(e Impulse/Momentum

(" Custom

Coeff. Restitution ‘ :

Coeff. Friction 05 ..

MNormal force model:
Friction force model:

@
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Add a Damper

1. Click onthe constraints tool button and on the drop down list choose
Revolute Spring/Damper

LEE SPUT edn
A Bevel Gear
+— Red

v Rope

H H Separator
"“U“I.l" Tal== i

70 Generic Constraint

2. Select the circular edge on the Output Shaft as shown.

ko
Select circular edge

3.  While the cursor is still showing the spring/damper icon, right-select
and choose Finish In-Place (or press Enter)

< Finish In-Place > A (Enter)
LB

Finish Here

Cancel (Esc)

« » 86
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4.

Add a Damper

In the Object Browser, right-select the Spring/Damper feature

and choose Prop

Scroll to the “Rev

The damper will be
used to represent a
form of external
resistance on the
end of the Output
Shaft

erties

HEE 0= |

---®§ caonstr
fochs coord

0, Zoom to Selection
Show
Hide
Visibility »

Distribute on Face...

& Constraint Navigator

. Spring/Damper” tab and set the values as shown

+ & Properties of constraint[61] (Revolute Sprinﬂper} llil
Limits | Corfiguration | Active Rev. Sping/Damper | 4| »|
N
Matural Angle I w_l deg
Cumert Angle O deg
Spring Torque = m ~
k= | w oo | N mm/deg
Damper Torque = |-cw - .
C=| W;INmmsfdeg
IWI Apply | Help
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Define a Stop Control and Run the Simulation
—>

1. Select the Simulation Settings ico%

2. Select Simulation Settings inside the Simulation Settings window (if
not already showing) and define a Run Control that Stops the
simulation when time>3.5, as shown

7% SimWise Settings ®m | x|

"a@ Simulation Settingsp

Simulation Settings

- |nteqgration Run Contral Run Mode
#- FEA £0 MNNing [+ % PFun with motion onfy
- Gravity p when: (Do FEA on-demand)
- Wiamings eset when: Bjg " Auto-compute FEA
=~ Dizplay Settings " | gop when: at every frame
- Giid = ‘ b
- Clippirig J
- Wectars [ On playback skip every Dﬂj ittty st
- Mumbers 1 frames at cument frame
- Units
[+ FEA Display Frame Update Govemor
I~ Preferences f+ Without delay 1 A 100 % realtime
- Colorg

E‘IEB,-:._HS 8 ﬁﬂ Cloze | | Help |

4. Select the Run button located on the Player Control Panel to run the
simulation. Once complete, use the controls on the Player , as shown,
to replay the animation

H To advance the simulation
TN g playback, you can either 1)
[a][m](» [}

click, hold & drag the slider
button or 2) click on the Play
button

@
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1.

Create Meter - contact Force

In the Object List, hold down the Ctrl key and select the Sleeve and

the Geneva Wheel, and from the main menu choose Insert, Meter,
Contact Force

Tip: You can right-select

File Edit View

Insert World Object Tools Window Help

02 | % | constraint..

& Sub-assembly...

W .L Curve from File...

MName

File...

LIEEIE RO

T Camera...

Annotation

ontro|

TE Table.. 2

@] Link to Excel Spreadsheet...

®% constraint[60]
B constraint[42]
B constraint[Gl]
B constraint[85]
< coord[44] on I,

Body

Ground Plane

Connecting Body

Time
3 .-
Position
Velocity
Acceleration
L4 Linear Momentum

Orientation

Angular Velacity

= coord[62] on §
= coord[66] on ..

<+ coord[16] en G

<+ coord[20] enL..
<+ coord[22] enL..
<+ coord[24] on D.
<+ coord[26] on D.

on the meter and choose
Digital to view a numerical
readout instead of

graphical

<+ coord[l8] en .. Loord

<t coord[52] on @ <= Coord
4 coord[56] on .| = Force
<= coord[59] on G £ Torque

E Structural Load

<+ coord[14] en .. W Restraint

Mesh Control

Angular Acceleration

Constraint Tension

Constraint Length

Constraint Force...

Constraint Torgue...

18
Coord 20
Coord 22

.. Coord 24

.. Coord 26

Contact Force

Friction Force

Tlarmet Dirkanen

Constraint Displacement

@ Contact force between Drive Pin-1 and Geneva Wheel (8)-1

e e S|

Fx (N}

Fz (N}

|F] (M} ws. time (s}

1.07 ~
Lrapl
Show Min/Max
L Hide
X Delete Delete
0.6
LCopy Data
Copy Picture
e & Save Picture As...
Background Color...
02 uﬂ Properties
Display Properties...
0.0
1.0

@
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Create Meter - Geneva Wheel Orientation

1. Inthe Object List, select the Revolute joint connecting the
Output Shaft to the Housing and from the main menu choose
Insert, Meter, Orientation

Bfile Edit View | Insert World Object Toels Window Help

02 K| & D)W Constraint.. ||@Y|@|@%ug||r%mg
@ Geneva Box & Sub-assembly...

[]___@ Geneva x Curve from File...

#-T Wheel File...

E Annctation 4
B constraint[53]
. Camera...

-

B-9% constraint[60] Ligh ’
..... - coord[52] on Time
..... 4 coord[59] on 4

Position

ETEHE"' 2 Velocity
@] Link to Excel Spreadsheet...

Acceleration

Body i
Connecting Body 3 <%
Ground Plane :
by Gt Angular Acceleration
= Force Constraint Tension
{ Torque Constraint Length
i Structural Load Constraint Displacement
ww Restraint Constraint Force...
Mesh Control Constraint Torgue...

Contact Force
Contact Impulse
Friction Force
Closest Distance

Interference

FEA Result

@
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1.

2.

3.

Adjust Simulation Settings

Select the Simulation Settings icon %

Select Integration from the Simulation Settings submenu

Set the Time to 0.01, then select Apply and then Close

#% SimWise Settings

= 2

= Simnulation Settings

- Talerance

- FE&
- Granity
- W arnings

[=I- Digplay Settings

- [arid
- Clipping
- \ectors
- Murnbers
- Unitg
H- FEA Dizplay

B

H- Preferences

Animation Frame Ga

Rate: 100 /s

Integration Step

" Fixed Integration Step: 0005 =
{* Variable  Steps per Frame: |2

Imteqgrataor
(" Euler (approximate, fast)
* {itta-Merson (accurate)

@ﬂ Cloze Help

This change will:

1)

2)

3)

Help create more data points on the meter
outputs for smoother graphs

Produce a “smoother” video animation playback

Improve the accuracy of the results

@
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Observe Results

>
1. Run the simulation and observe the results
Tip: Click on any of the Rx, Ry or Rz labels to
hide or show the corresponding meter data
Orientation of constraint[ E\@
——— Rz(deg) vs. time
0]
-20
a Geneva Wheel
60 Orientation
-80
-100
-120
-140
-160
0 1 2 3 4
() =(3.72,-29.70
@ Contact force between Sleeve-1 and Geneva Wheel (8)-1 E\@
FX (N) Fy (N) Fz(N) ——— |F|(N) vs. time (s)
60
Sleeve Contact Force
40
20
0
-20
-40
0 1 2 3 4

@
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Create a Results Vector (Contact force on Drive Pin)

>
1. Inthe Object Browser, Object List or graphics area, select the
Sleeve
2. Inthe Properties List, check the box next to Vectors. This
should automatically open the Drive Pin Properties window with
the Vectors tab as the active tab
™% Properties of body[10] "Sleeve-1" m | 7 x|

Pos | Vel | Material | Geometry | FEAS

Properties
O zosurface -
Keyframe Show vectors to d
Material Feloci Angular Veloci
M city I Ang city
[ Sound . [T Acceleration [ Angular Acceleration
[ Surface Rendering
O Surface Vel. [~ Applied Force [~ Applied Torque
‘ ¥ Contact)orce [ [ Contact mpulse [

el
[ World Pos Display Settings... |
Close I Apply | Help |

3. Check the box next to Contact Force and close the dialog

Contact
normal force

Contact friction force

You do not need to re-solve
your model for the vectors to
appear. Simply use the
Player controls to playback
the animation already stored

End of Exercise

@
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Degrees of Freedom (Background)

>
* Inrigid body kinematic and dynamic modeling, each
body has only 6 allowed degrees of freedom (DOF),
translation in Global X, Y and Z and rotation about Global
X, Y andZ.
DOF
* Kinematic constraints remove Fixed Block 0
DOF from bodies. For example, a Pendulum 6
.. A Revolute -5
revolute joint allows one
rotational DOF. In other words, Total +1

you can say it removes 5 DOF.

* Which of the six DOF are
removed from a body depends
on the type of constraints and
the number of constraints used
on that body.

Example:

A pendulum is connected to a fixed
block using a revolute joint. The
revolute joint removes 5 DOF from the
pendulum and leaves 1 rotational DOF.

If a motor was used in place of the
revolute constraint, the motor input is
also considered a constraint and
removes a DOF. In this case, the system
would have 0 DOF. Even though it
would still rotate about the Z axis, this
rotation is fully controlled (or defined).

@
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Redundant Constraints (Example)

DOF
Door 6
Revolute1 -5
Revolute2 -5
Total -4

Example:

Consider a door hanging by two
hinges. Physical instinct would
tell us to connect the door to
the frame using two Revolute
joints. However, in rigid body
motion analysis, this provides
more constraining than is
necessary.

The picture and chart shows the
calculation of the degrees of
freedom after adding two

revolute joints.

The system is over constrained.

95 By
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Redundant Constraints (Parallel Mechanisms)

* Parallel mechanisms are examples of models that can be
easily over constrained.

Examples — Parallel Mechanisms:

One complete side is redundant with
the other

Not only can the parallel linkages cause
redundant constraints but, in the case
of the loader, the two motion-driven
actuators acting upon the same linkage
are also redundant with one another .
In such a model, it would only be
possible to determine force
requirements on one of the actuators

« » -
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Redundant Constraints (The Problem)

>

The SW constraint equations define the position and
orientation for the particular DOFs of the body. Only one set of
equations is necessary to define the DOF of a body. When
constraint equations are solved for, forces and moments are
used to satisfy the solution to these equations. It is these same
forces and moments that the user can measure or create
meters from.

Adding in more equations by way of adding more joints creates
redundancies. In other words, once constraint becomes
redundant with another trying to control the same DOF

In order to make the simulation solvable, the SW solver will
randomly remove any redundant DOF equations. As a result,
there will be no reaction force present in the redundant
direction for this constraint.

@
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Redundant Constraints (What you see vs. What you get)
>

¢ Redundant constraints can lead to inaccurate force and
moment results plotted from certain constraints.

Example:

Consider a shaft supported at each end by a bearing (revolute joint). Each
revolute joint removes 5 DOF. The total DOF of the system is therefore -4 DOF
(+6-5-5).

Let’s look at a specific DOF that is redundant in this model and is in a direction
related to force reactions we seek, the vertical Z direction. Each revolute joint
attempts to establish the constraint equations to control the DOF of the shaft
for this direction (keep it from translating in Z). As a result, the solver allows
only one of the joints (right) to govern the equations for this particular DOF
and considers the other constraint redundant. As a result, the solver now sees
the problem as that of a cantilevered shaft. In other words, all vertical load is
absorbed by one joint only, let’s say the right side joint. As a result, there will
one reaction force and a bending moment, due to the offset of the center of
mass. In reality, there should be no moment, as the shaft should instead be
supported by two equal vertical reaction forces.

2 revolute joints
(redundant system)

Cof M

4

N What you see What you get
(Not desired)

‘ » 98 My
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Redundant Constraints (Preventing by using Constraints)
>

In most cases, redundant constraints can be avoided. It simply
takes some familiarity with the different constraint types and
an understanding of which constraints to use in certain
modeling scenarios. Preventing redundancies may require
using a combination of various less-common constraint types
to produce the same kinematic result as when using common
constraint types.

Example:
Consider a shaft supported by two bearings. Using two revolute
constraints results in a redundant system and produces only one vertical
reaction and also an unwanted reaction moment (Fig A). In contrast,
using a spherical joint on one end and a spherical joint on slot on the
other yields +1 DOF for the system (Fig B). This is a more desirable
approach.

DOF

DOF Bearing Block 0

Bearing Block 0 Bearing Block 0

Bearing Block 0 Shaft 6

Shaft 6 Spherical -3

Revolute -5 Spherical on Slot -2
Revolute -5

Total +1

Figure A: e Figure B:
Not Good Good Practice

Practice
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Redundant Constraints (Preventing by using Bushings)
>

In some cases, it may be difficult or impossible to completely
remove redundancies using kinematic constraints only. In those
cases, Bushings % can be used.

Unlike kinematic constraints, bushings are based off of force
equations only. They are represented essentially as 6 DOF
linear/non-linear spring/dampers. High Stiffness values
represent “locked” DOF. O stiffness values represent DOF that
are free to move.

Example:
Using a bushing to act as a revolute joint

i Properties of constraint[18] "Concentric2" & ﬂﬂ
Constrairt ] FEA ] Active ] Bushing Trans. Bushing Rot. I o
- ~| k= 0 ...|Ibfin/deg
|- Cwx j c= | ] J Ibf in sec/dea
Ty kry | k= le+5 \.. | Ibf in/deqg
|-c Wy j c= | les5 |\ | Ibfin sec/deg
- ke v| k= | | 1+ fe|bfinvdeg
|- CWE ﬂ Cc= | le+h /..|lbf in sec/deq
Cloze | | |

» Rotations about Y and Z are set to higher stiffness and damping to
prevent displacement

» Rotation about X has 0 stiffness and damping. This allows the shatft to
spin freely around its axis

* In this example, all 3 translations would also be set to higher stiffness
and damping values, considering there is no translation allowed.

@
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Redundant Constraints (Preventing using Bushings)

>

The advantage of using a bushing is that they do not remove
DOF as the kinematic constraints do. The potential
disadvantage is that the system now has many DOF and moves
from one requiring a faster kinematic solution to one requiring
a more involved dynamic solution. Dynamic solutions call for
additional solver calculations and simulations can take longer
to run.

In some bushing simulations, making adjustments to the
stiffness, damping and solution accuracy settings (smaller time
step), can help improve performance time and the accuracy of
the results. Itis helpful to plot the bushing forces and watch
for uniformity and little or no “noise” in the data.

Example:
Using a bushing to act as revolute joints

In this example, the bushings » The following image shows the reaction

shared the same stiffness and force vectors at each of the four bushings
damping values, 1e5 and 1e2,

respectfully. The Tz rotation * In this case, bushings perform as revolute
direction, however, was set to joints do but they do not remove any DOF
0 stiffness and 0 damping for

all bushings
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Redundant Constraints (Summary)

Redundant constraints are an issue only if the user needs to
determine reaction forces or moments on particular
constraints OR the user needs to perform an FEA study using
motion-calculated load information.

In a redundant model, a kinematic simulation can still run and
calculations for displacements, velocities and accelerations will
be accurate.

A redundant model may cause some constraint directions to
yield O force readings and can induce reaction moments where
there should not be any.

In preventing redundant constraints, it may be necessary to use
a combination of less-common constraints that are not as
intuitive as the basic more common constraints. For example,
it is not intuitive to use a spherical joint and a spherical joint on
slot to constrain a door with two pivoting hinges. But it is a
viable approach in rigid body simulation.

Bushings can be used where it becomes difficult to prevent
redundant constraints using kinematic joints. For example,
there is no way to constrain a shaft to three bearings using
kinematic constraints and not have the system be redundant.
The system becomes statically indeterminate. Bushings are
force-based constraints and do not remove any DOF.

@
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Simulation Settings (Run Control & Playback)
>

Run control allows the simulation to either stop, reset or loop
when a certain user-defined criteria is met. For example, the
simulation can be assigned to stop when the x-direction velocity
of a body exceeds a certain value. In such an example, the
formula defined in the control value would look like:
body[1].v.x>500

Simulation Settings

Control Run Mode
eep running P (® Runwith motion only
Stop when: (Do FEA on-demand)
" Resetwhen: bea © Auto-compute FEA at
" Loopwhen: every frame
frame()>=10 P

B} SE e T S b ¢ Animate clipping planes

1 frames at current frame

Frame Update Governor

@’imout delay At 100 % reakime

Simulation Settings d-box

The user can speed up the playback of an existing animation
by skipping frames. This value only affects the playback of an
existing simulation. It does not affect the frames for the
simulation solution process.

@
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Simulation Settings (Run Mode)

Run Mode allows for the specification of performing either 1)
a motion-only simulation, 2) a Motion+ FEA simulation. It
also has options for animating the FEA results (exaggerated

deformation) and clipping (cutting) planes propagating
through a body or the assembly

Simulation Settings

Run Control R ode

(@ Keep running P [ (®\ Run with motion only
" Stop when: (Do FEA on-demand)
(" Resetwhen: b  |Auto-compute FEA at
" Loopwhen: every frame

|ﬁ'am-3|:| >=10 J M

B} SE e T S Dﬂ;\j Animate clipping planes

1 frames at current frame

Frame Update Governor
@ Without delay At 100 % reakime

Simulation Settings d-box

The Run Mode settings can also be accessed from the
simulation panel

P Motion
li-a Motion with FEA
Animate FEA

P! Animate Clipping Planes
“

@
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Simulation Settings (Configuration Tolerances)
>

The simulation tolerance settings control to solution accuracy
criteria.

Configuration Tolerance

N\
Position:| /D.I}‘I m
Orientation:| 1] deg
Overlap Tolerance: | 0.01

(factor of characteristic dimension)

0001 m

Assembly Tolerance

- |
Bond Tolerance: | 00001 m
: | 5

Significant Digits

Simulation Tolerance d-box

The Position and Orientation tolerance settings are the more
important settings for controlling accuracy.

If the simulation meter data contains noise, and all other
model features, such as dampers, bushings and collisions
have been ruled out as possible causes for such data noise,
these settings can help improve run time and data output.

Smaller values will tighten the accuracy criteria but can add
additional simulation time.

@
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Simulation Settings (Tolerances)..... cont

Overlap Tolerance greatly affects the modeling of
contacts/collisions. Bodies will not be allowed to penetrate
beyond this value.

Configuration Tolerance

Position: | 001 m

Crientation: | 1 deg

OverlapTcIerance:| C 0.01 )

(factor of characteristic dimension)

Assembly Tolerance: | 0001 m
Bond Tolerance: | 00001 m
Significant Digits: | 5

Simulation Tolerance d-box

If, at the beginning of a simulation, two bodies are
penetrating by more than the overlap tolerance, a warning
message will appear:

A\Warming body[1] and body[3] are owverlapping beyond the specified tolerance.

Smaller values will improve the results accuracy but may also
increase simulation time

@
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Simulation Settings (Tolerances)..... cont

Assembly Tolerance specifies the accuracy with which to
assemble a mechanism together. For example, when the
user uses the “join” or “assemble” features in Simulate for

Geomagic Design, this value determines how accurate the
assembly process is.

Configuration Tolerance

Position: | 001 m
Crientation: | 1 deg
Overlap Tolerance: | 0.01

(factor of characteristic dimension)

( 0.001 Ym

- |
Bond Tolerance: | 00001 m
- |

Assembly Tolerance

Significant Digits 5

Simulation Tolerance d-box

Simulate may produce an error message if the bodies are not
able to be assembled within the specified tolerance
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Simulation Settings (Bond Tolerance)

>

The Bond Tolerance is the maximum amount two bodies can
be separated and still be bonded together using the FEA
bond option. If the separation is greater than this value,
bonding will not take place

Configuration Tolerance

Position: | 001 m

Crientation: | 1 deg

Overlap Tolerance: | 0.01
(factor of characteristic dimension)
Assembly Tolerance: 0001 m

|
Bond Tolerance: | < I}.DI}I}‘I>m
|

Significant Digits: 5

Simulation Tolerance d-box

For the bonding feature to work, there must be a constraint
defined between the two bodies to be bonded, even if itis a
rigid constraint. Also, the bodies must be included in FEA.
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Simulation Settings (Integration)

The Time parameter specifies the time between simulation
output steps. The value used should be representative of the
inputs in the model and the desired quality of the output. In
other words, this value should be sufficient enough to capture
data when the simulating models with high velocities or very
short simulation times.

The Rate parameter specifies the number of frames to be used
for each simulation second.

The Time and Rate values also affect 1) the number of frames
used to generate the playback animation and 2) the number of
points used to generate the plots in the meters. Decreasing
these numbers will increase the quality of both but may also
hinder simulation speed.

Animation Fra
Time: 5
" e
Rate: U’ /s

Integration Step

i Fixed Integration Step: 001 s
(@ Variable Steps per Frame: |2

Integrator
(" Euler (approximate, fast)

(e Kutta-Merson (accurate)

The Integration Step and Integrator settings are rarely adjusted
by the user. The variable integration step is preferred over the
fixed, especially for models with many DOF. Refer to the
program HELP for additional information on these settings.
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Exercise - Gripper

>
Simulation Objectives:
® Determine force requirements for actuator
® Determine clamping mechanical advantage
® Determine maximum stress in component
Main Features Covered:
® Constraints
® Actuator Input
® Gravity
® Unit Settings
® Applied Forces
® Meters and Meter Customization
® Running Simulations
® Motion
® Motion + FEA
Extra Features: __ _
] Actuator Force vs. Displacement b oo il
¢ Stop Control EiS s Domcsnsaing
® Dimensions - =
® Annotations il \
® Constraint Navigator 0 N
® Keyframed Animation - \
® Export Video Animation ., T

‘ » 110 [
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Introduction

>

This tutorial is designed to introduce you to some of the basic capabilities of
Simulate for Geomagic Design and help you get acquainted with how to
prepare, run, and explore a basic motion and finite element analysis.
Although not mandatory, it is highly recommended that you review the section
titted FEA Modeling Basics.

You will start the tutorial by opening a Simulate model of a Gripper
mechanism, which is based on the principals of a four-bar linkage. You will
then define the necessary kinematic constraints, and actuator input and
external forces. Finally, you will analyze the model for kinematic and
structural characteristics.

@
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Mechanism Background

>

Whether the Gripper is to be powered hydraulically or pneumatically is
irrelevant to the simulation. In either case, there will be an average amount
of input force required by the actuator to achieve a specified clamping force.
With Simulate for Geomagic Design you will be able to use a reverse-
engineering approach by specifying the desired clamping force and then
having the simulation calculate the force input requirements at the actuator.

An important aspect of the Gripper is the mechanical advantage (or
disadvantage) it offers. Whether it is a mechanical advantage or
disadvantage will depend on the size and arrangement of the linkages. In the
case of a mechanical advantage, a small actuator input force will produce a
larger output clamping force. And in the case of a disadvantage, the opposite
will be true. With Simulate for Geomagic Design you will be able to easily
plot the output vs. input characteristics of the mechanism and determine the
overall mechanical advantage.

Finally, the strength of the mechanism is important in determining whether or
not mechanism components will fail (or deflect too much) while under
normal operating conditions. With Simulate for Geomagic Design you will use
the “Motion with FEA” feature to perform a simultaneous kinematic motion
and Finite Element Analysis on a critical component, being sure to cover all
ranges of possible load conditions and determining whether or not the
component will reach the point of yielding (onset of failure).

@
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Open the Simulate model

1. Start Simulate for Geomagic Design

2. Select File, Open and Browse and locate the file called “Simulate
for Geomagic Design Tutorial — Gripper.wm3”.

@
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Ground Bodies

When a body is not needed in the movement of the mechanism, it can be
grounded (anchored) to the background. This helps reduce model complexity
and increase performance in the solution process.

1. Hold down the Ctrl key and select the Body,Rear, Housing,
Body,Front and Port from the browser

2. Right-click on any of the highlighted bodies and choose Fixed

=T, Zoom to Selection

Show

Hide

Visibility 4

# Show Mesh

e OO s IOUOOOY e U o IOUR s IO e N e IOURNNY e OO e A

|
|
|
|
-6 Link Sei °& Include in FEA
|
t|
|

& Constraint Navigator

E-® constra i
v Properties
- @ COHST[E!...LHUUI
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Add Constraints

In the following steps (adding constraints), one constraint definition will be
outlined in detail so that you may gain familiarity with the procedure to create
a constraint. The remaining constraints can be added by using the diagram
provided on the next page.

Tip: When adding constraints, it may be helpful to hide/show parts as needed.
You may also change the translucency of parts.

1. Click on the coord icon é on the Edit toolbar

2. Hover the mouse over the circular edge inside the hole (Body, Rear and

Jaw, LH), as shown, until the cursor changes to a circle with crosshair
and then left-click the circular edge to create the coord

Coord symbol

3. Right-click on the coord and choose Create Constraint

0, Zoom to Selection
Show
Hide
Visibility 4

4@ Create Constraint... >
ody

Detach Coord from Body
Tracked by Camera
| Properties

@
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Add Constraints

1. Inthe Create Constraint d-box, make sure the “on” and “of” fields show
Body, Rear and Jaw, LH. The order does not matter. A new coord will
automatically be created coincident with the first coord and it will be

attached to second part of the pair.

2. Select Revolute from the constraint list

3. Select Create

reate Lonstrail

B Rigidlai - fram Ia new coord LI
<:® Revolute Joint > ﬂ‘
© Spherical Joint = =
“*Rigid Joint on Slot to |coord[182]on Jaw LH  ~ |
=*Revolute Joint on Slot — Base Coard
© Spherical Joint on Slot @,
@Spherical Joint on Curve
-@Rigid Joint on Plane Change Direction |
Revolute Joint on Plane
Spherical Joint on Plane @ Join Body, Rearin place (at coord[182] on Jaw, LH)

= Parallel Joint
== Linear Actuator

n

.  Don't mowve amything

£ Revolute Motor " Join

2 Belt (" Facetoface

ﬁSpur Gear

a4l Bevel Gear il
— Pnd

The constraint
should appear
as follows

@
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Add Constraints
>

The assembly is symmetrical. Therefore, only one side of the assembly
will be labeled with the necessary constraints. The constraint types used
on the other side are identical to the first. Constraints that have a
symmetrical counterpart are marked with an *.

When creating the constraints, choose locations that best represent the
physical connection center.

Piston / Shaft
(RIGID)

Shaft / Housing
(RIGID ON SLOT)

* Link Set, LH / Shaft
(REVOLUTE)

Created in previous step

* Body, Rear / Jaw, LH
(REVOLUTE)

* Body, Rear / Pin, Jaw LH
(RIGID)

* Link Set, LH / Jaw, LH
(REVOLUTE)

* Jaw, LH / Pin, Insert LH
(RIGID)

* Insert, LH / Pin, Insert LH
(RIGID)

@
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The Constraint Navigator

The Constraint Navigator allows the you to review and verify the connectivity
of all the components in the model.

1. Right-click anywhere in the graphics area and choose Constraint
Navigator

2. Click on the Piston Shaft. Notice that only the parts and constraints
connected to this part are displayed. Then click on the link, and so on...

Tip: Clicking once
in the background
of the graphics
area will display
the entire model

To close the Constraint Navigator, B Display..
right-click anywhere on the screen gg‘;;ﬂme
to bring up the settings flyout menu 5 Kinematic
and choose Constraint Navigator & Perspective
@Isome‘cnc
Copy Picture

+ Save Picture As...
Background Color...
B view Al

Select to close BN Constraint Navigato

@
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3.

Add an Actuator

In graphics window, click on the Shaft. In the Connections List, right-click
constraint[154] (Rigid Joint on Slot), and choose Properties in the flyout
menu. This will activate the Properties dialog box.

In the Properties d-box, select
the Constraint tab and locate
and select the Linear Actuator.
This will change the Rigid Joint
on Slot to an Actuator constraint

7y Properties of constraint[154] (Linear Actuator) 23]

'Appearance Constraint | FEA ] Limits | Configuration | Active | Act|r

% Belt
@Spur Gear
#Bevel Gear

—Rod

“wRone

pherical Joint on Plane =

21X

[ Pointto-point

Rotate Around

X Y  Z
(® Mo axes Al
Slide Along

[ X [ ¥ [v Z

Use the arrow buttons at the upper-right of the d-box to scroll the tabs and

select the Actuator tab and change the actuator type to

Length/Displacement

.Constraint] FEA ] Limits | Configuration | Activg

7y Properties of constraint[154] (Linear Actuator) 23]

Act

3 i@ Length/Displacement

[ Pointto-point 2

7

)

Slide Along
L AVETTy CX CY @Z
(" Acceleration
" Force |
Value | E e | MM
Close | | |
Back Forward

Table of Contents




Add an Actuator (Assign Input Function)

1. Click onthe Formula tab next to the Value field, to bring up the Function

Builder
i Properties of constraint[154] (Linear Actuator) 23] ﬂ&
.Constraint] FEA ] Limits | Configuration | Active Actuator | ar
Actuator Type [ Pointto-point
(@ Length [ Displacement Slide Along
(" Velocity ~ X ~ Y &z
(" Acceleration
Select to launch

(" Force )
| the Function

-’ Builder
Value | {

Close | | |

2. Inthe Function Builder, select the Insert Step Function button and when
the Step function builder appears, define the step parameters, as shown

A\ Edit Formula 9] =]
Graph Property Math Logic Function

1 f"’\l T 7 E = mm No preview available.
N

-

1 /\ Edit Function
Graph

Function type: |Step ﬂ

Function Data

Initial value:

Initial time:

oK Final value:
— Final time:

—

Create Table.. Time (5)
’k aK Cancel ‘ Help ‘
4

3. Select OK , select OK again, and then select Close to exit the actuator
Properties

Value {mm)

@
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Add a Meter (Actuator displacement)

1. Inthe Object Browser, click on constraint[154] (the actuator constraint),
click on Insert, Meter, Constraint Displacement. A meter will be added
below the graphics window.

7 File Edit MiE\‘ Insert warlg Object Tools Window Help
FEEIEELD FEERNNEEEET )
& Jaw, RH
- Link Set, LH
= Link Set, RH - ,
5O Pinlnsert 4| o 2 Tl
-6 Pin, Insert RH A 2 \
B9 Pin, Jaw LH -
.. Pin, Jaw R ete Time
& Port = ntrol * Pposition
F- @ constraint[162] ET@ble... Velocity
W © constraint164] & Link to Excel Spreadsheet... AT
F- @ constraint[168] Body *|  Linear Momentum
B~ ® constraint[170] Connecting Body Orientation
@ @ constraint[172] Ground Plane Angular Velocity
®- @ constraint[174] | & Coord Angular Acceleration
@ B constraint[156] |=* Force Constraint Tension
@ B constraint[158] | ¢ Torgue
B B constraint[160] = Structural Load Constraint Displacement 3
#- B constraint[166] | Restraint onstraint Force...
- ®_copstraint[176] Mesh Control Constraint Torgue...
1 <1 - B constraint[178] ‘J Contact Force
gy constraint[154] Contact Impulse
N Friction Force
ta |§E = I& Iﬁ | Clogest Distance
- - Interference
éol_rlmec_tlons to constraint[154] ‘ FEA Result
ousing
e g e g .
) xjor) M:Tfm e ey e =502 Note: You can click on the
! Inputs and Outputs tab
o located at the bottom of the
o Object Browser to see the
04 new meter feature listed

ME(EY N

I
_Connections 1,5t and Dutputsl_
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Define a Stop Control & Run a Simulation

Select the Simulation Settings icon

v

In the Simulation Settings window, define a Run Control to Stop

when time>2, as shown, then select Apply then Close

/N SimWise Settings

_= |

2]

=8 Simulation Settings Simulation Settings
Tolerance -
Itegration Run Control Run Mode
FEA (" _Keep running I @ Runwith motion only
Grewity 1 (Do FEA on-demand)
Warmings o
] Display Sefings = n b Auto-cfc:mpute FEAat
Grid C_Lgop when every frame
Clipping 2 ‘nme>2 b
Vectors
MNumbers [ On playback skip every Wl ¢ Animate clipping planes
Urits 1 frames at current frame
[ FEA Display
[+ Preferences Frame Update Govemar
® Without delay C At 100 % reaktime
@ﬂ Close ‘ Help

Tip: For ease
of viewing, you
can right-click
the Body, Front
part and
choose Hide

To run the simulation, select the Run button located on the Player
Control Panel. Once complete, use the controls on the Player panel to

replay the animation

00 01

02 03
o~
CEIETE “I[)r

Run

ﬁ Displacement of constraint[154]

To advance the simulation playback, you can
either 1) click, hold & drag the slider button or
2) click on the Play button

or
0| (3w ol —

=8 Hen T

X (mm}) v (mm)

z (mm) 101 (mm) vs. time (s)

o
2

Your meter should
appear as follows 0

20

This plot should
be identical to
the input
function applied
to the actuator

00 0102 0304 0506 07 0809 10 1.1 1.2 13 14 15 16 1.7 18 1.9 20 21

@
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Change Gravity and Unit Settings

1. Select the Simulation Settings icon %

2. Select Gravity from the settings list and select the —X direction option.
Leave the Settings d-box open.

/A SimWise Settings = ﬂﬂ

[=- Simulation Settings
- Tolerance

Note: The cyan
- Integration Gravity Direction and Magnitude

i 2 colored arrow
1 @ » L on the

-y Y

[v' Gravity on

£ Display Sstings - . Orientation
- Ghd = .
----Clrl‘pplng Indicator
BN = 88163 mm/s"2 represents the
Mumbers . .
~Units direction of
B FEA Display .
- Preferences g raV|ty
*

@ﬂ Close Help

3. Select the Units option from the settings list, select the drop down
menu next to Force and select N (Newtons) for the force unit. Close
the d-box when finished.

#\ SimWise Settings = 7| x|
H- Simuletion Settings .
Unit System:
Tolerance nitsystem ‘Custom ﬂ
Integration
H-FEA Distance |mm b Pressure |Pa -
- Grawity
-\arnings Mass |g - Energy |erg -
= Display Settings §
G Time |s - Power |-none - A
rid
- Clipping Rotation m Frequency [-none- |
Gl Temperature |K - Velocity |-none - -
" Forn(N ’v Rot Vel. |-none - b
- Preferences 2

[v Automatically determine units when entering formulas

@ﬂ Close | Help ‘

@
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Add a Force

In preparation for this step, select the maximize button at the top-right of
the graphics window. This will enlarge the window over the meter and
make viewing easier when working on the model. Then right-select one
of the inserts and choose Hide

On the Sketch Toolbar, select the Force icon =

Click near the center of the Insert part, as shown, to place the force

Right-select the force graphic on the Insert and choose Properties.
When the Properties d-box opens, select the Structural Load tab, select
Face Normal and define the force value as -1500. Close the d-box.

v x Properties of constraint[181] (Structural Load)a = |15tr... ﬂ&

Appearance } Acti Structural Load 2

0, Zoom to Selection Type = Frame
Show ((:
Hide ,7 N ¢
Visibility 3

N "
Coordinates
normal (" Canesian
A ==t

Close | |

Join
Split
Swap Coords

Distribute on Eace...

& Con 'I.“ R
1 @Poperties

Hide the displayed insert. Right-click on the other Insert part name in
the Object Browser and choose Show.

Repeat steps 2 through 4. Then, show the other hidden Insert, as
described in Step 5
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1.

2.

Add a Meter (Actuator input force)

7 Eile  Edit gia@Wang Object Tools Window Help

He AL BF2DE

DEH XDa nstraint..
B Gripper-Assembly b ub—assembl;,r...
" A Qurve from File...
Bl SE Piston Sub Assy| ~ [\
--{2% Body, Front -
=@ Body, Rear Argotation '
=& Housing
[l Insert, LH
& Insert, RH
-5 Jaw, LH
58 Jaw, RH IE Table...
i 69 Link Set, LH =] Link to Excel Spreadsheet...
=B Link Set, RH Body >
- Pin, Insert LH Connecting Body
@69 Pin, Insert RH Ground Plane

Pin, Jaw LH
-~ Pin, Jaw RH

1 (G~ EEEEED

Mo mnstraint[lﬁg n

< Coord
=» Force

Torgue
ructural Load
estraint

- @ constraint[164]

Mesh Control

Time

Position

Velocity
Acceleration

Linear Momentum
Orientation

Angular Velocity
Angular Acceleration

Constraint Tension
Constraint Length

- d L/ UIdCE
Constraint Forc
Constrain

- @ constraint[170]
@ constraintl1721

oo [ [ ]

]
+- & constraint[168]
2}
H

[ i |~ ¥ ]

Connections to constraint[154]

@Housing

Contact Force
Contact Impulse
Friction Force
Closest Distance
Interference

FEA Result

In the Object Browser, click on constraint[154] (the actuator constraint),
click on Insert, Meter, Constraint Force.

When the Measure Force on options d-box appears, select Shaft and then

World. Select OKk.

Measure Constraint Force/Torque

Measure constraint[154] Force on

R =

sing
1 < ® Shatt >
N,

Expressed in:

 Housing

" Shatft

(" coord[42] on Housing
[ 40] on Shaft
2 @ WWorld

e

o]

Cancel |

@
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Run the Simulation &
Modify the Meter Display

Run the Simulation

When the simulation is complete, double-click either meter to activate the

Properties d-box.

Select the Formulas tab and uncheck the Show buttons for y1, y2 and

y3. Select Close.

4% Properties of output[187] "constraint[154] Force @ |aft.. ﬂ&

.Appearance] Meter Formulas .|Axes |

Formula

4.

constraint[154] Force on Shaft in World

|express[-c0nstraint[154].f0rce.4D.D].x

|en-(press(-ccnnstraint[154].1‘(:|rce.4[!.[!].'_\.r

|express[-c0nstraint[154].f0rce.4D.D].z

|1g(express(constraint[‘l 54] force,40.0)) J

Uncheck Label Show
X [
y2 [Fy I—
y3 |Fz r
y4 [IFI 2
X |time |time

=

Close | | |

Repeat steps 2 and 3 for the other meter

Vertical tracer indicates the
current time the animation
playback slider is positioned at

[= |[@ |[ &2 | | %) Displacement of constraint[154] \ [ @ =]
|Fl (W) vs. time (s) ID| {(mm) vs. time (s) \
70
15000
60
14500 50
40
14000 '
30 i
13500 20 |
10 3
13000 !
0
00 02 04 06 08 10 12 14 16 18 20 22 0.0 02 04 0.6 08 1.0 12 14 16 18 20 22

Your meters should now appear as follows:

@
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Modify the Meter Display (continued...)

>
1. Right-select the force meter and choose Digital
constraint[154] Force on Shaft in World EI@
|F| (M} vs. time (s)
15000
14500
Delete
14000 y Data
py Bicture
13500 & fSave Picture As..
Background Color...
13000 Properties
Display Properties...
00 01 02 03 04 05 06 07 08 09 10 11 12 13 1. 3 1w 7 o 3 ozu 21
Your meter will display in digital
format. %] constra#at[154] Force on Shaft in World
. ) IF| 1.52e+4
Depending on where the vertical tracer
was positioned on your meter before
transitioning to the digital readout, the
value displayed may be different from
what is shown here
2. Right-select the force meter again and choose Show Min/Max
@ constraint[154] Force on Shaft in World
IFI 152e+4 N @constraint[lsz‘l] Force on Shaft in World
i7s Digital é Yalue hin b e
Slnel IFl 13de+4 M 1.28e+4 153e+4
Hide
¥ DNalata Nealata
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Actuator Force Requirements and
Mechanical Advantage

>

Your digital meter should read a maximum force of 1.53e+4N (15,300 N).
This is the amount of actuator input force necessary to achieve a total
clamping force of 3,000N (1,500N x 2). Note also there is a minimum input
force requirement of 1.28e+4N (12,800 N).

The maximum mechanical advantage of the mechanism is therefore:

Output / Input
or
3,000 N/ 15,300N = .2

It is important to note that because the value is less than 1.0, there is actually
a mechanical disadvantage. There is more force required by the actuator
than there is being produced at the output of the jaws.

We also recognize that the relationship between the input and output is not
entirely linear. It varies depending on the position of the piston. We can see
this by using the minimum force input (1.28e4N) to calculate a mechanical
disadvantage value of approximately 0.23.

@
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Add a Dimension

1. In preparation for this step, select the maximize button at the top-right of
the graphics window to enlarge the window over the meters.

2. Drag the simulation playback slider enough so the jaws are opened

3. Select the Distance Dimension icon on the Annotation toolbar

b~ ¢

4. Click near the tip of one of the Inserts then click on the tip of the other.
A dimension will be added.

Note: The value of your
dimension may be
different than that shown
here, as it will depend
on the how far you
opened the jaws with
the Playback slider.

This is ok.

24Tmm

Click
here

Click
here

5. Drag the Playback slider back and forth and note the changing
dimension value

€«
MEOEH
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3.

Add A Custom Annotation

Select the Annotation icon on the Annotation toolbar

IoTT:

Click anywhere on the Piston Shaft, release the mouse button then drag
the mouse anywhere to the left and click again. An annotation callout will
be created and the Insert Annotation d-box will appear.

2
Note
Tt
¥ FicTet _ Font. |
Taxt [
Fammula | U
Lot Justiby " Conbor o Bight Disslity
Markers
[/ S gercre tnewidh o
[ Show elipsa s ’TH_
Amowlength [31

Click on the Formula tab next to the Formula field, to bring up the

Function Builder

Insert Annotation
- Text

[w Fix Text Font
Text IND|E!
Formula I ‘D _I ’
" Left Justify ¢ Center @ Right Justi
—Marker
v Show arrow Ui esiain IE—
[v Show ellipse
Arrowewidth (18
Arrow length |30

oot |
— 1
— the Function
[

@

Back

Forward

Select to launch

Builder
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1.

2.

Add A Custom Annotation (continued...)

Select the Property menu and choose constraint[ ].force from the drop
down. The syntax constraint[ ].force.x will automatically be placed into the

formula field.

s/ time

body[].mass
bodyll.p

bodyl[lv

body[l.a

bodyll.r

body[lw

bodyl].alf
L

a3 Jorce

constraint[].torque
q input[]
output[]

g’\Edi armuyls
Grd 1‘ ath Logic Function

% =

L8 sl

Mo preview available.

Help

3

Modify the formula to read: abs(3000/constraint[154].force.z)N . Select

OK.

Note: the value J\ Edit Formula

3000 represents

Graph Property Math Logic Function

Note: The defaultis “force.x”. The
actuator's coord (orientation basis)
has its z axis aligned with the global x

the total force
(1500N x 2) we

PO A VI .

B x direction. We are interested in using

applied to the
Inserts

—
abs(3000/ constraint[154] force.z)

the actuator's force along its own
axis. Therefore, we need to use
“force.z” instead.

Back in the Property d-box for the annotation, enter the following text into
the Text field: Mechanical Advantage (%1) . Select OK. The custom
callout should now appear in the graphics window.

Note: %1 is the variable
syntax for the formula we
entered and will allow the
value of the formula to be
displayed with the text note

@

Back

Text

[v Fix Text

Fant...

Te@MPrhanical Advantage (%]

Farmula |abs(3UUIJ,-"constraint[154].force.z)N
(" Left Justify (" Center (@ Right Justify
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Run the Simulation

1. Run the Simulation

Mechanical Advantage (0.197)

Dimension and custom
annotation values will be
updated in real simulation
time.

Notice how the clamp ratio
changes, thus demonstrating
how the input / output
relationship is not constant
but instead depends on
piston position

Click on image to
see animation
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Prepare a Stress Analysis (overview)

A brief discussion on using motion loads in an FE analysis:

Simulate for Geomagic Design knows when a constraint is defined between two bodies.
However, it does not necessarily know which faces are held together by the constraint in
the physical World. Its treatment of bodies in the motion simulation is analogous to using a
free body diagram to solve problems in static and dynamics, where only a schematic
representation of the model is used for analysis. This approach is primarily concerned with
the location of User-applied loads, constraint location, and the center of mass location - a
skeleton representation of the model if you will. It does not recognize actual geometric
features.

Once a body is set to be included in a combined Motion+FEA study,Simulate which is fully
dependent on actual geometric part features. In this case, the User will see small (green)
graphic arrows appear on the body, near the location of the constraint or possibly even
somewhere else unexpected on the body, initially. These graphics represent the resulting
motion constraint forces that will be applied to the body for the FE analysis.

In some instances, the placement of the force graphics on the part is determined
automatically (initially). As a result, a force from a constraint may inadvertently get applied
to a face that is not associated with its true physical connection. Therefore, prior to running
an FEA using motion loads, the User must be sure the constraint loads are assigned to the
proper faces. For example, if there is a Revolute constraint used to represent a pinned
connection between two parts, the force graphics must be applied to the face of the hole
and the face of the pin for accurate FEA load distribution (see images below).

In the next section, we will show how to assign the motion forces to the proper faces of a
part for accurate load distribution in FEA.

CORRECT: INCORRECT:
Force graphics applied One force graphics set applied
to both the hole face to hole face and another to
and pin face side face of link
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Prepare a Stress Analysis

1. Right-select the Jaw, LH and choose Include in FEA.

%% Penetrate
E Penetrates All

1 Fixed

2. Inthe Object Browser, click the + sign next to Jaw, LH. Then hold
down the Ctrl key, select the Jaw,LH part name and the names of the
three constraints underneath it. Right-click and choose Visibility, Hide

All Others

=% N constraint[174]
"W constraintl 2o

3, Zoom to Selection

4 coord[106] on Show
oord[122] on s
coord[126] b Translucent
4 coord[132] o)
w6 Jaw, RH ® Include in FEA —
& 69 Link Set, LH & Show Mesh el 'Dd'ies
-3 Link Set, RH A Collide e !
- Pin, Insert LH Jn Penetrate ?P:%ewﬁ:choocl:lftsraints
©- PinInsertRH = Penctrates Al Hide All Constraints
£ Pin, Jaw LH 4 Eixed I =
Note: If the force graphics appear on faces Only the Jaw part and the three

differently from that shown in the image, simply
proceeded with the upcoming steps but ALSO view
the supplemental vide on this topic

constraints (with force graphics)
should be showing

« » 134 S
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Prepare a Stress Analysis (assign load faces)
>

One of the constraints will not have its load-bearing faces assigned correctly. Rather than being
applied to the hole face in each ear, only one face has its loads assigned. If your force icons appear
on different faces that that shown below, simply review the next two steps but ALSO view this video

This hole must also be

assigned constraint loads Tip: Change the

translucency on the part
for easier viewing:
Right-select part,
choose Visibility, then
choose Translucent

1. Right-click on the constraint force graphics for the Rigid constraint that
connects the Jaw to the Insert (constraint [166]) and choose Distribute on
face

3, Zoom to Selection
Show

Hide
Visibility
’i Join
# Split
%2 Swap Coords
& Constraint Navigator !
ol Properties

2. Hold down the Ctrl key, select the inside face of the hole on the other ear
and release the mouse button

' J Tip: Holding
; down the Ctrl key
‘ ‘\ will allow for the
—_— . . selection of
“ N multiple faces for

L the load

Both hole faces should now
contain force graphics

135 B=t
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Prepare a Stress Analysis (create mesh)

Double-click the Jaw, LH to open the body Properties then select the
FEA tab

Leave the Default mesh size at 29.2mm, select Refine based on
element quality, select Show mesh and then select the Mesh button

4\ Properties of body[28] "Jaw, LH" m | ?[X
Appearancel Pos |Ve| |Materia|| Geometry FEA |

[+ Include in FEA how mesh
—Mesh

Default Mesh Size:l 292 mm @ 5
S
Mesh Factor: I 1 Delete |

[~ Maxmesh angle: I 45 deg

v Force all features to mesh MNodes
lheﬁne based on element quality Elements
A 4
Close | Apply | Help |

Note: We used the “Refine based on element quality” option because there are small
features on the part that can potentially create what are referred to as “sliver” elements.
Initial refinement helps obtain a moderately accurate mesh for the initial run. H-adaptive
meshing will be used later-on to refine the mesh further for greater accuracy.

Tip: To re-display only
the bodies and force
graphics, open the
Object List, click, hold
and drag the mouse
across all part names
(multi-select) and choose
Show.

The model should
now appear as
follows
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Run Motion+FEA Simulation

1. Rewind the simulation to the beginning

wH(e) ] [=] T

2. Select the small arrow next to the Run button on the Player Control
Panel and choose the Motion with FEA option

( Motion with FEA
z Anlmate Clipping Planes

—> |l

The run button will
now appear as follows

3. Select the Run button to begin the combined Motion+FEA simulation

With each simulation step, Simulate calculates all the motion loads acting on the Jaw and
then calculates the stress and deflection resulting from the loads. Once the simulation is
complete, we will then generate a meter that will display Stress vs. Time Step and allow us
to determine which model position results in the maximum stress in the Jaw. Once that
point is identified, we can then perform an h-adaptive analysis which will help us refine the
mesh and obtain a more accurate solution for our stress and deflection calculations.

‘ » 137

Back Forward Table of Contents



Refine Mesh with H-adaptivity

>
1. Selectthe Jaw and choose Insert, Meter, FEA Result. A meter will
display the Von Mises stress vs. simulation time
% FEA Result of Jaw, LH =8 EcR =

Max von Mises Stress (Pa) vs. time (s)

24520000

Note: The maximum
stress occurs near
the beginning of the

24510000

simulation when the 24500000
jaws are in their
closed position. 20T

However, there will
not actually be any
loads on the jaws
until the spread

24480000

24470000

distance between oo
the inserts is
approximately 105m 24450000

(approximately .58

24440000
SeC) 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

Note: The noise (spikes) in the data is the result of a mesh that is
inadequate for the geometry at-hand. Regenerating this curve after H-
adaptive mesh refinement will produce smoother, more accurate results

2. Drag the Playback slider until the distance dimension between the inserts
reads approximately 105mm.

3. Select the Simulation Settings icon 5‘5 to open the Simulation
Settings d-box,.

Tip: You can also right-click in the background of
the graphics window and choose Display to access
the Simulation Settings

@
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Refine Mesh with H-adaptivity (cont...)

1. Click on the “+” sign next to FEA and select Accuracy. Click on Use H-

adaptivity, change Max iterations to 3 and set the default Target

Error to 5%. Select Close.

#\ SimWise Settings = 7/X

..... Grawity
----- Warnings

----- Clipping
----- wectors

[ FE& Display
[+ Preferences

=1 Display Setings

EI..Sim_Llj_Ialtion Seftings 5 =1 Adaptivity
::Intoezr':igi se H-adaptivity 3 (notinvoked by green run button) /)
=-3es Max iteration Target error:

[ Stop when the %nodes in error is less than: 10 =%
[ Stop when the change in error is less than: 0.1
[ Ignore stress values above the 90 percentil

Result Verification
[v Testresultvalidity

[~ Testmesh quality: Maximum error: 10 %
[~ Testdesign intent Min Factor of Safety: 1
5

s ||

2. Click on the Solve H-adaptive FEA button

3. The following message will appear. Select OK

SimWise

H-Adaptivity will refine vour meshes to achieve desired accuracy.
& l % Ifamesh changes. all previous FEA results associated with that mesh will be deleted.

=

[ Do not show this message again (can be reset in Preferences).

Cancel

@
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Maximum Stress Results

After two iterations, the H-adaptivity Goal window should appear showing that convergence
was achieved after only two iterations. In addition the convergence criteria was exceed.

H-Adaptivity Goal Obtained Bl

,:ﬂ] H-Adaptivity of the finite element mesh reduced the error below the target
S errorwithin the maximum number of terations.

Analysis Results H-Adaptivity Seftings

| Do not show this message again (can be reset in Preferences).

Murnber of nodes: 62219 [v Use H-adaptivity
{1138 % increase)

Total iterations: 2 hax iterations: |3
Maximum error; 435 % Target error: |5.00 %

‘ Close | Help |

The newly-refined mesh should
appear as follows. Notice the
refinements near and around the
smaller features where initial mesh
elements contained greater error

3R
, oA
than other elements b, 7\ RO N ik
i ROt
s
AR
M. Value = 2.656+7 Pa i S,
patiEs

24

von Mises

224 ex7
208 e+7
192 e+7

D ATARa i fa(
176 6+7 iy =
16 et e ?ﬁg,’;'fﬂé

ety

DXL
7

1% LA

e+h N A

e+ i SR
RS

et

Stress [ Pa)

sosv=TEMS
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Create a Keyframed Animation

1. Zoom out from the Model such that the model takes up approximately Y
of the screen.

2. Change the simulation run type from Motion with FEA back to Motion

otion
It Motion with FEA
I Animate FEA
b Animate Clipping Planes

3. Reset the simulation k4

4. Click on World, Erase FEA history

5. Inthe Object List, double-click the Actuator constraint to open the
Actuator Properties.

6. Click on the Configuration tab and enter Omm for the z direction then
select Close

X Properties of constraint[154] (Linear Actuator) 23] ﬂﬂ Note: The reason fOf thIS

.Appearancel Constraiml FEA ] Limits Configuration |Actuator.| PR L Step is because after we
Current configuration SOIVed f0r the H—adaptive
. meshing, this open jaw
Rotation 0 deg L. ’
position became the new

[ Pointto-point constraint starting configuration for the
model. Running the
simulation again would
invalidate the input function
used for the Actuator (no

Close | || longer starts at Omm)

X 0 mm
Y. T mm
AR

7. Select the Cameratab 'ﬁ located on the bottom of the Object
Browser, to view the Cameras List

@
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Create a Keyframed Animation (cont...)

In the Camera List, right-select the @ [ Type Iftfm
bt Show

default camera and choose
Properties L Hide

Visibili 4
E=

Delete

J

In the Properties List, check the box Properties
next to Keyframe. This will activate

the Keyframed tab in the camera f__‘PPEﬂfWE
. . dmera
Properties dialog box T eyfram
Hos

In the Properties dialog for the camera, check the box next to

Keyframed
J Properties of camera[10006] "Camera” £ ﬂ&

A earance] Camera] Pos  Keyframe |
@yﬁamed [ Select Frame: Time:
29 058

Create positionfrotation atframe:

Record this frame: Delete:

-

Close | Help

Note: If the model is not already in Perspective view mode a message will
appear indicating you need to switch to perspective view. If this message

does appear, prompting you to switch view mode, select Yes.

@
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Create a Keyframed Animation (cont...)

>

1. The Record button will turn red. If it doesn’t, select the Delete X+ button
first. Then, rewind the simulation to the beginning and select the
Record button

e Properties of camera[10006] "Camera” = ﬂﬂ

'Appearance] Camera] Pos Keyframe |

[v Keyframed [ Show path Select Frame: Time:
I |0 0

Create positionfrotation atframe:

$ & &
Recopgatsframe: Delgiae 1
2
[ AutoTEcord keyframes

Close | ‘ Help ‘

2. Inthe Frame value field, enter 50 and select Apply, use the Pan,
Zoom and Rotate buttons to position and orient the model to any new
view representation and then select the Record button again

A Properties of camera[10006] "Camera” = ﬂ&
Note: With keyframing, you .Appearance] Cameral Pos Keyframe |

Erirgdse??/s:illﬁglget‘%vgtwggnthe [v Keyframed | Show path SelectFrame:l Time:
keyframed points, to 0 200 R !
transition between the 00 Creste-pasitad/rotation atframe:
different view orientations g @ 3
/positions you specify. The oo

greater the difference -1500 ° Record this frame: Delete:
between keyframes, the @ 4 »
longer it will take for the g i

model to transition to the [ Auto record keyrames

. . - =
new view representatlon
Close Help
2

143
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Create a Keyframed Animation (cont...)

1. Repeat the previous step — In the Frame value field, enter 80 and

select Apply, use the Pan, Zoom and Rotate buttons to position and
orient the model to any new view representation and then select the
Record button again

Note: Your
keyframed data
chart may be
different from
that shown
here. It will
depend on how
you choose to
manipulate your
views for the
keyframing.

2. Repeat the previous step - In the Frame value field, enter 100 and

7y Properties of camera[10006] "Camera”

'Appearancel Camera] Pos

[v Keyframed

[ Show path

0

200

-500

-1000

100

-1500

L]

00 02 04 08 08 10

Keyframe |

Select Frame: 1 Time:

a 16

CreatI‘ LSi I nirotation atframe:

Record this frame: Delete:

4 R

[ Auto record keyframes

Close

R KBS

‘ 2 ﬂ Help |
N\ A
2

select Apply, use the Pan, Zoom and Rotate buttons to position and
orient the model to any new view representation and then select the
Record button again

7y Properties of camera[10006] "Camera”

'Appearancel Camera] Pos

|v Keyframed

[ Show path

0

200

-500

-1000

100

-1500

L]

00020408081.0121.418

Keyframe |

Select Frame: 1 Time:

a Ib 2

Create iosiﬂon,‘rotaﬂon atframe:

Record this frame: Delete:

@4 Pal

[ Auto record keyframes

= [ ? (]

Close | ( w‘ Help |
h
2

@
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Export Video Animation

Use the Playback slider to review the saved keyframed animation

Click on the Render Settings button located on the Render toolbar
87 vE-~

In the Rendering d-box, click on the Preview Window button to preview
the size of the animation area that will be saved to video. The default
(256 x 256) will most likely be too small. Use a size that best fits your
model view area. Simply close the preview window, type in a new Width
and Height and click on Preview again. Do this until you have an
acceptable view size and then select Export Video.

Photorealistic Rendering @

Image Dimensions Image Output

“idth: (1000 Height: {400 (in pixals)
o
Fixel Aspect Ratio (heightfwidth]: 1

Fendering Options Foreground Effects Save Image File..

[¢ Shadows {none) o
[+ Reflections Exportvideo...
[ Hidden line Q

Close ‘ ‘

End of Exercise
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FEA Modeling Basics

A background guide to performing a stress
analysis with Simulate for Geomagic Design

@
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Introduction

>

Design Simulation Technologies, Inc. will not be held liable for any loss or damages incurred in connection with the
use and/or implementation of the material contained in this document.

Simulate for Geomagic Design solves problems in linear Finite Element Analysis (FEA), in
which the following assumptions are made:

« The relationship to stress over strain is linear and elastic

e The deformations are small enough such that they may be approximated as linear

e The magnitude, orientation and distribution of the loads does not change during
deformation

« Any strain-hardening of the material due to deformation can be neglected

The information presented in this document serves only as guidelines to choosing the best
FEA modeling approach using Simulate for Geomagic Design. The following sections
explain things such as the basic operating principals behind Simulate for Geomagic
Design, how to build and refine a mesh, and also where and when the various FEA
features found in Simulate become applicable.

It is assumed the user already has a basic understanding of mechanics of materials,
principals of stress, strain and the various failure modes. If necessary, there is a wide array
of material available on the market that goes into more depth on these subjects.

With any FEA program, accurate results require the geometry, material properties,
boundary conditions and mesh be as close as possible to the physical conditions. The
mesh process can arguably be considered as the most important of the four criteria and
therefore is where the majority of the FEA setup work is typically required.

@
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Geometry & Restraints

Geometry:

Unlike kinematic motion simulation where small geometric features such as fillets , rounds
and sharp edges do not affect the results of the simulation, the opposite is true when it
comes to structural analysis. Certain geometric features can introduce large and
undesirable stress concentrations and others can alleviate them. Doing a first-pass
analysis on a design without all final design features is acceptable. However, it may
become necessary to include such features in subsequent runs if the first pass run shows
high stresses in areas where the geometry was left out.

Assemblies can distribute loads entirely different from how one might manually apply loads
to a single part. Load values and load directions are often overlooked. Bending moments
are often introduced but overlooked in single part analysis. Modeling a problem as a single
part or an assembly could have a great impact on the ability to achieve good results and
one must be sure of the assumptions used to justify either approach.

Restraints:

Restraints can be applied to vertices, edges and faces. Care should be taken when
applying restraints to the model in that the restraint type and location should be
representative of the physical setup. The restraints should define the proper degrees of
freedom of the physical connection they represent. If you are modeling a single part that is
actually part of an assembly, be sure the interaction with the missing part is properly
represented with loads or restraints. Over restraining a part or assembly can actually
prohibit deformation and act to increase stress. See the section titled Splitting Faces for
Restraint Application for information on designating specific areas to apply restraints.

@
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Mesh Elements

Simulate for Geomagic Design uses 10-noded linear tetrahedral elements in the mesh
process. There are 4 vertex nodes and 6 mid side nodes, as shown below.

When Simulate for Geomagic Design solves the FEA, it uses the material properties
(Elastic Modulus, Poisson’s Ratio) to determine the nodal displacements and in turn, the
strains and stresses, at each node. Using the stresses for all nodes of an element, the
overall average stress in that element is calculated.

The quality of an element is defined by the aspect ratio. The aspect ratio is defined as the
ratio between the longest edge and the shortest normal dropped from a vertex to the
opposite face. An ideal mesh element will have an aspect ratio of 1. The larger the aspect
ratio, the more distorted an element is. The more distorted an element is, the greater the
stress differences between nodes and therefore the greater the overall stress error in the
element. The following image shows an ideal element compared to a less-desired ,
distorted element.

Aspect Ratio = 1 Aspect Ratio = >1

Ideal Distorted

Simulate for Geomagic Design has various tools for checking , improving and controlling
the mesh quality.

@
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Mesh Element Quality

>

Mesh element quality is affected by different things such as the size of the geometry, the
arrangement of the geometry and the transitioning between features. Simulate will do its
best to create a mesh. However, the resulting mesh may contain severally distorted
elements that do not conform well to the geometry being meshed, thus posing the potential
for large stress errors that affect overall results. This is where the User must determine
where the problematic areas are and which of the various meshing and mesh-checking
tools to use. The mesh must be refined to produce accurate and acceptable simulation
results.

A general rule of thumb in generating a good initial quality mesh is to use an element size
that is at least %2 of the thickness of the smallest geometric feature. This allows for at least
two elements to be used across this thickness, thus introducing a bend axis through the
thickness. If the overall size of the model is large compared to the thickness of the smallest
feature (long thin pipe, for example), using the ¥ rule may result in a very large number of
elements and the mesh will take longer to solve. The User should put forth their best
judgment in deciding whether or not it is necessary to mesh all areas with the smallest
determined mesh size. If it is not necessary, then mesh control can be used. See the
section titted Mesh Control.

The example below shows a part meshed using an element size of 50mm and one using
2.5mm. The thickness of the flat sections is 5mm. To capture any potential deflection
across the thin sections of the part, a good starting mesh size is 2.5mm. Itis easy to see
how the large element size does not conform well to the round surface. In addition, the flat
areas contain highly distorted elements (large aspect ratio).

Mesh Size = 50mm
Undesired initial quality

;\.
===

Smm

Mesh Size = 2.5mm

o Desired initial quality
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Mesh Control

Mesh Control is a feature that allows the User to specify the initial mesh size of a
geometric feature, regardless of the body’s default mesh size. It can be defined on features
such as vertices, edges and faces. From the starting feature on which the mesh control is
applied, the mesh size then gradually transitions (or grows) to a larger (or smaller)
element size until it meets up with the default mesh size. This allows small features and
problematic edges to be forced to start with a smaller element size than the size specified
for the overall part. This can help improve meshability, increase quality and make the
meshing and analysis more efficient because it does not have to focus on refining
elements in areas that are not significant to results.

The example below shows a bend where both the inside and outside radii had mesh

control applied. The default mesh size for the body is 2.5mm. The mesh control initial size
is 25% of the default mesh size (or .625). Notice the gradual size transition to the larger

mesh.

No mesh control Mesh control applied to
inside and outside bend radii

In general, if it is determined by the User that the stresses in some areas of a body are
insignificant in comparison to the rest of the model, then there may not be a need for any
mesh control or refined meshing in these areas.

Simulate for Geomagic Design has a feature called h-adaptivity which automatically refines
a mesh in specific areas flagged by User-defined accuracy criteria. You may read more
about this in the section titled H-Adaptivity Overview (automatic mesh refinement).
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Using Mesh Control

The following section explains the use of the mesh control properties d-box.

&% Properties of Mesh Control[23] (Mesh Control) @ ﬂ&
.Appearance Mesh Control l

se this mesh control when the mesh is generated

Mesh Size Scale Mesh

elative to the default mesh size: [ Show mesh

025 x 25 mm = 0.625 mm Mesh

@\bsolute mesh size:
125 mm Modes

Close | ‘ ‘

» Use this mesh control when the mesh is generated - activates or deactivates the
mesh control after it is defined

» Relative to the default mesh size — specify a value for the initial mesh control, relative
to the default mesh size

» Absolute mesh size — Alternative to specifying the mesh control size as a relative
value of the default mesh size. Uses the defined value as the starting size.

Even though a User might plan on using h-adaptive mesh refinement, mesh control
can still help get closer to a better quality mesh so that the refinement process is
faster and more efficient. H-adaptive refinement can override the mesh control size,
if it sees a need, to reduce stress errors further in those areas.
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FEA Properties (initial mesh)

In this section, we will cover some of the features of the FEA Properties d-box, which

control the initial default mesh. The remaining features not covered here will be covered in
the section titled FEA Properties (initial mesh refinement) .

4% Properties of body[2] "Component1” & 2| X|
.ffpearance] Pos ] Vel | Material | Geometry FEA | FEADic4 | ¥

Include in FEA
Mesh

how mesh

Default Mesh Size: @ mm
Mesh Factor: Delete

[+ Maxmesh angle: 45 deg

[+ Force all features to mesh 13795 Modes
6826 Elements
Close ‘ Help

Include in FEA - activates a part in the FEA (or deactivates it). You can also access
this feature by right-clicking on the part name in the browser or right-clicking on the

body itself in the graphics area.

Show Mesh — Display or hide the mesh for that body. This can also be done by right-

clicking on a body and toggling Show Mesh on or off.

Default Mesh Size — Initial mesh size recommended by Simulate for Geomagic
Design. This value is based on the overall length, width and height of the object.

Mesh factor — A number that is related to the Mesh Size. This number will adjust

automatically when the mesh size is changed, and vice-versa.
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FEA Properties (initial mesh refinement)

In this section, we will cover the remaining features of the FEA Properties d-box which
mainly address means of controlling the mesh quality.

4% Properties of body[2] "Component1” & 2| X|
.Appearance] Pos ] Vel | Material | Geometry FEA | FEADic4 | ¥
[v Include in FEA [ Show mesh
Mesh

Default Mesh Size: 35 mm
Mesh Factor: 0. Delete

e ax mesh angle: 45 deg

:

ﬁ orce all features to mesh 13795 MNodes
6826 Elements
Close ‘ Help

 Max Mesh Angle — Maximum internal angle of the element with respect to a line
dropped from a vertex to the opposite face. 45 degrees is ideal. Default is off.

Note: In many cases, deviation (from 45 degrees) is acceptable, as the stress in
certain meshed areas might be low to begin with. The elements themselves may
carry a large distortion but the resulting stress in those elements are not large
enough to overshadow the stress results from higher stress areas.

» Force all features to mesh — Force all geometric features in the model to mesh,
regardless of the Default Mesh Size. This may cause the mesh process to be slower
but will aid in the improvement of element quality in those feature areas. Default is on.

Note: By default, the mesh process may fail due to an inadequate mesh quality.
This may be due to complex geometry features or certain blended (transition)
areas between features. If an error occurs, and this option is unchecked, the User
must find the mesh size that allows the model to be completely meshed. There
are other methods that can be used in cases of a failing mesh. See Mesh Control
(explained) and H-Adaptivity Overview (automatic mesh refinement).

@
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FEA Accuracy Settings

>

The following d-box is used for setting various FEA results accuracy criteria. A few of the
settings will be discussed below. You may select the context-sensitive help button ¢ at

the top-right of the d-box and then click on any of the fields to display information about the

additional features not discussed here.

4% SimWise Settings

E Simulation Settings

ratity

[ FEA Display
- FPreferences

E‘"FE

= | @&
"4 H-Adapivity
[v Use H-adaptivi (notinvoked by green run b
Max iteration Targeterror: %
[ Stop when the %nodes in error is less than: 10 %

[ Stop when the change in error is less than: 0.1
[ Ignore stress values above the 90 percentile

Result Verification

[v' Testresultvalidity YT IR T 10 %

[ Testmesh quality: ] —
[~ Testdesign intent Min Factor of Safety: 28

7\
Bond Tolerance: v mm

Tl 7|

Use H-adaptivity — forces Simulate to use the H-adaptive mesh refinement process to

achieve the specified error criteria

Max iterations — Number of times the mesh will be refined to attempt to meet the

Target error criteria

Target error — percentage of overall model stress error allowed. Simulate will consider

a solution converged when it can refine the mesh to meet or exceed this criteria.
Bond Tolerance — General tolerance, not specifically related to H-adaptive analysis.

Any bodies included in the FEA analysis that have their faces/edges within this
tolerance will have their nodes bonded at the face or edge.

Note: Simulate does not model contact between bodies. Bodies that are to have

interaction (make contact) may have to be treated as bonded. If this is the case, the User
must be confident that modeling the interaction using bonding is not over constraining the

model or misrepresenting the structure. See Assembly Bonding for more information.

@
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H-Adaptivity Overview (automatic mesh refinement)

>

In FEA, the process of successively refining a mesh to achieve the best overall mesh that
captures the stress characteristics accurately is called convergence. When the mesh is
continually refined in areas of high stress such that successive runs begin yielding
negligible result differences, one can say the solution has converged within the desired
tolerance.

Faster and more efficient solutions in FEA can be achieved using the largest element size
possible while still retaining an accurate mesh. Simulate has a feature called H-adaptivity,
which uses an automatic mesh refinement procedure to selectively modify the element
size and mesh density in areas that experience high stress error. These errors are can be
caused by things such as distorted elements , elements that are too large, or elements
whose size does not properly fit the geometric feature being analyzed, such as a small
fillet.

Simulate allows the User to specify convergence criteria for the H-adaptive process.
These criteria can be things such as the percentage error across elements, the percentage
of nodes that are in error and the overall change in stress error between successive mesh
refinements. See FEA Accuracy Settings.

The following example shows a part that has had 2 levels of automatic refinement .You
can see how the mesh has been refined in selective areas. Mesh control can also be used
to produce similar results but requires more work in setting up the mesh. In addition, when
using mesh control, one does not easily know whether too much or too little control has
been applied without running each iteration separately.

WAV

H-adaptive refinement

@
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FEA Post Processing Tools

Simulate for Geomagic Design offers several additional tools for post processing FEA
results and gaining a better understanding of the analysis results: Several plot type
options give you the ability to investigate other components such as plane, shear and
principal stresses. In addition to strain there are also Factor of Safety plots and stress
error plots

There are visual tools too. Clipping allows you to cut a section plane through the part.
Isosurface allows you to isolate areas inside the part either above or below a defined
stress or displacement value. Surface probing allows you to hover the cursor over an
area and have a flag appear near the mouse that indicates the stress or displacement
value at that node location. And Show deformed allows you to show an exaggerated
scale of the deformation of the part

Deformed shape (scaled by
1,000) with original geometry Isosurface with mesh display
overlay
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Distributing Loads From Constraints

When there are constraints defined between bodies, the User must tell Simulate how and
where to distribute the loads resulting on these constraints. For example, a pin and hole
are connected using a revolute constraint. The User needs to specify that any loads for
the constraint should be distributed on both the outside face of the pin and inside face of
the hole. Another example is when two bodies are to be welded together. The User needs
to specify that the face areas where the weld occurs are to be bonded.

The FEA tab in the constraint Properties d-box has options for choosing how to distribute
the loads.

Z\ Properties of constraint[7] (Spherical Joint) = ﬂﬂ
' Appearance | Constraint FEA ‘Acuve| Friction |
FEA Treatment
(@ Distribute load over chosen faces.
(" Pointforce.
-~
(" Manual-bond chosen faces
" Auto-bond all faces within bond tolerance
Close | |

The following images show examples of when you might use the Distribute loads over
chosen faces option. Holding down the Ctrl key will allow for the selection of multiple faces
for the load.

Revolute joint examples:

Loads should be distributed on ID of hole and section of pin
surface in contact with the hole. It may be necessary to apply
a split face region on the pin shoulder so that the loads can
be defined as only contacting this mating region
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Distributing Loads From Constraints

A brief discussion on using motion loads in an FE analysis:

Simulate for Geomagic Design knows when a constraint is defined between two bodies.
However, it does not necessarily know which faces are held together by the constraint in
the physical World. Its treatment of bodies in the motion simulation is analogous to using a
free body diagram to solve problems in static and dynamics, where only a schematic
representation of the model is used for analysis. This approach is primarily concerned with
the location of User-applied loads, constraint location, and the center of mass location - a
skeleton representation of the model if you will. It does not recognize actual geometric
features.

Once a body is set to be included in a combined Motion+FEA study, Simulate bridges the
free body diagram approach of the motion simulation with a structural analysis, which is
fully dependent on actual geometric part features. In this case, the User will see small
(green) graphic arrows appear on the body, near the location of the constraint or possibly
even somewhere else unexpected on the body, initially. These graphics represent the
resulting motion constraint forces that will be applied to the body for the FE analysis.

In some instances, the placement of the force graphics on the part is determined
automatically (initially). As a result, a force from a constraint may inadvertently get applied
to a face that is not associated with its true physical connection. Therefore, prior to running
an FEA using motion loads, the User must be sure the constraint loads are assigned to the
proper faces. For example, if there is a Revolute constraint used to represent a pinned
connection between two parts, the force graphics must be applied to the face of the hole
and the face of the pin for accurate FEA load distribution (see images below).

In the next section, we will show how to assign the motion forces to the proper faces of a
part for accurate load distribution in FEA.

CORRECT: INCORRECT:

Force graphics applied One force graphics set applied
to both the hole face to hole face and another to
and pin face side face of link
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Assembly Bonding

Simulate for Geomagic Design does not model intermittent contact between bodies that
may occur during deformation. This is different from modeling collisions in a motion
analysis. Bodies that may undergo such interaction may have to be treated as bonded. If
this is the case, be sure you are confident that modeling the interaction using bonding is
not over constraining the model or misrepresenting the structure. Many times even though
physical parts might be allowed to separate and then make contact (assuming small
deformation theory), the contribution this has to overall model stress may be minimal. In
that case, whether they are bonded or not might not make a difference.

Criteria for bonding:
1. Applies only to those parts that have been included in the FEA.

2. The Bond Tolerance used by Simulate is the maximum separation that can
exist between two features and still allow them to be bonded at their adjacent
nodes. |If the separation is greater than this value, bonding will not take place.
This setting can be accessed under the FEA Properties

3. The bodies owning the feature(s) to be bonded must be joined in some way
with a constraint (rigid, spherical, revolute, etc.). The constraint location can be
anywhere on the bodies. As we discussed in the section on distributing loads,
depending on the type of constraint used there will be different options for the
bonding.

If there are no constraints already joining the bodies then the easiest and fastest way to
bond two bodies is to use a rigid joint. This is common when doing an FEA only and no
motion analysis. To rigidly join two bodies together, you have the option of either 1)
manually defining a rigid constraint between them or 2) using the “Rigidly join bodies”
option found when right-clicking on a sub assembly name or the main assembly name in
the browser.

Show

Hide

Visibility »
8% Include in FEA

Shaw Meches

-l Riaidly Join Bodies

nA

J| Properties
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Assembly Bonding (manual vs. automatic)

Bonding is defined either manually or automatically.

» Manual bonding is applied by selecting the FEA tab under the constraint
Properties and choosing Manual bond chosen faces. In this case, the user
selects which faces to bond. Remember that the features must be within the
bond tolerance in order to have their nodes joined.

» Auto bonding automatically bonds any faces between parts that are separated
by no more than the bond tolerance

e Properties of constraint[7] (Spherical Joint) 3] ﬂ&

.Appearance Constrain ‘Active.‘ Fricuon|

FEA Treatment

(& Distribute load over chosen faces:
(" Pointforce.
c

anual-bond chosen faces
uto-bond all faces within bond tolerance.

Close
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Troubleshooting Meshing g

If Simulate for Geomagic Design cannot mesh a body or bodies, it will typically produce a
message indicating there is a problem. When this happens, try using mesh control on
suspect features and/or use the various options within the mesh Properties d-box to try
different mesh sizes and refinement criteria.

SimWise 40

el

SimWise 4D

Unable to mesh body[9] (ACIS® Body).
Error code 3.
Edge elements intersect. The edge elements bounding

l'\

I' Unable to mesh body[22] (ACIS® Body).
*  Error code 5.
Boundary mesh not closed or is self-intersecting. This
error occurs only when meshing from a shell of triangle

a face are too large. Try a smaller element size.

o |

elements.

Overlapping geometry

Conical drill point (blind hole)

=5

SimWise 4D

=5

SimWise FEA

Unable to mesh body[2] (ACIS® Body).

Error code 1.

Mesh generator consistency check 2 failure. The

element size may be too large or the orientation of an edge
with respect to a face Is wrong.

I
! _ Unable to mesh body[1] "Part A"
Error code 22.
Assert error.

If no error is produced during meshing but the FE analysis fails with an error message, in
most cases it is due to an inadequate mesh quality. The following two errors can be
produced when running an FEA and are typical of a poor mesh or problematic area within
a mesh

@ Errar il Check of the simulation model failed. This model contains sliver elements. The analvsis can not he performed.

The solver encountered the error: Mass matrix error. Mo results are availakble.

@ Error 0
When these error messages appear, it is a good idea to look for problematic geometry
such as:

< surfaces that converge to a sharp point, such as a conical drill point
features that are significantly smaller than the rest of the model size

features that are not properly transitioned

If you are modeling an assembly, start removing bodies from the FE analysis one by one
until the problem part is isolated. Once the problem part is isolated, begin identifying the
problematic feature on the part.

Back
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Exercise - Bracket Assembly

Simulation Objectives:

® Determine maximum stress
® Determine maximum deflection

Features Covered:

® Material property assignment
® Restraints

® Applied loads

® Bonding

® Meshing

® Determining stresses

® Determining displacement (deflection)
® H-Adaptive mesh refinement
® Overlaying original geometry
® |sosurface Plotting

® Animating FEA Results

® Photorealistic Images

@

Back Forward

Table of Contents



Introduction
>

This tutorial is designed to introduce you to some of the basic capabilities of
Simulate for Geomagic Design as applied to a structural analysis and help
you get acquainted with how to prepare, run, and analyze the results of a
finite element analysis.

In this exercise, you will perform a basic stress and deflection analysis on an
assembly of parts.

@
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Open the Simulate file

1. Start Simulate for Geomagic Design

2. Select File, Open and Browse and locate the file called “Simulate
for Geomagic Design Tutorial — Bracket Assembly.wm3”.

Notes about units when opening non-Geomaygic files, such as ACIS
or Parasolid (these are NOT tutorial steps):

Establishes which units will Select this option to scale the geometry

be activated in the Simulate to the unit specified in the “Specify

unit settings (which units you Length Unit” setting. For example, if the

wish to see when creating CAD model was in meters, you can

dimensions, plotting scale to mm by first setting the Specify

displacements, etc.) Length Unit to mm and then selecting
this option

Scale to length unid

@
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Change Gravity and Unit Settings

>
1. Select the Simulation Settings icon %
2. Select Gravity from the settings list and select the —Z direction option.
Leave the Settings d-box open.
4\ SimWise Settings 3 21X
E‘"S_imu\ation Seftings [ Gravity on
B Note: The cyan
k Gravity Directi d Magnitud
E]lD.gS ravity Direction and Magnitude Colored arrow
L Grid O -X X
=...C|ri‘pping T On-the -
~Murnbers 2 Orientation
. Unit ® -Z .
[ FEA Dn:ssplay Indicator
[ Preferences o ™2 represents the
direction of
gravity
Z
JJ Close Help | )
"y

3. Select the Units option from the settings list, select the drop down menu
next to Distance and select mm. Close the d-box when finished.

7% SimWise Settings @ 2| X
- Simulstion Settings
Unit System:
B FEA 3 |Custom j
- Giranity
- Display Settings Distanc - Pressure |Pa =
- Ginid
- Clipping Mass |kg - Energy |-none- -
- MNurnbers
1 Time |s - Power |W -
[ Py Rotation |deg - Frequency |Hz -
- Preferences

Temperature |K - Velocity |-none - -
Force |N - Rot Vel. |-none - -

[v Automatically determine units when entering formulas

ﬂﬂ Close | | Help |
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Assign Material Properties

1. Right-select the Bracket (or double-click) and choose Properties

2. Inthe Properties window, select the Material tab and then select the
Change button.

4\ Properties of body[2] (ACIS® Body) ® 7] x|

.Appearance} Pos ]Ve\ Material |Geometry.| FEA | FEADis 4| *»

Maternal Properties
Copied from 'Steel - ANSI C1020' in the database
Mass 0439 .| kg

Volume 559e-6 m™3

Coeff. Restitution 05 J
Coeff. Friction 05 J

\ W 4

Close ‘ | Help |

3. Select the drop-down arrow next to the Material field and choose
Aluminum 2024-T3 as the material.

Material Properties of body[1] “Bracket-SimWise FEA Tu... | 7 [[usm|

Material: |

Temperature ’h K Editthe database.. T|p You may

Mass Density 2.77e6 kgimm™3 enter your Own
Elastic Modulus ’W Pa matenals US|ng

Foisson's Ratio 033 the “Ed|t the
VieldStess | 34548 Pa Database” option

Ultimate Tensile Stress ’W Pa and then SeleCting
SpecficHeat | 962e+5 Nmm/(kgK) the New Material
Thermal Conductivity ’7519 W (mm K) button
Thermal Coeff. of Expansian ]W rarm (i)

‘ oK Cancel

4. Repeat steps 1through 3 for the Post

@
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Add Hole Restraints

1. Double-click the Restraint icon on the toolbar ﬁl

2. Select the two holes as shown

Tip: Clicking an icon
once, such as the
restraint tool, will
allow that feature to
be used once, then
the cursor will revert
back to the arrow
tool. Touse a
feature multiple
times, double click its
icon. To exit the
mode, either select
the arrow tool or
right-click in the
graphics area an
choose Select

3. Inthe Object Browser, hold down the Ctrl key and select both restraints.
Then Right-click on either of the highlighted restraint names and choose

Properties
Ll constraint[12]
=l constraint [l

0, Zoom to Selection

Liz Tip: You can also
Hide double-click (or right-
Visibility ’

click) the restraint
® Join graphic in the
viewing area and
choose Properties

e Swap Coords

Distribute on Face...
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Add Hole Restraints

1. Inthe Properties D-box, select the Restraint tab and select the Face
Normal option under Coordinates. Leave the default value of Omm.
Select Close.

J Properties of constraint[3] (Restraint) and constt_® [ R.. 7| X|
Appearance Restraint
Restrain Frame Tip: A restraint may
r r v . also be given a pre-
Known Displacement & defined dl;p!acement
.| : value. This is useful
mm Coordinates ..
- Coros for determining loads
T artesian . .
¢ Cylindrical required to achieve a
normal @ (¢ Face nomal given deflection
Close | Help
The restraint icon on the hole
4 should now appear as follows
Coordinates Frame Description
Cartesian World Restrained in XYZ directions, aligned with respect to World origin
Body Restrained in XYZ directions, aligned with respect to Body origin
Coord * |Restrained in XYZ directions, aligned with respect to the coord
Cylindrical World Restrained in cylindrical coordinate directions (radial/tangential/longitudinal), aligned with respect to World origin
Body Restrained in cylindrical coordinate directions (radial/tangential/longitudinal), aligned with respect to Body origin
Coord * |Restrained in cylindrical coordinate directions (radial/tangential/longitudinal), aligned with respect to the coord
Face Normal N/A Restraint normal (perpendicular) to geometric face

# If the restraint is applied to a surface, the coord is created at the location of the cursor selection (mouse click) on the surface

sosv=TEMS
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Bonding Criteria

To model the assembly conditions, the bracket will be bonded to the two
blocks (ground) and the post will be bonded to the bracket.

The Bond Tolerance used by Simulate is the maximum separation that can
exist between two features and still allow them to be bonded at their adjacent
nodes. If the separation is greater than this value, bonding will not take
place.

Each flange of the bracket is in flush contact with the top of each block.

Flush

The outside diameter of the post is 28mm and the inside diameter of the
bracket hole is 29mm. Therefore, there is a total of 0.5 mm between the
cylindrical faces of each part. The bottom of the post is in flush contact with
the bracket

0.5mm clearance
(.Dto O.D.)

Flush (bottom face)
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Set Bond Tolerance

Settings d-box.

Select the Simulation Settings icon % to open the Simulation

Click on FEA, Accuracy and enter .55 in the Bond Tolerance value

field

4\ SimWise Settings

= [ 2]

El-Simulation Settings %H-Adapﬁvity
ElquEA [ Use H-adaptivity (notinvoked by green run button)
e ACouracy
Max iterations: |1 Target error: 10 %
- Girawity m
10 %
- Display Settings
- Gitidl [ W
+Clipping [ 90 percentile
~MNumbers a
~Units Result Verification
& FEA Display [v Testresultvalidity AT TR 10 %
[ Testmesh quality:
i - 1
[ Testdesign intent Min Factor of Safety:

-Preferences

Bond Tolerance: ’@

CE

Apply | Help |

@
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Add Constraints

The bodies that are to be bonded must have a constraint defined between

them, typically a rigid constraint.

1. Right-click on the assembly name in the browser and choose Rigidly
Joint Bodies. Rigid constraints will be added between the two
Block/Bracket pairs and the Bracket/Post pair.

------ & Bracket-1

------ & Mtg Block-1
------ & Mtg Block-2
7 Post-1

1= constraint[12]

7-%0 constraint[30]
7] constraint[35]

[
B
H-== constraint[20]
[
B

B SimWiseFEA Tutorial -~

Show

Hide

Visibility 4
3% Include in FEA

Show Meshes

« Rigidly Join Bodies »

| Properties

2. Hold down the Ctrl key, select both Mtg Block names in the browser,
right-click on either name and choose Fixed.

% SimWiseFEA Tutorial - Bracket Assy

- Bracket-1
= Mtg Block-

- %[ constraint[?
7% constraint[?

= Penetrates All

( 2. Yoom to Selection
«&¥ Mtg Block- )
Show .
o6 Postd i Note: Since we
== constraint[] iisibility » are not interested
[-== constraint[J i i
i e tE‘ 88 Include in FEA in anal_yzmg the
constrain 1 8 Show Mesh stress in the
B # constraint[4 — i
: blocks, they will
m- % constraint[d -~ Collide y
i Penetrate be left out of the
B

analysis

TE—

Tracked by Camera

& Constraint Navigator
| Properties

@
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Add Load

1. Double-click the Structural Load icon on the toolbar gl

2. Select the two faces face on the Post, as shown

Note: The cursor
selection icon will
change depending
on which geometric
entity you are
moving the mouse
across. When
selecting a face, for
example, the cursor
icon will change to a
flag, as shown here

3. Inthe Object Browser, select the force, then Right-click on the force
name and choose Properties

== constraint[12]
== constraint[20]
-1 constraint[30]

%1 constrair

O, Zoom to Selection

Show

Hide

Visibility 4
?Join
¥ Spiit

% Swap Coords

Distribute on Face...

& Copstraint Navigator
[¥i}|Properties

@
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1.

Modify Load

In the Properties D-box, select the Structural Load tab, set the force Type
to Total Force, set Coordinates to Cartesian, Frame to World, and enter
-150 in the Y field and -500 in the X field.. Select Apply and then Close.

Note: We are defining

two components of
force on the Post,
which results in a
vector acting at a
slight angle to the
vertical (z) direction.
This will results not
only in a reaction
force where the
Bracket contacts the
Post but also a
bending moment

.| N
.| N
-| N

JA Properties of constraint(30] (Structural Load) @ | 7| X|

Appearance Structural Load |Actjve|

Type: (IREISNN ~
X | 0 .|

¢ Coord

— Copudinats

¢~ Face normal

Close I

Apply | Help |

The structural load
graphics should
appear as follows
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Include Bodies in FEA

Hold down the Ctrl key and select the Bracket and Post part names in
the Browser

Right-Click on either of the highlighted part names and choose Include in
FEA

% SimWiseFEA Tutorial - Bracket Assy
=& Bracket-1 @, Zoom to Selection

...... & Mtg Bloc Show

...... @ Mtg Bloc  Hide

- Post-1 Visjbili ‘

= constr@@%>
# Show Mes

== constrain

A Collide
%% Penetrate
’E Penetrates All

- B constrain
- B constrain
-%{ constrain
7%\ constrain

H
t
H
+-- B constrain
H
£
H

=1 Fixed

Tracked by Camera

& Constraint Navigator
W Properties

Once the bodies are included in the FEA study, new graphics will appear on various
faces. These graphics represent where bonding and /or load assignments will be
placed. Whether parts are bonded automatically or manually, or loads (instead of
bonds) are used in place of bonds, depends on which settings are used under the FEA
tab in the body’s Properties d-box.

@
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Assign Load-Bearing Faces
>

In assigning the graphics to their correct faces, it is helpful to hide all other
constraint except the one you are assigning the bonds for. Many times,
constraint graphics for more than one constraint will overlap. Once the
assignment is complete, hide that constraint and show the next.

1. Rightclick on rigid constraint that connects the Bracket and Post
parts and choose Properties

2. Click on the FEA tab and, if not already selected, select the option to
Auto-bond all faces within bond tolerance

4\ Properties of constraint[44] (Rigid Joint) c3] 7| X|

'Appearance Constraintl Configuration | Active | Rigid |

FEA Treatment
E| B constraint[44]
ek coord[45] on Bracket-1
L coord[46] on Post-1

i Distribute load over chosen faces.
~
~

i~ Manual-bond chosen faces.

to-bond all faces within bond tolerance.

Close |

3. Select Close

@
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Assign Load-Bearing Faces

If the graphics associated with the other two rigid constraints belonging to
the Bracket/Mtg Block pairs appear as in the image immediately below, then
their loads are being assigned to the correct face on the Bracket (underside).
Since the Block is not included in the FEA, it will not have any graphics
associated with its top face.

Tip: Because
the graphic
represents the
connection
between two
bodies, then if
you are not sure
which graphic is
associated with
which body, you
can hide one of
the bodies.

Loads
assignments OK

If, on the other hand, the graphics appear as shown in the image
immediately below, then all loads between these interacting faces is being
applied to the edge of the Bracket. This is not correct. You will need to
assign the loads to the correct face on the underside of the Bracket.

Loads need to be
reassigned
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Assign Load-Bearing Faces

>

If it is determined that the loads need to be correctly assigned, as explained
previously, the loads need to be reassigned, do the following:

1. Right-select the load graphic and choose Distribute on Face

@, Zoom to Selection

Show
Hide
Visibility
!i Join
# spiit

& Constraint Navigator
o Properties

2. Select the face, as shown, on the underside of the Bracket

« » 179 ES
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Assign Load-Bearing Faces
>

Hold down the Ctrl key and select both Block/Bracket rigid constraints in
the browser , choose Properties, and click on the FEA tab

Right-click on either of the highlighted constraint names, choose
Properties, click on the FEA tab and select the Restrain to ground
option

4\ Properties of constraint[18] (Rigid Joint) m | ?|X]

'Appearance| Constrai Conﬁguraﬁonl Acﬁve' Rigid |

—FEA Treatment

{~ Distribute load over chosen faces.
(" Point force.
straint to ground.

S=znual-bond chosen faces.

( Auto-bond all faces within bond tolerance.

The model should
appear as follows

@
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Create Mesh (initial)

Right-select the Bracket , choose Properties and select the FEA tab in
the Properties d-box

Click on Include in FEA
Click on Mesh

After the mesh process is complete (1 or 2 seconds) click on Show Mesh

A Properties of body[2] (ACIS® Body) = | ?[X]

.Appearancel Pos |Ve| | Material' GeometrylFEA Dis 4 | ’l

2 @Includein FEA 4®Show mesh

—Mesh

Default Mesh Size: I 20 mm 3
Mesh Factor: I 0.747 Delete |

[~ Maxmesh angle: I 45 deg

[¥ Force all features to mesh Nodes
[~ Refine based on element quality Elements

Close I Apply Help

In looking at the
quality of the mesh, it
is apparent that the
elements do not
conform well to the
geometry, nor do they
accurately represent
the thickness of the
part. The default
mesh size is
insufficient (too large)
for the geometry

@
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Create Mesh (initial)

Right-select the Post , choose Properties and select the FEA tab in the
Properties d-box

Click on Include in FEA
Click on Mesh

After the mesh process is complete (1 or 2 seconds) click on Show Mesh

J\ Properties of body[8] "Post-1" @ 7/ x|
-Appearance] Pos ]Vel | Material] Geometry |

2 @nclude in FEA 4®Show mesh

Mesh

Default Mesh Size: 47 mm 3 Q
Mesh Factor: 1 Delete

[ Maxmesh angle: 45 de
g g

[+ Force all features to mesh 976 MNodes
[ Refine based on element quality 452 Elements

Close | Help

In looking at the quality of the
mesh, it is apparent that the
elements do not conform well to
the geometry, nor do they
accurately represent the
thickness of the part. The
default mesh size is insufficient
(too large) for the geometry

Select Apply and then Close
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Create Mesh (initial refinement)

In the mesh Properties d-box for the Bracket, click on Delete to delete

the mesh

Enter 2.4 in the Default Mesh Size field and select Mesh

a ! Properties of body[2] "Componentl”

=] 2

-Appearancel Pos |Ve| | Material' Geometry FEA |FEA Dis 4 | ’l

[¥ Include in FEA
—Mesh 2

[¥ Showmesh

[~ Maxmesh angle: I 45 deg

Default Mesh Size: mm 3
Mesh Factor: I 0.00205 1

[v Force all features to mesh Modes
[~ Refine based on element quality Elements
Close | Ay Help

Note: 2.4mm was
chosen as the
element size because
the part thickness is
approximately 4.8mm.
Introducing at least
two stacked elements
into the thickness of a
part is good practice
and helps capture a
bend axis through the
thickness

@
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Create Mesh (initial refinement)

1. Inthe mesh Properties d-box for the Post, click on Delete to delete the
mesh

2. Enter 2.4 in the Default Mesh Size field and select Mesh

J\ Properties of body[8] "Post-1 @ 7/ x|
-Appearance] Pos ]Vel | Material] Geometry FEA |

[+ Include in FEA [+ Show mesh
Mesh

2
@ 3
Default Mesh Size: mm -
Mesh Factor 0.0017 1 C peee D

[ Maxmesh angle: 45 deg

[v Force all features to mesh 157552 MNodes
[ Refine based on element quality 106589 Elements
Close | Help

3.5mm

Note: 1.75mm was chosen as the
element size because the part
thickness is approximately 3.5mm.
Introducing at least two stacked
elements into the thickness of a part
is good practice and helps capture a
bend axis through the thickness

3. Select Apply and then Close

@
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Run FEA Simulation

1. Onthe Player control panel, click on the Solve FEA button, as shown

(=1 1

~~Solve FEA

When the analysis is complete, a Von-Mises stress plot will appear and the
model will be colored with respect to areas of high and low stresses
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7.

Mesh Refinement (H-adaptivity)

Select the Simulation Settings icon % to open the Simulation
Settings d-box.

Tip: You can also right-click in the background of the
graphics window and choose Display to access the
Simulation Settings

In the simulation settings, click on FEA, Accuracy
Select Use H-Adaptivity

Enter 1 for the Max iterations

Enter 10 for Target error

Select Apply and then Close

/% SimWise Settings = | 2/

i -Adaptivity i
se H-adaptivity, (not invoked by green run buji 5
3 Max iterations:@ Target error: ¥
[ Stop when the %nodes in error is less than:

| Stop when the change in error is less than: 01

""" Clipping [ Ignore stress values above the 90 percentil
----- Mumbers 9 i
----- Units Result Verification
(- FEA Display [v Testresult validity Maximum error: 10 %

[+ Preferences

[ Testmesh quality: _ li
| Testdesignintent Min Factor of Safety: 1

Bond Tolerance: 055 mm
@ﬂ Close | | Help |

On the Player control panel, click on the Solve FEA button, as shown

| -
olve H-Adaptive FEA|
(éw\ =T *

@
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Results (Stress)

To check the difference in convergence, two successive H-adaptive
refinements were performed. The first used a 10% convergence criteria and
achieved convergence with a maximum stress of 1.99e8 MPa. The second
used 7% and achieved convergence with a maximum stress of 2.24e8 MPa.
Both results do not yield a significant difference between them considering
the respective resulting factor of safety values are 1.6 and 1.5. Additional
refinement beyond this point in attempt to achieve even lower stress error
will most likely result in negligible difference. Depending on the application,
such small differences may or may not be important.

H-Adaptivity Goal Obtained R
.:6:| H-Adaptivity of the finite element mesh reduced the error below the target
s errar within the maximum number of iterations.
Anakysis Results H-Adaptivity Settings
Mumber of nodes: 386516 v Use H-adaptivity
(129 % increase)
Total iterations: 1 ax iterations: |1

b exirmum err Target error: |7.00 %

[ Do not show this message again (can be resetin Preferences).

‘ Close | Help |

@
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Results (Stress)

The following image shows the resulting mesh after the convergence to 6%
(7% goal)

Max. Value = 2. 24e+8 Pa

ety

[=PENNTIYS Vo R ] 7. S I Gy

von Mises Stress ( Pa )

Tip: The resulting mesh from the H-adaptive mesh
refinement may be used as the new initial starting mesh for
subsequent analyses.
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Create Isoplot

>

The Isosurface feature allows for areas either above or below a defined value
of stress to de displayed. This is useful feature for isolating stress values in

critical areas. Tip: The performance of the isolplotting can be enhanced by hiding loads and
restraints graphics.

1. Hold down the Ctrl key and select the Bracket and the Post.

2. Inthe Properties List window, choose Isosurface to activate the FEA
Display tab in the body Properties d-box.

4\ Properties of body[2] (ACIS® Body) m | ?[/X
U Heat Vel | Materiall Geumetryl FEA A ﬂm’ 4|

1 UlImported Loads/ psusis
®how isosurface at I 498e+7 Pa
U Keyframe 5  \
hatarial \ \)l
245e+3 Pa 3 6.64e+7 Pa
[~ Show results below the isosurface value
v Show results above the isosurface value

Close I Apply | Help |

3. Click on Show isosurface at and then slowly click, hold and drag the
slider to change the stress value display.

4. Uncheck the Show Isosurface at checkbox when finished to return the
model to the previous display state.
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1.

Show Deformed Shape

Right-Click on the assembly name in the browser and choose Show

Deformed. Inthe upper-left corner of the graphics window, the
exaggerated deformation value is shown, 13.1 times, in this case.

8 SimWiseFEA Tutorial -

Show
- Bracket-1 Hide
...... ® Mtg Block-1 Visibility ’
...... Mtg Block-2 = i
]g Poi_l oc 8§ Include in FEA
_ @ Show Meshes
constraint[12] @ Show Contours

&

i
- ¥ constraint[44]
&

constraint[20] g Show Deformed

tl Show Forces
[+ Rigidly Join Bodies

constraint[18]
constraint[40]

i constraint[30] ¥l Properties
& coord[32] on Post-1
constraint[35]

«» coord[36] on Post-1

—Deformation Display

Note: The exaggerated & Scale deflection to-
deformation size can be changed _
. . . I 5%
under the FEA Display settings in ofbody size
the main Simulate Settings d-box = Multiply deflection by:
| 134

@
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Overlay Original Shape

FEA
WEIFEA Displav / [¥' Show contours |_

3.

Hold down the Ctrl key and select the Bracket

and Post.

In the Properties List window, choose FEA Display to activate the FEA

Display tab in the body Properties d-box.
4\ Properties of body[2] (ACIS® Body)

wIColor
U Contact

-

— Display Settin — Deformation Settings

= | 2
oo ]

Use body color

Other color: |-|

Geometry [¥" Show deformed Translucency: I 0 ——
O Heat [~ Showforces 2
M imnartad L asde (8 Restraintforces @Overlay original geometry ——
(" Applied forces ranslucency,
[~ Showisosurface Q_I =[l
Close I Apply | Help |

Click in Overlay original
geometry and set the
translucency value to 0.2

Uncheck the Overlay
original geometry
checkbox when finished
to return the model to the
previous display state.
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Results (Displacement)

1. Right-Click on the plot legend and choose Dataset, Displacement

Max. Value = 6. 64e+7 Pa

[~ +7
Legend Appearance...
Legend Range...

Dataset
Component

3+ Stress
L4 Strain

Displacement

Unaveraged Values b
|T Averaged Values

Error Values

Factor of Safety

Factor of Safety Options...

AT

bty

A AT AT AN
A

LA AT A

i
TS

Mape Value = 0.581 mm

0.525
0.49

Delta_MAG Displacement { mm |}

The maximum deflection is .58mm
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Animate FEA (Exaggerated Deformation)

Use the Playback slider to review the saved keyframed animation

1. Onthe Player control panel, click on drop-down arrow next to the
Play symbol and choose Animate FEA. The playback button will
change to the colored FEA animation button

P Run
k=g Run with FEA

<l Animate FEA 13
(il Animate Clipping Planes

H

2. Click on the Animate FEA button to create the FEA animation.

Note: The animation may take some time to develop, as it
create a deformation display for each frame of the animation.
After it complete all frames, the animation should playback
smoothly and quickly.

b | Animate current results

Animation Scale

Tip: The playback rate for Frames per cycle: [20
the animation can be

i Spans a time of. 04 s
changed under FEA Display,
Animation in the Simulate @
main Settings Vary scale from | 1to 0 {and back)
C |5inusoic|[1.28*8.02 s. 05,90 deg) J

@
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Export Photorealistic Image

Click on the Render Settings button located on the Render toolbar
87 vE-~

In the Rendering d-box, click on the Preview Window button to preview
the size of the animation area that will be saved to video. The default
(256 x 256) will most likely be too small. Use a size that best fits your
model view area. Simply close the preview window, type in a new Width
and Height and click on Preview again. Do this until you have an
acceptable view size and then select Save Image File.

Photorealistic Rendering @
Irmage Dimensions Irmage Output

Width: 1200 Height: [1200 (in pixels)
Fixel Aspect Ratio (heightwiclth): 1
Rendering Options Foreground Effects Sawve Image File... |

[v Shadows |(n|3ne:| ﬂ

[w Eeflections |
[ Hidden line Q

‘ Preview Window |

Close |

End of Exercise
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