CATIA Kinematics 3DEXPERIENCE® R2019x
TABLE OF CONTENTS

INtrOdUCEION . .. o 1
KINBMELICS . . ..ot 2
Mechanical SystemsDesignWorkbench. ........ ... ... .. .. ... ... ... ... 3
Mechanical Systems ExperienceWorkbench ............................. 12
Saving REQUITEMENLS . . . . ..o et 15

KINEmMatiCS . . oo 17
Engineering Connection TYPES . .. oo oo it e 17

Revolute- Null Offset . ... .. . 18
Mechanism Representation ... ............uuiiiiieninnenn, 21
MechanismManager ........ ...t 23
PriSmatiC . ... 30
Cylindrical - AngleandLength . ........ ... .. .. .. . i ... 36
Cylindrical -Length . ... .. 42
Cylindrical - Angle . ... e 47
0 1= 51
Spherical . ... 57
Planar ... 61
RIgId . . 65
POINE CUIVE . 68
Side CUIVE . . 71
RO CUIVE .. 74
POINt SUMaCe .. ... 77
UNiVersal ... 80
B .. 85
RaCK .. 91
Cable 94
Mechanism OperationS .. ...... ..ottt e e e 97
DIESSUD ..t e 97
JOINE LIMItS .o 102
Assembly MeChaniSms . ... e 107
Kinematic SImulations . . .. ... .ot 113
Creating aKinematicSimulation . . ............ .. ... ... 113
Kinematic SCeNarios ... 116
RecordingaScenario ...t 118
EditingaRecorded Scenario ................ i 122
CreatingaScenariowithalaw ........... .. ... ... 125
Creating a ScenariowithaDesign Table. ............. .. ... ....... 132
CreatingaSegmented Excitation . . .. .......... ..., 144
Plotting EXCItations . ...........co it e 152
Assembly SEqQUENCES . . . ..o 154

© Wichita State University Table of Contents, Page |



CATIA Kinematics 3DEXPERIENCE® R2019x

DynamiC SCENANOS . ..ottt et e 165
Gravity EXCItation . ............ i 173

Position Motor Excitation ............... ... ... 174

Velocity Law Excitation ............. .. ... .. .. .. 176

Velocity Motor Excitation . ......... ... i 178

Sketched Law EXCItalions . ...... ..o 183
Probes . . ... 190
MeasureProbe . ... ... ... . . 190
InterferenceProbe . ... ... 195

RESUITS ..o 203
Preview SCeNario . ......ovi i 203
Compute and Generate Resultswith Local Update . ................. 204
Compute and Generate Results with Global Update ................. 208

View ScenarioResults . . ... 211
GEOMELNIC TraCE . . o vttt et ettt 216
SWEPLVOIUME ... 222
Exportingan ANimation . . . ... ...t 227
SNAPSNOLS . . .o 228

Play ANimation . .......... i e 230
Problems ... 231
Problem AL . .. 231
ProblEem A2 . . 232
Prob M A . 233
Problem #4 . . 234
Problem #S . . 235

Table of Contents, Pageli ©Wichita State University



CATIA Kinematics 3DEXPERIENCE® R2019x
Introduction

CATIA Version 6 Kinematics

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

- Creating joints

- Creating simulations and replays

- Performing analysis on a kinematic mechanism
- Using laws to help simulate a mechanism

- Converting assembly constraints to joints
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Kinematics

The first item that needs to be understood is the definition of kinematics. Kinematics
involves an assembly of parts that are connected together by a series of joints, referred to as
amechanism. 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 that there are no associated |oads or weights with the parts.
Y ou are ssimply 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 isvery limited. Kinematics is meant to show
the range of motion of a mechanical component. Basically, it will show how the movement
of onejoint affects al of the other joints defined in the mechanism.

The second concept 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 thejointsis pretty
easy. Kinematics requiresyou to think alittle differently without allowing finite element
analysis and animation 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.

There are two main kinematic apps. Mechanical Systems Design and Mechanical Systems
Experience. Mechanical Systems Design is primarily used to define all the jointsin the
kinematic mechanism. It will be the focus of the first half of this manual. Mechanical
Systems Experienceis primarily used after the kinematic mechanism has been defined.
This app is primarily used to simulate the mechanism. It will be the focus of the second
half of this manual.
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Kinematics

Engineering Connection Types

There are many engineering connection types. Each type 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 engineering connections.
Some of the connections can be created using axis systems but that will be discussed later.

Engineering Connection Degrees of Freedom Commands Available
i User-Defined Depends None
B Rigid None None
&  Spherica 3 Rotations None
& Cylindrical 1 Rotation, 1 Trandlation Angle and/or Length
o=  Planar 1 Rotation, 2 Trandlations None
fi}  Prismatic 1 Translation Length
fi,  Revolute 1 Rotation Angle
T Screw 1 Rotation or 1 Trandation | Angle or Length
Y PointCurve 3 Rotations, 1 Trandation Length
A2 Point Surface 3 Rotations, 2 Translations | None
g  Gear 1 Rotation Angle
& Rack 1 Rotation or 1 Trandation | Angle or Length
P2 Cable 1 Trangdlation Length
& Universal 1 Rotation None
£ Roll Curve 1 Rotation, 1 Trandlation Length
#  SlideCurve 2 Rotations, 1 Translation None
¢ Fix None None
© Wichita State University Kinematics - Joints, Page 17
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Revolute - Null Offset

The revolute option allows you to define ajoint that represents arotation. Thisis useful
when you need an object to turn about another object.

Open the KINE110 - Revolute Assembly document. Y ou should see a base with three
rings.

If not already there, switch to the Mechanical System Design app.

Select the Engineering Connection icon. é@%ﬁ The Engineering Connection Definition
window appears. Thiswindow should be familiar from the Assembly Design workbench.

Engineering Connection Definition ? >

@21 Constraints I a_y?Force Element H %Interferences H &% Contact |

Type: ‘ U1 User Defined ~ | [% | Automatically positicn components ~

Type  Mode Pref.. Suppert Lower Value Upper

| selectanelement ||| |

Cancel

Select the Gyroscope Base from thetree. Notice the Type automatically switchesto Fix.
Y ou must always have afixed object in order to create a kinematic simulation.

Select OK. The engineering connection is created.
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Select the Engineering Connection icon. % The Engineering Connection Definition
window appears.

Select the center line of the cylinder on the outsidering 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. Notice the Type automatically updates to Revolute.

Type: & Revolute e [% | |Autumaticall1.r position components
Type  Mode Pref.. Support Lower Value Upper
@ G dR s
o Buis
¥ Ty A ¥ = plane
@ = plane

oL L (Selectanclement |1

The command will need to control the angle of the Cam in relation to the Fixturel part, so
you will need to create an Angle constraint to apply the command to.

© Wichita State University Kinematics - Joints, Page 19
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Right select on the Select an element text in the window and select Insert, Angle, Angle.
An angle constraint is inserted.

Select the xy planein both parts. Thiswill be the reference for the rotation angle. The
window should appear as shown.

Engineering Connection Definitio ? X
@Zﬁ; Constrain -_y?FDrCEHEFﬂEHt | %Interferences | &5 Contact |
ET}rpe: & & Revolute ~ [% |/’+ Automatically position components w
Type  Mode Pref..  Support Lower Value Upper
@ o d %A
%" Axis
o el 2 | m plane
| = plane
|2 G @ xy plane Ddeg
@ xy plane
IR e T
\\
ey —

Notice the Type has an error symbol next to it. The Mode of the angle constraint needs to
be switched to Controlled.

Right select on the symbol under the Mode column as shown above and select
Controlled. The error symbol goes away.

Select OK. The engineering connection is created.
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Mechanism Representation

The mechanism representation will contain al of the kinematic information for simulating
movement within your assembly. It isa separate representation, similar to a 3d shape
representation, that will be stored within the assembly.

Select the Mechanism Representation icon. The Mechanism Representation
window appears.

Mechanism Representation ? x
g Mechanism Representation g Mechanism Preferences
Title |Mechani5m Representation0000001 |
Marne |mec—4D4?6464—DDDDDDD1 | 4
Description
Design Range Mormal Range o
Collaborative Policy| Engineering Definition

OK Cancel
Changethe Titleto KINE110 - Kinematic M echanism.
Select the Mechanism Options tab.
Mechanism Representation ? >
'g Mechanism Representation g Mechanism Preferences
[ Include all kinematics connections into the mechanism
[ Create all possible kinematics commands
[[] Link all independent submechanisms
oK Cancel
Include all kinematics connections... Creates joints from all of the existing

engineering connections in the model

Create all possible kinematic commands  Creates commands from any existing
controlled constraints within the existing
engineering connections
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Link all independent submechanisms | dentifies and assembles existing
mechanisms within any subassemblies
under the product the new mechanism
representation is being created in

Be surethefirst two optionsareturned on and select OK. The mechanism
representation is created.

1
= KINME110 - Kinematic Mechanism

=, Joint
? oints

F-LX Fict

5= &?} Revolute.2

= iizi; Commands
@ Command.1 (Revolute.2)

All of the engineering connections were used to create joints within the mechanism. Notice
there is one command.

R
Select the Update icon. % Thiswill update the engineering connections. It isagood
idea to make sure things are updated.
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Mechanism Manager

The mechanism manager allows you to get a summary of the existing mechanism, including
all of the joints, commands and degrees of freedom. It can be helpful for identifying issues
within the mechanism.

Select the Mechanism Manager icon. ﬁ The Mechanism Manager window appears.

Mechanism Manager ? -
Status
@ DOF with commands: 0 Mumber of commands: |1
DOF without commands: | Command dependency: | g
Computation status: () Automatic ® Manual
Joints | Assembly |
Joints List
Filter: O Only included ® All
Included Mame Type Command 1 Command 2 Context
= Fix.1 Fix - - KIME110 - Revolute Assembly A
=] Revelute.2 Revolute Angle - KIME110 - Revolute Assembly A
Jzints Managernent Command Management
I:Il:ll:l ':II% Driven by:
= &= Exclude All
0K Cancel

Notice there are no degrees of freedom with the command. Thiswindow also identifies
which connections could have a command added to them.
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Select therevolutein thelist. Noticethe Angle 1 command is checked. Thisisthe angle
command you already added to the revolute engineering connection.

Mechanism Manager ? *
Status
@ DOF wiath commands; 0 Mumber of commands: |1
DOF without commands: | q Command dependency: | Mo
Computation status: O) ptomatic ® Manual
Joints | Assembly
Joints List
Filter: | |O Only included @ Al
Included MName T}rpe Command 1 Command 2 Context
Fix.1 KIME110 - Revolute Assernbly A1

-M__ KINET10 - Revolute Assembly A1

Joints Management Command agement
':II:II:' 4% Driven by:

=3 Exclude &= Exclude All M Angle 1

Cancel

Select OK.
Select the Mechanism Player icon. The Mechanism Player window appears.

Mechanism Player 4 x

IMechanism status:@
Command.1 -360 0.00 360 M @ I]E)

199 Reset All

Cloze

Drag the dlider in thewindow. Thering will rotate.

Select the Reset All button and select Close. This defines onejoint. You will continue to
define revolute jointsin order for the complete assembly to be defined.
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Select the Engineering Connection icon again. % The Engineering Connection
Definition window appears.

Select the center line of the cylinder on the outside of the middlering and then the
center line of the hole of the outer ring as shown below. Thisdefinesthe lines.

Select the zx plane in the 2" Ring and Plane.1 from Geometrical Set.1in the 1% Ring.

Insert an Angle constraint and define the yz plane of both rings astheinputs. Switch
the Mode to Controlled in the same manner as before. Thiswill have the revolute
defined with a command.

Select OK. The window closes.

Definetherevolute joint between theinner ring and the middlering. You do thisin the
same manner as you did the second revolute joint.
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Notice the engineering connections are created in the tree, but not populated in the
mechanism.

Eh% Engineering Connections
[t ‘2,8 Fix.1 (KINE110 - Gyroscope Basze.1)
E"@D Revolute.2 (KIMNET10 - Gyroscope Base 1<->KINE110 - Gyroscope 1st Ring. 1)
IEI-QD Revolute.3 (KINE110 - Gyroscope 15t Ring.1<->KINE110 - Gyroscope 2nd Ring. 1)
[ 8 Revoluted (KINET10 - Gyroscope 2nd Ring.1<-=KINET10 - Gyroscope 2rd Ring. 1)

EI—E KIME110 - Kinematics Mechanism
El—gﬁ Joints
HE Fixt
IEI—@; Rewvolute.2
E Commands
: Command.1 (Revolute,2)

Select the Mechanism Manager icon. % The Mechanism Manager window appears.

Joints | Assembly |

loints List
Filter. O Only included ® Al

Included Mame Type Command 1 Command 2 Context

= Fix.1 Fix - - KIME110 - Revolute Assernbly A1
(=] Revolute.2 Revolute Angle - KIME110 - Revolute Assembly A
O Revolute.3 FRevolute Mo - KIME110 - Revelute Assembly A
O Fevoluted Revolute Mo - KIME110 - Revolute Assemnbly A1

Notice the last two revolutes are not included in the mechanism.
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Turn on the checkboxes next to the last two revolutes and then select the Update status
button. Notice there are now 2 degrees of freedom with commands. Thisis because only
the first command is recognized. Y ou will need to activate the other two commands.

Status

o DOF with commands: 2
DOF without commands: | 3

Computation status: () atomatic ® Manual

Mumber of commands: | q

Command dependency: | No

W pdate, status

Joints | Assemnbly
— Joints List
Filter:

O Only included ® All

Included Mame Type

|;| Revolute.3 Revolute Mo
Revoluted Revolute Mo

Command 1

Command 2  Context

B r———s A

Revolute.2 Revolute Angle

KIMET1D - anlutehssemblyh1
KIME110 - Revolute Assembly A
KIME110 - Revaolute Assembly A

Select the second revolute and turn on the Angle 1 command. Thiswill need to be done
anytime ajoint is added to an existing mechanism.

Revoluted Revolute Mo

Revolute.2 Revolute Angle

-_ KINE110 - Revolute Assembly A1

Joints | Assemnbly
—Joints List
Filter: O Onlyincluded ® Al
Included Mame Type Command 1 Command 2 Context
Fiz.1 Fix - - KINET10 - Revelute Assembly A1

KIMET10 - Revolute Assernbly A1

KINET10 - Revelute Assembly A1

N

— loints Management

I:||]=I Include

= Exclude

4} Include &l

& Exclude All

Command Ma ement
Driven by: O Length 1 O Length 2
Angle1 [ 2ngle 2

Turn on the Angle 1 for thelast revolute aswell.

© Wichita State University
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Select the Update status button. The degrees of freedom update.

Status

e DOF with commands: 0 Mumber of commands: | 2

DOF without commands: | 3 Command dependency: | Mo

Computation status: (7 a4 tomatic ® Manual | Lpdate status

Select OK.

Select the Mechanism Player icon. @ The Mechanism Player window appears.

Mechanizm Player 7 >

Mechanism status:g

Command.1 -360 0.00 360 I'E'dEQ E I]S
Command.2 -360 0.00 360 I'E'dEQ E I]S
Command.3 -360 0.00 360 I'E'deg E I]ﬁ
1% Resetall

Drag each of the dlidersin thewindow. Therings should all rotate now.

Mechanism Player

Machanism status @

Command.1 -360 8280 360 £2.Bdeg 3:
Command.2 -360 11520 360  [115.2deg 5?
Command.3 -330 | 4560 | 390 ~45.6deg )|

&

' Resat Al

Close
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Select the Reset All button and select Close. This defines one joint. Y ou will continue to
define revolute jointsin order for the complete assembly to be defined. Your first
kinematic mechanism has been defined.

Y our final mechanism should appear similar to the one shown below.

EI—@ KIMET10 - Kinematics Mechanism
El—gﬁ Jaints
HF Fixd
IEI—@; Rewvolute.2
IEI—@; Rewvolute.3
() @; Rewolute.d
= iﬁjﬁ Comrmands
Command.1 (Revolute.2)
[ Comtmand.2 (Revolute,3)

Comtmand.3 (Revolute.d)

Save and close your document.
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Mechanism Operations

This section will discuss a number of operations with regards mechanism manipulation and
analysis.

Dressup

The dressup feature allows you to add another object to your mechanism without having to
make it part of the actual mechanism. Thisisvery useful when you already have a
mechanism defined in a sub-assembly and you include that into alarger assembly. To be
able to use the mechanism contained in the sub-assembly and be able to attach other parts to
that mechanism, you must use the dressup feature.

Open the KINE300 - Dressup model. The model should appear as shown.

The trunion was initially designed with simple wireframe geometry and is represented by
the KINE300 - Turnion Design Geometry model. Now the final trunion part will be added
into the kinematic mechansim using a dressup.
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Select the Mechanism Player icon. @ The commands should appear as shown.

Mechanism Player ? x

Mechanism status:e

Command.3 5.49274 9.43 133688 [g3in =9
Command.4 95 18000 180 [7g0deg = Y
'S Reset Al

..... m—

Drag Command.4 to theleft. The assembly should move as shown. Notice the actual
trunion part doesn’'t move because it isn’t part of the mechanism yet.

Select the Reset All button and close the Mechanism Player window.
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Select the Dressup icon. [%' It isin the sub menu of the Mechanism Manager icon.

The Dressup window will appear.

Dressup

Mechanism: | KINE30D - Mechanism A.1

Mechanism products

KIMES00 - Skin A (KINESD0 - Skin.1)

KINE3D0 - Mount A(KINE3IDD - Mount.1)

KINESDD - Piston A(KIME30D - Piston.1)

KINE3D0 - Cylinder A{KIME3DD - Cylinder.1)

KIME300 - Link A(KINESDO - Link.1)

KIME3OOD - Wheel Assermbly A(KINEIOD - Wheel Assembly.1)

KIME3DD - Actuator Shaft A 1(KIME3DD - Actuator Shaft.1)

KIME300 - Actuator Cylinder A{KIMEZ00 - Actuator Cylinder.1)

KIME30D - Actuator Mount A (EIMNEZ0D - Actuator Mount. 1)

KIME3DOD - Trunion Design Geometry A(KINEZ0D - Trunion Design Geometry.1)

Attached products

.........

....................

o Cancel

Mechanism Specifies the mechanism that you are dressing up

Mechanism products Shows the products available to attach a dressup

Attached products  Defines the product(s) that will be attached with the dressup

Select KINE300 - Trunion Design Geometry. Thisisthe part that you wish to attach other

objectsto.

Select the KINE300 - Trunion part in the specification tree. It should appear in the

Dressup window.

Dressup ? *
Mechanism: | KINE300 - Mechanism A1
Mechanism products Attached products

KINE3O0 - Skin AT(KINE30D - Skin.1)

KINE300 - Mount A T(KINE3DD - Mount.1)

KIME300 - Piston A1 (KIME30D - Piston.1)

KINE300 - Cylinder A1(KINE30D - Cylinder.1)

KINE3OD - Link AT(KINE30D - Link.1)

KIME30OD - Wheel Assembly AT(KINE300 - Wheel Assembly.1)
KIME3IDD - Actuator Shaft A.1(KIME30D - Actuator Shaft.1)
KIME30O - Actuator Cylinder A 1(KINE30O0 - Actuator Cylinder.1)
KIME300 - Actuator Mount A 1(KINE3DD - Actuator Mount.1)

- Trunion Design Geometry A1(KINE300 - Trunion Design Geometry.1}  [KIME300 - Trunion...

0K

Cancel
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Select OK. There should now be a Dressup branch under the mechanism.

1
| KIMEZOO - Mechanism A1

lfr@? Joints
I+I—$ Comtnands

= Dressup

+-) Rigid.19

Notice the dressup basically creates arigid connection between the parts.

Simulate the mechanism. Notice the trunion now moves with the rest of the assembly.

Select the Reset All button and select Close.
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Select the Dressup icon. @’ The Dressup window will appear.

Dressup

Mechanism: | KINE30O - Mechanism A.1

Mechanism products Attached products

KIME300 -
KIME300 -
KIME300 -
KIME300 -
KIME300 -
KIME300 -
KIME300 -
KIME300 -
KIME300 -
KIME300 -

Skin AT(KIME3DD - Skin.1)

Mount AT(KINE30D - Mount. 1)

Piston AT(KINE300 - Piston.1)

Cylinder A1(KINE300 - Cylinder.1)

Link AT(KIME3D0 - Link.1)

Wheel Assemnbly A 1(KINE30OD - Wheel Assernbly.1)

Actuator Shaft A 1(KINE30D - Actuator Shaft.1)

Actuator Cylinder A1(KINE300 - Actuater Cylinder.1)

Actuator Mount A 1(KINE3OD - Actuator Mount.1)

Trunion Design Geometry A(KIME300 - Trunion Design Geometry.1)  KINE30D - Trunien A(KINE300 - Trunion.1)

Cancel

Right select on the trunion in the Attached products column. A contextual menu

appears.
Rermove Link
Delete Joint
Center Tree
Remove Link Deletes the dressup link from the mechanism, but retains the
underlying rigid joint
Delete Joint Deletes both the dressup link and the underlying rigid joint.
Select Cancel.

The dressup option provides and easy way to attach additional parts or products to objects
already in amechanism. Thisisespecially helpful if akinematic mechanism was done with
simple wireframe geometry for conceptual design.

Save and close your document.
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Kinematic Simulations

Up until now you have been simulating your mechanisms using the mechanism player. You
can also create a simulation that can be used to better visualize the kinematic movements.

A kinematic simulation consists of aModel, Scenario and Result. Each node in the tree has
adifferent function and will be discussed. The model represents the product you are using
for the kinematic ssimulation. The scenario defines the definition of the kinematic
movement including excitations and probes. Scenarios can be used in conjunction with
assembly sequences that will allow you to put multiple scenarios together and vary their
duration. The results node will contain simulation results and any snapshots of specific
simulation steps.

Creating a Kinematic Simulation

This section will discuss creating a kinematic simulation that can be used to better visualize
the kinematic movements, as well as analyze them.

Open the KINE400 - Kinematic Simulation model. It should appear as shown.
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Switch to the M echanical Systems Experience workbench. The Mechanical Systems
Experience window appears.

Mechanical Systems ... 7 x

Q Simulation Object Creation

Product:
| KINE400 - Kinematic Simulation A1 |

[ Create a mechanism E
W Create a kinematics scenario I&.‘

............................

........... OK. .. Cancel
Product Specifies the product to use for the model node of the
simulation
Create a mechanism Creates a new mechanism if one doesn’t already exist
Create a kinematics scenario Specifies a kinematics scenario will be created

Turn off both check boxes and select OK. The Kinematics Smulation window appears.

Kinematics Simulation 7 >
g Kinematics Simulation ‘
Title | Kinematics Simulation000000044 |
Name [ sim-73888265-000000044 | 4
Description

Collaborative Policy| Engineering Evaluation

Cancel

Key in KINE400 - Kinematic Simulation for the Title and select OK. The kinematic
simulation is created.

KIME4ADO - Kinermatic Simulation
|—|L_:- Model
Iil—@ KIMEADD - Kinematic Simulation A1
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Thisisthe easiest method for creating a kinematic simulation.

Right select on the Model branch in thetree. A contextual menu appears.

EI Center tree on Preselected Objects
Beframe On

@ Hide/Show

|E_: Properties Alt+Enter

E Open Sub-Tree

Display ’

5 Chooze a Model
5-# Replace Model By Revisicn

Notice you can use the Choose a Model option in order to populate the Model branch if you
had created the kinematic simulation without having a product open first. You aso have
the option to Replace Model By Revision if you had a new revision of the product.

Select in space. Now you are ready to create a scenario for the simulation.
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Kinematic Scenarios

This section will discuss creating a scenario with specific excitations and probes. There are
two types of scenarios. kinematic and dynamic. The kinematic type will be discussed here.

Select the Kinematic Scenario icon. & The Kinematics Scenario window appears.

Kinematics Scenario ? ot
Marme: | Scenario.]
Mechanism: KIME4DD - Mechanism A.1 E’j
Excitations | Probes | Parameters
Select excitations used for the scenario:
Available Referenced
bl 3 Cancel Preview
Name Specifies aname for the scenario

Mechanism  Specifies the mechanism to be used for the scenario

Excitations  Allows you to specify which excitations will be used for the scenario
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Probes Allows you to specify which probes will be used for the scenario

ST

Excitations Probes | Parameters |

Ronnenmnnormonoeesonnnod)

Select probes used for the scenaric:

Available Referenced

=
=

Parameters  Defines the simulation parameters for the scenario

Excitations | Probes Parameters |

Simulation Parameters

Start time: | Os |

End time: | 10s |

Time step: | 1s |

Select OK. There are no excitations or probesto select yet. The scenario is created.

KIMEADD - Kinernatic Simulation

Select Undo until the scenario disappears. tﬁ Generaly, you won't use the
Kinematic Scenario icon unless you already have excitations you can select from. In this
case you haven't created any excitations yet, so it will be more efficient to create the
scenario while recording the excitation.

© Wichita State University Kinematics - Kinematic Smulations, Page 117



CATIA Kinematics 3DEXPERIENCE® R2019x
Recording a Scenario

Y ou can manually or automatically record a scenario of your kinematic mechanism moving
to create arecorded excitation. If you do not already have a kinematic scenario, thisicon
will create one in the process.

®
Select the Kinematic Excitation Recorder icon. @ The Kinematics Scenario
window appears again. Notice it looks the same, except there is no Excitation tab.

Kinematics Scenario ? >

Mame: |Scenari|:|.'|
Mechanism: KIME4DD - Mechanism A.1

[+ s}

Probes | Parameters

Select probes used for the scenario:
Available Referenced
(8].9 Cancel

Sdlect the Parameterstab and set the values as shown.

Probes Pararmeters |

Simulation Parameters

Start time: | Os |

End time: | Bz |

Time step: | 1s |

In this case, the recording will have a duration of 6 seconds with the position of the
mechanism being recorded each second.
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Change the Name to Recorded Scenario and select OK. The Excitation Recorder
window appears.

Excitation Recorder ? X

Mechanizrm 5tatu5:@
Record Commands

LG Open/Close 275 360.00 360 E'-El]de .

. LG Extend/Retract 5 12.50 12.5 |12.5ir1

Right Door Open/Close 0 00.00 90 | 90deg

Left Door Open/Close 270 270.00 360 7 L ]

[ ] Automatic |2'Dde5|

Ok Cancel

Thiswindow lists all of the commands available within the selected mechanism. Y ou may
manually record the mechanism movements you want or you can turn on the Automatic
option and simply drag the sliders for the recording.

Be sure the Automatic option isturned off and select the Record icon. ® Thiswill
record the current position of the commands as the first step.

For the LG Open/Close command, key in 345 or drag the dlider to approximately 345.
Thiswill be the position for the command in the second step.

Keyin 11.5 or dragthedider to the approximate value for the LG Extend/Retract
command.

Select the Record icon. @ Thisisthe positioning for the second step.

Repeat thisprocessfor the pairs of values below. This should have each of the positions
recorded for the entire excitation.

LG Open/Close 330 315 300 285 275
LG Extend/Retract 105 95 85 75 70

Notice the Experience Player toolbar is available in the lower |eft hand corner of the
display.

—[6: MO 4 M 1L W b M D v

Select the Skip to Beginning icon. hd
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Select the Play icon. 4 The simulation plays.

Changethetimedrop down to bex 0.1s.

¥ 0.1

k0.2
x0.5

Select the Skip to Beginning icon.

Select the Play icon. 4 The simulation plays slower.

Select OK in the Excitation Recorder window. The scenario and excitation are created.

% Recorded Excitation. 1

Now a second scenario will be created using the automatic record.

Sdect the Kinematic Excitation Recorder icon. % The Kinematics Scenario
window appears.

Sdlect the Parameterstab and set the values as shown.

Probes Pararmeters |

Simulation Parameters

Start time: | Os |

End time: | Bz |

Time step: | 1s |

In this case, the recording will have a duration of 6 seconds with the position of the
mechanism being recorded each second.
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Changethe Name to Auto Recorded Scenario and select OK. The Excitation Recorder
window appears.

Excitation Recorder ? >

Mechanizm status:g
Record Commands

LG Open/Close 275 360.00 360 ?-E'I]de .

. LG Extend/Retract 5 1250 125 [125in

Right Deor Open,/Close 0 90.00 90 |9Ddeg

Left Door Open/Close 270  270.00 360 7, ]

[] Automatic |2.Ddeg

QK Cancel

Change the LG Extend/Retract to be 8.5 and select the Record icon. ® Thiswill be
the first step.

Turn on the Automatic option and drag the LG Open/Close command in approximately
15 degree increments, releasing it each time. Each step will be recorded automatically.

Changethetimedrop down to bex 0.1s.

x 0.1
x0.2
x0.5
1=

Select the Skip to Beginning icon.

Select the Play icon. 4 The simulation plays.

Select OK in the Excitation Recorder window. The scenario and excitation are created.

é Fecorded Excitation.

- @7 Auto Recorded Scenario

é Fecorded Excitation.
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Editing a Recorded Scenario

Y ou can edit arecorded scenario in order to adjust the command values if needed.

Right select on the Recorded Excitation.1 for the Recorded Scenario. A contextua menu
appears.

Recorded Excitation.] object »

Select the Edit Table option. The Recorded Excitation Table window appears.

Recorded Excitation Table — X

Name:| Recorded Excitation.1

Time (s) LG Open/Close (deg) LG Extend/Retract (in) Right Door Open/Close (deg) Left Door Open/Close (deg)

10 360 12.5 %0 270
2 1 3453 11.5 90 270
3 2 330 10.5 90 270
4 3 315 9.5 %0 270
5 4 300 3.5 90 270
6 5 285 7.5 90 270
7 6 275 ) %0 270

oK Cancel
Change the Name to M anually Recorded Excitation.1.
Select row 6, then right select in thetable. A contextual menu appears.
Recorded Excitation Table — X
Name:| Manually Recorded Excitation.l
Time (s] LG Open/Close (deg) LG Extend/Retract (in) Right Door Open/Close (deg) Left Door Open/Close (deg)
10 360 12.5 a0 270
2 1 345 11.5 0 270
3 2 330 10.5 a0 270
4 3 315 8.5 a0 270
3 4 300 8.5 o0 270
6 s Joss 75 ee—
76 275 7 Add Row 270
Delete Rows
Delete All Rows

Cancel
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Y ou can add or delete rows from the table. Y ou can also simply modify the existing values.

Select on the 7.5 value in the LG Extend/Retract column. Y ou should be able to edit the
value. You may haveto select on it twice.

Time (s} LG Open/Close (deg) LG Extend/Retract (in) Right Dc

10 360 125 90
2 1 345 15 90
32 330 105 90
43 315 9.5 90
5 4 300 8.5 90
6 5 285 s |90
7 6 275 7 90

Changeit to 8.0 and select off of it to set it. Thiswill update the position of the command
for that step.

Select OK.

Right select on the Recorded Excitation.1 for the Auto Recorded Scenario and select
Edit Table. The Recorded Excitation Table appears.

Recorded Excitation Table — x

Name:| Recorded Excitation.1

Time (5] LG Open/Close (deg) LG Extend/Retract (in] Right Door Open/Close (deg)  Left Door Open/Close (deq)

10 360 3.5 90 270
2 1 346,825 3.5 90 270
i 2 331.95 3.5 S0 270
4 3 3141 3.5 90 270
5 4 300.075 3.5 90 270
6 5 286.05 2.5 %0 270
7 6 275 3.5 90 270

EOKTE | Cancel

Notice all of the valuesin the LG Open/Close column are random since they were
automatically recorded using the slider.
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Update the values as shown.

Recorded Excitation Table

Name:| Recorded Excitation.1

10 360
2 1 3453
3 2 330
4 3 315
5 4 300
6 5 285
7 6 275

Time (s) LG Open/Close (deg) LG Extend/Retract (in)

2.5
3.5
a5
8.5
3.5
a5
8.5

Right Door Open/Close (deg) Left Door Open/Close (deg)

%0
90
90
%0
90
90
%0

270
270
270
270
270
270
270

OK Cancel

Change the Name to be Auto Recorded Excitation.1 and select OK.

Thisillustrates how you can record an excitation for a scenario.

Save and close the document.
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Results

This section will discuss a number of operations with regards mechanism manipulation and
analysis.

Preview Scenario

The preview scenario option alows you to review the behavior of a mechanism.

Open the KINE450 - Results model. The model should appear as shown.

Select the Preview Scenario icon. @ The player controls should appear as shown.

J—»m R T I S Y I 1= -

Changethetime step to x 0.1 and select the Play icon. *

as shown.

The assembly should move

Select the Esc key. This provides aquick easy way to play a scenario.
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Compute and Generate Results with Local Update

The compute and generate results with local update option allows you create a result
computation of the current scenario. If results have already been generated, this option can
also be used to update them if any local modifications have been made to the scenarios
involved.

Right select on the Landing Gear Scenario and select Set as Current. This scenario will
be used for this exercise.

=52 RYIgEle)
|
Tu Excitations

?ﬁ LG OpenfClose Law

i LG Extend/Retract Laws
T-.' Coors Scenario
= Assembly Sequence Scenario

+—'ﬁﬂ-j Assembly Sequence.
+-‘EI;§ Relations

Select the Compute and Generate Results with Local update icon. @ You
should see the scenario play and you may receive awarning.

Incident Diagnosis ? >
Scenarios Errors Warnings Informations

& Landing Gear 5cen.. 0 1 ]

Warning: 'F

The solver reached a limit for an engineering connection at time t=10.000s,

The lower limit of 273.000 deg for Revolute.3 is reached

Close the Incident Diagnosiswindow. Thisisjust stating alimit was reached during the
simulation.

Kinematics - Results, Page 204 ©Wichita State University



CATIA Kinematics 3DEXPERIENCE® R2019x
Y ou now have a Result branch in the tree as well.

= 'j
|:"@

A Incident Diagnosis.1 - Kinematics Scenario

The Result branch is active and you should see that you have a new toolbar.
PStandard | Result View AR-VR Tools Touch
T KBE D GCHESGJ@E G
To illustrate a change being made locally, a swept volume will be created.

Select the Swept Volume icon. @ The 3D Shape window appears.

Select OK to create the new 3d shape. The name doesn’t matter as thiswon’t be saved in
this exercise. The Svept Volume window appears.

Swept Volume 4 X
Simulation: Result of Landing Ge
Elernent(s) to sweep: [l L] cas
Reference product: | KINE450 - Kinemnatic
Mumber of steps: 11

Parameters
b Filter positions

Precision:

[] Enable wrapping

Grain: | 0.787in

oro

Sweep All
[] Sweep all moving products

Accuracy: | (0.008in

QK Cancel

This window will be discussed in detail |ater.
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Select OK. The swept volume is generated and should appear in the new 3d shape model.

Switch back to the KINE450 - Results model.

Double select on the Landing Gear Scenario in thetree. The Kinematics Scenario
window appears. Y ou may have to double select twice.

In the Parameters tab, change the End time to 5s and select OK. Thiswill limit the
scenario to only the first half of the simulation.

I Excitations " Probes | Parameters

Simulation Parameters

Start time: | 0s |

End time: |55 |

Tlmestep:|15 |

Notice the result is no longer up to date.

Iél"’ Result

- : g Gear § .
Ill—@ Swept Volume. 1

& Incident Diagnosis.1 - Kinematics Scenario
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Select the Compute and Generate Results with Local update icon. @ You
should see the scenario play, but only half way this time.

Switch to the 3d shape tab with the swept volume. Notice it has been updated.

Now you will make a change at the model level and see how the global update option
works.
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Compute and Generate Results with Global Update

The compute and generate results with local update option allows you create a result
computation of the current scenario. If results have already been generated, this option can
also be used to update them if any local modifications have been made to the scenarios
involved.

Edit Sketch.1 as shown in the KINE450 - Tire model.

If—:l-@)_ KIMEASD - Wheel Assermbly A1 (KINEASO - Wheel Aszembly. 1)
I$I-EJI_ KIMEAS0 - Rim A1 (KIMNEAS0 - Rim. 1)

I_—_I—EJI_ KIMNEASD - Tire A1 (KINE450 - Tire, 1)

=+ KINE450 - Tire A1

xy plane

vz plane

= plane
| l—@ Relations

I;I—ﬁ PartBody
IJ—_I- Shaft.1
2 sketch.1
|i|-@ Groowe, 1

Changethe 10in length constraint to be 9 inches.

i .
| e, .. Nt -

0z7s R 1
ol bl I'_ll_ﬁ_]"'I

ke = LR VR IR TT

“-ﬁpdp ‘ ._}“q :
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Exit the sketch.

Right select on Groove.1 in the tree and select Groove.1 object, Deactivate. The
Deactivate window appears.

Deactivate ? >

Selection: | Groove. 1 |

[ Deactivate all children

] Deactivate aggregated elements

Cancel

Select OK. The groove operation is deactivated and the grooves are removed from the tries.

Double select on the Landing Gear Scenario in thetree. The Kinematics Scenario
window appears. Y ou may have to double select twice.

In the Parameters tab, change the End time to 10s and select OK. Thiswill set the
scenario back to play the full ssmulation.

[ Excitations [ Probes Parameters

— Simulation Parameters

Start time: |'|3'5 |

End time: |1'|3'5 |

Time step: |'|5 |

© Wichita State University Kinematics - Results, Page 209



CATIA Kinematics 3DEXPERIENCE® R2019x

) R . L
Select the Update icon. @ Notice the result is still not up to date.

é"' Result
- _ |

1
If@ Swept Volume. 1

A Inddent Ciagnosis. 1 - Kinematics Scenario

Select the Compute and Generate Results with Global update icon. @ You
should see the scenario play and you may receive awarning.

ClosetheIncident Diagnosiswindow. Thisisjust stating alimit was reached during the
simulation.

Switch to the 3d shape tab with the swept volume. Notice it has been updated, including
the change the tire design.
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View Scenario Results

The view scenario results option allows you to review the results of a kinematic scenario
including probe and excitation parameters. The results can be viewed in plot or table
format and can also be exported.

Double select on the Scenario branch in thetree. Y ou should be returned to the
Mechanica Systems Experience app.

Right select on the Assembly Sequence Scenario and select Set as Current.

Select the Compute and Generate Results with Global update icon. @ You
should see the scenario play and you may receive awarning. Y ou could have used either
the local or global update option in this case, sinceit is creating a new result for the
scenario.

Close the Incident Diagnosiswindow. Thisisjust stating limits were reached during the
simulation. Another result appears in the Result branch.

=
b ' Result of Landing Gear Scenario
+—@ Result of Assembly Sequence Scenarig

Select the View Scenario Results icon. I%E The View Result window appears.

View Result of Assembly Sequence Scenario — O x

Filter: | | All -

Show  Parameters

Aszembly Sequence Scenario/LG Open/Close Law/Result/Angle
Assembly Sequence Scenario/LG Extend/Retract Law/Result/Length
Aszembly Sequence Scenario/Right Door/Result/Angle

OO E e

Aszembly Sequence Scenario/Left Door/Result/Angle

Select All | Deselect All Mew Curve ... Save
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Specifications Displays the available probe and excitation parameters for the
scenario
New Curve Allows additional plots to be created between the existing
parameters
Save Saves the plot resultsin the tree
View Result of Aszembly Sequence Scenario — O >

Specifications

Length (in)

L I ¢ I : I ]
0. 5. 0. 15.
Time (s)

w——  Assembly Sequence Scenario/LG Open/Close Law/Result/Angle
=—  Assembly Sequence Scenario/Right Door/Resul/&nale

B—a  Assembly Sequence Scenario/Left DoorRasult/Angle

+——+  Assembly Sequence Scenario/LG Extend/Retract Law/Resuli/Lenath

Plot Displays the plots of the selected parameters
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View Result of Assembly Sequence Scenario — O x

Specifications | Plot |

Time (s}  Angle.. Length[.. Angle.. Angle..

0 0 0 0 0

1 350 12.5 0 0

2 340 12.5 0 0

3 330 11.875 0 0

4 320 10.5 0 0

5 310 9,125 0 0

& 300 3.5 0 0

7 200433 25 0 0

3 282,322 85 0 0

g 276903 85 0 0

10 275 8.5 0 0

11 275 3.5 75 235

12 275 2.5 60 300

13 275 8.5 45 315

14 275 8.5 30 330

15 275 8.5 15 345

16 275 3.5 0 360

s
Table Displays the values of the parametersin table format
.
[x]| Export to Database Exports the table to a spreadsheet saved in the
database
@ Export to File Exports the table to a spreadsheet saved locally
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Select the Plot tab, then right select in the plot. A contextual menu appears.

Specifications | Plot | Table |

g
12.- 350. = @/.@"
-2
300, o
&
|
250. —d — 1 —
B N T |I T T T T T
S |
:‘é’ o 200, ‘
k=) © Plot Options
c @
5 g s Chart Options
41 100 Axis Options
Curve Options
50,
o b |p——m——s—m— YK@
0 5 0. 15.
Time (s)

e Assembly Sequence Scenario/LG Open/Close Law/Result/Angle
E——+1  Assembly Sequence Scenario/Right Door/Result/Anale

B Assembly Sequence Scenario/Left DoorResull/Angle

+———+  Assembly Sequence Scenano/LG Extend/Retract Law/ResultLength

These options will allow you to modify what the plot looks like.

Select the Specifications tab and then select the New Curve button. The X & Y Selection
window appears.

¥ BLY Selection ? >

K Angle [Result/LG Open/Close Law/Assembly Sequence Scenaric] (Degree ~

¥: Angle [Result/LG Open/Close Law/Assembly Sequence Scenario] (Degres

.............................

Select the drop down for the X and select the first Angle parameter.
Select thedrop down for the Y and select the Length parameter.

Select OK. The new option for the two parameters vs one another appearsin the list.

Show Parameters

Assembly Sequence Scenario/LG Open/Close Law/Result/Angle
Assemnbly Sequence Scenario/LG Extend/Retract Law/Result/Length
Assembly Sequence Scenario/Right Door/Result/Angle

Assemnbly Sequence Scenario/Left Door/Result/Angle

Assembly Sequence Scenario/LG Open/Close Law/Result/Angle - A..
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Select the Plot tab. Notice the new curve.

Specifications |

500, |-
400, |-
_fg 300, = @
= =
k=) L)
c o
3 ol £
100, -
o

10,
Time (s)
1 L | | | M |
0. 5 10. 15, 20, [x1.E3]
Angle (deg)

Close the window.

Close all documentswithout saving.
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