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Welcome

This training resource guide is intended to serve both as a
hands-on learning tool in becoming proficient with SimWise and
also as a 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 this document, read each topic and do the

exercises in the order listed.
Use the 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 SimWise: SimWise Motion and SimWise 4D. This training document
and all images within it were developed using SimWise 4D. If you are using
SimWise Motion, you may see subtle differences in a few dialog boxes,
butnot enough to affect the training experience.

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 exercises may not be the only way
to complete a task. Refer to the non-exercise content to review all
possible options.

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

o 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 smaller bold 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. Shown below are standard commands
while using a mouse with a scroll wheel:

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

e SimWise Motion

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

e SimWise FEA

— 3D FEA which evaluates structural characteristics such as
stress and deflection.

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

« SimWise 4D (Motion +FEA)
— Simultaneous solution of 3D motion and FEA.

— A quasi-static stress analysis is performed at each motion
frame using the dynamic loads calculated by the motion
simulation. Product can be used for motion-only, FEA-
only, or both.
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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.

 Kinematics is concerned with the motion of objects, such as
displacement, velocity and acceleration, but not the forces that
cause the motion

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

» Dynamics is concerned with the motion of objects and the
forces that cause the motion

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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Supported File Types (CAD Associativity)

» Alibre Design have plug-in or associative data support
with SimWise

Q lior

» User initiates data transfer from within CAD system

« Geometry and constraints are transferred to SimWise

« Constraints are mapped to corresponding motion
constraints

« |If the CAD model is updated, only the changes are
transferred back to the motion model

« 9 2.
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Supported File Types (Direct File Read)

» The following file formats can be read directly into

\ dlibr

ACIS
>
El /
PARASOLID
IGES STEP

SimWise does not scale files. All units and correct
dimensions must be set in the CAD system before exporting
the above neutral filetypes and reading them into SimWise.
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User Interface (Overview)

>

A SimWise 4D - [Unfted] Main Menu ElER
@7 file Edit View Inset World Object Tools Window Help [-]=]+]
DARXRR WM +3oRH[2F EXR NI HFODH - S\S[a~oDF Q- 0~ |h[VvVQuwi +43"
b Untitled2 . >

Object Browser Toolbars

Object List

Inputs & Outputs List 7

Annotations & |Dimensions

J/Cameras &|Lighting
o [E]E ]~ 8] Global Origin Indicator
Connections
RS ot
~<<——Connections List

Properties ‘

Orientation Indicator
(Smaller cyan-colored arrow
represents Gravity direction%

< Properties List \jr
¥ e
/\
(EEEOELHE ) 13 .
\/r (No computed frames)

Run & Playback Controls

e
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Exercise - FourBar

Simulation Objectives:

® Get familiarized with the SimWise user interface
® Run a basic motion simulation

Features Covered:
® Gravity

® Unit Settings

® Fixing bodies

® Add a motor

® Running a Simulation
® Creating a Meter

Fax (Ibf) Fy (Ibf) Fz (Ibf) [F| (Ibf) vs. time (sec)
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100
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Open the SimWise file

1. Start SimWise

2. Select File, Open and browse and locate the file called
“SimWiseTutorial — Fourbar.wm3”.

3. Select Open

There are three links and two ground blocks. Constraints have
already been added.

« » 15A
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1.

2.

Change Gravity and Unit Settings

Select the Simulation Settings icon

e

Select Gravity from the settings list and click on —Z. Leave the Settings

d-box open.

# SimWise Settings

- Simulation Settings

H

H- Preferences

5l 7|

Close ‘

----- Tolerance [V Gravity on
----- Integration Gravity Direction and Magnitude
- FE&
A - -X X
..... Wi |ngS
= Display Setings ®- L
..... Grid @ i Z
..... Clipping
----- “ectars a: ’W mmjfs"2
----- Mumbers
..... Units
H- FEA Display

= 21X

Note: The cyan
colored arrow
on the
Orientation
Indicator
represents the
direction of

gravity

‘ Help ‘

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

Force |Ibf

Close

T 7|

= Simulation Settings - w - . .
Unit System:
_____ Tolerance i ([English (pounds) -
----- Integration
""" Gravity Distance |in v Pressure |psi -
----- Warnings
- Display Settings Mass |lbm v Energy |-none- v
..... Girid
..... Clipping Time |sec v Power |HP p—
..... YYectors Rotation [deg - Frequency |Hz -
< ----- Units Temperature |F - Velocity |- none - -
[H- Freferences

-

[v Automatically determine units when entering formulas

= [N 7]

Rot Vel. |-none- -

| Help |

e
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Fix Ground Blocks to Background

Hold down the Ctrl key and select both ground blocks (either in the
Object Browser or in the graphics area)

Release the Ctrl key, right-click on either highlighted part, and choose

Fixed

By SimWise Tutorial - Fourt
------ £ Coupler Link

------ &3 Ground Block|
------ &3 Ground Blo 0, Zoom to Selection

o OO e U s OO

...... & Input Link

...... & Output Link
- ® constraint[]
- ® constraint[]
- ® constraint[]
- @ constraint|z

Show

Hide

Visibility ’
8% Include in FEA
# Show Mesh

<& Collide

E Penetrate
’E Penetrates All

Rdived |

Tracked by Camera

& Constraint Navigator
¥ Properties

Bodies that are “fixed” will have a
small anchor icon next to the body

name in the

e

Back

browser

------- & Ground Block
------- & Ground Block

Forward
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Run the Simulation

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

CIEaOlosl,_

Note that the geometry simply falls with gravity.

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

IO

Stop

3. 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

CHENENC

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

) (] (3] [ 1 T o

©,

Reset

« » 18A
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Add a Motor

>
In the graphics window, right-
click on the constraint e seiecion
connecting the Driver Link to Show
Hide
the Ground Block and choose isibility »
1 Wloin
Properties from the flyout Sl
menu. This will activate the Elsoslevat
Properties dialog box. P
N Properties
4\ Properties of constraint[32] "Align (2)" m | ?|X
|n the Pl’Ope.I’tIeS d-bOX, SE|ect -Appearanceimits I ConﬁgurationlAchvel Motorl
the Constraint tab and scroll
1 F P irt-to-| i
and select the Revolute Motor. Revolute Joint on Plane PRzl
. . pherical Joint on Plane  Rotate Around
This will change the Revolute &parallel Joint Jlex ey ez
joint to a Motor constraint < B T | e romes -
B, B
@Spur Gear —Slide Along
A Bevel Gear i X Yy [z
—Bnod
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.

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

@ Angular Velocity
( Angular Acceleration

(" Torque 2
Value I E deg/sec

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

Close | Apply | Help |

e
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Run the Simulation

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

simulation .
Eioloxl_
Run

Stop and reset the simulation

‘ » ZOA
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Add an Meter (Angular Velocity)

1.

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

A SimWise 4D - [Sim)jb torial - Fourbar]
File Edit VieW Insert JWorld Object

Tools Window Help

=1 Coupler Link|

B Ground Block
- Input Link
- Output Link

- ® constraint[15]
@ constraint[17]
@ constraint[19]
- & constraint[21]

G- -

'EEIFELD straint.. EdRNT|E5T2DH
W & Jub-assembly..
— . dQurve from File...

\F
a )A otation
~C.Cround Blade—ge - \¢

T Table..

= Link to Excel Spreadsheet...

Time

Position
Velocity
Acceleration

Body
Connecting Body
Ground Plane

Linear Momentum
Quiaeerti

<= Coord
= Force
¥ Torque
% Structural Load
s Restraint
Mesh Control

Angular Velocity

Constraint Tension
Constraint Length

Constraint Force...
Constraint Torgue...

Acceleration

Caonstraint Displacement

Contact Force
Contact Impulse
Friction Force
Closest Distance

Interference
4 il 2
FEA Result
2. 187 1k 1w &
‘Bhngular\felﬂcitynf(lnupler Link<1> EI Note: You can CIiCk on the
——— Wx(deg/sec) Wy (deg/sec) Inputs and Outputs tab
Wz (deglsec) ~——— W] {degfsec) S Me (sec)
0 located at the bottom of the
' Object Browser to see the
E new meter feature listed
06
04 ’ —
te [B2(lE )~ |® |
02
: kg
o _Connections [jnnyts and Outputs|-
10 i
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Run the Simulation

1.

>
Run the simulation and stop it any time.
Run
E Angular Velocity of Coupler Link<1> EI@
Wi (deg/sec) Wy (deg/sec) —— Wz (deg/sec) — |W| (deg/sec) vs. time (sec)
70
60
50
40
30
20
10
0
-10
-20
-30
2 5 4 6

End of Exercise

e

Back

Forward
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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.

pp*‘-‘a’a"&‘-‘ J\ Properties of body[10] "Rocker Link<1>" 2 7/ x|
O Central Inertia _ _ _
O Clipping Appearance |Pos l Vel l Geometry | Vectors |
Ocm
Name Appearance
O Color
O contact |RockerLink<1> ¥ Shown
OFEA ™ Automatic [ Track 0 frames
EA Display [ Center of mass shown
Zeometry
O Heat . l:”' [ Translucent
O sosurface
O Keyframe
aterial
'lOS Close ‘ ‘ ‘
U Sound
O Surface Rendering
giuzace vel. Tabs can be added and removed by simply
exture ) ) . .
Ser Loads checking or unchecking the appropriate item
ectors in the Properties List.
(@Dl
O world Pos

‘ » 23A
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Bodies (Material)

By default, each body is assigned a material of 1020 steel,
unless the model is linked to a CAD model via the plug-in. In
this case, the CAD system materials will transfer. (

.Appearance] Pos ] Vel l(38c:|-1~|en,1"‘r | FEA | Clipping |
Material Properties

Copied from 'Steel - ANSI C1020' in the database
Mass 0645 .| Ib

Volume 227 in™3

Coeff Restitution 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.

raterial; [FEEESERE e R

Temperature: | 293 ﬂ K Editthe database... |

MassDensity |  0.284 Ih/in"3
Elastic Modulus ’—E'e*fﬂ Pa
Foisson's Ratio 029
Yield Stress 331e+8 Pa
Ultimate Tensile Stress ’W Pa
SpecificHeat | 018 Bu/{bK)
Thermal Conductivity | 0.00159 HP /(inK)
Thermal Coeff. of Expansian ’W in{ in k)

‘ 0] | Cancel

Material Parameters d-box

« » 24A
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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 World coordinate system.

'v'el l Materiall Geometry | FEA | Clipping | World Pos | ]

Position and Qrientation
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.
« » 4N
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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.

531 Rz | -6.06
(Body-XYZ)

med [

Prescribed Motion...

Fosition and Yelocity

< 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. A
‘ » 26 4
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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’Dsaterial | Sphere | FEA |
. T D
With respect to VX I—H e " | ceor

Vy | 0 mjs Wy| 0 degfs

the Body’s origin

Vz | 0 mfs Wz | 0 degfs
Center of mass (Body coordinates)
With respect to / V* | 0 mjs
the Body’s CofM\ V¥ | 0 mis
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

‘ » 27A
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Bodies (Vectors)

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

.Appearance] Pos ]‘V’el l Material | Geometry | FEA

Show vectors to display:

[v Velocity [ Angular Velocity
| Acceleration | Angular Acceleration
[v Applied Force | Applied Torque
[ ContactForce [ Contactimpulse

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 allows access to change
the scaling of the length and width of the vectors

Scale

Velocity -|-| 0.05 in/(infs)
Acceleration |:||'| 003 in/(infs"2)
Force -|.| 525 injibf

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

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

‘ » 28A
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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 ’
B Include in FEA

racked by Camera
& Constraint Navigator
Properties

vl
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 (example:
plate on plate). Smooth surface is applicable to situations
where two bodies contact each other on only one point (e.g.
cam/follower).

.Geametry] CM l'v'ectors Contact | FEA | Clipping | Color | Llﬂ

Contact detection Contactresponse

cetted surface & Impulse/Momentum

llow Penetration (" Custom model

revent Penetration

Facets... ‘ Properties...

‘ » 29A
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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.

'Geometryl CcM l‘v’ecmrs Contact | FEA | Clipping | Color | L

Contact detection Contact response
(# Facetted surface mpulse/Momentum
i® Allow Penetration ustom model

i Prevent Penetration

Facets...
Smooth surface
(Single-point)

mpulse/Momentum

Cancel
ustom
Coeff. Restitution | ns .

Coeff. Friction | 05 J

Mormal farce model: | J
Friction force model: | J

Y,
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Bodies (Collision) cont ........

SimWise solves problems using rigid body dynamics
solutions. When modeling collisions in problems of rigid
body dynamics there needs to be a representation of how
the bodies will behave when they collide. Since there is no
allowed deformation at the contact interface, as in the
physical world, the true stiffness and damping behavior
(energy dissipation) must be represented using
mathematical formulas. These formulas are estimated
representations of the body's true physical-world behavior.
There are two different Contact Response methods used in
SimWise.

Impulse/Momentum (Coefficient of Restitution)
This method uses a coefficient based on the ratio between

the relative velocities after and before a collision.

Relative speed after collision

Coeff =

Relative speed before collision

The value returned is between 0 and 1. The lower the
coefficient, the less bounce or rebound there is, resulting in
an inelastic collision that is damped. This would be typical
for harder materials such as concrete or steel. Higher
coefficients represent materials that tend to be more elastic,
such as rubber, which would be close to 1.

‘ » 31A
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Bodies (Collision) cont ........

Custom

This method uses an equation that is representative of a
linear spring-damper system. You may envision what takes
place at the contacting interface if you view the problem as
is there were springs and dampers (microscopic) between
the surfaces, as illustrated below.

— — l\
Body 2 Spring % ci:loamr"e’ Contacting surfaces

Body 2

Visual representation in SW
(what you see)

Mathematical representation in SW
(what you get)

n general form, the equation for a linear spring-damper
system is as follows:

F=Kx—-Cv

Where:

F = resulting contact force

K = material (spring) stiffness value (not Modulus of Elasticity)
x = amount of penetration between the two surfaces

C = linear damping coefficient

v = relative velocity between surfaces

SimWise uses this same equation in calculating the contact
force. All units are metric. :

F = (—1e5 N/m) * penetration() + (=300 N s/m) * penetrationrate()

‘ » 32A
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Bodies (Collision) cont ........

Where:

F = resulting contact force

-1e5 N/m = default material stiffness value

Penetration() = amount of penetration between the two surfaces (automatically
calculated)

-300 Ns/m = default linear damping coefficient

penetrationrate() = rate of penetration between the two surfaces (automatically
calculated)

The default values used in the SimWise equation are meant
as a general numbers characteristic of a moderately-stiff
material, such as Aluminum. It is ultimately the final decision
of the User to determine if these values are sufficient to
best characterize the material and problem-type at hand, or
if they may need modification.

‘ » 33A
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Bodies (Collision)

To remove a collision, select the two bodies and either
select Penetrate or Penetrates All. Penetrate will remove
the collision between only the select pair. Penetrates All will
remove the collision between the selected bodies and all
other bodies, if there are multiple collisions defined for the
body(ies). If there are multiple collisions defined for the
body(ies), and it is desired to only remove the collision
between the selected pair, use the Penetrate option. If you
wish to remove all collision associated with a body, use the
Penetrates All option.

0, Zoom to Selection

Show

Hide

Visibility 4
8% Include in FEA

Show Mesh

enetrate
enetrates All

% P
=P

FIXea
Tracked by Camera

& Constraint Navigator
P

»
vl Properties
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Bodies (Collision, Fine Tuning)

Sometimes it may be necessary to change the simulation
tolerance settings (Animation Step and Configuration
Tolerance) and/or Contact property settings. There are no
exact value settings for specific problems types, as all
problems are different. When fine tuning the contact
behavior, consider doing the following to help make the
proper adjustments:

1. Create a contact force meter for the contact. This will
help you see expected and unexpected behavior, such
as noise, spikes or discontinuities in the data where
there should not be.

2. Add (contact) force vectors for one of the contacting
bodies. This helps visualize what is happening at the
contact interface.

3. Try using both different Contact Detection and Contact
Response methods. Sometimes one option may work
better than another. It will depend on the problem
itself.

4. Experiment with adjustments to the Position Tolerance,
Overlap Tolerance and Animation Frame Rate

‘ » 35A
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Friction in Collisions

>

Friction can be included when modeling collisions in SimWise.

When using either the Impulse/Momentum method for
collision, the default friction coefficient is constant. The user
may also select the function builder tab next to the coefficient
field and define a custom equation instead.

Contact Response @
% Impulzedtomenturn C |
" Custom ﬁ

Coeff. Restitution 05 ...|
Coeff. Friction D.®/
MHarmal force model: J
Friction force model:

See next page for
discussion of the Friction
force model when using
the Custom collision
method
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Friction (Custom) in Collisions

The Custom collision option in SimWise bases its (default)
friction calculations on the relative velocity between the
contacting surfaces. Rather than use a static coefficient for O
velocity conditions and a dynamic coefficient for non-zero
conditions, this method generalizes and uses one coefficient for
all.

Once there is slip between the surfaces and the relative velocity
begins increasing, the friction force begins transitioning from 0
to its maximum value. The maximum friction force is reached
when the velocity between the surfaces is non-zero and
constant (no acceleration).

The default friction formula is written as follows:

_ 0.5 * normalcomp() * tangentvel()
~ (tangentvel() + 0.0001 m/s)

Where:

f =resulting friction force

0.5 = (default) dynamic friction coefficient

normalcomp() = the normal force magnitude resulting at the contacting
interface

tangentvel() = the tangent velocity magnitude between the contacting
surfaces

0.0001 m/s = constant used with tangentvel() to characterize the onset of
friction

« .\
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Friction Force (N)

Friction in Collisions

The following graph shows how changing the (circled)
parameter in the denominator of the formula affects the onset
of friction when using the Custom collision method

600
500 Default
400
300 Lo - . . .
e following is the friction force equation used in a custom collision:
——0.01
0.5 = normalcomp() *_tangentvel()
f= — —3 ——0.001
(tangentvel() ¢ 0.0001 m/s)
0.0001
200 The hilighted number in the equation controls how the friction onsets
when two contacting surfaces begin to slide against one another.
For example, using .01 m/s, when the surface relative speed
100 is approximately .01 m/s, the friction force is approximately 250N,
about 1/2 its final value (approx. 490N).

By design, SimWise defines a default value of .0001 m/s, in which case the
full friction force is reached almost immediately as the bodies begin to slide

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035

Velcocity (m/s)

e
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Coords (Overview) -Eﬁ

>

Coords (short for coordinate systems) are the parent basis for
almost all elements in SimWise. 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
1t 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.

Ee@. constraint[8]

------ =+ coord[6) on Ground
SN 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. Select the coord, then
select Insert 2 meter.

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

os l Vectors l

Name Appearance
#] on Rocker Link<1 v Shown H"\,\
[v Automatic tack 150 frames !
_ [
coor I

In the 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.
40A
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Coords (vectors)

Similar to vectors for bodies, vectors can be displayed for
coords also. For example, it may be necessary to show the
force reaction vector occurring at a particular constraint.

— Force vectors
showing for the
coords of the
constraints

.Appearance] Pos ]‘V’el l Material | Geometry | FEA

Show vectors to display:

[v Velocity

[ Acceleration

[v Applied Force

[ ContactForce

[ Angular Velocity
| Angular Acceleration
| Applied Torque

[ Contactimpulse

Display Settings...

Vector Settings d-box

To add a vector for a coord, open the Properties for the
coord, display the Vectors tab if not already displayed (from
the Properties List), and select the appropriate vector to

display

e
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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.

0, Zoom to Selection
Show
Hide
Visibility »
®) 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 Trom Body

Tracked by Camera

iU ST B N
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Coords (Assembling bodies )

>

Coords can be used to assemble bodies, and create constraints
at the same time, similar to creating constraints (or mates) in a

CAD program.

Step 1: Create a coord on each body

£

—)

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

O, Zoom to Selection

Show
Hide
Visibility

Detach Coord fr

® Create Constraint...

A =g

Body
om Body

Tracked by Camera

| Properties

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

B Rigid Joint

@ Revolute Joint
@Spherical Joint

= Rigid Joint on Slot

£ parallel Joint
== inear Actuator
£ Revolute Motor
D Belt

:’XSpur Gear
+#Bevel Gear

—Rad

==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

m

e

Back

& fram |coord[8] an CenterLink(ﬂ

of |CenterLink<1>

=

o |coord[1 4] on Rocker Linlﬂ

of |RockerLink<1> ﬂ

Change Direction

Forward

<—Base Coord

(" Join bodies in place (move coord[8] on Center Link<1> to coord[

Split constraint (Don't move anything)
oin {mowve Center Link<1> to Rocker Link<1»)
ace-to-face (mowve Center Link<1> and flip coord[8] on Center Li

-/
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Constraints (Overview)

* The useris not limited to using only CAD constraints, in
the case of using a CAD-associative model. SimWise has
many different constraint types available to help properly
represent the degrees of freedom (DOF) of a system.

® Rigid Joint T
@ Revolute Joint
@'Spherical Joint

<= Rigid Joint on Slot
=*=Revolute Joint on Slot
’@}Spherical Joint on Slot

@Spherical Joint on Curve
EFRigid Joint on Plane

£ Revolute Joint on Plane
@Spherical Joint on Plane

—

“Fparallel Joint —

==l inear Actuator |

£ Revolute Motor'
%Belt
EZEESpur Gear 1

at Bevel Gear _,r

—FRod

“Rope
1 FSeparator

v Linear Spring/Damper
®Z Revolute Spring/Damper
W Bushing

Kinematic constraints represent all possible
degrees of freedom in physical connections

Inputs

Power Transmission

Distance controlling constraints

Ii Springs and Dampers

8 Generic Constraint

Flexible connectors
(Redundant constraint alternatives)

T User-defined / customized constraints

e
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Constraints (Kinematic)

Click on a
Constraint picture
to see an example
animation

“\ 7\

-

Revolute

Revolute on Slot
(1) Rotations
(1) Translation

(1) Rotations
(O) Translations

ﬁ

Rigid on Slot

(0) Rotations
(1) Translation

Spherical

(3) Rotations
(O) Translations

« » =4
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Constraints (Kinematic)

Click on a
Constraint picture
~ to see an example
animation

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

Rigid on Plane Revolute on Plane

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

/A
=,
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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

« » A
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Constraints (Degrees of Freedom or DOF)

* By default, each constraint represents a specific DOF of
movement. Selecting the Constraint 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

pa 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

from a CAD-associative model

Selecting a different constraint type from the
SimWise 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.

e

Back

Forward
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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 | Conﬁguraﬂon] Frictio( Active >

(& Always active

(" Active while:

| ]

" 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 user-defined value.

‘ » 49A
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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]:4 | Cancel | |

Option 2:
Right-click on a coord and choose create constraint

B Rigid Joint - fram |a new coord ﬂ

@ Revolute Joint -

@Spherical Joint an |Centeerk<1> ﬂ

“*Rigid Joint (Em Slot to |c00rd[4] on Rocker L\nk-ﬂ

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

1

@Spherical Joint on Curve

& Rigid Joint on Plane Change Direction

£ Revolute Joint on Plane

@Spherlcal 'I_Omt on Plane & Join Center Link<1> in place (at coord[4] on Rocker Link<13)
£ parallel Joint

== inear Actuator (
£ Revolute Motor &
@ pelt C

;XSpur Gear

af Bevel Gear

‘ » SOA
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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

@ Revolute Joint
@Spherical Joint

== Rigid Joint on Slot

== Revolute Joint on Slot
’@Spherical Joint on Slot
@Spherical Joint on Curve
ERigid Joint on Plane

£ Revolute Joint on Plane
@’Spherical Joint on Plane
£ Parallel Joint

== Linear Actuator

£ Revolute Motor

% Belt

?XSpur Gear

4 Bevel Gear

—Dnd

1

Option 4:

fram

|cuurd[4] on Rocker L\nk-ﬂ

|Rocker Link<1> j

|c00rd[28] on Center Linkﬂ
<—Base Coord

|CenterLink<1> j

Change Direction

(" Join bodies in place (move coord[4] on Rocker Link<1» to coord

(" Split constraint (Don't mowve amything)
(" Join (move Rocker Link<1> to Center Link<1>)

i® Face-to-face (move Rocker Link<1> and flip coord[4] on Rocker

Right-click on a coord and a body and choose create

constraint

B Rigid Joint

@ Revolute Joint
@Spherical Joint

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

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

== Linear Actuator

& Revolute Motor

2 Belt

;XSpur Gear

af Bevel Gear

—Bnd

m

frarm

an

|a ne coord hd

|CenterLink<1> ﬂ

|c00rd[4] on Rocker L\nk-ﬂ
<— Base Coord

|RockerLink<1> ﬂ

Change Direction

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

~
~
~

e
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Constraints (Moving/Splitting)

When moving elements such as constraints care must be
taken that the correct method is used, as there are different
ways the constraint can be moved or rotated.

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 constraints
simultaneously.

‘ » SZA
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Constraints (Moving/Splitting )

>

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 ESERE @, Zoom to Selection
c&; coord[6] on

; Show
s coord[32] o

Hide
Visibility 4

Distribute on Face...

/> Constraint Navigator

| Properties
Join Options @
Mowves bodies to satisfy constraints.
Cancel
(" Joinin place
Adjusts coord location without mowing 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. 53A
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Inputs (Motors) .

>

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

-Appearancel Constraint] FEA ] Limits | Configuration | Actj

Maotor Type
(— Orientation

(s Angular Velocity
(" Angular Acceleration

(" Torque

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 and produce the
potential for inaccurate force readings.

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 benefit to using a motor input is that user has the ability to
create a meter for the motor to determine the amount of
torque necessary to achieve a desired output (reverse
engineering the input).

« B 4\
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Inputs (Actuators) —

>

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

Constraim] FEA I Limits | Configuration ] Acti\r 4|

Actuator Type [+ Point-to-point

i Length / Displacement Slide Along

(" Velocity o e (&

" Acceleration

@ Force |
Value | HJ M

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. In the latter case, the user
must be careful not to also apply a rigid joint on slot, in
parallel with the actuator, as this would result in a redundant
setup.

A benefit to using an actuator input is that user has the
ability to create a meter for the 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 customize different
types of inputs to things such as motors, actuators, forces,
friction, springs and dampers. It can be accessed by
selecting the formula ...| button wherever there is a value
field for a feature.

Within the function builder, the user has many options for
creating input functions. The Graph, Property, Math, Logic
and Function 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 (STEP, Sinusoidal and
Sawtooth), as well as interactive slider controls and tables.

Inside the function builder, a preview window on the right
side displays the curve as it is being created so the user can
preview what the input will look like.

[ 4\ Edit Formula I.ili:—hjw

Graph Property Math Logic  Function

SN T T E E o

ghep(0 mrm,0 500 mm,2 2] +
shep(0 mm.2. 2 2.-300 mm.4 2] +
step(0 4.2 2,150 mm,B £] +
step(0 mmB.2 5,-250 mm,3 =)

Walue (mmm)

Time [z]

(] | Cancel | Help | (5. o] = (3.5, 236]
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Inputs (Data Tables)

Wherever there is the ability to access the function builder,
there is the ability to define a data table. Data tables are used to
control the inputs to things such as motors, springs and forces.
Using data tables allows data from spreadsheets to be used to
drive an input, such as motor velocity or a feature, 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 as Force vs. Velocity.

7\ Edit Table -2 |l

Graph

Mame: |input[?] Units: |deg,-’s

Lookup: |time N
Takle Data
Interpolation: |Cubic Spline ﬂ

tirme (s) | Yalue (deg/s) | -

=

ra

=
m

“alue (degfs)
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Inputs (Data Tables) cont....

>

Depending on the data used, the Interpolation method may be
changed. Choose a method that shows a good curve fit against
the data in the preview window.

The data curve can be manipulated by clicking and dragging the
pink colored data points in the preview window

Click, hold mouse button
and drag pink points to

manipulate curve

4\ Edit Table -2 |l
Graph
Marne: |lnput[?] Units: |deg,-’s - A
Lookup: |time N
Tahkle Data.
Interpolation: |Cub|c Spline ﬂ w

tirme (s) | Yalue (deg/s) | - E’

i il o

02 0 = =

0.4 0.1 >

06 n.2

n.s 0.4

1 0.8

1.2 1

14 1

16 1 il

10

BX T4 = B @

0K | Cancel Help

A
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Input (Interactive Controls)

Wherever there is the ability to access the function builder,
there is the ability to define an interactive control.
Interactive slider controls allow the user to control the
values being used in the inputs, in real time. For example,
during a simulation, the User can click, hold and drag the
slider to modify the input.

input[10] =]

300 deqgls

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

Min: egfs Slider steps:
hifanc g,.fs 20

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

Controls can be defined either by 1) clicking on a constraint
and choosing Insert, control or 2) by clicking on the insert
slider button 7% inside the function builder window for an
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Meters

>
Meters (plots) are used to display output characteristics of
bodies, forces, constraints, or coords.
Vx (in/s) Vy (in/s) Vz (infs) V[ (infs) vs. time (s)
100
80 :
60 ;
40
20 E
0 /N :
40
60
0.0 01 0.2 0.3 04 0.5 0.6 07
Graphical Meter
A meter is created by first selecting the body, constraint,
force or coord in the graphics area or Object Manager and
then choosing Insert, Meter.
constraint[3] Force on body[1] in World (9| [+ ]
Walue Min b an
Fx 207 N 207 207 o
Fy 426 M 426 426 Digital Meter
IFI a0 M a0 il

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

Meter components can be toggled on/off by selecting (left-
click) any one of the x,y, or zcomponent names at the top of
the meter and choosing Hide. The same procedure can be
done to show a component that has been hidden

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

1007
Hide "Vz'
Hide V|

80

60
40
20
-20

-40

-60

Right-clicking on a meter will open its Properties. Here the
user can access other options such as Showing the min 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.

% Digital

= Graph
Show Min/Max

Hide

Right-clicking on a X Delete Delete
meter to access its Copy Data
properties Copy Picture

Save Picture As...

Background Color...
| Properties

Display Properties...
71 A
« »

Back Forward Table of Contents



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
]7 [~ [constraingg]wx =]

y2 |V |— |c-:-|1st|'ai|1t[3].'-;\-'.'_f J
]7 [ [constraingg]wz =]
]7 v |mag(constraint(g] coord [16]vz D ...|

x [ime fime ﬁ =

\

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,
which are found in detail in the program HELP.

A meter must be defined before running a simulation.
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Meters cont.....

>
There are various things that can be done to meters within
the graphics area.
Meters can be moved by selecting the meter header,
holding down the mouse button and dragging the meter to
a new position.
Meters can be resized by hovering the mouse over the
meter edge or corner, holding down the mouse button, and
dragging the meter edge.
Meters can be anchored inside the graphics are by selecting
the small tab at the top-right of the meter
Velocity of bodyl6] =
WV (miz) Wy (miz) . .
Vzms) ~——— M(ms) ‘S IMEE) Anchor the meter
20 ; inside the model

| /_/ graphics window

—t—— "+ Allow the meter
0o o1 02 03 04 05 06 0F 08 05 10 14 .
to “float” outside

the model
graphics window

Right-click the meter and choose Arrange Vertically or
Arrange Horizontally to stack the meters together either
vertically or horizontally.
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Power Transmission (Belts)

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

.Appearance] Canstraint] FEA | Acti D

[v Automatically calculate radii [ Crossbelt
Belt Radius
Attached to body[2] (Cylinder) | 39 mm
Attached to body[1] (Cylinder) | 34 mm
Ratio: 0415

Input properties for a Belt

Coords are used to create the belt.

By Default, SimWise 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] Constraint\ FEA ] Acﬂv

v Automatically calculate radii [ Gear Symbal
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, SimWise 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

« » 75A
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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\ Cnnstraint] FEA | Activel

[v Automatically calculate radii

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

Ratio: 0455

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, SimWise 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.

e

Back Forward Table of Contents




Distance Controlling Constraints
(Rods, Ropes and Separators)

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. Once there is
no slack, the rope does not stretch but
instead remains rigid.

Separators represent a massless connection .
between two coords, whereby the coords .
can extend farther than the set distance but

not closer.
77A
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Linear Spring/Damper )~

Two coords are used to create a linear spring/damper

.Constraintl FEA ] Limits | Configuration | Active Gpring/Damper ™ [ »

Matural Length E .. | MM
Reset
Current Length 247 mm

Spring Force= |-kx -
k= | 01 ... | Nymm
Damper Force= |-cv -
c= | 0002 ... | N s/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 = -kx
Current Length = 247mm -.1x(200-247)=4.7N
k=.1N/mm

Positive force = extension
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.

‘ » 78A
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Revolute Spring/Damper

One coord is needed to create a revolute spring/damper

'FEA ] Limits \ Configuration | Active RE M
Natural Angle | J deg
Current Angle -0 deg
Spring Torque= |-kr b
k= | 100 ANmmfdeg
Damper Torque= |-CW il
c= | 0914 ... |Nmm 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
k=100 N mm/deg

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

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.
79A
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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 Fx, Fy, and Fz translations and two of the rotations
would be assigned large K and C values to essentially lock
those DOF. The remaining rotational DOF would have its
stiffness and damping set to 0

.Appearance] Constraint] FEA | Active_Bushing Tra "w
k= 1e+3 J N/m
c= Te+3 J M s/m
k= 1e+3 J N/m
- C= Te+3 J M s/m

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

-CVZ A Cc= 'Ie+3Astm

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

>

Fx=

Fy =

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”. 30

e
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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 position = 0. This essentially locks those DOF.

Appearance 1 Cnnslramt} FEA | Active Genefic ‘

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

D
[ Pointto-point
|Position ~ == =] 0 .| m
oo =l = [ = | 5l
|Position ﬂ |z ﬂ |= ﬂ | DJ fm
|Positi0n ﬂ |Rx ﬂ |= ﬂ | UJ deg
|Pusiti0n ﬂ |Ry ﬂ |= ﬂ | UJ deg
| E3 [ INEA | 2 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. Slﬁ
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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

e
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Open the SimWise file

1. Start SimWise

2. Select File, Open and Browse and locate the file called “SimWise
Tutorial —-Geneva Wheel.wm3”.

« » A
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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”

%] File Edit View | Inset World Object Tools W

ER= H .‘;‘ =) % Constraint...
@ h b Create Sub-assembly
Geneva Box L2 |

@ Geneva Wheel File...
-5 Heousing (8)-1

¥ Place selection in the new sub-aszembly

: Annotation >
i Y Input Shaft (8)- B C
"5 Output Shaft. 1 amera... ITI Cancel
g Light g
oEEEm s
Meter ’
Control 2

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

« 3 “4\
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1.

2.

1.

Create Rigid Subassemblies

In the Object Browser, right-select the subassembly named Wheel and
choose Rigidly Join Bodies

The bodies will be joined with

Rigid joints automatically.

@ Geneva Box

@ Geneva As:

@ Wheel Assy 0, Zoom to Selection
&3 Housing (8 Show

Hide
Visibility

B3 Include in FEA
# s

~d Properties

< Rigidly Jein Bodies o
—

Repeat step 1 for the “Geneva ” assembly

Fix Body to Background

In the Object Manager,

right-select Housing and

choose Fixed

e

Back

@, Zoom to Selection
Show
Hide
Visibility

B8 Includein FEA
i Show Mesh

& Collide
1 Penetrate

Tracked by Carnera

% Constraint Navigator

»ﬂ Properties

Forward
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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 e 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 k to cancel the Coord creation

‘ » SGA
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1.

Create a Revolute Joint

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

Constraint.

When the Create Constraint window opens, select Revolute Joint

Sho
Hid

O, Zoom to Selection

W

]

Visibilit

A
Det

Tra

ach Coord from Body

cked by Camera ‘

ﬂ Properties

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
BYRevolute Join |
@Spherical]oint

=& Rigid Joint on Slot

== Revolute Joint on Slot
& Spherical Joint on Slot
@Spherical]oint on Curve
Rigid Jeint on Plane
Revelute Joint on Plane
Spherical Joint on Plane
Parallel Jeint

== Linear Actuator

£ Revolute Motor

@y Belt

THiSpur Gear
4ff Bevel Gear

—Rod

vaBRone

»

fram | a new coord hd
to |coord[51] onHouging +

> =
Change Direction

(7 ]S

¢-- Base Coord

& Jain Output Shaft in place (2t coord[51] on Housing)

-
-
~

e
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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

Hover
Mouse
over
coords

Connections te Housing

@EHousing

@ constraint[54]

<+ coord[51] on Housing
< coord[46] on Housing

Connections to coord[46] on Housing

@Housing
PN coordidn

O, Zoom to Selection

Show
Hide
Visibility

Detach Coord from Body

Right- Tracked by Camera
Select | 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

T2 Spherical Joint on Curve
B Rigid Joint on Plane

F Revolute Joint on Plane
7 Spherical Joint on Plane
Parallel Joint

== Linear Actuator

PYReolute Motor |

Dy Belt

TH{Spur Gear

JBeveI Gear

~—FRod

“waRope

H hSeparator

“w Linear Spring/Damper
@% Revolute Spring/Damper
4¥ Bushing

8 Generic Constraint

- from |a nei coord -
to |coord[4E] on Housing «

Change Direction

m

o~
r
r

:

R ==

<~ Bage Coord

% Join Input Shaft in place (at coord[46] on Housing)

pe

Back Forward
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4.

5.

Create a Motor

In the Object Browser, right-select the motor feature and
choose Properties

@ Geneva Box
@ Geneva
- Wheel

@ Housing

ey

= S0 on Ao

:4_-; coord[56] on Input SN

netraint[571

icd O, Zoom to Selection
e Show

Hide
Visibility

|iiu:uin
# Split

%;2 Swap Coords

Distribute on Face...

<& Constraint Navigator

E‘]J Properties —h_

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

for the Value

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

-Constr:lintl FEA I Limits I Conﬁgumtionl Active  Motor | 1 I "I

Motar Type

" Orientation

¢ Angular Velocity

£ Angular Acceleration
™ Tarque

21

Value I

(coord[46] on Housing z-aas)

N
_I deg/s

Close I Apphy

5

Help

e
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Add a Contact (Collision)

>
In the Object List, select the Sleeve, &) —
hold down the Ctrl key, select the 5 e f:"m to Selection
; Housing 2
Geneva Whe;el, right-select and Binputs]  Hide
choose Collide B9 Output!  yisibility ,

D Sleeve .
® constrail C@ Include in FEA

£ constrai # Show Mesh

B constrai =
B constrai
Sleeve/ Geneva B constrai||aeo R

Wheel B constrai E Penetrates All
k= coord[2( ]
<t coord[2 - Eixed
< coord[3:
<t coord[H
< coord[4 & Constraint Mavigator
= coord[5] /] Properties
<+ coord[2z7 00 ... Coora L

Tracked by Camera

Bl ACS®B. 4

& Housing ACIS® B...
@ ACTCE D [
& oul B, Zoom to Selection
In the Object List, select the %:{:r Show
Geneva Wheel, hold down the Ctrl P :
key, select the Input Shaft, right- B o Visibility
select and choose Collide B cor B Include in FEA

B cor i Show Mesh

B cor
o T ——
Geneva Wheel / = cog 4 Z

Input Shaft < coc ZL Penetrates All
<+ coc

- cod «I» Fixed
= cog
4 coc Tracked by Camera
<+ coo
+ coc
<+ co

% Constraint Navigator
ﬂ Properties

e
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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

/A Properties of 3 Objects @ 7/ X

Properties . . .
Appearance Appearance] Pos ] Vel | Material EA ]
ECEHTFE!' Inertia Contact detection Contactresponse

Clippin
0 CMpp 9 welied surface i® Impulse/Momentum
Ocolor i ("~ Custom model

c
FEA _
O FEA Display Facets..

Geometry Smooth surface
o (Single-paoint)

Close | ‘ Help ‘

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

Contact Response @
® Impulse/Momentum
(" Custom ﬂ

Coeff. Restitution ‘ bo

Coeff. Friction 0s .

MNormal force model:
Friction force model:

« » 91A
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Add a Damper

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

m JPUI aeadr
," Bevel Gear

¥ Rope

Qg _Revolute Spring/Damps
@ ushing
?0 Generic Constraint

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

k,g
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 Enter
< >*( ]

Finish Here °é

Cancel (E=c)

« 9 A
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Add a Damper

4. Inthe Object Browser, right-select the Spring/Damper feature
and choose Properties

@% constreietiEll
‘:4_,; coord @; Zoom to Selection

Show

Hide

Visibility 4
|iiu:uin
# split

‘T';E Swap Coords

Distribute on Face...

& Constraint Mavigater

.

5. Scroll to the “Rev. Spring/Damper” tab and set the values as shown

e Properties of constraint[61] (Revolute Sprine B h:rer} llil

Limits I Configuration I Active Rev. Spring/Damper | ﬂ_’l
The damper will be N\
used to represent a Natural Angle | w .| deg
form of external Curent Angle Ddeg L\\)

resistance on the

end of the Output Spring Tarque = I-kr "I

N\
Shaft k= | w_l N mm/deg
Damper Targue = I-C w 'l
-::=| m;lhlmmsf'deg

Cloge I Apply | Help

e
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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

o SimWise Settings 3] 7| x|
g Simulation Settings y Simulation Settin gs
- |ntegration Run Control Fun Mode
(- FE& &p running I ' Run with motion only
- Gravity p when: (Do FEA on-demand)
- W arnings eset when: g Auto-compute FEA
[=]- Digplay Settings " Logp when: at every frame
. Grid “ - b
- Clipping [ |
- Vectors [ On playback skip every A -
Nimbes e
. Lnit
G- FEA Dr;!s;lay Frame Update Govemaor
[l Preferences ¢ Without delay 1 At 100 % realdime
- Calars
- Meters —
o FE i ﬁﬂ Cloge | ‘ 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

[« ][m|(> ]

H

uI

e

Back

Forward

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

button
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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

Eile Edit View | Inset World Object Tools Window Help
D bl | % |® Constrain.. O R AN
Narme & Sub-assembly...
Geneva Box - o .L Curve from File...
T TINShaft As File...
Annetation L4
T Camera...
1 ' '
Time
STD 2 r Position
é'ﬂ:-: Table... Velocity
: % Linkto Excel Spreadsheet... - -
®% congtraint[60] Acceleration
Body L4 Linear Momentum

B constraint[42]
B constraint[61]
B constraint[65]
4 coord[44] on .
4 coord[52] on G
4 coord[56] on ..
4 coord[59] on G
= coord[62] on §
= coord[66] on ..
<+ coord[14] on ..
<+ coord[16] on G

Connecting Body

Ground Plane

Orientation

Angular Velacity

<& Coord

=§ Force

'ﬁ Torque

E_ Structural Load

W Restraint
Mesh Contral

Angular Acceleration

Constraint Tension
Constraint Length
Constraint Displacement
Constraint Force...

Constraint Torque...

<+ coord[18] on .. Coord 18
<+ coord[20] enL.. Coord 20
+ coord[22] onL.. Coord 2 3
<+ coord[24] on D... Coord 24
< coord[26] on D... Coord 26

Contact Force

Friction Force

ol PR | T S

Tip: You can right-select

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

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

[E=8Eon )

Fx (N}

0.6

0.4

0.2

@ Digital .
o

Fz (N}

[FI (M} vs. time (s)

Lrapl
Show Min/Max

Hide

X Delete Delete

Copy Data
Copy Picture
5 Save Picture As...

Background Color...
ﬂ Properties
Display Properties...

e
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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 Tools Window Help

02 R | & D)W Constain.. EEEER AL
@ Geneva Box & Sub-assembly...

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

(- Wheel File...

..... et ing

R constraint[53]

Annctation L4
Camera...

[]...@% constraint[G0] Light r
----- < coord[52] on Time

----- < coord[59] on 5
Position

f el 2 Velocity
@] Link to Excel Spreadsheet...

Acceleration

Body L4 I
Connecting Body 3
Ground Plane i

& Coord Angular Acceleration
= Force Constraint Tension
{ Torque Constraint Length
i Structural Load Constraint Displacement
W Restraint Constraint Force...

Mesh Control Constraint Torgue...

Contact Force
Contact Impulse
Friction Force
Clozest Distance

Interference

FEA Result

96
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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

o % SimWise Settin

gs @ |

[+- FEA
- [A1avity

- W arnings
= Dizplay Settings
- Gnid

- Clipping

- Wectors

- Murnbers

- Unitg

- FEA Display
- Preferences

El- Simulation Settings e (B B
- Talerance _ ﬁ
d Integration Time: N

Rate: 100 /5

Integration Step

(™ Fixed Integration Step: 0005 s

{* Varahle  Steps per Frame: |2

Integrator
(" Euler (approximate, fast)
{+ Kutta-Merson (accurate)

@ E Cloze

2| x

Help

This change will:

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

2) Produce a “smoother” video animation playback

3) Improve the accuracy of the results

e
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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

——— Rz(deg) vs. time (

@ Orientation of constraint[y E\@

-100

-120

-140

-160

Geneva Wheel
Orientation

0
(vl =(372,-29.9)

-
[}
w
s

@ Contact force between Sleeve-1 and Geneva Wheel (8)-1 EI@

Fx (N)

Fy (N) Fz (N} —— JFI (N} ws. time (s)

60

50
40
30
20
10
0 \7
0

[y = (3.82,13.7)

A\ Sleeve Contact che\
1 2 3
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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

A Properties of body[10] "Sleeve-1" @] 21x

Pos I Vel I Materiall Geometryl FEAS

Properties
O Isosurface =
Keyframe Show vectors to d -
Material =0T Angular Veloci
o city ™ Ang city
[ Sound _ [~ Acceleration [ Angular Acceleration
[ Surface Rendering
O Surface Vel. [~ _Applied Force [~ Applied Torque
¥ Contact)orce [ [ Contact impulse [

=l
O 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
99A
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Forces

SimWise offers the ability to add a force, pressure or torque

= ¢
Torque

Concentrated Force

Properties of constraint[11] (Structural Load) @

I Active Structural Load | HAppearance l

05O Distributed load  Jhd Frame
™ Word ~
— N i
X 0 J Fa " Coord
Y 0 ..
J i Coordinates

z -100 J Fa + Cartesian

" Cylindrical

Pressure or Distributed Load

/

" Face nomal

Close | | |

Total Force — Force applied to a face

Distributed Load — Pressure with X, Y and Z components

Concentrated Force — Force applied at single point

Pressure — Pressure applied to face (normal to face)

Reference Frame: With
respect to World, Body or the
parent coord

Coordinates: Choose the type
of coordinate entry

Torque — Torque applied on a surface (note: the torque icon may not lie exactly on
the face. This is strictly visual, it is actually applied to the selected face.

e

Back

Forward
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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
e 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 constraint
removes 5 DOF from the pendulum and leaves
1 rotational DOF.

If a motor was used in place of the revolute
constraint, the motor is also considered a
constraint and removes the same DOF as a
Revolute but it also removes a DOF for the
main rotational axis. 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).
« A
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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.

102A
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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

‘ » 103A
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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, one 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.

‘ » 104A
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Redundant Constraints (What you see vs. What you get)
>

e 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

N What you see What you get
(Not desired)
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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
Bearing Block 0 Shaft 6
Shaft 6 Spherical -3
Revolute -5 Spherical on Slot -2

Revolute -5

Total +1

Revolute Joint

Revolute Joint

Figure A: |- Figure B:
Not Good Good Practice

Practice
106 A
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Redundant Constraints (Preventing using Bushings)

>

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

cases, Bushings ﬁ. 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

ok Properties of constraint[18] "Concentric2" [ I llil
Constraint I FEA I Active | Bushing Trans. Bushing Rot. | 4 | "I
Tx:l'l k=| 0 ...|Ibfin/deg
[-cwx w| o= 0 ...|lIbfinsec/deg
Ty = I—I':n‘r vI k= 1e+5 \..| bfin/deqg
I'DW ;I c= I 1e+5 .\ | Ibfin sec/deg
Tk x| k=] Te+5 ]| bfin/deg
I-c Wz ;I c= I 1e+5 /..| Ibf in sec/deg
Close I Apply | Help |

» 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.

e
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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 I & Runwith motion only
Stop when: (Do FEA on-demand)
i Resetwhen: ba  Auto-compute FEA at
" Loop when: every frame
frame()>=10 b

L[ yhack ke b ¢ Animate clipping planes

1 frames at current frame

Frame Update Governor

@imoutdelay At 100 % reaktime

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 RuMode

(® Keep running I [ @\ Run with motion anly

" Stop when: (Do FEA on-demand)
i Resetwhen: b  |Auto-compute FEA at
" Loop when: every frame

|f|'am-3|:| ==1() bl
[ On playback skip every b\ ] Animate clipping planes

1 frames at current frame

Frame Update Governor
 Without delay At 100 % reaktime

Simulation Settings d-box

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

P Motion
l4=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.D'I m
Orientation: ‘ 1) deg
Overlap Tolerance: ‘ 0.0
(factor of characteristic dimension)
Assembly Tolerance 0001 m

: |
Bond Tolerance: ‘ 000001 m
: ‘ 5

Significant Digits

Simulation Tolerance d-box

In addition to the Animation Time, the Position and
Orientation tolerance settings are the most 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 (Overlap Tolerance)

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

Configuration Tolerance

Position: ‘ 001 m

Orientation: ‘ 1 deg

( 0.01 )

(factor of characteristic dimension)

Overlap Tolerance

Assembly Tolerance: ‘ 0001 m
Bond Tolerance: ‘ 0.0001 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:

M \Waming body[1] and body[3] are overlapping beyond the specified tolerance.

Smaller values will improve the results accuracy but may also
increase simulation time
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Simulation Settings (Assembly Tolerance)

Assembly Tolerance specifies the accuracy with which to
assemble a mechanism together. For example, when the
user uses the “join” or “assemble” features in SimWise, this
value determines how accurate the assembly process is.

Configuration Tolerance

Position: ‘ 001 m
Orientation: ‘ 1 deg
Overlap Tolerance: ‘ 0.0

(factor of characteristic dimension)

Assembly Tolerance: ‘ < 0.001 )m
Bond Tolerance: 0.0001 m

Significant Digits: ‘ 5

Simulation Tolerance d-box

SimWise 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
Orientation: ‘ 1 deg
Overlap Tolerance: ‘ 0.0

(factor of characteristic dimension)

Assembly Tolerance 0001 m

: |
Bond Tolerance: ‘ < 0.0001 )m
: |

5

Significant Digits

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. This value is automatically
determined when the Time is entered. Or, if the Rate is
changed, the Time will automatically be determined.

The Time and Rate values

also affect 1) the number _ nimation Framezete

of frames used to T s
generate the playback Rate: fs

animation and 2) the —
ntegration Step

number of points used to ¢ Fied IntegrationStep: | 001 s
generate the pIOtS in the @ Variable Steps per Frame: |2

meters. Decreasing Integrator

these numbers will (" Euler (approximate, fast

increase the quallty Of (& Kutta-Merson (accurate)

both but may also hinder
simulation speed.

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:

' ] Actustor Force vs. Displacement

® Stop Control

® Dimensions

® Annotations

® Constraint Navigator

® Keyframed Animation

® Export Video Animation

FF1 (M) vs. Dasplacement (mm)

8000
7800
7600
T400
7200

7000

6800

0 10 20

40

e
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Introduction

>

This tutorial is designed to introduce you to some of the basic capabilities of
SimWise 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 titled FEA Modeling Basics.

You will start the tutorial by opening a SimWise 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.

‘ » 118A

Back Forward Table of Contents



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 SimWise 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 SimWise 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 SimWise 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 SimWise model

1. Start SimWise

2. Select File, Open and Browse and locate the file called “SimWise
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

e OO oy IOUOOOY o U e OUN orss INUOON e AOOO re IOURNNY e OO A

=T, Zoom to Selection

Show

Hide

Visibility 4
®% Include in FEA
# Show Mesh

Tracked by Camera

H- @ constra

& Constraint Navigator
J- @ constra

| Properties

:| @ CDnStralllLL¢uu|

e
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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 »

Q 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

2 Revolute Joint

© Spherical Joint

= Rigid Joint on Slot
===Revolute Joint on Slot
“@’Spherical Joint on Slot
@Spherical Joint on Curve
@’Rigid Joint on Plane
Revolute Joint on Plane
Spherical Joint on Plane
Parallel Joint

=HLinear Actuator

£ Revolute Motor

D Belt

ﬁSpur Gear

af Bevel Gear

——RaA

111

from Ia new coord

=]

“ n_ |Body, Rear hd

o Icoord[182]DnJaw,LH LI

<— Base Coord
e |

Change Direction |

@ Join Body, Rearin place (at coord[182] on Jaw, LH)

" Don'tmaowve anything
¢ Jain

(" Facetoface

The constraint
should appear
as follows

e
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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..

1 1 & Wire Frame
rlght.-cllck anywhgre on the screen 5 shaded
to bring up the settings flyout menu 2 Kinematic
and choose Constraint Navigator %:-’Efspif_ﬁve

Capy Picture
¥ Save Picture As...

Background Color...
30 View All

&

Select to close ﬁ

e
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3.

Add an Actuator

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

Actuzia

N\

i Properties of constraint[154] (Linear Actuator) 23] ﬂ&

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

f Spherical Joint on Plane =

@Spur Gear
#Bevel Gear
—Rod

“wRone

Rotate Around

Slide Along

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

[ Pointto-point

X Y i Z

(® Mo axes Al

[ X -y v Z

3 i@ Length/Displacement

(Ve
(" Acceleration

(" Force

[ Pointto-point 2
Slide Along
X Y . Z

Value |

Ejmm

Close |

e

Back

Forward

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

/% Properties of constraint[154] (Linear Actuator) @ ?1 X
.Constraint] FEA ] Limits | Configuration | Actjv 4|
-
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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
CF Select to launch
orce | .
the Function
== Builder
Value | J

Close | | |

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

J\ Edit Formula (7 =]

Graph Property Math Logic Function
r‘ f)"\/ T 7% B x mm No preview available.
N’

1 Z\ Edit Function
Graph

Function type: ‘Step ﬂ

Function Data

Initial value:

Initial time:

Finalval
ok inal value:
— Final time:

—

Create Tahle...
CK Cancel | Help |
L >4

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

%] File Edit Mie\‘ Insert )wOrlg Object Tools Window Help

ERRNT (B DD

1¢

2R

FEELD

& Jaw, RH
&3 Link Set, LH
-3 Link Set, RH
- Pin, Insert LH
-3 Pin, Insert RH
B9 Pin, Jaw LH
-9 Pin, Jaw Rl
& port
i @ constraint[162]
7 @ constraint[164]
£ @ constraint[168]
£ @ constraint[170]
= @ constraint[172]
£ @ constraint[174]
£ B constraint[156]
£ B constraint[158]

v B constraint[166]

IE Table..

& Link to Excel Spreadsheet...

Time

Position
Velocity
Acceleration

Body
Connecting Body
Ground Plane

4 Linear Momentum
Qrientation
Angular Velocity

< Coord
=+ force
¥ Torgue
R Structural Load
w Restraint
Mesh Control

Angular Acceleration

Constraint Tension

—————
Constraint Displacement

Constraint Force...
Constraint Torgue .~

;--“/mummmiﬁl
B constraint[178]
e CONstraint[154]

£
i

[

[

B

B

B

[

B~ B constraint[160]
i

i
o
N

Contact Force
Contact Impulse
Friction Force

x [EJE]~ W]

Closest Distance

Interference
Connec_tlonsto constraint[154] ‘ FEA Result
5] Housing
) Dipscement o consraizsd [ESER )
x {mem) ¥ {mm] £ {mm} — 10| {mm} vs. time {3)

Note: You can click on the
Inputs and Outputs tab

located at the bottom of the
Object Browser to see the
new meter feature listed

B30

Connections

Forward
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Inputs and Outputsl_
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Define a Stop Control & Run a Simulation

Select the Simulation Settings icon

e

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

when time>2,

[+ FEA Display
[+ Preferences

as shown, then select Apply then Close

El EHE

Run Mode

Tip: For ease

_Keep running b @ Runwith motion only . .

oo 1 (Do FEA om-demand) of viewing, you
arnings
Raaaien b Auto-compute FEA at 1 —h
ploy Stings T e cr?n rlggt click
Clpging S| |¥ e the Body, Front
“ectors 2 @ J y,
Mumbers L_joupkshackekplesay Wl ¢ Animate clipping planes part and
""" Units 1 frames atcurrent frame ChOOSG Hlde

Frame Update Govemor
@ Without delay

At 100 % reaHime

@ﬂ Close | Help

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

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

00 01

02 03
P
CHIETE “I[)r

’ or H
CIKIIC (O3 T ) E—

Run

Your meter should
appear as follows

==y

|DI (mmj) vs. time (s)

E Displacement of constraint[154]

X (mm)

¥ (mm) z (mm)

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

@
a3

20

00 0102 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21
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Change Gravity and Unit Settings

1. Select the Simulation Settings icon ‘;5

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

A simwise Settings 3 ﬂﬁ

= Simulation Settings
--Tolerance

_ Note: The cyan
Integration Gravity Direction and Magnitude

0 2 colored arrow
1 @ s on the

I CY

[¥ Gravity on

= Display Setings - - Ori_entation
-~ Clipping Indicator
eoe a 981e-3  mm/s"2 represents the
~Units direction of
5 Efﬁe?;ipclff gravity
>_<

@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.

J\ SimWise Settings = | 17X

(= Simulation Settings
Unit System:
Tolerance MESELA ‘Cusium ﬂ
- Integration
[H-FEA Distance |mm - Pressure |Pa -
- Granity
-\Warnings Mass (g - Energy |erg hd
E- Display Settings §
Time |s - Power |-none- -
Grid
- Clipping Rotation [deg v |  Frequency [none-  ~|
l --Yectors
Temperature |K A Velocity |-none- -
For Rot Vel. |-none- -
- 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 Structural Load icon -:.'*

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

~
<
<
N

Right-select the force graphic on the Insert and choose Properties.
When the Properties d-box opens, change the Type to Total Force,
select the Structural Load tab, select Face Normal and define the
force value as -4500. Close the d-box.

/% Properties of constraint{184] (Structural Loa_ B ﬂﬁ

" Appearance Structural Load A ehve ]

Tyve: [T~ | Frame
pi
b=
N ‘ol

Coordinates
nomal " Cartesian 3

Close | | |

split

Swap Coords

Distribute on Face...

&, Copstrgint Navigater

ql Properties

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

Repeat steps 2 through 4 for the other insert Then, show the other
hidden Insert, as described in Step 5
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Add a Meter (Actuator input force)

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

%] File Edit ym@wmg Object Tools Window Help

FELEIFTEL] Rstraint.. BXo(hEBHIDE
B Gripper-Assembly i ubfassembl_y‘..
" S Qurve from File...
@-f5 Piston Sub Assy g
&# Body, Front -
=@ Body, Rear Argotation '
=@ Housing
-5 Insert, LH
&1 Insert, RH Time
-8 Jaw, LH Pasition
&5 Jaw, RH T Table.. Velocity
56 Link Set, LH & Link to Fxcel Spreadsheet... EredlreT
BB Link Set, RH Body *|  Linear Momentum
&5 Pin, Insert LH Connecting Body Orientation
@89 Pin, Insert RH Ground Plane Angular Velocity
B Pin, Jaw LH < Coord Angular Acceleration
& Pin, Jaw RH =+ Force Constraint Tension
j,a,g—\ Torque Constraint Length
1 <'[]...m §'unural Load 3 R TIetvR T
Mee&_constraint[162] estraint Constraint Forc: " ]
®- e constraint[164] | Mesh Control Constral L
B @ constraint[168] Contact Force
@ @ constraint[170] Contact Impulse
#- @ constraint[1721 N Friction Force
s |EZ R Closest Distance
%_DI_Iél_IEI Interference
éo;nec_tlons to constraint[154] FEA Result
ousing

2. When the Measure Force on options d-box appears, select Shaft and then
World. Select Ok.

| Measure Constraint Force/Torgue

Measure constraini[154] Force on

using
1 < @ Shaft ’
N,

Expressed in:

(" Housing

(" Shaft

(" coord[42] on Housing
[ cl[40] on Shaft

2 ® ‘World
T

0K I Cancel |
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Run the Simulation &

Modify the Meter Display

1. Run the Simulation
2. When the simulation is complete, double-click either meter to activate the
Properties d-box.
3. Select the Formulas tab and uncheck the Show buttons for y1, y2 and
y3. Select Close.
7y Properties of output[187] "constraint[154] Force B laft llll
.Appearancel Meter Formulas |Axes |
Uncheck Label Show Formula
Fx l_ Iexpress[-constraint[154].f0rce.4D.D].x _I
y2 |Fy l_ express(-constraint[154] force 40.0).y _I
y3 IFz [ Iexpress[-constraint[154].f0rce.4D.D].z _I
yv4 ||F| v Iag[express[constraint[154].force.4ﬂ.ﬂ]] _I
X Itjme Itjme _I
Close I Apply | Help |
4. Repeat steps 2 and 3 for the other meter Vertical tracer indicates the

%) comstraint{1 4] Force on Shaftin World

current time position of the
Animation Playback slider

~

oD | %) Displacement of constraintl154] prd =IE
FI M) ve. tme (v) N () e, Se (8]
46000 = = = e
o N 70 -
45000 e — “-\ ~
! 60 =
44000 \ : L /_,
\ k/ ol s
43000 \\ i &
! /
\ ! 20 L
42000 N /
\ o /
41000 L Ve
\ p.
\ & :
40000 L
b
\, 10 -
39000 [~
PR e S G et AR SIS A P e SR (0 I, e Sk B ey = I ] i e e T S L s e S
0001 020304050607 080810111213 14161617 181920 21 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 18 20 21
I 7l = [21, 4. 3eed]

Your meters should now appear as follows:

e
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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@
— [FI(N) vs. time (s)
15000
14500
14000
py Picture
13500 & fave Picture As..
Background Color...
13000 ] Properties
Display Properties... -
00 01 02 03 04 05 06 07 08 09 10 11 12 13 1. o To 7 e 7 zu 2.1

Your meter will display in digital
format. %] constr

IFl 152e+d I

[154] Force on Shaft in World

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

IF| 152e+4 N @ constraint[154] Force on Shaft in World
i Digital é Valug Min Maw
k= Graph IFI 383e+4 N 383e+4 4.61e+4
Hide
% Nalate Nalate
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Actuator Force Requirements and
Mechanical Advantage

>

Your digital meter should read an approximate maximum force of 4.61e+4N
(46,100 N). This is the amount of actuator input force necessary to achieve a
total clamping force of 9,000N (4,500N x 2). Note also there is a minimum
input force requirement of approximately 3.83e+4N (38,300 N).

The maximum mechanical advantage of the mechanism is therefore:

Output / Input
or
9,000 N/ 46,100N = .19

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.
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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

o < &

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.

241mm

Click
here

Click
here

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

>
IKN|CNICNG T ) E—
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3.

Add A Custom Annotation

Select the Annotation icon on the Annotation toolbar

o

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
[+ Fix Tet Fant.. LL‘
Taxt [ [l
Fammula | U
Lot Justiby " Conlor o Bight Disslity .
Markars -
[/ S gercre tnewidh o
[~ Show elipte s lru_
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. LI
Cancel
Text INule
Formula I _I /
™ Left Justity " Center & Right Justi _l.
- Marker
[V Show arrow Line width |6
[ Show ellipse
Arrowewidth |18
Arrowe length |30
Back Forward

Select to launch

—the Function

Builder
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1.

2.

3.

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.

#\ Edit Egumula
Gra 1‘ ath Logic Function

<

ol

time
body[]l.mass
body[l.p
body[l.v
body[l.a
body[l.r
body[l.w
bodyl[].alf

4

ToTce
constraint[].torque k

input[] Help

output[] 4

No preview available.

Modify the formula to read: abs(9000/constraint[154].force.z)N . Select

OK.

Note: the value
9000 represents
the total force
(4500N x 2) we
applied to the
Inserts

#% Edit Formula
Graph Property Math Legic Function

abe[3000/constraint[154].force. z)n

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

Text

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

e

Back

Temchanical Advartage oD

Formula |a|:|s (5000 constraint[154] force .z)n J
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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

e
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Prepare a Stress Analysis (overview)

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

SimWise 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, SimWise 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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Prepare a Stress Analysis

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

%% Penetrate
E Penetrates All

& 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

e
O, Zoom to Selection
Show

. d[132] - Translucent

& coor
=6 Jaw, RH £ Icriae in FEA i >
=65 Link Set, LH Show Mesh de All Ot
-6 LinkSet, RH |22 Collide AT EGGles
=~ Pin, Insert LH 3 Penetrate Hide All Bodies _
=5 Pin, Insert RH [=C Penetrates All Show All Constraints

& Pi JJ LH J» Fixed Hide All Constraints

6 Pin, Jaw Fixe ‘

Note: If the force graphics appear on faces
differently from that shown in the image, simply
proceeded with the upcoming steps but ALSO view
the supplemental vide on this topic

e
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Only the Jaw part and the three
constraints (with force graphics)
should be showing
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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

G, Zoom to Selection

%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

Tip: Holding
down the Ctrl key
will allow for the
selection of
multiple faces for
the load

Both hole faces should now

contain force graphics
« A

Forward Table of Contents




Prepare a Stress Analysis (create mesh)

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

Change the Default Mesh Size to 15mm,
Select Max mesh angle and enter 75

Select Show mesh and then select the Mesh button

"% Properties of body[28] "Jaw, LH" m | 7]
Pppeamncel Pos I Wel I Material I Geome‘tr.l
W Include in FEA ¥ Show mesh
— Mesh
Default Mesh Size: -m m Mesh

Mesh Factor: 0111 il Delete |

¥ Max mesh angle: I ‘ : ﬁeg
Modes
Growth Rate: I 3 Hemerts

Close I Apphy | Help

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 shoul
now appear as
follows

143 A
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Run Motion+FEA Simulation

1. Rewind the simulation to the beginning
[P F

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

—> | ha

The run button will
now appear as follows

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

With each simulation step, SimWise 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.
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Refine Mesh with H-adaptivity

>
1. Select the Jaw and choose Insert, Meter, FEA Result. A meter will
display the Von Mises stress vs. simulation time
ElfiRauetm ] =R
Note: The maximum || rozo—
stress occurs near ] e et O
the beginning of the —
simulation when the i
jaws are in their rossono0] .
closed position. reasmcof |
However, there will ear0000] |
not actually be any sl | L
loads on the jaws || T l[ |
until the spread i || i L e
distance between TeB40000] | ‘ll
the inserts is e | |
approximately 105m |\ 1 .4 I

(approximately .58
sec)

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 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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1.

2.

3.

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

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

adaptivity, change Max iterations to 2 and set the default Target

Error to 7%. Select Close.

#% SimWise Settings

- Simulation 5 ettings
- Tolerance
- [ntegration

B-FE& 1

- Grawity
- W arnings
&-Digplay Setings
- Gnd
- Clipping
- Wectors
- Mumbers
- Uritz
- FEA Digplay
8- Preferences

i Colors

rs

m

= 2x

-Adaptivity
se H-adaptivity 3 (not invoked by green mn buttmzt

Mz rtemtmns Target emor: @xﬁ

[ Stop when the %nodes in emoris less than: 10 =%

de

[ Stop when the change in emoris less than: 0.1

[ lgnore stress values above the 50 percertile

Result

Verfication

v Test result validity
[ Test designintert:  Min Factor of Safety: | 1

5
[P e[ oo | o

Click on the Solve H-adaptive FEA button

The following message will appear. Select OK

SimWise

H-Adaptivity will refine your meshes to achieve desired accuracy...
£ ! % lfamesh changes, all previous FEA results associated with that mesh will be deleted

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

Cancel

EX=

e
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Maximum Stress Results

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

H-Adaptiviy Goal Obtai
@ H-édaptivity of the finite element mezsh reduced the error below the

target errar within the masirum number af iterationg.

— Analyzis Besults

MHumber of nodes: 71864
[180 % increasze]

Total iterations: 1 bd ax iterations: |1
b &irnuam er Target emar: I?.EIEI o4

— H-Adaptivity Settings
¥ Usze H-adaptivity

[T Do not show this message again [can be rezet in Preferences).

Confinue | Cloze I Help |

Below are the results of running the analysis one h-adaptive iteration at a time. The
initial mesh (far left) is gradually improved in the necessary areas until the stress error
in the elements in below the specified value (final mesh at far right). The initial mesh
and solve resulted in a FOS of 4.6 and the final resulted in a FOS of 4.4 Note that
additional refinement beyond this point will most likely result in negligible differences in
the overall maximum stress. These negligible differences indicate convergence.

Stress Stress Stress
7.2e7 Pa 7.35e7 Pa 7.5e7 Pa

e
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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
= Motion with FEA
I Animate FEA
bif! Animate Clipping Planes

3. Reset the simulation | K

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) & ﬂ& Note: The reason for thlS Step

.Appearance} Constraint} FEA ] Limits Configuration .‘Actuator] A is because after we solved for
Current configuration the H-adaptive meshing, th|S
Rotaion: [0 deq open Jaw.posmon. beca_me the

new starting configuration for

[~ Pointto-point constraint the model. Running the
simulation again would
invalidate the input function
used for the Actuator (i.e. it
would no longer start at 0Omm)

X 0 mm
Y 0 mm

Close | ‘ |

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 ST [Type |ffm |
default camera and choose > Show
Properties 1 Hide

Visibili 4
‘Ced

Delete

J

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

the Keyframed tab in the camera E‘PPEEFWE
. . amera
Properties dialog box =
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 I Select Frame: Time:
29 0.58

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

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

.Appearance] Camera] Pos Keyframe |

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

Create positionfrotation atframe:

+ 4 &
Recorgtmaframe: Delgie 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

#/\ Properties of camera[10006] "Camera” = ﬂ&

NOte W'th keyfram'ng, yOU .Appearance] Cameral Pos I(eyframe |
r ifying how long th
?ngdserl)?/\(/:ilflytalge cl?)etv(\?egnt € v Keyframed [ Show path SelectFrame: ] Time:
keyframed points, to 0 200 a v ‘_ 1
transition between the 00 5
different view orientations 100
Ipositions you specify. The -leee ,
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 a Awkewames
new view representation Close | ﬁl — ‘
A\ g 7
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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.

e Properties of camera[10006] "Camera”

'Appearancel Camera] Pos

[v Keyframed

[ Show path

]

200

-500

-1000

100

-1500

o

00 02 04 06 08 10

Keyframe |

'_\

Select Frame: Time:

a - (8o 16

Create positignfrotation at frame:

@ o

Record {his frame: Delete:
OIS

[ Auto record keyframes

q

Close

EN  EES

‘ 2 i Help ‘
N\, 4
\—/2

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

e Properties of camera[10006] "Camera”

'Appearancel Camera] Pos

[v Keyframed

[ Show path

]

200

-500

-1000

100

-1500

o

0.0020406081.01.21.41.8

Keyframe |

Select Frame: 1 Time:

a |> 2

Create i ositionfrotation at frame:

Record this frame: Delete:

@4 Pal

[ Auto record keyframes

o 10w

EN  EES

h

e
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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

.-';“%_-':'vﬁv

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
Pixel Aspect Ratio (heightfwidth): 1

[v Shadows fnone) -

[ Hidden line

Close ‘

‘Width: |1000 Height: {400 (in pixels)

Fendering Options Foreground Effects Sawe Image File..
[+ Reflections ExportWideo...

R =)

End of Exercise

e
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FEA Modeling Basics

A background guide to performing a stress
analysis with SimWise

153 4/
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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.

SimWise 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

« 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 SimWise. The following sections explain things such as the
basic operating principals behind SimWise, how to build and refine a mesh, and also
where and when the various FEA features found in SimWise 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

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

When SimWise solves the FEA, it uses the material properties (Elastic Modulus, Poisson’s
Ratio) along with the model forces 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

SimWise 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. SimWise will do its
best to create a mesh. However, sometimes the resulting mesh may contain distorted
elements that do not conform well to the geometry being meshed, thus posing the potential
for large stress errors that affect overall stress results. This is where the User must
determine whether or not these roughly-meshed areas will impact the results. If they do
The mesh must be refined, using the various mesh improvement tools offered by SimWise,
until the adjustments help 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. 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 other methods , such as mesh control , decreasing the mesh maximum
angle, etc. an 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 final quality

=
-
{
5mm RV
ey
f \’A‘ﬂ'{“‘#
! /"‘“"“

Mesh Size = 2.5mm

5mm Desired final 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., thus moving toward a final mesh faster. Additionally, it can make the
h-adaptive convergence process run faster because the initial size of the elements in the
high stress areas was small enough to begin with o not introduce large stress error.

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, mesh control is primarily useful where there are only a few small features that
exhibit large stress. This allows the User to apply a smaller mesh only in the significant
stress areas and let s SimWise automatically handle the remaining areas. This can help
make meshing and solving faster and more efficient.

SimWise also 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).

e
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Using Mesh Control

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

4% Properties of Mesh Control[23] (Mesh Control) @ ﬂ&
.Appearance Mesh Control

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.

sk Properties of body[1] (Cylinder) 3] ﬂﬂ
..Appealance] Pos ] Wel | Material ] Cylinder FEA |
nclude in FEA how mesh
esh

Cefault Mesh Size: [ 20.1 mm Mesh
T ]

[ Max mesh angle: 45 deg
Modes
Growth Rate: 3 Hemerts

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 SimWise. 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. When using the Mesh Factor
to establish the mesh (element) size, the value is based off of an equation relating the
the length of the diagonal of the bounding region of the body to the mesh factor value.

It allows bodies to be meshed with a size that is relative to their own size, rather than
relative to another body.
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FEA Properties (initial mesh)

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

/% Properties of body[1] (Cylinder) c3 7| x|
.ﬁppeamnce] Pos ] Wel | Material ] Cylinder FEA |
¥ Include in FEA [ Show mesh
Mesh

Default Mesh Size: 20.1 mm Mesh
Mesh Factor: 1 ﬂ

[~ Max mesh angle: m
MNodes
Growth Rate: 6

Elements

Close | ‘ Help

« Max Mesh Angle — Maximum spanning angle, across curved surfaces, for the
generated elements. Default is 30 deg. A smaller angle will increase the number of
elements across all curved surfaces in the model. A large angle will decrease the

number of elements across curved surfaces, thus resulting in a coarser curved surface
mesh.

Note: this feature can help improve solve times by intentionally defining larger
angle values and creating a coarser mesh, to roughly represent curved surfaces.
Not all curved surfaces in the model will necessarily exhibit high stress. Therefore,
it may not be necessary to mesh all curved surfaces using the default angle. As
with any FEA mesh input parameter, proper judgment must be used when
determining when to use this feature.

» Growth Rate— Governs the rate at which the size of adjacent elements can grow. The

ratio of the edge lengths of adjacent elements will not exceed the specified growth rate.
Value cannot be less than 1.5. Default is 3.
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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 7 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.

/% SimWise Settings ® 7] x|
= Simulation Settings =1 H-Adaptivity
Toleran!:e Use H-adaptivity {not involeed by green run button)
- Integratian _ a0\«
Max terations: Target emor: m A
[ Stop when the ¥nodes in emor is less than: 10 %
- Giraity [ Stop when the change in emor is less than: D1
- W arnings v lgnore stress values above the 50 percentile
=l Digplay Settings
- [rid Result Verfication
- Clippirig W Test resutt validity
- Wectors [ Test designintent:  Min Factor of Safety: 1
- Mumnbers
- Units

[ FEA Display

(- Preferences ﬁﬂ

Cloze | Help |

Use H-adaptivity — forces SimWise 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. SimWise will consider
a solution converged when it can refine the mesh to meet or exceed this criteria.

Note: SimWise does not model contact between bodies in FEA. 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.

e
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H-Adaptivity Overview (automatic mesh refinement)

>

In FEA, the process of successively refining a mesh to achieve optimal results is called
convergence. When the mesh is continually refined in areas of high stress error, 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. SimWise 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 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.

SimWise 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.

H-adaptive refinement

e
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FEA Post Processing Tools

SimWise 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 SimWise 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.

&\ Properties of constraint[7] (Spherical Joint) = ﬂﬂ

'Appearance | Constraint FEA ‘Active'\Friction'\

FEA Treatment

(@ Distribute load over chosen faces.
(" Pointforce.
(ﬂ

(" 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

e
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Distributing Loads From Constraints

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

SimWise 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, SimWise 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

166

Forward Table of Contents



Assembly Bonding

SimWise 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 SimWise 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

Show Meshes

Riaidly Join Bodies P

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

4\ Properties of constraint[7] (Spherical Joint) & 21 x|

.Appearance} Constrain | Active | Friction.‘

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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Splitting faces for restraint application

Sometimes it becomes necessary to apply a load or restraint only in a specific region on a
body. This can be impossible unless a r projection or silhouette region is created inside
the CAD model first.

Using a feature in the CAD program , such as “split line”, “split face”, silhouette projection”,
etc. , faces can be segmented into regions (or split) so that applied loads or restraints are
applied only to the specific regions on the faces where they need to be.

CAD model with split region

SimWise model with
distributed load applied to
split region
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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

e
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Introduction
>

This tutorial is designed to introduce you to some of the basic capabilities of
SimWise 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 SimWise file

1. Start SimWise

2. Select File, Open and Browse and locate the file called “SimWise
Tutorial — Bracket Assembly.wm3”.
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Change Gravity and Unit Settings

1. Select the Simulation Settings icon ‘;5

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

4% SimWise Settings

= Simulation Setings

B8 £2A
Ele:gS

L Gt
- Clipping
- Mumbers
- Lnits

[#- FEA Display
- Preferences

=] 2/X
[+ Gravity on
Gravity Direction and Magnitude
-X X
Y C
@-z2
a: mm/fs™2
JJ Close Help |

Note: The cyan
colored arrow
on the
Orientation
Indicator
represents the
direction of

gravity
=

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.

4% SimWise Settings

= [ 2 X]

- Simulstion Settings
F-FEA
- Granity
= Display Setings
- Gridd
- Clipping
MNumbers

S

r

H- Preferences

Unit System: |Custom ﬂ

Distanc%@l Pressure |Pa -

Mass |kg - Energy m

Time m Power lm
Rotation |deg - Frequency lm
Temperature m Velocity m
Force m Rot Vel m

[+ Automatically determine units when entering formulas

E [ o ]

| 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.

&\ Properties of body[2] (ACIS® Body) & ﬂﬁ

.Appearance} Pos ]Ve\ Material ‘Geometry] FEA | FEADi: 4| ¥

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

Volume 559e-5 m™3

Coeff. Restitution 05 J
Coeff. Friction 05 J

N

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... | & [[mE3m]

[LEEETR Aluminum 2024-T3* l.
Temperature: |298 > | K Editthe datshase

Mass Density 'W kg/mm™3
Elastic Modulus 7.31e+10 Pa
Poigson's Ratio '7033
“rield Stress 3dBe+d Pa
Ultimate Tensile Stress 'm Pa
Specific Heat 'w N mm / (kg K)
Thermal Conductivity ,7019 W mm K)
Thermal Coeff. of Expansion W rarn ¢ (i K)

‘ oK Cancel

4. Repeat steps 1through 3 for the Post

e

Back Forward

Tip: You may
enter your own
materials using
the “Edit the
Database” option
and then selecting
the New Material
button
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Add Hole Restraints

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

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
e
= constraint[ 204
0, Zoom to Selection
Show Tip: You can also
= , double-click (or right-
_ R click) the restraint
® Join graphic in the
g Jphi viewing area and
L= Swap Coords .
choose Properties

Distribute on Face...

&, _Copstraint Navigator

< ) Properties

e

Back Forward Table of Contents



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.

+% Properties of constraint[3] (Restraint) and constt @ | (R.. ﬂﬁ

'Appearance Restraint]

Hesian Frame Tip: A restraint may

r r 7 C also be given a pre-
Known Displacement - deﬁned dilsp!acement
= . value. This is useful

mm Coordinates ..
|  Carosian for dgtermmmg_loads
" Cylindrical required to achieve a
normal @ i@ Face nommal g|ven deﬂectlon

Close | | Help

S,

y The restraint icon on the hole
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 o surface, the coord is created at the location of the cursor selection (mouse click) on the surface
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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 SimWise 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

1. Select the Simulation Settings icon ‘;5 to open the Simulation
Settings d-box.

2. Click on Tolerance and enter .55 in the Bond Tolerance value field

4% SimWise Settings 3] ﬂ ﬂ
= Simnulation Settings Corfiguration Tolerance
- Tolerahce
- Integration Position: 10 mm
- FEA Orientation: 1 deg
- Gravity
- arnings
- Display Settings Cverdap Tolerance: 0.01
-+ Grid factor of charactenstic dimension)
- Clipping .
- Vechors Assembly Tolerance: 1 mm
- Mumbers Bond Tolerance: 55 mm
- Unitg o - | D
[+ FEA Display Significant Digits: 5
- Preferences
A7 o [ ]
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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.

ImWiseFEA Tutorial=rss o,
E Show
...... Hide
...... 65 Mtg Block-1 Visibility ¢
...... ( Mtg Block-2

8% Include in FEA

Show Meshes
== constraint[12] -

£
£
5= constraint[20]
£
£

7 Post-1

0] constraint[30] «| Properfies
a-%] constraint[35]

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
-8 Bracket-1
< Mtg Block-

el

%[ constraint
7% constraint

{|=C Penetrates All

[
[

Tracked by Camera

& Constraint Navigator
¥| Properties

e

Back Forward

< 0, Yoom to Selection
«& Mtg Block- Sy

-5 Poe e Note: Since we

E-== constraint[] Visibility » are not interested

[-== constraint[2 i i

- B constraint{‘ ® Include in FEA o anal'yzmg the

5 oo & Show Mesh stress in the

constraintly -~ blocks, they wil

B % constraint[4 =

. Penetrate be left out of the

[

analysis
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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]
3] constraint[30]
-4\ constraim >~

O, Zoom to Selection
Show
Hide
Visibility 4

% Swap Coords

Distribute on Face...
& Copstraint Navigator
(.J Properties
L —

Back Forward
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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
-100 in the Y field and -200 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

The structural load
graphics should
appear as follows

ik Properties of constraint[74] (Structural Loae B I

Appearance I Active Structural Load |

Type:

Total force -

2 x

" Face nomal

Close I

Apply | Help |

Forward
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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

8 SimWiseFEA Tutorial - Bracket Assy
=8 Bracket-1 g 700m to Selection
...... & Mtg Bloc Show
...... @ Mtg Bloc  Hide
- Post-1 isibjli

-5 CONStrgt
== constrain

A Collide
%% Penetrate
’E Penetrates All

-1 Fixed

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

3l
t
H
#-- B constrain
H
£
H

OO OO oy OO e OO e O e OO e OO

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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Specifying Bonding Criteria
>

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) 3] 7/ X

'Appearance Constraint] Configuration | Active | Rigid |

FEA Treatment
E|E constraint[44]
.z coord[45] on Bracket-1
sk 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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Specifying Bonding Criteria cont....
>

Since the bottom of each of the bracket ears are connected to blocks that
are fixed (or rigid), the bonding type can be set to mimic the ears being
attached to ground.

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

# Properties of constraint[18] (Rigid Joint) @ 7| X|

-Appearance] Constrai Configuration | Active | Rigid |

FEA Treatment

(" Distribute load over chosen faces.
~

traintto ground.

l:...

Close |
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Notes on meshing

At this point, it is possible to solve the FEA. This means that before the solve begins, the
bodies will be automatically meshed using the default mesh parameters. As was
explained previously, the default mesh may be sufficient for first-pass approximate results.
However, if the User desires more accurate results initially, the bodies can be pre-meshed
individually using the various controls in SimWise, such as mesh control, Growth Rate,
Maximum Angle, etc.

In this example, we will mesh each part individually and some mesh control applied. In
this particular example, it will allow for faster convergence on a solution. In addition, in
most modeling instances, it is more common for the User to mesh each part to a desired
element size and pre-check the mesh quality, as opposed to using the default mesh.
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Create Mesh (initial)

1. Hold down the Ctrl key, select both the Bracket and the Post, right-click
on either highlighted body and choose Properties and select the FEA tab
in the Properties d-box

2. Click onInclude in FEA

3. Change the Default Mesh Size to 4

4.  Select Max Mesh Angle and enter 20 deg as the value

5. Enter 2 for Growth Rate

6. Click on Mesh

7.  After the mesh process is complete (1 or 2 seconds) click on Show Mesh

/% Properties of body[4] "Bracket-1" 3] 7| x|
.ﬂppeamnce] Pos ] Vel ] Material | Geomet @ |
2 @nclude in FEA 7 @hnw mesh
Mesh 6

Default Mesh Size:
Mesh Factor: 0.0144 ﬂ

4
[v Maxmesh angle: | deg
5 Modes
Growth Rate: 6 Bemeaits

Close | | Help

8. Select Close
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Create Mesh (initial)

e

Back

Notice the higher
mesh density in the
fillet areas. The Mesh
Angle (20 deg) is the
primary reason for
this reduction in
element size
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3.

Apply Mesh Control

Right-select the Post and choose Hide

Click on Insert in menu and choose Insert Mesh Control

Select the inside edge as shown

Select inside edge.

Tip: It may be necessary
to change the selection
filter to edges

Qaseson

_%‘FAII

=‘|H¢. Faces onl

f“ Edges only

= Vertices only

@? Arcs only

Double-Click the Mesh Control graphic icon to open its Properties

Select the Mesh Control tab

Enter .1 in the Relative To field, as shown

Select Close

+% Properties of Mesh Contrel[77] (Mesh Cont & ﬂﬂ

' .ﬁppealance 4

[¥ Use this mesh control when the mesh is generated
Mesh

Mesh Size Scale

¥ Relative to the default mesh size:

5 Va 4 mm = 0.4mm

" Absolute mesh size:

< mm

[v¥ Show mesh

Mesh

[ e ]

Modes

Close |

e
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Run FEA Simulation

1. Onthe Player control panel, click on the Solve FEA button, as shown

ma y|[ ]| < |[m ][> [

S—~|Solve FEA

P

When the analysis is complete, a contourVon-Mises stress plot will appear and
the model will be colored with respect to areas of high and low stresses

Max. Value = §.49e+7 Pa

von Mises Stress { Pa )

e
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Mesh Refinement (H-adaptivity)

1. 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

2. Inthe simulation settings, click on FEA, Accuracy
3. Select Use H-Adaptivity

4. Enter 1 for the Max iterations

5. Enter 10 for Target error

6. Select Apply and then Close

A% SimWise Settings & 7| x|
=l Sirulation Settings 1 ==
- Tolerance S 4
) e H-adaptivi {not involeed by green run
- | ntearation ] ]
. 3 Max rtemtmns@ Target emor:
Accuracy [ Stop when the %nodes in emor is less than:
- Giraity [ Stop when the change in emoris less than: 0.1
- arnings [ lgnore stress values above the 50 percertile
=~ Dizplay Settings
- Gnid Result Verfication
-~ Clipping v Test result validiy
Vectors [ Testdesignintert:  Min Factorof Safety: | |
- Mumbers
- Unitg
- FEA Display
[+- Preferences
@E Cloze | Apply | Help |

7. Onthe Player control panel, click on the Solve H-Adaptive FEA
button, as shown

~—plve H-Adaptive FEA|
S PITITST=7 [ I
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Results (Stress)

The H-adaptive analysis has allowed the analysis to reach a maximum error
of 7.57%. This exceeds our goal of 10%.

Setting the Target Error allowsTo check the difference in convergence, two
successive H-adaptive refinements were performed. The first used a 10%
error criteria and actually obtained 7.5%, and achieved a maximum stress of
7.95e7 MPa. The second used 7% , actually obtained 4.5% ,and achieved
convergence with a maximum stress of 1.14e8 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 and lengthy solve times.
Depending on the application, such small differences may or may not be
important.

-

[ H-Adaptivity Goal Obtained [~ B |3

. 1 H-édaptivity of the finite element mezsh reduced the error below the

| - . ; .
! ' target errar within the masimurn number of iterations.

Analyziz Besults H-Adaptivity Settings
Humber of nodes: 147217 ¥ Usze H-adaptivity
[168 % increasze]
Taotal iterations: 1 bd ax iterations: |1
M aximum eror: 757 & Target emar: |1 .00 %

[ Do nat show this meszage again [can be rezet in Preferences).

| Cloze | Help |
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Results (Stress)

The following image shows the resulting mesh after the convergence to
4.5% error. Notice the high element density in areas of high stress error.
Note also that if you are to change the plot type to show “Error Values”, and
then use the Isosurface plotting tolol, you will see that the highest error is
mainly due to a few singularity points near the bonding interface of the two
bodies. This residual error is typical and acceptable so long as the proper
tools and assessments are being made with regard to which result
characteristics can be disregarded and which need to be considered more
closely.

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[?] (ACIS® Body) 03] | _‘_?| ll
U Heat Vel | Material | Geometry | FEA_| FEAIpRRy Isosurface [ 4 | »
1 Oimported Loads i
i = /®how|sosurface at I 498e+7 Pa
U Keyframe > )\
hMatarial \ v ,
245e+3 Pa 3 6.64e+7 Pa
[~ Show results below the isosurface value
[v Show results above the isosurface value

Close | 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.

" SimWiseFEA Tutorial -

> Show
- Bracket-1 Hide
...... & Mtg Block-1 Visibility ’

------ & Mtg Block-2

e .
] Post-1 i @ Show Meshes
f-% constraint[12] @ Show Contours

B

E [

B-ww constraint[20] pShowDeEloHmed
- % constraint[18] & S

B constraint[40 =

: M0 Rigidly Join Badies

il
B

H-- & constraint[44]
4% constraint[30] | Properties

8% Include in FEA

& coord[32] on Post-1
7 constraint[35]
4 coord[36] on Post-1

Note: The exaggerated

deformation size can be changed
under the FEA Display settings in
the main SimWise Settings d-box

e

Back

— Deformation Display
(® Scale deflection to:

I 5 % ofbody size

(" Multiply deflection by:

Forward
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Overlay Original Shape

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.

/A Properties of body(2] (ACIS® Body) ® | ?|X

FEA Displa Dosurfa 4 | 'l

'F’os |Ve| | Material' Geome

U Lalor — Display Settin — Deformation Settings
E Contact [ Use body color
FEA
TS / [¥ Show contours [~ Othercolor: |-|
Geometry [¥' Show deformed Translucency: I 0 }—
U Heat [~ Showforces 2
Mimnartad Tasde (8 Restraintforces @Overlay original geometry ——
(" Applied forces ranslucenc
[~ Showisosurface Q_l ol

Close | Apply | Help |

3. Click in Overlay original
geometry and set the
translucency value to 0.2

4. 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

3|+ Stress
Component ’

Strain
Displacement

Unaveraged Values
FAveraged Values

Error Values

Factor of Safety

Factor of Safety Options...

## FEA Display Settings...

The maximum deflection
is approximately .45mm

Wax. Value = 0.457 mm

Delta_MAG Displacement { mm )
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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
liq Run with FEA

<l Animate FEA [}
(1 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 SimWise @
main Settings Vary scale from | 1to 0 (and back)
C |5ir1usoid|:1,28’ﬂ 02 s. 0.5, 90 deg) J
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Export Photorealistic Image

Click on the Render Settings button located on the Render toolbar
&9 vH-~

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 @
Image Dimensions Image Output

Width: 1200 Height: [1200 (in pixels)
Fixel Aspect Ratio (heightwiclth): 1
Rendering Options Foreground Effects Save Image File.. ‘

[v Shadows |(n|3ne:| ﬂ

[w Eeflections ‘
[ Hidden line Q

| FPrendew Window |

Closze ‘

End of Exercise
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Design Simulation
“ Technologies

Exercise — Vibration Reduction

Simulation Objectives:

® Optimize counterweight diameter and radial location
® Minimize the vibration

Counterweight diameter
range (12mm to 18mm)

Motor (Hub)

(constant speed = 500 rpm)

Moveable constraint
coord range
(-20mm to -60mm)

Features Covered:

® Paramaterizing variables

® Setting up and running an Optimization study
® Applied loads

® Bonding

® Meshing
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The Optimization Manager (Specify Input Parameters)
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The Optimization Manager (Add Constraints)
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Summary

Topics are hyperlinked. Click on a topic name to link directly to that
topic page

Click on the icon A at the bottom of any page to return here to the
Table of Contents (TOC)
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Open the Example Model

1. Start SimWise
2. Select File, Open and locate the file called “SWOpt Tutorial-Disc

Balancing.wm3D".

The model consists of a disc with a motor at the center hub and a
counterweight attached to the disc with a rigid joint. The motor speed has
already been defined as a constant 500 rpm.
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Parameterize the Diameter

1. Double-click the blue counterweight to open the body Properties

2. Select the Cylinder tab

3. Select the formula button next to the Radius field and choose

Create

J\ Properties of body[4] (Cylinder) 3] 7] x|

-Appearance] Pos ]Vel ] Material | FEA  Cylinder |

Radius | 15
oy

Height | 25 » |mm

Characteristic Dimension 25 mm

[v Automatic

Close ‘ ‘ Help

Reset

Tip: You can also
parameterize this value by
selecting Insert = Control 2
Parameter from the main
menu.

4. Inthe Parameter d-box, enter the values as shown

Edit Parameter

b e 18/ rnm Gl
(" Discrete Walues

Current walue: ‘

Mame: |input[7] Units:  {mm
(@ Continuous vWalues
Currentwalue: 15 \rm
kdin: | 12 m Steps:

2 sl
Cancel

e
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Parameterize the Location

1. Expand Constraint[14] and double-click on Coord[13] to open its
Properties d-box

EI B constraip
(&= coord[13] on body[2]

2. Select the Pos tab

3. Select the formula button next to the Z field and choose Create

Z\ Properties of coord[13] on body[2] (Base Coord @ 12X
"Appearance Pos l
Position and Orientation Reset
mm deg i
X liaﬂ Rx ﬁﬂ input[7] 15
¥ 25 Ry 0 | 4)( Create... >
z AR » Rz | 0 »
(body[2] coordinates) (Coord-XYZ)
r r r |
Close | ‘ ‘

4. Inthe Parameter d-box, enter the values as shown, then select OK
and then Close

Edit Parameter @
T o
Mame: |input[8] Units:  |mm

Cancel

(@ Continuous Values

Current walue: -45 Y mm
hdin: 60 Jmim Steps:
=R 20/ mm @

(" Discrete Values

Currentwalue: ‘

e
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Create a Meter

1.

>

Click on Constraint[11], Insert, Meter, Constraint Force and select

body[2] and World, as shown

" World

Expressedin:

¢ body[?]

(" coord[9] on body[2]

(" coord[10] on Ground

Measure Constraint Force/Torgue @

Measure constraint[11] Force on

[8]4 | Cancel

This meter will be used in defining both the Goal and constraints for the
optimization

e
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The Optimization Manager (Specify Input Parameters)

>

1. Onthe main menu, click on Tools, Optimize Model

t | Tools Window Help
¥ CAD Assaciativity Info... t 2
N AD

‘ Optimize Model...
Hs Render...

£ Explode..

& Constraint Navigator
B3 Slide Show

&5 Export VRML

# Demo Tour

Ua Preference Settings...

2. Click on the checkboxes next to each input parameter in the Design
Variables window.

ization Manager

e
Settings
Surnmary

- Design Table
- Plot

Design Variables

Selectthe parameters to use with design optimization

N

meter Type Min Value
\ ut[7] Continuous 12 15
\ ut[8] Continuous  -60 -45

Max
18
=20

SelectAll ‘ None Edit..
Optimize Close | Help ‘
205 205
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The Optimization Manager (Add Objectives)

>

1. Click on Goals
We will define the following two objectives:

Note: The
Objective 1: Objective 2: optimization will
Meter = Constraint[11] force meter Meter = Constraint[11] force meter work to minimize
Formula = Fx Formula = Fy the maximum Fx
Value = Maximum Value = Maximum and Fy forces,
Type = Minimize Type = Minimize relative to our

constraints

(defined next)

2. Under Object Type, select Meters

3. Under Object, select Constraint[11]

4. Under Pro

perty, select Fx

Note: We do not want to use |F| (magnitude)
because the magnitude will also take into account
the vertical force due to the weight of the disc,
which we are not interested in since this loading
is perpendicular to the direction of vibration

5. Click on Objective, accept defaults of Maximum and Minimize

6. Select Add

7. Repeat steps 2-6, except in step 4, select Fy

Optimization Manager

¢ Wariables

i Summary
¢ Design Table
o Plat

Goal and Constraints

Select the model properties to use as objectives and constraints. At least one objective is required.

Choose to use either the minimum o

rthe maximum value from the simulation.

Object Type Object

2 Qe —

odies

g Value:  [Madmum -

B & Objegive
F
3 Fz 5 l'" Maxdimize

@ Constraints
<= Coords
%= Parameters
o Fommula " Design Constraint
i
["" - 6
Noal Formula Value Options ( }
biective output[12]y1 Maxdmum Minimize
Objective output[12]y2 Maxdmum Minimize
Dielete
Dptlmlze | ........... E Iose\| Help |
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The Optimization Manager (Add Constraints)

1. Click on Goals

We will define the following two constraints: Note: The

optimization will

Constraint 1: Constraint 2: :
Meter = Constraint[11] force meter Meter = Constraint[11] force meter work to find all
Formula = Fx Formula = Fy fea5|p|e

Value = Maximum Value = Maximum solutions that
Type = <= Type = <= result in vibration
Limit=1 Limit=1 loads less than

or equal to 1N

2. Under Object Type, select Meters

3. Under Object, select Constraint[11]

4. Under Property, select Fx

5. Click on Design Constraint, click on <= and enter 1 in the field
6. Select Add

7. Repeat steps 2-6, except in step 4, select Fy

Optimization Manager =]

¢ Wariables

Goal and Constraints

Select the model properties to use as objectives and constraints. At least one objective is required.

Summary Choose to use either the minimum or the maodmum value from the simulation.
i Diesign Table - -
L. Plot Object Type Object E}’ Value:  {Maximum -
2 CW T constraint[17] Fo
odies 4

B £ Obicedi
@ Constraints 3 Fz &

F 5 2
<= Coords

%= Parameters

o Fommula {* Design Constraint
(% o=
i 5= ! 6
Goal Formula Value Options < }
Objective output[12]y1 Maxdmum Minimize
Objective output[12]y2 Maxdmum Minimize
onstraint output[12]y1 Maxdmum «=1N
onstraint output[12]y2 Maxdmum <«=1N
Dielete
Optirize Cloze | Help |
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The Optimization Manager (settings)

>
1. Click on Settings
2. Inthe Stop after field, click on Seconds and enter 0.2 as the stop
criteria

Note: Since the disc is rotating at a constant 500 rpm, it will make approximately 1-

1/2 revolutions in 0.2 seconds. This is enough to capture the forces needed to

evaluate one iteration (or evaluation) of the optimization study

Optimization Manager =]

o Warniables

Diesign Table
o Plat

Study Options

Mumber of desian evaluations; |150

Run Cantraol - for each design evaluation

[V Simulate Motion [~ Compute FEA

\Frames
Stop aft
=P Seconds

[~ Animate motion simulation

Help

3. Select the Optimize button to begin the optimization study

Note: While the optimization is running, all features associated with parameterized

values will move rapidly and change position in the graphics window, as the
optimization cycles through all possibilities set forth in the parameter ranges

e
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Results

>
1. Click on Design Table in the Optimization Manager to see the list of
each evaluation and their results
Optimization Manager =
= Wariables - )
[ Design Table
- Settings
- Sl | Id |R'|k | Flag | input[7] fmm} | input[8] {mm) | M constra... | Meax constra... | -
! 2 94 1 Feasible 18 -41.7722 0.47185 0.47185 =
i Plat E1 2 Feasible 16.0678 -52 4051 0472252 0472252 B
l 3 Feasible 16.3729 -50.3757 0476775 0476775
143 4 Feasible 15,0508 60 0.476962 0.476962
2 5 Feasible 15,661 -55.443 0478731 0478731
BE B Feasible 15661 -54.8367 0.487565 0.487565
43 7 Feasible 15.1525 -59.4937 0.507529 0.507529
28 ] Feasible 15,5553 -56.4557 0.512857 0.512557
72 ] Feasible 16.4746 -50.3797 0.516785 0.516785
48 10 Feasible 149452 60 0.526571 0.526571
B4 1A Feasible 16,0678 -51.8987 0.534431 0.534431
59 12 Feasible 157627 -53.9241 0.535024 0.535024
109 13 Feasible 18 -42 2785 0.535046 0.535046
) 14 Feasible 15.8644 -54.4304 0.535642 0.535642
B3 15 Feasible 16,1635 -52.4051 0.537651 0.537651
10 16 Feasible 17.7966 -42 2785 0.541446 0.541446
114 7 Feasible 17.8983 -472.7848 0541583 0.541583 i
Epot.. | CopyData || SetModel |
Optirmize | Shaow Log... | Cloze Help

2. Select any Rank listing and choose Set Model to display the
suggested design configuration. All parameter values will be
permanently set to the values used for that iteration.
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Summary

Although the highest rankings are listed as feasible in the sense of achieving the
goal, the actual parameter values used to achieve those designs may not be entirely
feasible from a manufacturing standpoint, considering they are listed out to 4 decimal
places. Once the best design is identified, it is a good idea to round the values of the
parameters to placeholders feasible for manufacturing, apply those values directly to
each parameter and then perform a single run of the simulation using those values to
obtain exact results. For example, in looking at Rank 5, one might use 15.6 mm for
the counterweight diameter, -55.4 mm for the mounting position of the counterweight
and do a single normal run using those values.

Another alternative to finding feasible designs to attainable manufacturing tolerances
is to use the “Discrete” option when defining parameters. Discrete options can work
toward optimization using a list of pre-assigned variable values.

End of Exercise
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