CATIA Kinematics CATIA® V5R30

TABLE OF CONTENTS

Introduction . .. .. ... ... . 1
Fitting Simulation . .......... .. . 2
Pull Down Menus . ......... ... 3
Insert ... e 3

T00lS .o 4
Analyze . ... 5
WiIndow . ..o 5

Fitting Simulation Workbench . .. ... ... ... . . . 6
Manipulation . ......... ... . 7
Recorder . . ... 8

Player . ... e 8
Bottom Toolbar .. ....... .. .. 9
VIBWING . oottt e e e 9

Fitting Simulation ... ... ... . e 11
Creating Tracks .. ... e 11
COMIPASS . v v ettt e e e 12
Color ACLION .. .o 20
Visibility ACtiOn . ... .. e 21
SEUENCES . . . v ottt 22
Shuttles . . . ..ot 27
Creating a Sequence from Explode ............................... 38
Modifying Tracks . ........ .. i e 40
Reordering Shots . ... ... .. i 40
Reusing Shots . ... ... .. 42

Shot TImMe . . . ..o 44
Adding, Deleting and Modifying Shots . ........................... 46
Advanced Tracks .. ... ... i 48
Mirroring Tracks . ........ ... 49
Reversing Tracks . ...... ... i i 54
Joining Tracks . ........ .. i e 59
Generating Tracks .. ... .ot 62
Clash Detection ... .......... .t e 63
Path Finder .. ... .. 67
Smooth . ..o 71
Angle Validation . ........ ... .. . 74
Advanced SEqUENCES . .. ...ttt 77
Advanced Shuttles ....... ... ... . 77

Gantt Chart . ... .. e 85
Generatinga Replay . ...... ... 88
Generatinga Video ......... ... . 89

Clash Analysis . .. ...ttt e e e e e e e 90
Distance Analysis ... ...t 97
Analysis with Sequences ... ......... . 102
Swept Volumes . ........ ... 106
Experiments ... ... . e 109

© Wichita State University Table of Contents, Page |



CATIA Kinematics CATIA® V5R30

Other Tracks .. ... . 115
Introduction . . ... . 117
KinematiCs . . ..ottt 118
Pull Down Menus . .............i i e 119
InSert .. 119

T00lS .o 121
Analyze .. ... 122
WiIndow . ... 122
Kinematics Workbench .. ....... ... .. .. . . . . . . . 123
Player . ... 124
Bottom Toolbar . .......... 125
VIBWING . oottt 125
KInematiCs . ... 127
JOINtS . 127
Revolute - Null Offset . ....... ... .. ... . . ... 128
Revolute - Centered . ....... ... i i 134
Prismatic . ... 137
Cylindrical - Angleand Length . ........ ... .. .. ... .. .. .. ..... 140
Cylindrical - Length . .. ... .. ... . . . . 143
Cylindrical - Angle . ...... ... . .. . 145

103 12 147
Spherical ... ... ... 150

Planar . .. ... .. 152

Rigid . .o 155

Point Curve . ... 157

SHAe CUIVE ...t e 160
RoOILCurve .. ... 163

Point Surface . ....... .. .. 166
Universal ... ... 169
Constant Velocity . ..........o it 174

GOar . .t 177

RacK . .. 182

Cable ... 185

Joints using AXiS SyStems . ... ... 189
Assembly Constraints . ............. ittt 193
AUto Create . ...t e 193
Advanced . ... . 195
SIMUIAtioNS . ..ottt 203
Simulation ... ... ... e 203
Compiling the simulation . . ......... ... ... ... ... i, 207

Replay ... 208
Simulation player . ........ ... 209
SEUENCES . . o vttt e 211
Generate Replay . ... i 214
Generate VIdeo . ... ..o 215

Table of Contents, Pageli ©Wichita State University



CATIA Kinematics CATIA® V5R30

Knowledgeware ... ... ... . 217
Lawswith Formulas . . ........ ... ... .. . . . . i 217

Rules ... 224

Laws with Sketches . ... .. i 228
Lawswith Text Files ........... ... ... ... 232

Law ReView . ... e 237

Path Generation . ............ . e e 245
Traces . ... 245

Swept Volumes . ........... i 249

S OIISOTS & ot 255
Speed and Acceleration .......... ... ... ... 261
Clashand Distance . . ... i 265

Joint Limits .. ... ... 271
MechanisSm DIessup . ... ..oovt it 273
Mechanism Analysis .. ...ttt e 277
Tracks and Simulations ... ......... .. 279
Problems .. ... 283
Problem #1 . ... 283
Problem #2 . ... 284
Problem #3 . ... . e 285
Problem #4 . . . .. 286
Problem #5 . .. 287
Problem #6 . .. ... 288
Problem #7 . .. e 289
APPENAIX A Lo e 291
Digital Mockup - DMU Fitting - DMU Fitting . .............. ... ....... 291
Digital Mockup - DMU Fitting - DMU Manipulation ..................... 292

© Wichita State University Table of Contents, Pageii



CATIA Fitting Smulation CATIA® V5R30
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 a fitting simulation
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Fitting Simulation

Fitting simulation often gets confused with Kinematics because it involves motion. The
main difference between a fitting simulation and a kinematic simulation is that a fitting
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 sure that it is possible to
disassemble or assemble a product in the defined space. The analysis available in Assembly
Design only allows for a clash analysis between objects in their static state. In Fitting
Simulation, you can perform a clash analysis between objects as they are being
disassembled or assembled. Kinematics can perform a clash analysis while an assembly
operates.

Since Fitting Simulation does not involve constraints, assembly constraints are unnecessary
in order to perform a simulation. However, you would normally want to constrain your
assembly in order to have all of the parts located correctly.
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Fitting Simulation

DMU Fitting Simulation is used to record manipulations made to assemblies. You can then
use the replays generated for various things, such as analyses, instructional purposes, or
demonstrations.

Open the Basic Fitting document located in the Basic Fitting directory. This model is
a pre-defined assembly. All the constraints are in place and there are no clashes. You will
use this assembly to get a feel for what fitting simulation can do.

Assemblies that are going to be put into a fitting simulation do not need to be constrained.
In fact, fitting simulation ignores all constraints. To make your assembly move according
to constraints, you would need to apply kinematic joints.

Creating Tracks

In order to create a simulation, a series of tracks needs to be created. These tracks identify
the steps, or movements, of individual parts. The individual track identifies the path for the
object, and then a sequence is put together for a collection of tracks and actions.

The first step will be to remove the pulley from the compressor.

Select the Track icon. o The Recorder and Player toolbars and the Track window
appear.

Track @
MNarme: Track
g Object: |N0 selection | J
Interpolater:| Linear v| More> = J
Mode
) Time | 0s
@ Speed Oins
' Cancel ]
.
Name Allows you to name the track
Object Defines the object that is to follow the track. Only one object can be in the
track at a time
Edit Allows you to edit the object
Bind Analysis ﬁ Allows you to attach an analysis to the track

Associate Section @] Associates a section cut to the track
Interpolater  Defines the point interpolation for the track

Time Enables movement to be based on an amount of time for the track

© Wichita State University Fitting Smulation - Tracks, Page 11



CATIA Fitting Smulation CATIA® V5R30

Soeed Enables movement to be based on a given speed for the track

Select the Pulley. This will snap the compass to the geometric center of the pulley. The
compass will be used to manipulate the pulley. The Manipulation toolbar appears; this will
be discussed later.

Before utilizing the compass, you will take a closer look at what the compass is, and how it
is used.

Compass

It is important to understand the compass so that it can be used effectively.

w2

The compass, usually green when attached to geometry, has three main direction vectors: U,
V, and W, as shown by the arrows below. Selecting one of the vectors will move the
attached object only in the direction of the vector. Normally, the compass will be in the
upper right corner of the workspace, labeled X, Y, and Z. When the compass is attached to
an object, it is re-labeled to U, V, and W. If one of the vectors is aligned with one of the
primary axes, then there will be a pipe (| ) symbol and the primary axis is also stated. This
can be seen below, circled.

@™

The compass also has the three principle planes, as noted by arrows below. Selecting one
of these planes will allow the attached object to move along the selected plane. The
rotation arcs, located along the outside of the planes, work the same. Selecting an arc will
rotate the object about one of the given axes.

1 b
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Dragging the compass is only a guess. You do not know how far the compass has moved,
and cannot make precise movements. However, if you double select anywhere on the
compass, you will get the Parameters for Compass Manipulation window. This will allow
you to make more exact movements. Take a quick look.

P o

Parameters for Compass Manipulation @

Coordinates
Reference [Absolute v]

AEEIE I Position Angle
Along X [TEEVET 2] | Ddeg E

Along ¥ |l:Iir1 % |EI|:|E5| %
Aleng Z |3in = | Ddeg E

Increments

o Translation increment Rotation increment
Along U |Clir1 gl ARt | |5”J'2|EEI EI Bl
Along V |Elir1 @ ARt | |9':|'2|EEI E B\,
Along W |Clir1 gl ARt | |5”J'2|EEI EI Bl

Measures

Digtancel Din ﬁ|£"| ﬁmglel Odeg ﬁ %
— Close I

Coordinates

Apply Any time the position values have been changed, you have to
select the Apply button in order for the changes to take effect

Reference Defines the reference element for the coordinates

Position Gives the actual position of the compass with respect to the
Reference

Along X, Y, Z Shows the X, Y, and Z value of the center ( red dot ) of the
compass

Angle Shows the rotation angles of the compass about the X, Y, and

Z axes of the Reference

Increments  This allows the compass to be manipulated by increments, not just by set
values. The icon will reset all of the increment values to zero. 7

© Wichita State University Fitting Smulation - Tracks, Page 13
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Trandation increment

Rotation increment

This is an incremental translation along one of the
axes. Selecting the down (negative direction) or up
(positive direction) arrows next to the value field will
move the compass the specified amount in that
direction

This is an incremental angle movement about one of
the axes, again with a negative or positive rotation

Measures Allows you to measure a distance or angle

Distance

Angle

This will allow you to measure the distance between
two elements. You can then move along that direction
in either negative or positive increments of the
measured distance

This will allow you to measure the angle between two
elements. You can then rotate in either negative or
positive increments of the measured angle

With all that in mind, you are going to start manipulating the track.

Select and hold the U axis vector and drag the pulley away from the part. The U axis
vector is noted as U|X, meaning it is parallel to the X axis. Move the cursor to the vector so
that it highlights, then just select and hold it while moving the mouse away from the
compressor body. Since you selected the U axis, the pulley will only move in the U axis
direction. The pulley should look something like the following picture.

Fitting Smulation - Tracks, Page 14
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Now the position needs to be inserted into the simulation.

Select the Record icon. & This icon can be found in the Recorder toolbar. This will
create the first step of the track. Notice the line running from the original position to the
new position. You should also note the time has changed. The time may vary, but this is
not a concern as to the exact number.

Rotate the pulley about the W axis approximately 90°. This is done by selecting the
rotation handle at the bottom of the compass and dragging it around the W axis.

Drag the pulley along the U axis a short distance. The pulley and compressor should
appear similar to the following image.

® 4
Select the Record icon again. EE This will insert the next step. Now view the track
that was created.

Select the Skip to Begin icon. M This is located in the Pl ayer toolbar. This will snap
the pulley back to the beginning of the track.

Select the Parameters icon. o This is located in the Player toolbar. The Player
Parameters window appears.

© Wichita State University Fitting Smulation - Tracks, Page 15
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Change the Sampling Step to 5s and select the Play Forward icon. »  The pulley
will now move along the track in increments of 5s per step.

Change the Sampling Step to 3s and select the Play Backward icon. 4 Now the
pulley moves back to the original position, this time slower.

Here is what is going on in the background. The Sampling Sep controls how often the
display is updated. CATIA knows the exact location of the pulley at each moment in time,
but does not display it. By setting the Sampling Step to 3 seconds, you are indicating that
you want the display to be updated every three seconds (seconds not necessarily being real-
time seconds). If you change the Sampling Step to be 10 or 100 seconds, CATIA would
replay the same simulation, but only update the display every 10 or 100 seconds. It is
somewhat similar to having a strobe light in a dark room and then watching the people
move. The movement is jerky if the strobe has a long display, however the faster the strobe
flashes, the smoother the movement of the people. With the computer however, setting the
Sampling Sep to a very small value (0.001 seconds for example) will cause the simulation
to run very slowly.

Change the Sampling Step to 10s and the Temporization to 0.5s, then select the Play
Forward icon when done. * Notice what the Temporization does for the replay.

Every step (ten seconds in this case) the simulation pauses. This pause is the half second
Temporization.

Set the Temporization back to zero and select the Parameters icon. @
Temporization can become annoying when you are not closely analyzing the simulation.

Select OK to the Track window. This finishes the track. Notice in your tree you now have
a Tracks branch, with one track, Track.1.

#Af:)plicaﬁons
==Tracks
é?g;Track. 1 Pulley. 1 (Track. 1 Pulley, 1)

Next the drain plugs will be removed. If you remember, tracks can only contain one object
at a time, so they will have to have separate tracks.

Select the Track icon and set the object to be the back drain plug (Drain Plug.1). &2

This will start the track with the back drain plug being the track object.

Drag the drain plug straight out (along the V axis) approximately the distance of the
pulley.

Select the Record icon, then select OK when done. && This will create a simple track
to move the drain plug straight out.
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The front drain plug also needs to be simulated. However, instead of creating an entirely
new track, the same track used for the first drain plug will be used for the second.

With the third mouse button, select on the second track (Track.2 Drain Plug.1) and
select Copy. This will copy the track into the clipboard.

With the third mouse button, select on the main Tracks branch, then select Paste. This
pastes the track back into the assembly.

é—APpIicaﬁons
=Tracks
ﬁaTrack. 1Puley. 1 (Track. 1 Pulley, 1)
ﬁaTrack.z Crain Flug. 1 (Track, 2 Drain Flug. 1)
QaTrack.z Crain Flug. 1 (Track. 2 Drain Flug. 2)

Now the track needs to be modified to work with the other drain plug.

Double select on the third track (the one you just pasted). This will bring up the Track
window again.

Select the Object field. This is going to bring up the Track Positioning window.

Track positioning X

¥ Do not keep positioning

() Keep positioning

This window is ascertaining where the track will be placed. CATIA knows there is already
a track in place, but the object is going to be changed. It wants to know if you want to keep
the track in the current position or not. By keeping the track in the current position, the
track will act on the new object, but the track guide (the line that denotes the track position)
will still be in the current position. This is generally not a good idea. You will want to
leave this window on the option of Do not keep positioning.

Select the front drain plug. The track moves to the other drain plug.

Select the Skip to Begin icon and play the track forward. "' This moves the drain
plug out to the end of the track.

© Wichita State University Fitting Smulation - Tracks, Page 17
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With the drain plug at the end of the track, double select on the compass. This is going
to display the compass manipulation window.

CATIA® V5R30

Track 7 [ =]

Mame  Track2 Drain Plug2
A Object:  [Drain Plug2 Edit |

inerpolsteUnear ] Mares> |
Mode

O Time |201.824s
@ Speed 0.04in_s

@ 0k | & cCancel|

Parameters for Compass Manipulati
@
Reference [Absolut
Apply |
AlongX  [g Odeg
Along Y [1076in =] Odeg =]
AlongZ  [g5in Odeg
Increments
(7|  Translation incremen it Rotation increment t
AlongU  [oin E osl¢ S0deg B bl
AlongV [gin =R S0deg B bl
Along W [gin E alg S0deg =
Measures
Distance | Oin #|#| | _Angle| 0deg 2%
Close_|
e

Change the Translation increment for Along W to 2.0in. This will make any movement
along the W axis to be in two inch increments.

Select the Up Arrow next to the Along W translation increment. 1} This moves the
drain plug two inches along the positive W axis.

Two inches is not quite far enough.

Select the Up Arrow again and select Close when done. {P This will make the total
motion to be four inches along the positive W direction.

Select the Record icon. @8 Notice what happened. Not only did the four inch
movement get applied to the second track, but also the first. This is due to the fact that the
two are copies of each other.

Note: You can also press the Insert key on the keyboard instead of selecting the record icon.
This can make recording multiple points much faster.
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Copying and pasting a track links the two together. Therefore, whenever one of the two
tracks are changed, the other will update with the new changes. If they do not automatically
update, select the third mouse button on the un-updated track, select the track object from
the contextual menu, and select Update.

Select OK when done. This will finalize the new track.

Those are the basic steps for creating tracks. There are a few more advanced features that
will be investigated later. Next, the actions will be covered.

This would make a good point to save your fitting simulation.

© Wichita State University Fitting Smulation - Tracks, Page 19
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Color Action

Color actions are very simple. They create an action that changes the color and
transparency of an object. When creating a fitting simulation, you may want to emphasize
one of the parts of the simulation, and changing the color of the object would be a good
method to attract attention.

=
Select the Color Action icon. %, The Color Action window appears. The options are
very similar to the track options.

IrI:::::ulnt:urﬁfnu:t'u::un I. 7 ﬁr
| |

Mame; Color

'g' Object: |Nn:| selection

Interpl:ulater:l Linear vJ Maores = I

@ 0K | @ cancell

L

Select the Pulley. This is the Object that you are going to have change color. In order to
change the color you will use the Graphic Properties toolbar.

Graphic Properties
5
P

- [100% - -Ix <[a ~[o =

Change the color to a bright yellow. You can do this by selecting the down arrow next to
the color. The color of the pulley changes to bright yellow. You can also change the
transparency level using the box next to the color.

Select the Record icon. &8 This will record the color change.

Select the Skip to Begin icon. M This will take you to the beginning before the color
change occurs.

Select OK. This finalizes the color action. A Color Actions branch will appear in the
specification tree.
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Visibility Action

Visibility actions are just as simple as the color actions. The visibility action will either
hide or show objects.

Select the Visibility Action icon. B2, This will display the Edit Visibility Action
window. This is located under the Color Action icon.

Edit Visibility Action =
(_! Hide selection '@ Show selection

- | i

L

As you can see, there are only two options that allow an object to be hidden or shown.

Select the front drain plug. Notice the drain plug looks transparent. This just denotes that
it will be hidden when the action is performed.

Select OK when finished. This is the last type of action to create.

Now that you have all the actions and tracks created, it is time to make a sequence.

© Wichita State University Fitting Smulation - Actions, Page 21
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Sequences

A sequence is an ordered set of events. All of the tracks and actions that you have created
so far can be merged into a sequence. The benefit of a sequence is the ability to control the
timing of events. For example, both the drain plugs use the same track. With a sequence,
one drain plug track can take three seconds to complete the track, while the other drain plug
track can take only one second. The order of events is also controlled.

Select the Edit Sequence icon. b This will display the Edit Sequence window. There
are a few options and areas in the Edit Sequence window, so take a closer look.

rEdit Sequence l 2 -il’—r
Edit Action | Edit Analysis |
Action in session Action in Sequence
Track.l Pulley1 (Tra : :
Track.2 Drain Plug Step Action Duration (s) Delay (s)
Track.2 Drain Plugl
Color Pulley. (Color
Visibility Action1
Mowe Up Merge Up
Move Down Merge Down
«[m ' Action duration (s)|0 Reset duration | Action delay (s)[ 1 =
Action add mode
@ Create last step and add ) Add in last step () herative create last step and add
4 Highlight the simulated action(s}
@ 0K @ Cancel I
| -
Action in session These are all the actions that can be added to the sequence. All of

your tracks, as well as other actions, are in this area

Action in Sequence  This is where your sequence will appear. By selecting one of the
actions in the session, then selecting the right arrow, the action will
be merged into the sequence

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

Merge Up/Down Merging actions together will make them occur at the same time. For
example, merging a track and a color action will make them happen
simultaneously

Action Duration Defines the length of time for each action in seconds

Action delay (s) Defines how long the action will delay before it occurs

Action add mode Specifies how the next action gets added to the sequence

Highlight the... Specifies that the actions will appear highlighted when running a
sequence
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The first operation that should occur is the color action for the pulley and then the track
action of the pulley being removed. This will be followed by both of the drain plugs being
removed, and then the first drain plug being hidden.

None of the tracks have unique names. This makes it difficult to determine which track
goes with which operation. Fortunately, there are only three tracks, but in a large fitting
simulation, there may be hundreds of tracks. Next time, the tracks will get renamed after
they are created to ease the process.

Select Color Pulley.1 and select the Right Arrow. = This will place the action in the
sequence.

-

~
Edit Sequence &Iﬂ_ﬁj
Edit Action | Edit Analysis |
Action in session Action in Sequence
Trackl Pull_ey.l (Tra Step Action Duration (=) Delay (s)
Track.2 Drain Plug.l
Track.2 Drain Plugl — -
Color Pulley.1 (Color Color Pulley.d (Color Pulley.1) 0.82436
Visibility Action.l
Maove Up l Merge Up
Mowve Down l Merge Down
« L] v Action duration (s} | 0.82436 = Reset duration | Action delay (s}|0 =
Action add mode
@ Create last step and add ) Add in last step (1 Herative create last step and add
< Highlight the simulated action(s)
| @ 0K l L) Cancel]
|

Notice the duration is set. The color action will occur over that time, gradually changing
colors. A visibility action occurs instantly and will not have a duration.

Select Track.1Pulley.1(Track.1Pulley.1) and select the Right Arrow again. = This
will place the pulley removal track right after the color change action. In this case it will
not matter if these two happen consecutively (two different steps) or simultaneously (all in
the same step), but good technique would suggest that since you want both the color to

change and the pulley to be removed at the same time, it would be best to put them into
simultaneous mode.
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With the second step highlighted, select the Merge Up button. This is going to merge
the two steps together.

-

~
Edit Sequence M
Edit Action | Edit Analysis |
Action in session Action in Sequence
Track.l Pulley.d (Tral Step Action Duration (s) Delay (s)
Track.2 Drain Plugl
Track.2 Drain Plugl — -
Color Pulley.l (Color Color Pulley.1 (Color Pulley.1) 0.82436
Visibility Action.1 Track.1 Pulley.d {Track.1 Pulley.1) EEVAL:)
Move Up | Merge Up
Move Down Merge Down
« om] v Action duration (s)|0 Reset duration | Action delay (s)| 0 .
Action add mode
@ Create last step and add ) Add in last step () Herative create last step and add

< Highlight the simulated action(s)

. M

b

Notice that both the actions now have step 1 beside them. This means that both actions will
be performed at the same time. You can have as many actions occur simultaneously as you
want.

With Track.1Pulley.1 in the first step selected, change the Action Duration to 10. This
will make the first action take ten seconds.

Select Track.2 Drain Plug.2 (Track.2 Drain Plug.1), and then hold down CTRL and
select Track.2 Drain Plug.2 (Track.2 Drain Plug.2). This will highlight both of the track
actions in the Action in session field.

Select the Right Arrow to add them to the sequence. = This makes them part of the
sequence. Notice both are added to one step. This is a good method to add two actions that
are to happen simultaneously.

Change the duration for Track.2Drain Plug.2 (Track.2 Drain Plug.1) to 15, and the
duration for Track.2Drain Plug.2 (Track.2 Drain Plug.2) to 5. To change the duration,
just select Track.2 Drain Plug.2 (Track.2 Drain Plug.1) and then change the duration to 15.
Do the same for Track.2 Drain Plug.2 (Track.2 Drain Plug.2).

Even though both actions are happening at the same time, it is possible to have one action
last longer than the other.
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With no Actionsin Sequence selected, select Visibility Action.1 and add it to the
sequence. Just select in a blank white area in the Action in Sequence area, then select
Visibility Action.1, and then the right arrow. This will insert step three into the sequence.
Now replay the sequence.

Select the Skip to Begin icon. M Make sure the Sampling Step is set to 1s. To
check the Sampling Step just select the parameters icon.

Select the Play Forward icon. »  Select OK to the Edit Sequence window when
done. Notice the total time took 25 seconds. This is the ten seconds for the first step, and
the 15 seconds of the second step. The five seconds for the one track is contained within
the 15 seconds.

Also note the disappearance of the front drain plug. This is due to the hide command in the
visibility action.

=-Tracks
s Track.1 Pulley.1 (Track.1 Pulley.
£ Track.1 Pulley .1 (Track.1 Pulley.1)
é}g Track.2 Drain Plug.1 (Track.2 Drain Plug.1)
g& Track.2 Drain Plug.2 (Track.2 Drain Plug.2)
=-Color Actions
L% col
22 Color Pulley.1 (Color Pulley.1)
Visibility Actions
% Visibility Action.1
2 visibility
=«-S|equence5
=- 1= Sequence.l
& Color Pulley.1 (Color Pulley.1)
g& Track.2 Drain Plug.2 (Track.? Drain Plug.1)
~2» Visibility Action.
22 Visibility Action.1
g& Track.2 Drain Plug.2 (Track.2 Drain Plug.2)
 Track.1 Pulley.1 (Track.1 Pulley.
£ Track.1 Pulley.1 (Track.1 Pulley.1)

Notice all of the objects are still moved away from the assembly. This can be easily
remedied.
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Select the Reset Position icon. ®# This snaps the assembly back to the position it was
when the assembly was brought into the fitting simulation.

This would make a good point to save your assembly.

Next, the bolts holding the head will be removed. There are two methods to remove all of
the bolts. One method would be to create a simulation track for each one, copying and
pasting the track, of course. The other method would be to group the bolts together in a
shuttle.
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Shuttles

Select the Shuttle icon. s This will display two windows. One window will be the
Preview window. This window shows what is currently in the shuttle. The second window
is the Edit Shuttle window. This window has a bit more information to it.

-

T |

Edit Shuttle
Definition Validation
Mame: Shuttled O Angle: 15deg
Seecton: Vector. (7 yecto
Reference: Mo reference .o
! ) [
Move: @ shuttle
[:] J‘:'G{IS- 1
@ 0K | @ Cancel
| -
Definition
Name This is the name of the shuttle. It is always advisable to name the
shuttles with a unique and clear name
Selection Defines what is selected for the shuttle
Reference A shuttle can be referenced back to another shuttle. This will allow it
to move with the shuttle that it is referenced to
Move Controls what gets moved with the shuttle
Validation  Validation is used with the path finder icon. It will keep the object from
rotating beyond a certain angle, about a given axis
Angle Defines the maximum angle the object can rotate
Vector Defines what axis the maximum angle can occur around

Select the six bolts around the top of the compressor. The six bolts get added to the
shuttle. Notice the compass and axis (the small hand with a box) is placed on the first bolt
you select. The placement of the axis is not important in this case. If all six bolts were
selected beforehand, the axis would be placed in the geometric center of the bolts.

Change the name of the shuttle to Head Bolts and select OK when finished. This will
finish the shuttle. The validation options will be left alone for the moment. This also adds
another branch in the tree for the shuttles. The shuttle can now be put into a track, and later,
into a sequence.
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Select the Track icon and then the Head Boltsshuttle. &2 This will start a track using
that shuttle. Since you are only moving the shuttle, you can, at any time, add or remove
objects from it.

Move the bolts straight out, over, then down to create the track. Make sure you record
each movement in order to create the appropriate track. The bolts should end up similar to
the following picture.

Skip to the beginning of the track, make sure your Sampling Step is 10s and play it
forward. This is just to make sure the simulation works as you want. Notice the straight
corners of the simulation track. This is due to the Interpolater being set to linear.

Change the Interpolater to Composite spline. You will not notice anything different in the
track visualization.

Skip to the beginning of the track and play it forward again. This time notice what is
happening, the bolts slow down, and then speed back up as they go around a corner.

Fitting Smulation - Sequences, Page 28 ©Wichita State University



CATIA Fitting Smulation CATIA® V5R30

Change the I nterpolater to Spline. This time you will notice a definite change in the track
path. In this mode, the recorded points act as anchor points for the spline.

SKkip to the beginning of the track and play it forward again. The bolts move in a very
nice and fluid motion, but this is not what you are after. The bolts cannot simply move
sideways out of the head. Instead, they need to pull straight out.

Change the Interpolater back to Composite spline and select OK when done. This will
leave the bolts pulling straight out of the block.

© Wichita State University Fitting Smulation - Sequences, Page 29



CATIA Fitting Smulation CATIA® V5R30

Create a track of the green head being pulled off of the compressor. Move the head
over by the bolts. The result should look something similar to the image below.

Create a shuttle for all of the aqua bolts at the bottom of the cylinder head and call it
Cylinder Bolts. The bolts are the .5x3 and .25x3 bolts. There are twelve bolts total.
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Create a track to remove the bolts from the assembly. Move the bolts over to the same
area as the rest of the parts. The track should appear something like what is shown.

Tﬂ?ﬂ

One more track is to be created. This time, however, you are going to create it on-the-fly in
a sequence.
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Kinematics

Joints

There are many joints available in Kinematics. Each joint has degrees of freedom and
commands associated with it. A good understanding of these will make performing
kinematics much easier. The table below gives an overview of the joints. Some of the
joints can be created using axis systems but that will be discussed later.

Joint Degrees of Freedom Commands Available
& Revolute 1 Rotation Angle
iR Prismatic 1 Translation Length
«@  Cylindrical 1 Rotation Angle and/or Length
1 Translation
B Screw 1 Rotation or 1 Translation | Angle or Length
& Spherical 3 Rotations None
g  Planar 1 Rotation None
2 Translations
Rigid None None
At Point Curve 3 Rotations Length
= 1 Translation
i Slide Curve 2 Rotations None
1 Translation
=2 Roll Curve 1 Rotation Length
1 Translation
e Point Surface 3 Rotations None
2 Translations
% Universal 1 Rotation None
&2 Cv None None
@ Gear 1 Rotation Angle
Rack 1 Rotation or 1 Translation | Angle or Length
b ) Cable 1 Translation Length
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Revolute - Null Offset

The revolute option allows you to define a joint that represents a rotation. This is useful
when you need an object to turn about another object.

Open the Revolute Joint document located in the Revolute directory. You should see
a base with three rings.

Select the Revolute Joint icon. @, The Joint Creation : Revolute window appears.

r B
Joint Creation: Revolute m

Mechanism: - MNew Mechanism I

Joint name:

Current selection:

Line1: Line 2:
Planel: Plane 2: @ Null Offset ) Offset= |Oin
Plane 3: | - |Plar1e4:|- |O Centered

[1 Angle driven

Mechanism  Specifies the mechanism for the joint to belong to, you have the option of
defining a New Mechanism

Joint name  Specifies a name for the joint

Line1,2 Defines the two lines that should line up and the mechanism should rotate
around
Planel,2 Defines the two planes that should line up, you have the option of defining

an Offset value if they do not line up
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Plane 3,4 Defines two additional planes in order to make the two objects Centered

Angledriven Allows you to attach an angle command

Select the New Mechanism button. The Mechanism Creation window appears. A
mechanism needs to exist before a joint can be made. You can do this by using this option
within the joint or by selecting pull down menu Insert, New Mechanism.

i Y
Mechanism Creation m

Mechanism name: pechanism.l

@ 0K - Cancell

e

Key Gyro for the Mechanism name and select OK. You are going to use the default
name for the joint.

Select the center line of the cylinder on the outside ring and the center line of the
cutout on the base as shown below. This defines the center of rotation and aligns the two
lines.

Select the zx planein both parts. This defines the location of each object by aligning the
two planes. You will probably have to expand the branches of the Base and 1% Ring in
order to select the planes.

Select OK. The joint is created. A Mechanismsbranch appears in your specification tree.
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Expand the branch in order to see all the elements below. Notice that the mechanism
has one degree of freedom. Remember it was stated that an assembly must have at least one
degree of freedom in order to be used in kinematics. However, in order to simulate the
mechanism you must have commands assigned to it, giving it 0 degrees of freedom. In
addition you must have a fixed part defined.

1
=-Mechanisms

:In-'f Gyro, DOF=1
=-Joints
"@ Revolute.1 {1st Ring.1 Base.1)
ﬁ Coincidence .1 ({1st Ring.1,Base.1)
&8 Offset.2 (1st Ring.1,Base.1)
—Commands

L aws

—Speeds-Accelerations

Select the Fixed Part icon. o The New Fixed Part window appears. You need to
specify which part is fixed. If you had more than one mechanism than you would need to
select the appropriate one from the drop down list in order to define the fixed part for that
mechanism.

Mew Fixed Part I-il_]iz-
Mechanism: | gy o vl MNew Mechanism I

Select the Base. You can select it from the graphical work area or from the specification
tree. A Fix Part branch appears under the mechanism in the specification tree. Since you
did not specify a command when creating the joint you will need to go back and modify the
joint to include a command.

Double select on the Revolute joint in the specification tree. The Joint Edition : Revolute
window appears.

Joint Edition: Revolute.1 (Revolute) I.i‘—a’_h]

Joint name: Revolutel

Joint geometry:

Line 1:f 1<t Ring.1/Solid.1 Line 2 Baze,1/5olid.1
Plane 1:|1st Ring.1/m plane Plane 2: | Base1/m plane
[ Angle driven
loint Limits
[ Lower limit: |L|nzet O] Upper limit: | Unset

@ oKk | @ cancel

-
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Joint Limits  Sets limits for the range of motion if you turn on the Angle driven option

Select the Angle driven option and select OK. This will add an angle command to the
joint. An Information window appears telling you that the mechanism can be simulated.

Information ﬁ

Iol The mechanism can be simulated

Select OK. Notice that the mechanism has 0 degrees of freedom and there is command in
the Commands branch under the mechanism. You will now simulate the joint.

Select the Simulation with Commands icon. @, The Kinematics Smulation window
appears.

Select the More>> button. The window shows more options. These options will be
covered in detail later in the course.

Kinematics Simulation - Gyro Iiléj

Mechanism: IG}"D ,I
Commandl -360 —— 360 ._I
L] Activate sensors L] Plot vectors
Reset I Analxsis... I <<less I
Simulation

@ Immediate ' On request

Murnber of steps:|4p

Close I

L

Turn on the On request option and drag the slider for Command.1 to the right to 360.
This will tell it to simulate one revolution.

Change the Number of stepsto be 40 and select the Play Forward icon. > The outer
ring rotates around one complete revolution.

Select the Reset button and select Close. This defines one joint. You will continue to
define revolute joints in order for the complete assembly to be defined.
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Select the Revolute Joint icon again. @.I The Joint Creation : Revolute window
appears. This time the mechanism is already specified.

Select the center line of the cylinder on the outside of the middle ring and then the
center line of the hole of the outer ring as shown below. This defines the lines.

Select the zx plane in the 2" Ring and Plane.1 from Geometrical Set.1 in the 1% Ring,
turn on the Angle driven option and select OK. The middle ring moves to have the two
lines line up. An Information window appears.

Select OK. The window closes.

Define the revolute joint between the inner ring and the middle ring and select OK
when the I nformation window appears. You do this in the same manner as you did the
second revolute joint. The inner ring should move to align with the hole in the 2™ Ring.

Select the Simulation with Commands icon again. @, The Kinematics Smulation
window appears. This time there are three commands available to simulate.

Make sure the On request is turned on and drag the slider for all three commands to
360.

Change the Number of stepsto 80 and select the Play Forward icon. > The three
rings rotate one full revolution each.

Select Close. The window closes. Your first kinematic mechanism has been defined.
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Your final mechanism should appear similar to the one shown below.

=-Mechanisms
Ilr-'? Gyro, DOF=0

=-loints
I-Qﬁ' Revolute.1 (1st Ring.1 Base.1)
—ﬁ Coincidence.? (1st Ring.1 Base.1)
58 Offset.3 (st Ring.1,Base.1)
=-& Revolute.? (2nd Ring.1,1st Ring.1)
—@ Coincidence .4 (2nd Ring.1,1st Ring.1)
— 4 Offset.5 (2nd Ring.1,1st Ring.1)
=-¢8¥ Revolute.3 (3rd Ring.1,2nd Ring.1)

—ﬁ Coincidence 6 (3rd Ring.1,2nd Ring.1)

— &8 Offset.7 (3rd Ring.1,2nd Ring.1)
=-Commands

;% Command.1l {(Revolute.1 Angle)

;@ Command.? {(Revolute.?, Angle)

% Command.3 {(Revolute.3,Angle)
=-Fix Part { Base.1 )

%Fix.l {Base.1)

—Laws

—5Speeds-Accelerations

Save and close your document.
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Assembly Constraints

There are many times that you created an assembly and constrained it within Assembly
Design. Assembly constraints are not recognized in Kinematics, therefore you have to
define joints. However, assembly constraints can be converted into joints.

Auto Create

Open the Assembly Constraints document located in the Assembly Constraints
directory. You should see a linkage assembly with two pistons. All of the objects have
been constrained and the assembly can move with respect to constraints within Assembly
Design.

Select the Assembly Constraints Conversion icon. & The Assembly Constraints
Conversion window appears.

Assembly Constraints Conversion ||
Mechanism:’ T] Mew Mechanism I
Il. | More »> I
Unresolved pairs e
4 @ Cancel I
—
Mechanism Allows you to choose an existing mechanism if one exists or you can
create a New Mechanism
Auto Create Enables CATIA to automatically create joints from the constraints
More>> Expands the window to show additional options available to

manually match constraints to joints
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Select the New Mechanism button and create a mechanism called Linkage. The Auto
Create button becomes available.

Select the Auto Create button. Joints are automatically defined based on the assembly
constraints. There are 17 joints and no Unresolved Pairs.

Select OK. Notice that you still have 1 degree of freedom. You need to add a command to
one of the joints.

Double select on Revolute.4 from the specification tree. The Joint Edition window
appears.

Select the Angle driven option and select OK. An Information window appears.
Select OK. The window closes.

Select the Simulation with Commands icon, select On request, drag the slider all the
way to the right, change the Number of steps to 40 and select the Play Forward icon.

@ P | The mechanism goes in motion. As you can see the conversion was very

successful and you did not have to manually create any of the constraints.
Select Close. The window closes.

Your final mechanism should appear similar to the one shown below.

':a-? Linkage, DOF=0

=-Joints
@ Revolute.1 (Crank 2inch stroke.1,connecting rod.1)
@J Revolute .2 (Link 6inch.1 ,connecting rod.1)

@J Revolute.3 {connecting rod.1 Piston 1)

f‘@ Revolute.4 (Ground Block.1,Crank 2inch stroke.1)
5@ Cylindrical.5 {Cylinder Sleeve.1 Piston.1)
@ Cylindrical 6 (Piston.2,Cylinder Sleeve.2)

fr@l Revolute.7 (Ground Block.2 ,Link 15inch.1)
@ Revolute.3 (Ground Block.3,Link 8inch.1)

f‘@ Revolute.9 (Link 15inch.1 Link 6inch.1)

@J Revolute 10 (Link 15inch.2 Link 6inch.1)

#@J Revolute 11 (Link 15inch.2 Link 8inch.1)
@ Revolute.12 (Link Sinch.2 Link 15inch.2)

f‘@ Revolute.13 (Link Sinch.2 Piston.2)

'-_r Rigid.14 {Ground Block.1,Ground Block.2)

Rigid.15 {Ground Block.1,Ground Block.3)

Rigid.16 {Ground Block.1 Cylinder Sleeve.2)

Rigid.17 {Ground Block.1 Cylinder Sleeve.1)

=-Commands

% Command.1 {Revolute .4 Angle)

=+ix Part { Ground Block.1 )

vwgJ Fix.11 (Ground Block.1)
HLaws

—Speeds-Accelerations

Save and close your document.
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The previous exercise had you create the kinematic joints from assembly constraints using
the Auto Create option. This works great for many cases, but you are leaving a lot of
decisions up to CATIA. You may want to control which joints get created. By using the
additional options in the assembly constraints conversion option, you can pick and choose
which joints are created.

Advanced

Open the Assembly Constraints Advanced document in the Assembly Constraints
Advanced directory. You should see a slider assembly. All of the objects have been
constrained and the assembly can move with respect to constraints within Assembly Design.

Select the Assembly Constraints Conversion icon. & The Assembly Constraints
Conversion window appears.
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Select the More >> button. The window expands.
Assembly Constraints Conversion X
Mechanism:[ v] Mew Mechanism I
III .| < Less I
Unresolved pairs: i
Product 1: Pair = ..
Product 2:
Constraints list Resulting type Joints list
MName Type EIementstﬂ;' Mame Type Constrain
Add command:
1| 11 F 1 | 1 3
Fixed constraints list: I Current fixed part:
i w8 Cancel I
—

Product 1,2

Constraints List

Resulting type

Create Joint

Add Command
Delete Joint

Joints List

Fix Constraints List
Delete Fix

Create Fix

Current Fixed Part

Shows the two products involved

Shows the constraints that are associated to the pair of products
shown

Shows the resulting joint that will be created based on the constraints
that are selected in the Constraints List

Creates the joint shown in the Resulting type

Adds a command to the joint

Deletes the joint selected in the Joints List

Shows the joints that are associated to the pair of products shown
Shows all of the objects that have a fixed constraint

Removes the fixed part shown in the Current Fixed Part box

Makes the object shown in the Fix Constraints List the fixed part for
the mechanism

Shows the fixed part for the mechanism
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Select the New Mechanism button and create a mechanism called Slider. Items appear
in the boxes. The first pair is shown. In the Fix Constraints List you should see the first fix
constraint which is on the Ground Block.2 component.

Select the Create Fixed Part button. The Ground Block.2 component becomes the
Current Fixed Part. A Question window appears stating that there are more than one fix
constraints in your assembly. You have the option of creating rigid joints between those
parts..

Question [ J

f = \ There are more than one fixed constraint in the assembly.
W' Do youwant to create rigid joints between the parts?

e ] ‘ Mo

Select Yes. Two rigid joints were created and added to your mechanism. You should
notice that the two components that are in the first pair are highlighted in the graphic area.

Select the Coincidence constraint in the Constraints List. The Resulting type is
Cylindrical when only that constraint is considered.

Select the Surface Contact constraint in the Constraints List. The Resulting type is
Planar when only that constraint is considered.

Select both constraints in the Constraints List. You may need to use the Ctrl key to select
both at the same time. The Resulting type is Revolute. This is the joint that you want and
you want it to drive the mechanism.

Select the drop down for the Add Command. The available commands for this joint
appears.

Select the Angle command. You are now ready to create the joint.

Select the Create Joint button. The joint is created and there are no more constraints
available for this pair of components. You have 0 degrees of freedom in your mechanism.

Select the Step Forward icon. M This moves to the next pair of components. The two
components highlight. You will want a revolute joint between these two as well.

Select both of the constraints, the Resulting type should show Revolute and select the
Create Joint button. You have 1 degree of freedom since you did not assign a command to
the joint. This will be taken care of by creating additional joints.

Select the Step Forward icon. M This moves to the next pair of components. The two
components highlight. This is an offset constraint between the two ground blocks. There is
no need to create a joint for this since they already have a rigid joint between them.
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Select the Step Forward icon. ﬂ This moves to the next pair of components without
creating a joint. The two components highlight. You will want a revolute joint between
these two components.

Select both of the constraints, the Resulting type should show Revolute and select the
Create Joint button. You now have 2 degrees of freedom. Your mechanism should appear
similiar to the one shown below at this moment.

é—? Slider, DOF=2

=—J?int5

E Rigid.1 (Ground Block.2,Ground Block.1)
~-[#24 Rigid.2 (Ground Block.2,Piston Ground Plate.1)

Tf@l Revolute.3 (Crank-Slider Quick-Return.1,Ground Block.1)
-@J Revolute .4 (Link Connector.1 ,Crank-Slider Quick-Return.1)

#—@J Revolute.5 {Link 15inch.1,Ground Block.2)

s=Commands

EZ‘ Command.1 (Revolute.3 Angle)

=~Fix Part { Ground Block.2 )

\E, Fix.1 (Ground Block.2)

Select the Step Forward icon. M This moves to the next pair of components and

shows that they already have a rigid joint defined between them.

Select the Step Forward icon. ﬂ This moves to the next pair of components without
creating a new joint. The two components highlight. You will want a revolute joint

between these two components.

Select both of the constraints, the Resulting type should show Revolute and select the
Create Joint button. You now have 3 degrees of freedom.

Select the Step Forward icon. ﬂ This moves to the next pair of components. The two
components highlight. This time you are going to create a cylindrical joint.

Select the Coincidence constraint, the Resulting type should show Cylindrical and select
the Create Joint button. The degrees of freedom reduces to 1.

Select the Step Forward icon. M This moves to the next pair of components. These
constraints are between the pin and the link. You do not need a joint between them since
the pin should be rigid to the link.

Select the Step Forward icon. ﬂ This moves to the next pair of components. You
will want a revolute joint between these two components.

Select both of the constraints, the Resulting type should show Revolute and select the
Create Joint button. You now have 2 degrees of freedom again.
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Select the Step Forward icon. M This moves to the next pair of components. These
constraints are between the pin and the sliding block. Once again, you do not need a link
between them since the pin should be rigid to the block.

Select the Step Forward icon. ﬂ This moves to the next pair of components. You
will want a planar joint between these two components.

Select the constraint, the Resulting type should show Planar and select the Create Joint
button. You now have 0 degrees of freedom. You are also at the end of the conversion.

Select OK. Your mechanism should appear similar to the one shown below.

1
=.—§ Slider, DOF=0

Rigid.1 {Ground Block.2,Ground Block.1)
Rigid.2 {Ground Block.2 Piston Ground Plate.1)
'@J Revolute.3 {Crank-5lider Quick-Return.1,Ground Block.1)
'@J Revolute 4 (Link Connector .1 ,Crank-Slider Quick-Return.1)
@J Revolute.5 (Link 15inch.1,Ground Block.2)
-@J Revolute .6 (Link 8inch.1 Link 15inch.1)
'%ﬁ Cylindrical.7 (Link 15inch.1 ,Link Connector.1)
- &8 Revolute 8 (Part1.1,Link Sinch.1)
#ﬁ Planar.9 (Partl.1,Piston Ground Plate.1)
s=-Commands
E} Command.1 (Revolute.3,Angle)
=Fix Part { Ground Block.2 )
\}, Fix.1 (Ground Block.2)

Select the Simulation with Commands icon, select On request, drag the slider all the
way to the right, change the Number of steps to 40 and select the Play Forward icon.

@) | | P | The mechanism goes in motion. Notice that the two pins did not move. You

never defined the rigid constraints with the pins.
Select the Reset button and select Close. The window closes.

Create a rigid joint between the pin and the block and one between the other pin and
the long link.

Simulate the mechanism again. This time the pins move with mechanism.
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Close your simulation. Your final mechanism should appear similar to the one shown

below.

=-Mechanisms
r? Slider, DOF=0

1

Rigid.1 {Ground Block.2,Ground Block.1)
Rigid.2 {Ground Block.2 Piston Ground Plate.1)
@J Revolute.3 (Crank-Slider Quick-Return.1,Ground Block.1)
@J Revolute .4 (Link Connector .1 ,Crank-Slider Quick-Return.1)
@ Revolute.5 (Link 15inch.1,Ground Block.2)
T‘@ Revolute.6 (Link 8inch.1 Link 15inch.1)
5@ Cylindrical .7 (Link 15inch.1,Link Connector.1)
{8 Revolute 8 (Part1.1 Link 8inch.1)
*—@ Planar .9 (Parti .1 Piston Ground Plate.1)
Rigid.10 (Pin 2inch.2 Partl.1)
Rigid.11 (Pin 2inch.1 Link 15inch.1)
=-Commands

g Command.1 (Revolute.3,Angle)
=~Fix Part ( Ground Block.2 )

L . Fix.1 (Ground Block.2)
—Laws

—Speeds-Accelerations

Save and close your document. You are going to see what happens if you used the Auto
Create option instead of manually converting the constraints to joints.
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Open the original Assembly Constraints Advanced document again.

o

3

Select the Assembly Constraints Conversion icon.
Conversion window appears.

The Assembly Constraints

Select the New Mechanism button and create a mechanism called Slider. The Auto
Create button becomes available.

Select the Auto Create button. Joints are automatically defined based on the assembly
constraints and the window now shows there are 0 unresolved pairs.

Azsembly Constraints Conversion X
Mechanism:’gnder v] New Mechanism |
| More => I
Unresolved pairs: 0/11

|@ ok | @ cancel|

Select OK. Notice that you still have 3 degrees of freedom. You need to add a command to
one of the joints.

Double select on Revolute.1 from the specification tree. The Joint Edition window
appears.

Select the Angle driven option and select OK. You still have 2 degrees of freedom. This
is because it generated constraints with the pins.

Delete the Revolute.7 and Revolute.9 joints. You now have 0 degrees of freedom.

Delete the Planar.3 joint as well since it is unnecessary. The degrees of freedom do not
change since this joint had no effect on the mechanism. The reason this joint is unnecessary
is there is already a rigid joint defined between them.
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Select the Simulation with Commands icon, select On request, drag the slider all the
way to the right, change the Number of steps to 40 and select the Play Forward icon.

@) | | P | The mechanism goes in motion. Notice that the two pins did not move. You

still need to define rigid joints between the pins and respective parts.

Select Close. The window closes. You can see that when you use Auto Create it may make
mistakes on the joints that it creates. This requires that you check the mechanism out
before calling it good. It is up to you to determine which method works best for the
assembly that you are working on.

Close your document. There is no reason to save.
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Law Review - Rules

In this review, you will be applying the different types of laws to a landing gear assembly.
This will show how laws can simulate multiple commands simultaneously, some with more
control and ease than others.

Open the Law Review document from the Law Review directory. The Landing Gear
assembly should appear. All of the joints, limits, and commands have already been created
for you.

Expand the Mechanisms branch. Notice that there are several commands to control this
mechanism. You will be first creating a Knowledgeware Rule to control these commands.

Create a new Rule with a name and description of your choosing. Remember, you must
switch to the Knowledge Advisor workbench.

Select OK. The Rule Editor : Knowledgeware Rule Active window will appear. You will
be writing a rule that makes both the doors lower at the same rate, after they are partially
open the landing gear will begin to lower as well. The two doors will be fully open before
the landing gear is completely down.

Create the first If-Then statement for KINTime to be less than or equal to 6 seconds.
This will be very similar to the process you used earlier. Make sure you select the
mechanism from the tree first, then double select the appropriate member from the Members
of All section within the Rule Editor window in order to add it to the If-Then statement.

The Then statement is going to be a little different. Anytime you are controlling multiple
commands you will need to enclose them all in braces { }.

Set the Left Door Angle command equal to 5 degrees per second.
Set the Right Door Angle command equal to the Left Door Angle command.

Set the Lifting Cylinder Length equal to 0 inches. This will keep the landing gear
stationary for the first six seconds. Be sure to end this statement with a brace.
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Your rule should now look like the following.

/*Rule created by nathan 3/29,/2012%/

if ‘Landing Gear\KINTime" <=6s

{
‘Landing Gear\Commands\Left Door Angletfngle’ = (Landing Gear'\KINTime" /15)*5deg
‘Landing Gear\Commands\Right Door AngletAngle” = "Landing Gear\CommandsiLeft Door AngletAngle”
‘Landing Gear\Commands\Lifting Cylinder Length'\Length™ = Oin

Start another If-Then statement for the time greater then 6 seconds and less then or
equal to 26 seconds.

Set the Left Door Angle command equal to 5 degrees per second. Be sure to subtract the
initial time from the KINTime and then add the ending position of the previous step to the
equation.

Set the Right Door Angle command equal to the Left Door Angle command.

Set the Lifting Cylinder Length equal to 0.5 inches per second. Your rule should now
look like the following.

/*Rule created by nathan 3/29,/2002%/

if ‘Landing Gear\KINTime" <=6s

{
‘Landing Gear\CommandsLeft Door Anglelingle’ = (Landing Gear\KINTime" /15)*5deg
‘Landing Gear\Commands'\Right Door Angle\Angle” = "Landing Gear\CommandsLeft Door AnglehAngle”
‘Landing Gear\Commands\Lifting Cylinder Length'Length™ = Oin

}
if Landing Gear\KIMTime" »6s and "Landing Gear\KINTime" <=26s

{
‘Landing Gear\Commands'Left Door AnglebAngle’ = (Landing Gear\KINTime’-6s) /1s*5deg+30deg
‘Landing Gear\Commands\Right Door AnglebAngle” = "Landing Gear\CommandsiLeft Door AnglebAngle’
‘Landing Gear\Commands'Lifting Cylinder Length'Length™ = {"Landing Gear\KINTime" -85)/1s"0.5in

Now you want the doors to stop moving and the landing gear to continue lowering.

Start another If-Then statement for the time greater then 26 seconds and less then or
equal to 38 seconds.

Set the Left Door Angle command equal to 130 degrees. This is the ending value after
the doors have traveled 5 degrees per second for 26 seconds. This will keep the doors at a
constant 130 degrees for the duration of this step.

Set the Right Door Angle command equal to the Left Door Angle command.

Set the Lifting Cylinder Length equal to 0.5 inches per second. Be sure to subtract the
initial time from the KINTime and then add the ending position of the previous step to the
equation.
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Your rule should now look like the following.

/*Rule created by nathan 3/29/2012%/
if ‘Landing Gear\KINTime" <=6s

{
‘Landing GearCommands'Left Door AngletAngle’ = (Landing Gear\KINTime" /1s)*5deg

‘Landing Gear\CommandsRight Door AngletAngle” = "Landing Gear\CemmandsiLeft Door AngletAngle”
‘Landing Gear\CommandshLifting Cylinder Length'\Length® = Oin

}
if ‘Landing Gear\KIMTime" >G5 and "Landing Gear\KINTime" ==26s

{
‘Landing Gear\Commands'\Left Door AnglelAngle’ = (Landing Gear\KINTime"-6s) /1s*5deg+30deg
‘Landing Gear\Commands\Right Door AngletAngle’ = "Landing Gear\Commands\Left Door AnglelAngle’
‘Landing GeartCommands'Lifting Cylinder Length'Length” = ("Landing Gear\KINTime" -65)/15*0.5in

}
if Landing Gear\KIMTime™ >265 and "Landing Gear\KIMTime’™ < =385

{
‘Landing Gear\CommandsLeft Door AnglelAngle” = 130deg

‘Landing Gear\Commands\Right Door AngletAngle’ = "Landing Gear\Commands'Left Door AnglelAngle’
‘Landing GearCommandsiLifting Cylinder LengthtLength™ = ("Landing Gear'KIMTime" -265)/1s"0.5in+10in

Y our rule should now be ready to simulate your mechanism.
Select OK to the Rule Editor window.

Switch back to the Kinematics workbench.

Select the Simulate with Laws icon. %@ The simulation window appears. An
information window may appear stating the Update all external references option will be
temporarily deactivated for the simulation. Select OK if necessary.

Change the Maximum Time Bound to be 38s, the length of your rule.
Change the Number of steps to 200.
Kinematics Simulation - Landing Gear | | S|

|

Fechanism :’Landing Gear

Start 0 Jf————— 38 000 [ ..
SRR
Mumber of steps: 200 - ,ﬁ.nalxsi;... I

[] Activate sensors || Plot vectors
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Select the Play forward icon. P The doors should begin to open then the landing gear
should lower.

Select the Start icon. H

Close the simulation window. This is how you go about creating a rule for a mechanism
that has multiple commands and sequencing of events.

Save your document but do not close.
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