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CATIA Fitting Smulation CATIA® V5R19
Introduction

CATIA Version 5 Fitting Simulation

Upon completion of this course the student should have a full understanding of the
following topics:

- Creating tracks

- Editing Sequences

- Creating replays and playing them back
- Using pathfinder to determine a path

- Performing clash analysis during afitting simulation

© Wichita State University Fitting Smulation - Introduction, Page 1



CATIA Fitting Smulation CATIA® V5R19
Fitting Simulation

Fitting simulation often gets confused with kinematics because it involves motion. The
main difference between afitting simulation and a kinematic simulation is that afitting
simulation moves according to a set path without regard to constraints. A kinematic
simulation moves according to defined joints which control the motion of an assembly.

The purpose of fitting simulation is to show how to assemble or disassemble an assembly.
This can be useful to create training videos or just to make surethat it is possible to
disassemble or assemble an assembly in the defined space. The analysisavailablein
Assembly Design only allows you to perform a clash analysis between objectsin their static
state. In Fitting Simulation, you can perform clash analysis between the objects as they are
being disassembled or assembled. Kinematics can perform a clash analysis as an assembly
operates.

Since Fitting Simulation does not involve constraints, assembly constraints are unnecessary
to perform asimulation. However, you normally would want to constrain your assembly in
order to have al of the partslocated correctly.
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Introduction

CATIA Version 5 Kinematics

Upon completion of this course the student should have a full understanding of the
following topics:

- Creating joints

- Creating simulations and replays

- Performing analysis on a kinematic mechanism
- Using lawsto help simulate a mechanism

- Converting assembly constraints to joints
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Kinematics

Thefirst item that needs to be understood iswhat is kinematics. Kinematicsinvolves an
assembly of parts that are connected together by a series of joints, referred to asa
mechanism. These joints define how an assembly can perform motion. When one of the
joints move it causes the assembly to move. Kinematics does not involve any type of finite
element analysis which means there are no associated loads or weights with the parts. You
are simply moving the assembly through some range of motion as defined by the joints.

Sometimes kinematics gets confused with animation aswell. Although kinematics does
perform some actions similar to animation, it isavery limited. Kinematicsis meant to
show the range of motion of a mechanical mechanism. Basically, it will show how the
movement of one joint affects all of the other joints defined in the mechanism.

The second item that needs to be understood are degrees of freedom. Every part has six
degrees of freedom. It can move in three directions and it can also rotate about those three
directions. In order for an assembly to be used in kinematics it must have at least one
degree of freedom. The remaining degrees of freedom are controlled with commands. This
iswhat allows the motion of the mechanism to be defined.

The hardest part about kinematicsis figuring out what joints need to be defined on an
assembly in order for it to operate correctly. The actual definition of the jointsis pretty
easy. Kinematics requiresyou to think alittle differently without letting finite element
analysis and animation to confuse the situation.

Kinematicsis used to check for clearances and interferences among moving parts, and
analyze the velocities of partsaswell. In addition, laws can be applied to the mechanism to
force the parts to accelerate.
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Simulations

Up until now you have been simulating your mechanisms using the simulation with
commandsicon. You can also create a simulation that can be used to generate areplay or a
movie file for external use. The ssmulation can be used in conjunction with sequences that
will alow you to put multiple simulations together and vary their duration.

Simulation
Thiswill allow you to create a simulation that can be used to make areplay or moviefile.
In addition, simulations can be put together in a sequence.

Open the Simulation - Replay document located in the Simulation directory. A
simple cam mechanism appears. The mechanism is already constrained with an angle
command that drives the assembly. Instead of using the ssmulation with commandsicon
you are going to create a simulation.

[
Select the Simulation icon. v A Select window appears. Thiswill show all of the
available simulation objects in your document.

You can select your simulation objects

Cam

< ¥

1 & Cancel I

Select the Cam object from the window and select OK. Two windows appear. One of
them is the Kinematics Simulation window which is similar to the window that appears with
the simulation with commands icon.

Kinematics Simulation, - Cam EIFS_TI

Command.1 -360 — — 360 M I
L] check joint limits
] Keep position on exit

Check Joint Limits ~ Checksto seeif any joint limits are being reached

Keep position on exit The current position of your mechanism will remain when exiting the
simulation. Otherwise it will reset to its original position.
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The second window is the Edit Smulation window.

Edit Simulation

Mame: | Sirulation, 1

I

AN

E Anirmake viewpaoink

Delete I Skip I

Inserk I Modify I

(9]

[] Automatic insert

Interference

\3

Distance

=l =

Edit analysis I Edit simulation objects I

Edit sensars |

Defines a name for the ssmulation. Each simulation should be given a

Name

d @ Cancel I

unique and descriptive name for future reference.

Arrow 1

Arrow 2

The loop mode icon. Selecting thisicon will change the loop mode between
singleloop [3 , forward and reverse

, or continuous forward @

Thetime step indicator. Each motion placed in the smulation indicates a

time step and is displayed in the box.

Arrow 3

Animate viewpoint

Insert, Modify, Delete, Skip

Automatic insert

Edit analysis

Edit simulation objects

Edit sensors

The replay interpolation step. In generd, it controls the speed of the replay.

Allows the viewpoint position to be recorded with the
simulation. Thiswould be useful if a certain area needs
special attention while a component is being removed.

Allows you to insert steps manually, modify the position at a
desired step, delete a step or skip over a step during replay

Allows the positions to be automatically inserted

Allows you to add or remove various analyses to your
simulation

Allows you to add additional objects that you want to be part
of the simulation

Allows you to turn on sensors to be observed

Kinematics - Smulations, Page 198
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Change the Name to be Cam mechanism. You have to be careful when inserting steps if
you want a uniform speed. The best way to insert steps at a uniform speed is to change the
command value using the step arrows.

Select the Browseicon in the Kinematics Simulation window and change the Spin box
incrementsto 5.0 and select OK. ... | Y ou are going to insert a step into the ssmulation
every 5 degrees.

Select the Automatic insert option in the Edit Simulation window. Thiswill insert a step
every time you change the command value.

In the Kinematics Simulation window press and hold the first mouse button while on
the up arrow of the command value box. Thiswill change the command valuein5
degree increments until it reaches 360. There should be 72 stepsin the simulation.

['0.0000 |i|$

Select OK in the Edit Simulation window. Both windows close. Y ou should see a
Smulation branch under the Applications branch that contains the simulation.

é—SimuIation
=- Cam mechanism
#-T&" cam, DOF=0

Double select on the Cam mechanism simulation. The windows reappear.
Select the Jump to Start icon. a The simulation returns to the beginning.

Select the Play Forward icon. L The simulation plays forward.

Changethereplay step to 0.2 and change the Loop Mode to Continuos Forward.

Select the Play Forward icon. P Noticethat the simulation runsfairly slow and it will
continue to run until you select pause.

Sdlect the Pauseicon and select OK. Il The simulation stops and the windows close.
Notice that the assembly returned to its original position since you did not turn on the Keep
position on exit option. Y ou are going to create areplay out of this simulation.
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Compiling the simulation

After asimulation is created, you can generate areplay or amovie file by compiling the
simulation. Thiswill create an external file that can viewed without CATIA or it can create
an internal replay to be used by other users.

Select the Compile Simulation icon. {ﬁﬁ, A Compile Smulation window appears. The
icon islocated under the Simulation icon.

Compile Simulation E] @

o Generate a replay

Mame: | Replay. 1

[] Generate an animation file J I
| PRI |

Definition
Simulation name: |Cam mecharismm j
Time skep: |1 j

(] Animate viewpoint

@ ok | @ cancel

N
Generate a replay Thiswill compile the simulation into areplay. The replay can
only be viewed from within CATIA V5.
Name Defines a name for the replay

Generate an animation file  Compiles the simulation into one of three file types

Definition Allows you to change what simulation will be compiled, the
time step that it will be compiled at (same as the replay
interpolation setting from the Edit Smulation window) and if
the viewpoint is going to be compiled into the animation or

replay

Turn on the Generate a replay option, change the Name to Cam, change the Time step
to 0.2 and select OK. Thereplay is generated and a Replay branch appears under the
Applications branch. This may take a couple of seconds to compute all of the motion.
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Replay

The replay option allows you to play areplay. Thisisan easy way to view an internal
replay.

Select the Replay icon. mav A Replay window appears. Thiswill allow you to play your

replay. Theicon islocated under the Simulation or Compile Simulation icon. Y ou can also
get to this window by double selecting on the replay itself.

Replay E]@

Name:|c3m j
I

M 4 Il | M > M
N EEEE -

[ Animate viewpoink

Edit analysis I
Interference Diskance

| | E

Most of theicons are the same as on the Edit Smulation window. The one exception isthe
replay time step interpolation list is now areplay speed. If the simulation was compiled at
too slow a speed, it can be sped up using this dialog.

Select the Play Forward icon. L Notice that the replay is much smoother than when
you played the smulation. Thisisbecause all of the calculations have aready been
performed and thisis simply avideo playback.

Changethe L oop Modeto Continuous Forward and change the replay speed to be x2.
@ Thiswill play the replay over and over again creating a constant moving cam.

Select the Play Forward icon. > The cam mechanism continues to run over and over
again.

Select the Close button. The window closes and the cam returns to its original position.

© Wichita State University Kinematics - Smulations, Page 201



CATIA Kinematics CATIA® V5R19
Simulation player

The simulation player is an alternative to using the replay option. Y ou can play any item
that has motion defined. In other words, you can use this player to play asimulation or a
replay. In addition, the player’s speed is adjusted using atime variable. This can be
important if you are using simulations with laws that are set up using time. The player can
also be slowed down or sped up as opposed to the replay option which could only speed up

the replay.
LILL!

Select the Simulation Player icon and select the Camreplay. BE, A Player window
appears. Thiswill determine which item will be played.

T rr—— ~Hd H 4 H » M

Changeloop mode  Similar to the replay window you can have your item play either one
timeforward _ , continuous loop e Or forward and backward

@ .

Smulation line The slider can be dlid along the line to various locations automatically
moving your item to that parameter value. —

Parameter value Shows the current value of the parameter s

-

Player commands  These act very similar to the commands available in the other
windows.

Allows you to modify the parameters of the player

Player Parameters E]g|
Sarnpling Step j
Temporization E j
Sampling Step Defines how fast or slow the player will play
theitem
Temporization Defines how long the player will pause after

each step before continuing

Select the Parametersicon. 3 ThePl ayer Parameters window appears.

Change the Sampling Step to 1.0s and the Temporization to 0.0s and select the Play
Forwardicon. , Thereplay plays quite fast.
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Change the L oop Mode to Continuous Loop. €&

Change the Sampling Step to 0.5s and select the Play Forward icon. . *  Thereplay
plays continuously.

Select the Stop icon. ™ Thereplay stops playing.

Change the Temporization to 0.2s and select the Play Forward icon. _* Noticethat
the replay is playing much slower since it pauses 0.2s each time it takes a step. The motion
will bejerky.

Closethe player. You can do this by selecting on the X in the top right corner of the Player
window or by selecting the icon again. The window closes and the assembly returnsto its
initial position.
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Sequences

Sequences allow you to put together a sequence of actions. These actions can be assigned a
duration which determines how fast an action occurs. This allows you to have multiple
actions occur at the sametime if desired. This exercise will have you create a sequence
using the one simulation that you created.

Select the Edit Sequenceicon. Ev The Edit Sequence window appears along with the
Player window. Theicon islocated under the simulation player icon.

Edit Sequence E]@

Edit Action | Edit Analysis |

Action in session Action in Sequence
Cam mechanism Step | Ackion Duration () | Delay (s) |

s
i

Maove Lp I MErge Up I
Mowe Dowrn I Merge Down I

Action duration (s} . Reset duration IAction delay (s} o | .

Action add mode

@ Create last step and add ) add in last step ) Tterative create last step and add

< Highlight the simulated action{s)

& Cancel I
[

Action in session These are dl the actions that can be added to the sequence.

Action in Sequence  Thisiswhere your sequence will appear. By selecting one of the
actionsin the session, then selecting the right arrow, the action will
be merged into the sequence.

Move Up/Down Changes the order of the actions in the sequence

Merge Up/Down Merges actions together to make them occur at the same time
Action duration Defines the length of time for each action in seconds

Reset duration Resets the duration to its original duration

Action delay Defines how long an action will wait before beginning

Action add mode Defines how the next action gets added to the sequence
Create last step and add Adds the next action after the last action (Consecutive)

Add in last step Adds the next action with the last action
(Simultaneous)

Iterative create last step...  Addsagroup of actions in consecutive order
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Select the Cam mechanism simulation from the window and select the green arrow
pointing to theright. =» Thesimulation is put into the sequence. The default duration
iIS72s.

Insert the Cam mechanism simulation again. Y ou can do thisin the same manner as you
did previoudly.

Insert the Cam mechanism simulation three more times. Thiswill give you five full
turns of the mechanism.

Select OK. The sequenceis created and you will have a Sequences branch under the
Applications branch.

='.-S|equence5
= Sequence.1
- Cam mechanism
*‘ Cam mechanism
=f- Cam mechanism
T— Cam mechanism
t— Cam mechanism

Select the Edit Sequence icon again. E. The Edit Sequence window appears. Thistime
you have Sequence.1 as an available action as well as the Cam mechanism simulation. You
are going to create a sequence that has five revolutions of the mechanism but at twice the
Speed.

Insert the Cam mechanism simulation and change the Action duration to 36. The
duration will change in the window after you select another option.

Insert the Cam mechanism simulation again and change the Action duration to 36.

Insert the Cam mechanism simulation three mor e times making each one have a
duration of 36.

Select OK. Sequence.2 is created.

Create another sequence with the Cam mechanism simulation inserted five timeswith
aduration of 144 each. You should have three sequences created. Y ou are going to create
one sequence that contains all three sequences.

Select the Edit Sequence icon again. E. The Edit Sequence window appears. The three
sequences should appear as available actions.

Turn on the lterative create last step and add option, select all three of the sequences
and select the green arrow pointing to theright. =) The three sequences are inserted

consecutively. You will need to the use the Ctrl or Shift key in order to select al three at
once.
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The sequence should look similar to the one shown below.

Edit Sequence

Edit Action Edit Analysis
Action in session Action in Sequence
Cam mechanism Step Action Duration (s) | Delay () |
Sequence. 1
sequence.2 1 Sequence. 1 360 u]
Sequence. 3
1|: 2 Sequence.? 150 u]
<,1:| 3 Sequence. 3 7z0 0
Move Lp I Merge Lp
Move Down I Merge Down
Action duration (s)| Reset duration I.ﬁ.ction delay {s1|0 .
Action add mode
@ Create last step and add ) add in last step () Trerative create last skep and add
« Highlight the simulated actions)
@ 0K W Cancel I

Select the Parametersicon in the Player window and change the Sampling Step to 3.0s
Thiswill play the sequence at arate of 3s per step.

Move the windows so that you can see the mechanism work and select the Play
Forward icon in the Player window. » Notice that the cam turns faster after five
revolutions and then slows down after another five revolutions.

Select OK in the Edit Sequence window. All of the windows close. Sequence.4 appearsin
the specification tree as shown below.

1
= Sequence.d4

*—E Sequence.1
*‘E Sequence.?

i—% Sequence.3

Y ou are going to generate a replay from the sequence, however, you cannot use the compile
simulation icon to do this. The compile simulation icon only works with simulations. Y ou
are going to have to use a different option found in the pull down menus.
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Generate Replay

The generate replay option is found in the pull down menus and is used to generate a replay
out of any item that has motion. It can be used with a simulation or sequence unlike the
compile simulation option which only works with asimulation. The generate replay option
will not generate a video or moviefile. If you want to do that, you need to use a different
option.

Select pull down menu Tools, Simulation, Generate Replay. A Player window appears
and it iswaiting for you tell it which item you want to use to create the replay.

Select Sequence.4 from the specification tree. The Replay Generation window appears.

Replay Generation @ @

Generated replay: | Replay,2

From: | Sequence. 4

Select OK. Thereplay is generated. This may take a couple of minutes since it hasto run
through the entire sequence to generate the replay.

1 & cancel I

LILL!
Select the Simulation Player icon and then Replay.2 from the specification tree. EE,

The Player window appears. Theicon may be located under the sequenceicon. Thiswill
allow you to play the replay.

Change the Sampling Step to 2.0s under the Parametersicon. i

Select the Play Forward icon. _*  Notice that the replay plays faster than the sequence
due to the calculations that took place when generating the replay.

Close the Player window. If you want to generate a video or movie file you need to use
another option.
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Generate Video

The generate video option will alow you to create a video or movie file from any item that
has motion. Thisissimilar to creating a video file using the compile simulation icon but it
works with other items besides simulations.

Select pull down menu Tools, Simulation, Generate Video. A Player window appears and
it iswaiting for you tell it which item you want to use to create the video or moviefile.

Select Replay.2 from the specification tree. Y ou could have selected the sequence if you

preferred. The Video Generation window appears. Y ou have the same options of creating
an video file or a series of images.

Yideo Generation @
|'-.-'F'-.-'-.-' Codec j Sekup I

| Filz narne ... I
From: |
@ 0K I ¥ Cancel I
S

Change the Sampling Step to 5.0s under the Parametersicon in the Player window.

Select the Setup button in the Video Generation window. The Choose Compressor
window appears. Y ou are going to change the compressor to make the video file a
reasonable size.

Choose Compressor E|
Compressar: Ok
Cinepak Codec: by B adius Cancel
Comprezzion Cuality: 100 .
j | - Configure. . |
About. ..

[+ FKep Frame Every |15 frames
v Data Rate 00 KB/zec

Change the Compressor to Cinepak Codec by Radius and drag the Compression Quality
to 100.

Select OK in the Choose Compressor window. The window closes.
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Select the File name... button in the Video Generation window. The File Salection
window appears.

Gotoyour area and makethe File name Cam and select Save. The path and file name
appear in the window.

Turn off the display of your specification tree and select OK. Press F3 to turn off the
specification tree or you can select pull down menu View, Specifications. Thevideo fileis
being generated. Thiswill take quite awhile due to the size of the file. When it isfinished
al of the windows will close.

Turn your specification tree back on.

Minimize CATIA and go to your area and play the Cam video file. You can play it by
double selecting onit. Asyou can see, the file can be viewed outside of CATIA.

Close the media player and go back to CATIA. You haveto be careful generating video
files because they can become very big files.

Save and close your document. This exercise introduced how to use the simulation tools.
Later in the course, you will use these tools along with other options.
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Path Generation

There are a couple of methods to generate the path of an object. Y ou can either create a
trace or aswept volume. A trace will create awireframe path whereas the swept volume
will create the actual volume of the path.

Traces

Traces alow you to define a point, line or any combination of those elements and it will
create wireframe geometry showing the path those elements take during ssmulation. The
trace will only work if you have areplay created or if the mechanism can be simulated with
laws.

Open the Trace - Swept Volume document located in the Path Generation directory.
Y ou will see a mechanism that you worked with earlier. There already isasimulation and
replay generated for this mechanism, but, there are no laws associated with the mechanism.

Select the Traceicon. £ The Trace window appears.

Trace @@

Object to trace outi  [Replay, 1 -l
Elements to trace out: S8R (Seatae]
Reference product:  |Trace - Swept Yolume
Mumber of steps: | 141

Trace Destination
@ New part i

Object totraceout  Defines the replay or mechanism that will be used to perform the
trace. In order for amechanism to be available it hasto have alaw.

Elements to trace out Defines the elements that will be traced, either apoint, line or a
combination of those

Reference Product  Defines which part or product will contain the trace. If aproduct is
chosen then a New Part will be created within the product that
contains the trace.

Number of steps Shows how many steps will be involved in the object you chose to
trace. Y ou cannot change the number of steps within the Trace
window, it is determined by the object. If you want the number of
steps to be different you will have to change them within the object
itself.

Trace Destination Y ou can specify whether you want the trace to go into a New Part or
the Reference Product. If the Reference Product is a product then
only the New Part option is available.
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Select the point at the end of the pencil that touchesthe flat block as shown below.
This defines the element that you are going to trace. The only object that you can use to
create the trace is Replay.1.

Sdect in the Reference Product box and select the Block. You can select it either in the
specification tree or from the graphic area.

Make surethe Trace Destination is set to Reference Product and select OK. Thetraceis
created and it appears on the block. Y ou are going to open the block to take a better look at
it.

In the specification tree, pressthe third mouse button while on the Block, select
Block.1 object and Open in New Window. The part is opened in a new window.

Hideall of the points. You can do this by using pull down menu Tools, Hide, All Points.
Y ou should see a spline that was generated from the trace.

Save and close this document. Y ou should see the mechanism with the spline on the
block.
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Select the Traceicon again. %‘ The Trace window appears.

Select the point at the end of the pencil that touchesthe contoured base. Thistime you
are going to use the main product as the Reference Product.

Notice that the Destination of the trace is New Part and select OK. A new part window
appears with the trace.

Hide all of the pointsand planes. You can do this in the same manner as you did earlier.
Save and close this document. Y ou should see your mechanism again.

Insert the Tracel document into the assembly. The trace appears in the assembly.

Save your document. You are going to create a swept volume using the dark blue part.
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Swept Volumes

Swept volumes are used to create volumes that represent the total space an object or objects
use when in motion. These can be saved as cgr fileswhich are “light” models and then
inserted into assemblies to check for interferences. Just like the trace, the swept volume
will only work with areplay or a mechanism with laws.

Select the Swept Volumeicon. @ The Swept Volume window appears.

Swept Yolume k

2

Crefinition
Selection |Replay. 1 j
Product(s) ko sweep| & products I
Reference product | I

d Filker Positions [ Silhouette [ Use level of details

Filkering precision | ,00787in Filkered (%) |

Result simplification

L] apply Wrapping [ ]
Wrapping
e
"Jl—
Simplification
|
Mumber of triangles
Initial : | Result :|
Save I Preview I Close I
i
Selection Defines the item that will be used to perform the motion
Product(s) to sweep Defines the objects that will be used to create the swept volume
Reference product  Allows you to define a moving product that you want the product(s)

Filter Positions

Filtering precision

Result ssimplification

Number of triangles

to sweep to reference

Reduces the number of positions that will be kept in the swept
volume

Defines the maximum distance all owed between the filtered result
and the non-filtered result

Simplifies the resulting volume by using Wrapping and
Smplification. These are only available if you have the DMU
Optimizer license.

Shows the number of triangles used to create the swept volume. The
Result value is how many triangles there are after optimizing with
wrapping or simplification.
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Select the Browse icon next to the Product(s) to sweep. __] The Product
Multiselection window appears.

Product Multiselection

Select the Profiler.1 object from the window and select OK. Thiswill be the product that
you are going to sweep. By default the Filter Positions option is on.

Turn off the Filter Positions option and select Preview. A Preview window appears
showing you the result. Notice the number of triangles.

SSIES

A

Turn on the Filter Positionswith a Filtering precision of 0.005 and select Preview. The
preview does not look that much different but it is comprised of fewer triangles and it
filtered amagjority of the positions.
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ChangetheFiltering precision to 0.1 and select Preview. You can see how the volume
becomes less smooth as you increase the precision. Thisfiltered more of the positions and
isusing even fewer triangles.

A

Changethe Filtering precision back to 0.005, turn on the Apply Wrapping option using
the default values and select Preview. Thisislike taking a plastic sheet and wrapping the
volume with it. Notice that the wrapping reduced the number of triangles.

o)X
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Turn on the Apply Simplification option using the default values and select Preview.
The number of trianglesis reduced.

SSIES

L

Turn off the Apply Simplification and Apply Wrapping options and select Preview. You
are going to define areference product for this swept volume.

Select the Browseicon next to the Reference product. ___I The Reference
Product Selection window appears.

Select the Slider.1 object from the window and select OK. Thiswill show the motion of
the profiler with respect to the dlider.

Select Preview. The only motion is back and forth since the slider moves sideways with the
profiler.

SEIET

L,
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Select the Browse icon next to the Reference product, select the Slider.1 object from the
window and select OK. e | This removes the object so that thereis not a
reference product defined.

Select the Browseicon next to the Product(s) to sweep, select the Slider.1, Holder.1,
Pencil.1, Profiler.1 and Pencil.2 objects and select OK. I Y ou will probably

have to use the Ctrl key to select all of them. There should be 5 products in the Product(s)
to sweep box.

Select Preview. All of the objects are used for the swept volume.

o

Loz, Y/L\f

Select Savein thewindow. A Save Aswindow appears. Y ou can save the swept volume
asacgr, wrl, model or stl file. A cgr isacomputer graphic representation, awrl isaVRML
file for web viewing, amodel fileisaV4 file type and an stl is for stereolithography.

Save each swept volumein your area using the default name ascgr files. You are going
to insert these files into your assembly.

Select Close. The windows close.
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Insert the five swept volumesinto this assembly. Y our assembly should appear similar to
the one shown below.

Save and close your document.
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