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DMU Kinematics Simulator

Course Presentation

Objectives of the course
Upon completion of this course you will be able to:

- Understand and use the capabilities and the general processes followed
in the DMU Kinematics workbench

- Define a mechanism using an existing assembly
- Simulate the mechanism

- Analyze the mechanism for clashes

- Perform kinematic analysis

- Sequence multiple mechanisms

Targeted audience
Designers (CATIA P2 users only)

Prerequisites

Students attending this course should be familiar with DMU Basics and
DMU Space Analysis.

. 8 hours

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systéemes - All rights reserved



DMU Kinematics Simulator

Table of Contents (1/3)

€ Overview of DMU Kinematics
+ What is Kinematics?
¢+ Capabilities of DMU Kinematics Workbench
+ General Process of Mechanism Design in DMU Kinematics
¢ To Sum Up
& Defining a Mechanism
+ General Process to Define Mechanisms
¢+ Creating Joints
+ How to Fix a Part in the Mechanism
¢ To Sum Up
¢ Simulating Mechanisms
General Process for Simulating Mechanisms
How to Define Commands for the Mechanism
How to Simulate Mechanisms with Commands
How to Simulate Mechanisms with Laws
Sequencing Mechanisms
Resetting a Mechanism
To Sum Up

* + * & % #

=]

10
1"
12
14
15
31
32
33
35
36
37
39
43

45

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systéemes - All rights reserved



DMU Kinematics Simulator

Table of Contents (2/3)

& Analyzing Movements

-

* & & & % % H»

\

Simulation Outputs : Sensors

How to Check Joint Limits

Plotting Graphs and Exporting Results
How to measure Speed and Acceleration
Generating a Trace

Computing Swept Volume

How to use Swept Volume tool

Checking Clashes

How to Check Clashes

To Sum Up

¢ Recording and Playing Simulations

¢+ Why do You Need to Record ‘Simulations’

+*
*
-

How to record a Simulation
How to Play a Simulation
To Sum Up

& Miscellaneous Functionalities

+ Converting Assembly Constraints into Joints

46
48
49
52
53
56
57
58
61
63
67
68
70
71
73
74
75
77

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systéemes - All rights reserved



DMU Kinematics Simulator

Table of Contents (3/3)

How to Convert Assembly Constraints into Joints
Importing Mechanisms in Sub-Products
Mechanism Dress Up

Importing a Mechanism Dress-up

Converting V4 Kinematics

To Sum Up

* + + & % H

78
81
82
83
84
85

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systéemes - All rights reserved



DMU Kinematics Simulator

STUDENT GUIDE

Student Notes:

Overview of DMU Kinematics

You will be introduced to the DMU Kinematics workbench.

What is Kinematics?

Capabilities of DMU Kinematics Workbench

General Process of Mechanism Design in DMU Kinematics
To Sum Up

0 O
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DMU Kinematics Simulator

Overview of DMU Kinematics

This lesson will give you an overview of the DMU Kinematics workbench capabilities
and the general process followed to create a mechanism.

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systéemes - All rights reserved



DMU Kinematics Simulator

STUDENT GUIDE

Student Notes:

What is Kinematics?

Kinematics is a branch of motion science, which involves the study of the
displacement, velocity and acceleration of a body without taking into account the
forces involved in the motion.

Kinematics is required to:

Determine the direction of motion of the
assembled parts with respect to other parts.

Find the velocity and acceleration of any point
on any part, at any specific position ( during
motion ) of the mechanism.

units = ¢m

Analyze the time required for the motion,
and ultimately design the mechanism.

26
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Capabilities of DMU Kinematics Workbench

The DMU Kinematics Workbench helps to design mechanisms from the preliminary project
concept.

Project concept w DMU Kinematics The ‘Mechanism Design’

*® Using the ‘DMU Kinematics Workbench’ you can:

# Directly assemble the parts within a mechanism without using the ‘Assembly Design’
workbench.

# Give necessary motion instructions to the assembled parts so that they move the way
you want them to.

# Analyse the motion and determine any parameters related to motion like velocity,
acceleration, distance etc.

# Find the time required for any motion of the mechanism or also get any motion
completed in the given time.

4 Animate multiple mechanisms in series and/or in parallel.
Place sensors and perform analysis on the mechanisms.
# Ultimately design the mechanism performing the useful motion.

2
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General Process of Mechanism Design in DMU Kinematics

From an assembly 1 — ¥
of components : Create the joints - }

i Fix a part I

4)- 3
Simulate the gefine ‘Commands’
mechanism

Analyze the
Results

€

~

After analyzing the results, the mechanism is
modified and re-analyzed if required

© 2000 - 2012 Dassault Systéemes - All rights reserved 10
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To Sum Up

In this lesson, you have seen :

®  The capabilities of the DMU Kinematics Workbench.

®  The General Process that is involved in DMU Kinematics.

© 2000 - 2012 Dassault Systéemes - All rights reserved 11
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Defining a Mechanism

You will learn to define mechanisms from the assembly of parts.

General Process to Define Mechanisms
Creating Joints

How to Fix a Part in the Mechanism

To Sum Up

1]
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Defining a Mechanism

You will learn to define mechanisms from the assembly of parts.

© 2000 - 2012 Dassault Systemes - All rights reserved 13
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General Process to Define a Mechanism

0

before creation of the joints

1
Assemble the parts and orient them J ?Create the joints ]

i Fix a part l

Define
Commands

.Q

© 2000 - 2012 Dassault Systéemes - All rights reserved 14
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Creating Joints

You will learn to define various types of joints.

© 2000 - 2012 Dassault Systéemes - All rights reserved 15
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About Joints

A Joint between two parts is an assembly of the parts, permitting only certain desired relative

motion between them.

Rotation about the
Axis is allowed

Translation in these
directions is locked

AN

The Revolute Joint @

@

-2
Every joint creation locks certain ‘Degrees of
freedom’ of the involving components

Classification of Joints:
Joints are Classified mainly into 4 types

= Joints Using Assembly Constraints

@ = € + @

:JE:in-t. Constraint Cunsfraint

&= Joints using Topological or geometric elements
Sl -
H = 2 + A
Joint Geometric Topological
Elements

Compound joints which take other joints as input

B = & + &
Compound Joint Joint
Joint

= Axis based Joints

b o= L+

Axis Based Axis System
Joint

Axis System

STUDENT GUIDE

Student Notes:
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General Process for Creating Joints

1
[asERdensEeeny sassaaaii | Position the components as per
the prerequisites of the joint

B
Step1 is optional and may not be
necessary for all the joints.

x| |

'
: The Joirk cannot be crested dus to the urve-curve dstance = 128,677 mm
The two curves tnust be tangent to a common point

. - B 2
oo SO : Select the desired joint ]

creation command

3

Select the required
inputs for the joints

¥

Joint Edition: Slide Curve.3 (Slide Curve)

21

Joint name: | Slide Curve.3

Q)
Wzy 2: [Part1.2jSketch. 1 %
&

@ ok | @y | @ cancel]

© 2000 - 2012 Dassault Systéemes - All rights reserved 17
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Joints Using Assembly Constraints

In this lesson you will learn to create joints that use assembly constraints.

= Joints Using Assembly Constraints

& _ € + ¢

Joint Constraint Constraint

© 2000 - 2012 Dassault Systéemes - All rights reserved 18
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How to Create a Revolute Joint

A ‘Revolute Joint’ requires two lines (or axes) of two different parts and two planes of
the two parts. This joint keeps the selected lines (axes) always collinear and the
selected planes always mutually coincident during the relative motion of the parts.

@ Click on the ‘Revolute Joint' tool. | & @ Define a new mechanism by clicking the ‘New
(s Mechanism’ button in the ‘Joint Creation’ panel.

Select the required lines ( Axes ). You can also select an existing mechanism from the
S— R . ‘Mechanism’ drop box in the panel. The joint will be

created in the selected mechanism.

Joint Creation: Revolute ] 21|
Mechanism: [pachanism. 1 | NewMechanism |
Joink name: | Revolute. !
Current selection:
e — Line 1: [FpED-F Line 2: |SLOTTEI
Plane 1: Flane 2: @ Nul Offset O Offset = Iu'v,e( E
Pane 3 [ Flone -0 Cartared
[J angle driven Q@ l owl

2 Joints L Y et 3
=- @ Revolute.1 (SLOTTED_LEVER ASSEMBLY.1 FIXED_PLATEN.1)
& Coincidence 1 (SLOTTED_LEVER_ASSEMBLY.1 FIXED_PLATEN.1)
29 Offset.2 (SLOTTED_LEVER_ASSEMBLY.1 FIXED_PLATEN.1)

The line and plane you select for the part
must be mutually perpendicular.

© 2000 - 2012 Dassault Systemes - All rights reserved 19
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How to Create a Prismatic Joint (1/2)

The ‘Prismatic Joint’ requires two lines of two different parts and two planes of two
parts. This joint keeps the selected lines always collinear, and the selected planes
always mutually coincident during the relative motion of the parts.

@ Click the ‘Prismatic Joint’ tool. , ﬁ @ Select the required inputs.

Select the required lines.
Mechanism: Mechanism. 1 = | New Mechanisml| :

Joink name:| Prismatic. 1
Current selection:
Line 1:{SLIDER. 1/Solid. 1 Line 2:{SLOTTED-LEVER. 1S

Plane 1: | Plane 2: |
"1 Lenath driven

@ ¥ [ OCancell

STUDENT GUIDE

Student Notes:
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How to Create a Prismatic Joint ( 2/2)

Select the required planes.

Joint Creation: Prismatic il 2| x|
Mechanism: [Mechanism. 1 | New Mechanism |
Joink name:| Prismatic. 1

Current selection:
Line 1:{SLIDER. 1}Solid. 1 Line 2:{SLOTTED-LEVER.1/50
Plane 1: [SLIDER.1/Sokd. 1 Plane 2: [SLOTTED-LEVER. 1/Solic
[J Length driven

_— Oox|¢ance||

@ Click OK to create the joint.

U A5 N @
&-? Prismatic.2 (SLIDER .1 SLOTTED_LEVER _ASSEMBLY.1) <~ The line that you select for a part must

&2 Coincidence.3 (SLIDER.1,SLOTTED_LEVER _ASSEMBLY.1) be contained in the corresponding
& Coincidence.4 (SLIDER .1,SLOTTED_LEVER_ASSEMBLY.1) plane of the part.

© 2000 - 2012 Dassault Systemes - All rights reserved 21
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How to Create a Planar Joint

The ‘Planar Joint’ requires two planes or two planar faces of two different parts.
This joint keeps the selected planes mutually coplanar during the relative motion of

the two parts.
@ Click the ‘Planar Joint’ tool. @ Select the required planes. :
=3 21

Mechanism: [Mechanism. 1 | New Mechanism |

Joink name:| Planar.7

Current selection:
Plane 1: [CUTTER-SLIDER. 1/SolidPlane 2: [FIXED_PLATEN. 1/Solid.

@ ok | @ cancell
@ Click OK to create the joint. -

=-£¢3 Planar .7 (CUTTER-SLIDER .1 FIXED_PLATEN.1)
€& Coincidence.15 (CUTTER-SLIDER .1 FIXED_PLATEN.1)

© 2000 - 2012 Dassault Systemes - All rights reserved 22
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How to create a Spherical Joint

The ‘Spherical Joint’ requires points from two different parts as an input. This joint will
keep the selected points coincident during the relative motion of the two parts.

@ Click the ‘Spherical Joint’ tool. @ Select the required points OR select the required
spherical faces of the parts.

S 2(x

Mechanism: [Mechanism. 1 | new Mechanism |
Joint name:| Spherical. 1

Current selection:
Point 1: |BASE/Solid. 1 Point 2: |HOLDER{Solid. 1

[@ ok | @ cancell

&
Selecting the spherical faces
ultimately selects the sphere center

@ Click OK to create the Joint.

= & Spherical.1 (HOLDER BASE)
& Coincidence.1 (HOLDER BASE)

STUDENT GUIDE

Student Notes:
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How to create a Screw Joint

The ‘Screw Joint’ requires two lines (or axes) of two different parts as input.The
screw joint keeps the selected lines (or axes) collinear and maintains a combination
of rotating and linear (screw like) motion in between the components.

@Click the ‘Screw Joint’ tool. @ Select the required lines ( Axes ).

Gowaad Joint Creation: Screw 21|

5D
0 Mochanian: |Mechanism. ZlNen ochanier
Joint name:| Screw. 1
Current selection:

Line 1:|SCREW/Solid. 1 Line 2:|5CREW-8ASEIS'
[[J Angle driven [[] Length driven
Pitch: |1o

@ ok | @canxell

CQ .
— Pitch = 10 means the screw part will move

10 mm in the axial direction during its
completion of one revolution about the axis

6—? Mechanism.1, DOF=1
=Joints
=& Screw.1 (SCREW SCREW-BASE)
& Coincidence.3 (SCREW ,SCREW-BASE)

@ Click OK to create the joint.

STUDENT GUIDE

Student Notes:
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Joints Using Geometric Elements

In this lesson you will learn to create the joints using topological or geometric elements.

% 0= . 3+ 8

Elements

= Joints Using Topological or Geometric elements

Joint Geometric Topological

STUDENT GUIDE

Student Notes:
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How to Create a Roll Curve Joint

The ‘Roll Curve Joint’ requires two coplanar curves of two different parts as input. In
this joint, the relative motion between the two parts is such that the two curves roll
over each other without sliding.

@ Click the ‘Roll Curve Joint'tool. : % !

@ Select the required input curves.
B 2]
- Mechanism: [Mechenism. =] New Mechanisn |
Joint name:| Roll Curve.3
Current selection:

 Curve 1: |Worm gear.1/Sketch.S Curve 2: |Pinion. 1/Sketch.S
?’4' : 0 .

47:_ X ; Length driven

7 - o] Scwf
3\3

The two curves must be coplanar and tangent at a point
before the creation of the joint. So before the creation of
this joint, the parts may be required to be positioned.

@ Click OK to create the joint.

l-f?z‘ Roll Curve.3 (Worm gear.1,Pinion.1)

© 2000 - 2012 Dassault Systemes - All rights reserved 26
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STUDENT GUIDE
How to Create a Point Surface Joint Student Notes:

The ‘Point Surface Joint’ needs a point ( or vertex ) from one part and a surface from
the other part. This joint will keep the point on the surface during the relative motion
of the parts.

@ Click the ‘Point Surface Joint’ tool. &

@ Select the required inputs.

Joint Creation: Point Surface 7l x|

Mechanism: |poT-SURFACE ] _Mew Mechanism |
Joink name: [Point Surface.3

Current selection: ___
Surface 13| SURFACE[Extrude. 1 | Point 13 [POINT Sketch.8

_— @ ok | & cancel]

Select the required surface.
@ Click OK to create the joint.

Select the
required point.

=

*_?? POINT-SURFACE, DOF=0 The point and the surface for this joint need to be
Joints coincident before the creation of this joint. So they
i Prismatic.1 (SURFACE SUPPORT-PART) may be required to be positioned before the joint
i Prismatic.2 (POINT SUPPORT-PART) creation.

?&: Point Surface.3 (POINT SURFACE)

© 2000 - 2012 Dassault Systéemes - All rights reserved 27
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Gear Joint

A Gear Joint is a compound joint which involves two Revolute joints.

&2 Revolute.1 (GearBoxWall,Worm gear.1) |
¢ Revolute.2 (GearBoxWall Pinion.1)

Joint Creation: Gear K 21
: or I""?‘:""‘""J'A 1 _'_| Neéw Mechanism ]
Joink name: IGQ;.[
Current selection
Revokae ook 1: [FSVGRRRTE ]
Ratio otation drections(”) sane @ Opposke
(] Angle driven for revohste 1 [ Anghe driven for revolute 2
[@ ok | @cancei|

2]
Select two circles

Radius 1: [50 Radius 2: |

Ratio: |

|

_ @ cancel

€8

-

x
You can also define the Gear

Ratio on the fly by selecting the
radii of the mating gears.

< To create a gear joint, the two revolute joints involved in the gear

joint must rely on a same support part.

© 2000 - 2012 Dassault Systéemes - All rights reserved
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The ‘Rigid’ Joint

The ‘Rigid’ joint is used to fix two components in the mechanism such that there is no relative
motion between them.

i Kinematics Joints

Joint Creation: Rigid o 2| x|

Mechanism: |ENGINE-CRANK ~| New Mechanism |
____________________________________________ Joint name: | igid. 14
Rigid.14 ( Gear.1 Crank.1) ' Current selection:
¢ FixTogether.1( Gear.1,Crank.1 Sprocket) | - Part 1: [Gear.l Part 2: Igenk!

@ ok | @ cancell

In this case, the gear and the crank shaft are supposed to rotate at the same time. However
there is no relative motion between these components. Hence a ‘Rigid’ joint should be created

for such case.

© 2000 - 2012 Dassault Systéemes - All rights reserved 29
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Why create a ‘Rigid’ Joint

In this example, a revolute joint exists between the crank
shaft (blue colored) and the gear housing. The gear is not
involved in any of the joint.

-demee

ghasmesi : When this mechanism is simulated, the crank shaft moves
: : and causes a clash with the gear which is still.

'
Lewe=ea b0 ToooT0oo-0

M4 ||n|

Creating ‘Rigid’ joint will create a ‘Fix Together’
constraint between the components. Hence, both the
components will move during simulation.

© 2000 - 2012 Dassault Systemes - All rights reserved 30
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How to Fix a Part in the Mechanism Student Notes:

Motion is relative to a reference. In DMU Kinematics, by defining a fix part, we define a
reference for simulating and measuring the motion parameters.

@ Click on the ‘Fixed Part’ tool. <.

" FIXED_PLATEN (FIXED_PLATEN.1) ——
ISLOTTED_LEVER_ASSEMBLY (SLOTTED {LEVER ASSEMBLY.1)
). SLIDER (SLIDER.1)
) JCONNECTING_ROD_ASSEMBLY (CONNEGTING_ROD_ASSEMBLY.1)
CRANK (CRANK.1)
JCUTTER-SLIDER (CUTTER-SLIDER.1)
{* Constraints

plications
=-Mechanisms
=-“% Mechanism.1, DOF=1
Joints
mmands
-Fix Part ( FIXED_PLATEN.1)
L 5i- RS (FXEDIPUATEN ) <+
Laws
peeds-Accelerations

DMU Kinematics

Select the part to be fixed either from
specification tree or from graphics area.

)
AR
y
/i
W

) QuickReturn_Mechanism) 4

- SLOTTED_LEVER_ASSEMBLY (SLOTTED_LEVER_ASSEMBLY.1)

b SLIDER (SLIDER.1) The selected component will be considered
TCONNECTTNG_ROD_ASSEMBLY (CONNECTING_ROD_ASSEMBLY.1) as the ‘Fixed Part’ for the mechanism.

‘.CRANK (CRANK.1)

D CUTTER-SLIDER (CUTTER-SLIDER.1)

-+ Constraints

Applications

© 2000 - 2012 Dassault Systemes - All rights reserved 31
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To Sum Up

In this lesson, you have learned to define mechanism by learning:

®  Various types of Joints’ Creation methods
®  Fixing a part in a mechanism

© 2000 - 2012 Dassault Systéemes - All rights reserved 32
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Simulating Mechanisms

In this lesson you will learn to simulate and sequence mechanisms using commands
and laws.

General Process for Simulating Mechanisms
How to Define Commands for the Mechanism
How to Simulate Mechanisms with Commands
How to Simulate Mechanisms with Laws
Sequencing Mechanisms

Resetting a Mechanism

To Sum Up

D 0
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Simulating Mechanisms

In this lesson you will learn to simulate and sequence mechanisms using commands
and laws.

© 2000 - 2012 Dassault Systéemes - All rights reserved 34
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General Process for Simulating Mechanisms

1
QSelect th

e driving joint ]

2
QSpecify the driving command ]

Joint Edition: Revolute. 1 (Revolute) ,ll}] :
Joink name: | Revokute. 1 :
Joint geometry: -
Line 1:[FDED-PLATEN. | Une 2:[Crana ) b
Plane 1: Plane 2: [CRan .1

5 Upper bt [343.2570eq @)

Ooxlemdj

¢ Revolute.2 (SLOTTED-LEVER .1 FIXED-PLATEN.1) :
¢ Revolute.3 (SLIDER .1,CRANK.1) ;
#2 Planar 4 (SLIDER .1, SLOTTED-LEVER .1) |
¢ Revolute.5 (CONNECTING-ROD.1,SLOTTED-LEVER 1) |
79 Planar 6 (CUTTER-SLIDER .1 FIXED-PLATEN.1)
¢ Revolute.7 (CUTTER-SLIDER .1, CONNECTING-ROD.1) '

ate.1 (FIXED-PLATEN.1 CRANK 1) ;

3 @ Simulate with Commands

Simulate either with

—_—
command or with laws ] &@ Simulaf®\ith Laws

STUDENT GUIDE

Student Notes:
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How to Define Commands for the Mechanism

The command is the driving instruction for the mechanism.

@ Double-click the joint which will impart @ Select the driven parameter.

motion to the mechanism. ;
ol [ T e i Joint Edition: Revolute.3 (Revolute)

*—@ Revolute.4 (SLIDER.1,CRANK.1)
f—@ Planar.5 (CUTTER-SLIDER.1,FIXED-PLATEN. 1)

$- 42 Reveld

@ Change the joint limits if you want limits other
than the default joint limits.

Joint Edition: Revolute.3 (Revolute) x|
Joint name: | Revohute. 3 @
Joint geamelry: Click OK and the ‘Command’ for joint will be
e ST RS Epcc] created with the selected driven t
Plane 1: [SLiTER 1] Plane 2: [Trany parameter.
4 angle driven
Joink Linniks 2 i
5 Lowver bn _r: IS Uipgses by L]
@ ok | & cance| R et e :
- ; Io_mrrlands ;
E{ Command.1 (Revolute.6,Angle)

© 2000 - 2012 Dassault Systéemes - All rights reserved 36
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How to Simulate Mechanisms with Commands ( 1/2)

' #-¢& Revolute.13 (Connecting Rod.4 Piston 4
¢ Main_Crank_Joint (Crank 1 Housing)
1#-38 Cylindrical.1 (Piston.4 Housing)

@ Select the driving joint by double clicking it.

@ Select the driving command and click OK.

Joint Edition: Main_Crank_Joint (Revolute)

2| I ]

@ The mechanism can be simulated

Joink name: | Main_Crank_Joint

Joint geometry:
Line 1:|Crank. 1/Solid. 1 Line 2:|Housing/Solid. 1
Plane 1: [crank 1/5alid 1 Plane 2: [Housing/Solid. 1 oK I

A message box informing that the
mechanism can be simulated will appear.
Click OK to this message box.

L ver fimit: I-m E = Upper limit: I%Meg E ]
@ oK @ Cancel |
- TR
Kinematics Simulation - ENGINE-CRANK 21 x|

Select the “Simulation with commands” tool to open M- Fnriers
@ the ‘Kinematic Simulation’ panel and click on ‘More>>" IENGINE'G"“: — ZI
Command.1 -360 o 360[-360,0000 [ ... i

button (to display the full dialog box) if required.

[[] Activate sensors [] Plot vectors
| _Reset | _Analysis... |
e

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systemes - All rights reserved
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STUDENT GUIDE
How to Simulate Mechanisms with Commands ( 2/2)) St e,

@ For the Kinematics Simulation Panel,
@ Select the ‘On request’ radio button,

@ Change the value of command by dragging the slider and
(ac) Click the ‘Play Forward’ button.

21
Mechanism: |ENGINE-CRANK |
[] Activate sensors (] Plot v
_Reset | _Analysis... | (S<less)
r—Simulation - 4a

O Immediate (@ On request @
AR

— _Glose_|

You can increase the ‘Number of steps’ in
the panel to obtain a smoother simulation.

>2/The mechanism will be simulated and the
components can be seen moving until the
new value of the command is reached.

© 2000 - 2012 Dassault Systéemes - All rights reserved 38
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How to Simulate Mechanisms with Laws ( 1/4)

@ Revolute.13 (Connecting Rod .4 Piston 4):

@ Select the driving joint by double-clicking it. @

%48 Cylindrical.1 (Piston.4 Housing)

SIS | normation Y

@ Select the driving command and click OK.

Joint Edition: Main_Crank_Joint {(Revaolute)

Joint name:; | Main_Crank_Joint i
| ik : @ The mechanism can be simulated
Line 1:|Crank. 1 /Solid Line 2:|Hausing/Solid. 1
Plane 1: Jcrank 11Sakd. 1 Plane 2; |Housing)Solid. | Ok l
— Joink Limits

iri Lawser limit !3613,3.39 E [T Upper limit: |3eodeg E ‘ A mossal.ge box infurrning that t!:e

(@ ox p w Cancel I Click OK in this message box.

@ To define laws, select the desired mechanism and click the f{x) tool to add a
relation between the ‘Driving Parameter’ and time.

wHchanims i
"'?’——r @¢

ints
?—J? The panel which shows the parameters related to the
mechanism is shown in the next slide

mechanism can be simulated will appear.

STUDENT GUIDE

Student Notes:
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How to Simulate Mechanisms with Laws ( 2/4)

Select the time parameter and change its value. | For this Example:

Select the ‘Engine-CRANK\KINTime’
| parameter and change its value to ‘10s’

Formulas: ENGINE-CRANK

[J Incremental _Import... |

Filter On ENGINE-CRANK
Filter Name :|
Filter Type : IAB H

Double click on a parameter to edit it

Parameter @ Value Formula | Active

ENGINE-CRANK\KINTime
" ENGINE-CRANK\CommandsiCdmmand. 1\Angle” -360deqg=—>{3b

Edt name or value of the current{ parameter :1‘333
[ENGINE-CRANKIKINTime ~10f

New Parameter of type [real | with [Single value I hdd Formula )

Delete Parameter Delete Formula
@ ok | O apply | @ cancel |

——
Select the driving command “...Command.1\Angle” and click on the
‘Add Formula’ button.

For this example:
Select the driving command ‘ENGINE-CRANK\Commands\Command.1\Angle’

and click the ‘Add Formula’ button to open the Formula Editor panel.

STUDENT GUIDE

Student Notes:
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How to Simulate Mechanisms with Laws ( 3/4)

@ Click on ‘Time’ in the ‘Members of Parameters’ list to filter out the ‘Time’ parameters.

Formula Editor : ‘ENGINE—CRANK\Commands\Command.I\Ande" _'ﬂ}]

[[] Incremental @ QJ

| ENGINE-CRANK|CommandsiCommand. 11Angle =
| * ENGINE-CRANK\KINTime " | 15 * 36deq|
Dicti Members of Parameters Members of Time
Pressure ] ENGINE-CRANKIKINTime
Design Table Real =
Operators Density Formula:
Pointer on value function: - pers
Point Constructors ENGINE- ENGINE-
Law : CRANK\Commands\ (~== cRANK\ J1s- % 36deg
. Command.1\Angle KINTime
| ENGINE-CRANKIKINTime [10s E

S

Specify the relation between the ‘Kinematic time’ of mechanism and the driving command

For this example:
Double-click on ‘ENGINE-CRANK\KINTime' in the ‘Members of Time’ list and add “ /1s*36deg "

after “ENGINE-CRANK\KINTime” in the edit box of the panel, and click OK.

€
@The above formula means that in 1 second the crank angle will change by 36 degrees

STUDENT GUIDE

Student Notes:
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How to Simulate Mechanisms with Laws ( 4/4)

Click on the ‘Simulating with Laws’ tool and then on the ‘Play Back’ or ‘Play
Forward’ button to simulate the mechanism.

4
¢ azay &

J @‘

Kinematics Simulation - ENGINE- “ lll‘]
Mechanism : [ENGINE-CRANK pd
iStart 0 Jf—— 10 |0 000 E [

AR INTRLT kb]

Nunberofsteps 120

3 Piay orward
D Activate sensors [ Plot vectors

Mechanism : |ENGINE-CRANK

Close | Start 0 =
- = :
AR
O Number of steps:[l§  v]
+You can also find any intermediate position of the _
mechanism at any point of time by entering the value (] Activate sensors
of time in the edit box and pressing the <Enter> key.
-

STUDENT GUIDE

Student Notes:
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Sequencing Mechanisms

Sequencing mechanism means, playing the simulations of more than one mechanism one after
the other, or simultaneously.

DMU Generic

You can sequence your mechanisms

: 2
using the sequencer tool. — alad
& €k Action | Edt Analyss |
1 X LLSL5500 Action in Sequance
T [ orxs
¥ FIRST\Mechanism.1 (Imported), DOF=0 T TRt o
? SECOND\Mechanism.1 (Imported), DOF=0 el T
e |ld | »-
Move Up Merge Up
Move Down Merge Down
< | »] [Action duration (5[0 B _Reset diration [Action delsy (s)[0 Bl
The sequence can be played using the Action add mode
@ Creste last step and add O Add in last step O Ierative creste last step and add
player
M [B_ox ] Scaxe]
-,. : 13
?FIRST\Mechanism 1 (Imported), DOF

‘?? SECOND\Mechanism.1 (Imported), DOF =0 [

& — MK« | P
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Resetting a V5 Mechanism

At the end of a simulation with laws or with commands, the modified positions or
components are retained. You may need to switch the components to their initial position.

Kinematic Simulation - Mechanism. 1 ﬂm When you exit a simulation, the last position is kept.

Mechanism : [Mechanism 1 ~] Also when you import a sub-mechanism, a ‘local copy’ of

the sub-mechanism is created, and if you simulate it, it
Stat 0 — jf—— 5 [ I_M , )
[ —J becomes desynchronized from its reference.
K|<|NIII,J>II>|>1|

'Number of steps: IEPa —E ‘ml

L1nckete Sevachs E@ The ‘Reset Position’ tool allows you to switch the product
. - Close | to his initial position and to re-synchronize an imported
- mechanism with its reference.

The ‘Reset Position’ tool allows you to swap the

Rmm — components’ position to the positions they had at
t;_'“""““"‘" = | different states. You have 4 options:
© Reset the seleted mechanism to the state before last simulation « State 1: Before the last simulation
@ Reset the seleted mechanism to the original state (at product load) |
O Reset the seleted mechanism to the state of the reference mechanism + State 2: To the original state
) t r mechanism
L e BRI +» State 3: To the state of the reference mechanism
[@ ok | @ canell e . . 2
- « State 4: The position of the imported mechanism will be

applied to its reference mechanism
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To Sum Up

In this lesson, you have seen :

®  Simulation of Mechanisms with Commands
#  Simulation of Mechanism with Laws

®  Sequencing multiple Mechanisms
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Analyzing Movements

In this lesson you will learn to analyze and trace the movements of parts in the
mechanism during the mechanism simulation.

Simulation Outputs : Sensors

How to Check Joint Limits

Plotting Graphs and Exporting Results
How to measure Speed and Acceleration
Generating a Trace

Computing Swept Volume

How to use Swept Volume tool

Checking Clashes

How to Check Clashes

To Sum Up

D 0
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STUDENT GUIDE

Student Notes:

Analyzing Movements

In this lesson you will learn to analyze and trace the movements of parts in the
mechanism during the simulation.
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Simulation Outputs : Sensors

While simulating, you can apply Sensors and have the results of the ‘Sensors’ during the

simulation.

While running a simulation you have the facility to

apply ‘Sensors’ which can be :

- Speed and Acceleration

- Measure item: Point-coordinates

- Measure between: Distance, angle
- Joint parameter

- Interference results

Kinematic Simulation - Mechanismi.l .T.l..’ﬂ:
Mechankm : [y charuim. 1 =]
Start 0 —— = wrses ol L]

IImonc
:WuFﬂM:lE_LI _anahysis.,, |

o Activate Sensors

Besides, you can apply interferences detection
tools ( on V5 product only ) which are available
within the ‘Sensors’ panel

#

Sensors —ﬁfﬂé
Mechanizm., 1} dodnks|Revolute. 11 Angle Degres Mo |
Mechanizm, 1\ Joinks|Revolute. 2 Angle Dagres Mo
" Interferendce Fesuls, 1\NbClash’ Mo |
* Interference Recuts, 1\NbCortact’ ey
“Interference Resuls, \NbClearsnce’ e |
*Interference Resubs, 1{Vale" Pilirrester o [

Various ‘Sensors’ have to be activated in
the "Selection’ tab of the Sensors panel
Deslect Al | Select Al 1
Displey Options - = |
@ O Lirted [T Lines]
Debect ~{— Cheack Limits |
C § Irterferencasd @ Off ) on ) Stop
B &l 8| . .
Graphics .., | options | Fig ...
4 o | |
- |

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systéemes - All rights reserved

48



DMU Kinematics Simulator

STUDENT GUIDE

How to Check Joint Limits ( 1/3) Student Notes:

The ‘Check Limits’ function is used to determine the range of the joint. Using this tool,

you can also find the point of time at which the lower or upper value of limit for a joint is
reached.

Set the limits for the joint which is to be monitored ( by checking the required check box ) and enter
the required value for the limits.

! -
Joints
+-2 Revolute.1 (SLOTTED,_LEVER_ASSEMBLY.1,FIXED_PLATEN.1)
Joint Edition: Revolute.1 (Revolute) 21 x|
Joint name: | Revolute. 1
Joint geometry:
_ASSEMBLY.1/Sol Lin@ 2:|FIXED_PLATEN.1/Scaling.?

_ASSEMBLY. 1/Sol Plane 2: [FIXED_PLATEN.1/Scaling.

N

= ] upper limit: |Unset —

Kinematics Simulation -

@ ok | @ cancell

@ Click on the ‘Simulation with Laws’ tool, and in the ‘Kinematics
Simulation’ panel, click on the ‘Activate Sensors’ check box to
open the ‘Sensors’ panel.

DMU Kinematics )

ﬁ
1§ g2 tqn &
; @Siﬁ )
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How to Check Joint Limits ( 2/3 ) Student Notes:

Select the parameters that have to be observed and switch ‘On’ the ‘Check Limits’ in the
‘Sensors’ panel.

2
Selection | Instantaneous Values I History l

T €9

~

| Sensor
Mecl-msm uJonts\Revoue 11Ang|e A Sensor is any parameter or measure

which we want to observe during
simulation of the mechanism. It can also
be an ‘Interference Result’.

Mechantsm l\Jonts\Revobte' 31Anole Degree  No
Mechanism, 1)Joints\Revolute. 4\Angle  Degree  No
Mechanism. 11Joints\Cylindrical.S\Length Milimeter No
Mechanism. 1\Joints\Cylindrical.S\Angle Degree  No
No
Select

Mechanism. 1}Joints\Revolute.6\Angle  Degree

l Deselect Al | Al [
~ Display Options
@ Al Line
—Detect Clashes ——— Check Limits — ,
@ Avtomal) lntetfe‘ooff O stop Kinematics Simulation - Mechanism! 21 x|

—Outputs —— Mechanism : IMechmsm 1 :I

I_JJ Graphics ... | Options | Fie...| »Statoj_ZOIO_E_j
_ oo | IR NQP]

@ Keeping the ‘Sensors’ panel open, go to the ‘Kinematics Simulation’ W of steps: |3° l
panel and click on ‘Play Forward’ to start the simulation.

‘-' Activate sensors | [] Plot vectors

-— _Glose_|
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How to Check Joint Limits ( 3/3) Student Notes:

Click on the ‘History’ tab to note the values of ‘Sensors’ at different mechanism times. You
can also note the point of time when the limit is reached.

21

Time lC...lSensors Ne—— lVdue |Ur& IComment l;l

[3.50.')0)0 126 Mechanism. 1\Joints\Revolute.1\Angle -70.0507 Degree Lower Limits Reached H

4.000000 144 Mechanism.1Joints\Revolute.1\Angle -73.1676 Degree Lower Limits Reached
4.250000 1S3 Mechanism.1\Joints\Revolute. 1\Angle -72,9816 Degree Lower Limits Reached
4.500000 162 Mechanism.1Joints\Revolute.1\Angle -72.0366 Degree Lower Limits Reached
4,750000 171 Mechanism.1}Joints\Revolute.1\Angle -70.5288 Degree Lower Limits Reached

S.000000 180 Mechanism.1\Joints\Revolute.1lAnqle -68.5982 Deaqree LI

Clear |

[[25vkey 0o |

ea S O Limked |1 i

—Detect Clashes —~ ~Check Limits —
@ automatic O Interferences | O OFf @ On O Stop

B o & >

| Graphics ... | Options | File ... |
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Plotting Graphs and Exporting Results

In most of the cases, in addition to graphs with respect to time, some customized
graphs of parameters are required. In Simulation Outputs we can have graphs of
any parameter of our choice against any other parameter.

Export Sensors Data

T
O R

g

] stop | Flepwe |

[T
Outputs Sove 03 pa [Merosoh Encel vk beets [ i) = Cancel
| ComeXGmD @D =
— - :
i

i
O versustime @ Custoenized i
Coted Caves The ‘Options’ button allows
you to customize your
bl Graphical representations,
Curve Creation s B3 i.e to have customized
Nome: [ FSEY (rad ke D Remove | | Graphs.
Abscissa: [machanism. 1 JointsiRevolute. SYangle ¥ | 4 . o
Ordnate: [machanisn. 1 Jonts\Revolte Siangle ¥
:
j—— Here, you can select the parameters that you wanton

Abscissa and the Ordinate for your customized
graph.
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How to measure Speed and Acceleration (1/3)

In DMU Kinematics, the speed and acceleration are measured with reference to a
reference point. The speed and acceleration analysis can be performed only for
mechanisms that can be simulated by laws.

DMU Klnematlcs |

18 ¢ 2 % @

@ Click on the ‘Speed and Acceleration’ tool.

@ Select the reference product.

Point selection: |Poi
O Main axis xis System.1

@ ok | @ cancell

Speed and Acceleration 2| xi
Mechanism: |ENGINE-CRANK ~| : ’}‘ Housmg
Name: | Speed-Acceleration. 1 - xy plane
Reference product: [Housing ; — > yz plane
g —_ > zx plane

.

@ Select the point whose velocity and
acceleration has to be measured.

@ Click on the ‘Other axis’ radio-button and select !
the desired Axis system, and click OK. ;

I -
The result ‘Speed-Acceleration’ is listed in the Mechanism’s data. IPSEeefis-Acceleratlons
&3 Speed-Acceleration. 1
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How to measure Speed and Acceleration (2/3)

Double-click on the ‘Speed-Acceleration’ in the specification tree and
click on ‘Activate Sensors’ check box to open the ‘Sensors’ panel.

"Sﬁeds -Accelerations Kinematics Simulation - EN "RAN 21 x|
i SpeediAccelerationd  Mecharism: [ENGINE-CRANK ~]
satof——— 10 000 & .|

I m»g)u
Nunberofsteps'so_j (6 T I "
- _Glose_|

Activate the desired ‘Sensors’ from the list @ Keeping the ‘Sensors’ panel open, run

5a

‘Speed Acceleratm 112 Lnechpeed‘

by clicking them. the simulation with laws.
"""""""""""""""""""""""""""""" T 2| x|!
i | "Speed-Acceleration.1\Z_Point.2’ Millmeter No ;
! ‘Speed Acceieratm 1% LnneerSpeed‘ Meter per second No ;

Speed-Acceleration, 1 |Linearspeed Meter per second @
: & ; 4 2 o < ,’
. Speed-Acceleration. 1\X_Linear Acceleration Meter per square ... No You can also have more than one
[ Deselect Al | Select Al sensors to be observed at a time.
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How to measure Speed and Acceleration (3/3)

@ The corresponding values for the ‘Sensors’ are listed in the
‘History’ tab of the ‘Sensors’ panel.

21 x|
Selection | lnﬂmm:sv&m‘ ‘ History I ’
Time lCo... lSensors lvdue ]Unk IQI
0.000000 0 *Speed-Acceleration.1\Z_LinearSpeed”  -0.00123091  Meter per second = —

0.166667 6 " Speed-Acceleration. 11Z_LinearSpeed”
0.333333 12 " Speed-Acceleration. 1\Z_LinearSpeed’
0.500000 18 * Speed-Acceleration. 11Z_LinearSpeed’

0.666667 24 " Speed-Acceleration. 112_LinearSpeed”
:rwm ~n S o o R O N b | R ot
Clear
Display Options
@ al
Detect Clashes Check Limits
@ sutomatic O Interferences | @ Off O on
Qutputs
LY (e
8
e ..

The graph of the required parameter against time can be obtained
by clicking the ‘Graphics’ button in the ‘Sensors’ panel.

Q)
If you have activated more than one sensor at a time, you will have the results for all of them in the History
tab and hence more than one curve in the graphics output of the Sensors’ Graphical Representation
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Generating a Trace

This is very useful command as you can use the resulting trace to design cams.

You can use this tool for a Mechanism (with laws) or for a ‘Replay’.

rrace I E{

Object to trace out :

Reference Product
Number of steps |121
(~Destination of the trace
@ New Part O & Pr
@ ok | & cancell
-
Kinematic Simulation - Mechanism.1 EE3
Mechanism : IMedwvsm 1 :l

szatoy— 10 ro—_m_l

creating the trace.

The resulting points are
in coordinate mode.

21
Object to trace out © m
Elements to trace out : I

Reference Product : W
Number of steps:  flon.
[~ Destination of the trace - :
|@ New Part

KI<II<||||>||>|>JI

D Activate Sensors

Close |
-

o >.m- ) .ac;aj

-2 Open bodv.2
* Point.122

* Point.123
¢ Spline.2

Points and lines generated,
are displayed in the
specification tree

STUDENT GUIDE

Student Notes:

© 2000 - 2012 Dassault Systemes - All rights reserved

56



DMU Kinematics Simulator

STUDENT GUIDE

Student Notes:

Computing Swept Volume

Swept volume is the volume that a part occupies in course of its motion.
Using the swept volume command you can compute the swept volume and save itas a

CGR file.
1ol

You can insert the swept volume in the same
mechanism and perform distance and band
analysis with respect to this computed CGR file.
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How to use Swept Volume tool (1/3)

@ Click the ‘Swept Volume’ tool.

@ In the ‘Swept Volume’ panel, click the button next to ‘Products to sweep’ and select the products as

shown in the figure.

Swept Yolume l]_)_(_]

—Definition ———
Selection [Mechanism. 1
Product(s) to sweep[ 1 product s
= RETDRUPNL] o . o o o = o = SN

- — - - - -

—Number of triangles -

Inkial : |
Save
-

SLIDER.1
CONNECTING_ROD_ASSEMBLY. 1
CRANK. 1

CUTTER-SLIDER. 1

>

—

Click OK in the ‘Product Multiselection’ panel and click the ‘Preview’ button of
the ‘Swept Volume' panel to preview the swept volume.

STUDENT GUIDE

Student Notes:
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How to use Swept Volume tool (2/3)

@ Click the ‘Save’ button in the ‘Swept Volume’ panel and save the CGR file.

Swept Yolume 21x|
[~ Defintion |
Selection [Mechmn 1 ;] ‘
Product(s) to sweep| T product \
Reference product |

| Fiter Positions  [[] Sthouette Du;almcofdeus ‘

Filtering precision 5 Fitered (%) i
= g fsoveas S

File Selection

@ Insert the CGR into the same product Look it I’J SWEPT_VOLUME El

m |SLOTTED_LEVER_ASSEMBLY.1_SWEPTYOLUME . cgr
E 0 ickReturn_MechanismBay

% IFIXED_PLATEN (FIXED_| PLA
\ ISLOTTED_LEVER _ASSEMBL
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How to use Swept Volume tool (3/3)

@ Perform the ‘Measures’ with reference to this CGR file and other components.
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Checking Clashes

Just as in Assembly design, here you can detect clashes, or stop on intersections while
simulating the mechanism.
Here we have two types of clash detection modes, the ‘Automatic’ and the ‘Interferences’

— With the interference mode, the clash

The automatic mode detects _clashes Nikomatic 10 Interfaronces | € e,
between all components against all detection will run on Specific parts of

components of the product. | @I I@ &' our choice which we had selected under

‘Clash detection’, previously run under

T — space analysis.
& . . . E—
For the interference mode, you have to activate the sensor of E-“APplications
the ‘Interference Result’ in the ‘Selection’ tab of the ‘Sensors’ 3 ,
panel to observe it throughout the mechanism simulation. <: . ¥ Interference
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Checking Clashes

Further we have three options in detecting Clashes

Clash detection OFF: No Clashes will be detected and

i mechanism will stop on clash.
Clashes will be detected. Clash detection ON: Clashes will be P

detected but mechanism will continue
to run and not stop on clashes.
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How to Check Clashes (1/4)

For checking clashes in DMU Kinematics, you have to specify the ‘Interference

Result’ as an input to the Simulation and then run the Simulation.

€4

Click on the ‘Clash’ tool. to run this Job Aid.

®

= You need to have ‘Space Analysis’ license

@

Select the following inputs for the ‘Check Clash’ panel and click ‘Apply’ and then OK.

?‘é lickReturn_Mechanism

% FIXED_PLATEN (FIXED_PLATEN.1)
=-8)1SLOTTED_LEVER_ASSEMBLY (SLOTTED |

Check Clash L .?J}J 0
— Definition — — — — -
Name:| Interference. 1
Type: |Contact + Clash ~|[em Selection: 1]T product -

5 lBetween two selections ;I 7777777 Selection: 2| ‘ ;
) & Cancel | :
- 2b 2a ‘
-'-l}pplications
' hanisms

) '
- { N
3 '

M ISO 2341 CLEVIS PIN 60x120 STEEL W)

(7 Constraints '
 SLIDER (SLIDER.1) ;
#-9, ] CONNECTING ROD ASSEMBLY (CONNEC

35 Mechanism.1, DOF=0
=-Interference

An ‘Interference Result’ will be created in the Specification tree.

I‘%—

STUDENT GUIDE

Student Notes:
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How to Check Clashes (2/4)

Double-click on ‘Mechanism.1’ in the specification tree.

-’-/}pplications
=-Mechanisms
| 43 Mecharism.1, DOF=0
=-Interference
I‘% Interference.1

In the ‘Kinematics Simulation’ panel, check the
‘Activate sensors’ option.

The ‘Sensors’ panel will open.

Sensors = .?.l.’ﬂ
Mechanism, 1 Joinks\Prismatic. 2iLength Mlimeter No
Mechanism, 1 Joints\Revolute. 31Angle Degree No _J
Mechanism. 1 Joints\Revolute. 41Angle Degree Yes
Mechanism. 11 Joints\Cylndrical.S\Length Milmeter No
Mechanism, 11 Joints\Cylindrical.S\Angle Degres No
| Marhanicm. 11 Tnint<IRavok in.flAnale Deneen No 1’
Deselect Al | Select A1 |
-Display Options
:o A O‘_‘-, ted Il Unes
~Detect Clashes | Check Links — =
| @ AutomatD) Interfers @ Off Oon O Sop
@ B B oo :
Gr S mj File ...
Close
- e |

Kinematics Simulation - anism. 1 21 x|
Mechanism : I?ﬂechatism.l _v_l
Start 0 Jeo |zo_ooo E '

<[> M
Mumber of stepsifion ] _Analysis.. |

Y

vectors

LA A At A |

_Glose_|

STUDENT GUIDE

Student Notes:
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How to Check Clashes (3/4) Student Notes:

In the Sensors panel, click the ‘Interference Results.1\NbClash’ from the list to activate
it for observing.

Sensors _?J}_l
Mechanism., 11 Joints\Cylindrical.S\Angle Degree
 Mechanism, 1 Joints\Revolute 6lAngle Degree
( " Interference Results. 1\NbClash’ ( Yes
“Interference Results, 1\NbContact” oS
" Interference Results, 1\NbClearance’ No
‘Interference Resilts. 11Vale Millimeter Nn ;I
Deselect Al | Select All {
’FDispiav Options
O Limited Il Lines
O Stop

_Close_|

@ In the ‘Detect Clashes’ box, select ‘Interferences’ and ‘Stop’ option.
~

The ‘Automatic’ mode detects clashes between all
components against all components of the product.
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How to Check Clashes (4/4) Student Notes:
@ Keeping the ‘Sensors’ panel open, play the simulation. [EUREITRETRR T 2lx]
Mecharnisn ¢ [mecharism, | =]
f S s ; sato—jf—— 2w B |
: = LIRICINT INTTIHI
Mumber of steps: m
S pctivate sensors DPhLvul:‘curs
-— Zns |

1.______

The srmulatlun WI" stnp he::ause a ‘Clash’ will be detected.

= To avoid the above ‘Clash’, you can edit ‘Sketch.4' of the ‘SLOTTED-LEVER’ and
replay the above clash scenario to verify that there is no clash.
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To Sum Up

In this lesson, you have learned the tools for Mechanism analysis.

®  Checking Joint Limits.

*  Applying Sensors

*  Generating Graphical output of the Mechanism analysis

*  Generating Swept Volume during Mechanism Simulation

®  Generating Trace of a point in any part of the Mechanism during Simulation
*  Checking Clashes during Simulation
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Recording and Playing Simulations

You will learn to record and play simulations involving more than one mechanism.

1]

Why do You Need to Record ‘Simulations’
How to record a Simulation

How to Play a Simulation

To Sum Up
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Recording and Playing Simulations

You will learn to record and play Simulations involving more than one mechanism.

Mechanism1

Mechanism2
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Why do You Need to Record ‘Simulations’

Many times it is necessary to compute the clash between components of two different
mechanisms. So we need to run both the mechanisms simultaneously in order to test the
behavior.

With the facility of ‘Recording Simulations’, we can make two mechanisms work concurrently and
analyze the results, as we can do for an individual mechanism.

Mechanism1

Mechanism2
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How to record a Simulation ( 1/2)

@ Click on the ‘Simulation’ tool. DMU Generic Animation x|

@ Using the ‘Ctrl’ key select the mechanisms ( in the ‘Select’ panel) which you want to include for

the simulation and click OK. e ee O
e

%5 Mechanism.1, DOF=0

| You can select your simulation object
% Trolley_Asm.2\Neck_Mechanism (Imported), DOF=0 5

@ In the panels for the mechanisms, drag the sliders of the each command one
after the other and click on the ‘Insert’ button of the ‘Edit Simulation’ panel.

N e simviotion TP

‘ {Name:| Gimudation. 2

Kinematics Simulation - Mechanism. 1 ) 21 x|l
|

¥
[ Chack jont bins == ) - |K|4|N||||N|}|Hl
i3 Keep posiion on exk {

E: i

+/Simulation of both the mechanisms will take place T |
simultaneously when you run the Simulation.
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How to record a Simulation ( 2/2)

21 inematics Simulation ~Trolley_Asm.2\Neck_Mechanai N 1 -
fComand. 110 —ﬁ" 300000 . | AR ] (Commandiio | {yr""
[T Check joink bits > [ Check joink bmits

Resat | {3 Keep position on exit

€9

5 If you want the ‘Mechanism2’ to start after ‘Mechanism1’, you have to drag the slider for ‘Mechanism1’, click
‘Insert’ then drag the slider for ‘Mechanism2’ and again click the ‘Insert’ button.

Mechanism1

Mechanism2
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How to Play a Simulation

@ Double-click on the ‘Simulation’ in the @ Select appropriate speed and click on the ‘Play’ button
specification tree. in the ‘Edit Simulation’ panel to run the simulation.
=-:3 Simulation 4 2ix
¥ Mechanism.1, DOF=0 ame:[ Sendation. 2

lie .2\Neck_Mechan ed), DOF= s |« || Iﬂ |
T Trolley_Asm.2\Neck_M ism (Imported), DOF=0 CHE NI B > M
: 3 |0-00 = |- 2|

.DAnmatevnwoht

Speed

Distance

Mechanism1

I:th ;_I r Off ;I

Edt sensors

@ ok | &canell

Mechanism2
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To Sum Up

In this lesson of ‘Recording and Playing Simulation’, you have learned:
*  The need to Record Simulation

*  The methods of Recording and Running Simulations
*  The additional tasks that you can perform while running the Simulations
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Miscellaneous Functionalities

You will learn some miscellaneous functionalities of the DMU Kinematics workbench.

D

Converting Assembly Constraints into Joints
How to Convert Assembly Constraints into Joints
Importing Mechanisms in Sub-Products
Mechanism Dress Up

Importing a Mechanism Dress-up

Converting V4 Kinematics

To Sum Up
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Miscellaneous Functionalities

You will learn some miscellaneous functionalities of the DMU Kinematics workbench.
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Converting Assembly Constraints into Joints

You can convert the existing assembly constraints into joints using the ‘Assembly Constraints

Conversion’ tool.

This tool compares the set of constraints between the components, with the constraints
involved in a joint, and suggests a joint that could be created between the components.

...........

DMU Kinematics ] A 9
] | 37 . ‘ p—t :A,A_.»-?f;'.‘..:
C & By | 4k
. ®v@PJ .v$ R 2T Revolute Joint
>[Assembly Constraints Conversion|

This tool saves a lot of joint creation time and facilitates the reuse of
the already created constraints.

STUDENT GUIDE

Student Notes:
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How to Convert Assembly Constraints into Joints ( 1/3 )

@ Click on the tool.

DMU Kinematics .2
&
ERIC):

| Assembly Constraints Conversion|

Click on ‘New Mechanism’ button to define a new mechanism or select an existing mechanism for which you
want the joints to be created.

21x]
MechariS: [New_ Mechanim [T —

Auto Create More >>
Unresolved pairs: 717
@ ok | @cancell

=

@ Click on the ‘More>>" button to display the full ‘Assembly Constraints Conversion’ panel.

STUDENT GUIDE

Student Notes:
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Select constraint/s from the ‘Constraints list' and click on ‘Create Joint’ button after confirming the
desired joint in the ‘Resulting type’ box.

Assembly Constraints Conversion

Mechanism: [Ny, Mechanism >l New Mechanism
Auto Create << Less
Unresolved pairs:
Product 1: [CONNECTING-ROD. 1 Pair1/7

Product 2: |CUTTER-SLIDER. 1

KII«|H| H|»I|)]|

Constraints list Resulting type Joints list
Name e |Revolute | Name | T Constraints
Offset... O... Plane/Plane Create Joint l
LinejLine Add command:

[one Ed
Delete Joint ]

K I— 2 K I

Fixed constraints list: Delete Fixed Part. | Current fixed part:
[Fix.28 ( FIXED-PLATEN.1) ¥|  Create FixedPart |
[@ ok | @ cancell
-

(€<

¥ The resulting type of joint depends upon the number and type of
constraints you select in the ‘Constraints list'.
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@ Click on the ‘Step Forward' button to proceed and create joint for another set of constraint/s.

[ | O]

@ Repeat steps 4 and 5 if required.

@ Click OK to the ‘Assembly Constraints Conversion’ panel.

Assembly Constraints Conversion

“® Offset.27 (CUTTER-SLIDER .1,CONNECTING-ROD.1)
& Coincidence.26 (CUTTER-SLIDER .1 CONNECTING-ROD. 1)
&2 Revolute.2 (CONNECTING-ROD.1,SLOTTED-LEVER 1) ;
. S

éBRevolute.3 (FIXED-PLATEN.1 CRANK.1) ¥ You can also specify the ‘Fix Part’ for your

: &2 Revolute 4 (SLIDER .1,CRANK.1) z iR A
: ngpw .5 (CUTTER-SLIDER .1 FIXED-PLATEN.1) mechanism by selecting it from the ‘Fixed

: ?Revolute.l (CUTTER-SLIDER .1, CONNECTING-ROD.1)

, & Coincidence 25 (CUTTER-SLIDER .1 FIXED-PLATEN.1) constraints list'. The components that are
B B B S e A RO i fixed in the assembly design, are listed
You can check the joints in the specification tree here

The ‘Auto Create’ tool automatically creates joints from
the constraints. But the joints created using this function
may not always be the joints that the user intents.

%9 Assembly Constraints Conversion
’ 4 ~ H :: . ]
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Importing Mechanisms in Sub-Products

When you copy-paste a product containing a mechanism into a new product, the mechanism
and all its data does not get imported in the ‘Applications’ node of the new product.

Pviechanism_Product
by FIXED-PLATEN (FIXED-PLATEN. 1 )l Copy/Paste
s CRANK (CRANK.1)

b SLOTTED-LEVER (SLOTTED-LEVER 1) | Insert Existing...

by SLIDER (SLIDER.1)
b, CONNECTING-ROD (CONNECTING-ROD.1)

‘ Applications
L%,CU'HER SLIDER (CUTTER-SLIDER.1)

E:S::m This is because you may not want the mechanisms’ data to be
present in the root-product every time.

"fhanisms
New_Mechanism, DOF =0

However you can always import the mechanism’s data for a sub-product by clicking the ‘Iimport
Sub-Mechanisms’ tool. The mechanism for the sub-products will be imported and the
mechanisms’ data can be seen in the ‘Application’ node.

% |Mechanism_Product (Mechanism_Product)
T Multi_Mechanism (Multi_Mechanism.1)
"ﬁpplicab‘ons
=-Mechanisms
? Mechanism_Product\New_Mechanism (Imported), DOF=0
?P Multi_Mechanism.1\Motion1 (Imported), DOF=0
L‘§ Multi_Mechanism.1\Motion2 (Imported), DOF=0

STUDENT GUIDE

Student Notes:
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Mechanism Dress Up

The “Dressup” tool allows you to associate a mechanism part movement to a flying part

@ The “Dressup” tool need a mechanism to be defined
Mechanism Dressup ll,?ﬁ
Dressup : Dressup. 1 | Mew Dressup |
Mechanism Mecharism1 h""'"'_i Here are displayed the Mechanisms
Link: 7] Graphic seieftion[Flectrodez. 1 | and their involved parts
@ pvsisble products O3 Al products
Avvalabls products | a || Products attached to the link |
Shunt. | Electrode Adaptator2. |
Body.1
Body Adapt Screwl. | 2
By Bl Seron Here are all the products associated to
Regulsr Intake.1 the part selected above
Shunt Adapt Nut. 1
Shunt Adapt Screwl. 1
Shunt Adapt Screw?, 1
Shut adagt Washerll 1]
— T (B Scm) - In the perspective of Kinematics integration in
[ ENOVIA VPM the dressup is directly accessible
from the specification tree
Here is the list of the available echanisms

products which can be attached to

Oin Sikiiad mast GbUS eI =-Dressups - You can simulate it and it can be saved in

g ENOVIA VPM
- You can create a « Dressup » of a sub-
product’'s mechanism
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Importing a Mechanism Dress-up
When importing a Sub Mechanism, it is also possible to import the associated dressup

You may have a skeleton structure with a mechanism (with a dressup) applied on a child product.

You can decide to import this mechanism to the root level or even copy/past the product and its
mechanism under a new product. The dressup will be imported too as below:

You will import the mechanism
and its dressup to the root level

PO | <

L {Pz1

n— >

_P_BI_T ______ Import sub- &
{ Mechanism.1 h mechanisms =
________ I
- Dressup.1 e

“Typical” skeleton structure
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Converting V4 Kinematics

KINEMATIC_LAW (KINEMATIC_LAW.1)

ET*MASTER
*AXST
—FIXE .1
MOB1 1

TRAILING_ARM1

LE MOB1 (MOB1)
l-ﬁ MOB2 (MOB2)
| =9 mosa (MOB3) 1
~®8 MoB4-5 (MOB4S)
~® MoBs (MOBS)

==pechanisms

"_Arpﬁcatinns T ‘

=—F TRAILNG_ARM1

4 mechanism ! .

T—% KINEMATIC_OK_STD (KINEMATIC_OK_STD.1); Joints
e o g Commands
model product

set sub-product + associated part

Geometry contained in the set

W4 mechanism |V5 mechanism

W4 joint V5 joint
V4 Command |[V5 Command
W Fix W5 Fix

Conversion of Numerical Laws

STUDENT GUIDE

Student Notes:
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To Sum Up

In this lesson you have learned Miscellaneous Functionalities for

®  Converting assembly constraints into Joints

*  Importing Mechanisms in Sub-Products
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To Sum Up

In this Course, you have seen:

#  Defining a Mechanism

®  Simulating Mechanisms

*  Analyzing Movements

*  Recording and Playing Simulations

© 2000 - 2012 Dassault Systéemes - All rights reserved 86



