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DMU Kinematics Simulator

EXERCISE BOOK

Student Notes:

Creating Joints

Recap Exercise

)

In this step you will :

¥ Create joints for the Surface Analyzer
mechanism.

¥  Fix a part for the mechanism.
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DMU Kinematics Simulator

EXERCISE BOOK
Student Notes:
Do It Yourself (1/11) I
E Data Used: Surface_Analyzer_Joints_Start. CATProduct

¥ Create a new mechanism by selecting ‘New Mechanism’ from menu ‘Insert > New
Mechanism’ and fix a component for the mechanism as shown.

!-Mechanisms
DMU Kinematics o \ i—? Mechanism.1, DOF=0
' ‘ —Joints
—Commands
Fix Part { Fixed_Components.1)
55:1 Fix.104 (Fixed_CompnnentsJJ

—Laws

@ surface_To_Be_Checked (surface_To_Be_Checked.1)
@ Pinion_Motor (Pinion_Motor.1)

—Speeds-Accelerations
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DMU Kinematics Simulator

EXERCISE BOOK

Student Notes:

Do It Yourself (2/11)

¥ Create a ‘Revolute’ joint between MOTOR.1 and Pinion_Motor.1

# Select the inputs for the joint as shown.

Mec . IMechanism.1
Joint ngme: [Revolute.1
Current selection:

Line 1: [Pinion_Motor.1/1 Line 2: [Fixed_Componei <+—

Plane 1: [ Pinion_Motor.1/¢Plane 2: [Fixed_ComponetO Null OffsC @ Offset = [10.06mm g’

Plane 3 | A Plane 4 I * O Centered

[J Angle drfren
| Plane1 I | Plane2 I - Cancell

N4

€Q
= Selection of offset option is mandatory otherwise

the planes would become coincident to each other
which is not intended in this case.
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DMU Kinematics Simulator

Do It Yourself (3/11)

¥ Create a ‘Roll Curve Joint’ between ‘Pinion_Motor.1’ and ‘Rack.1’ as shown below.

Joint Creation: Roll Curve 2| x|

Mechanism: [\echanism. 1 | NewMechanism |

Joint name:[Roll Curve.2
Current selection: SA
Curve 1: [Pinion_Motor.1/Sketch.1 Curve 2: |[Rack.1/Sketch.6

[] Length driven T

iz,

Roll Curve Joint

@ 0K | @ Cancell

Joint Creation: Rigid

n

e Mechanism:IMechanist ZI New Mecharisml
Joint name:[Rigid.3
Current selection:
i _Q_ _ ____________________________ E Part 1: [Rack.1 Part 2: [Rack_Bolts.1
% Rack.Bolts (Rack Bolisi1) | ‘ @ 0K | & Cancel
8 Q?)]_____ -

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (4/11)

¥ Create a ‘Prismatic Joint’ between the ‘Rack.1’ and ‘STRUCTURE.1’ as shown.

Joint Edition: Prismatic.3 (Prismatic)

Joint name: [Prismatic.3

Joint geometry:
Line 1I Rack.1/Line.1 Line 2| Fixed_Components.1/Line
Plane 1: |Rack.1/Solid. 1 Plane 2: | Fixed_Components.1/Solic

[ Length driven
Joint Limits
’[E]Lowet lirnit: IUnset E [ Upper limit: IUnset E ’

@ 0K | @ Cancel|

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (5/11)

¥ Create a ‘Rigid’ joint between ‘Rack.1’ and ‘Base_Slider.1’

Joint Creation: Rigid

Mechanism: I Mechanism.1

x| New Mechanisr

Joint name:|F{igid44

Current selection:

Part 1: [Rack.1

sagourface_Analyzer

Part 2: [Base_Slider.1

=] New Mechanism |

Current selection:

Part 2: | surface_To_Be_Checked.1

@ 0K | & Cancel|

Rigid Joint ‘@ Pinion_Motor {Pinion_Motor.1) Joint Creation: Rigid | X|
Fixed_Components (Fixed_Components.1) Mechanism: IMechanism 1
' Dial_Probe {Dial_Probe.1) T nameiﬁmﬁ
‘@ Bigger_Gear (Bigger_Gear.1)
‘@ Smaller_Gear {(Smaller_Gear.1) Part1: |Base_Slider.1
@ Pointer {Pointer.1)
9, Base_Siider (Base_Slider.1) =

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (6/11)

¥ Create a ‘Point Surface Joint’ between ‘surface_To Be Checked.1’ and ‘Dial_Probe.1’

as shown.
s ; Joint Creation: Point Surface | 7] X|
9 ! T — e | T
:& 5 Mechanism: [)echanism. 1 | New Mechanism |
Joint nameZFoint Surface.b
Point Surface Joint Current selection:
Surface 1: [ suface_To_Be_CheckecPoint 1: | Dial_Probe.1/Point_For_
A
@ 0Kk | @ Cancel|
.
(€O

<+ To be able to create a ‘Point Surface’ joint, the point should be coincident to the
surface. You can create a coincident constraint between the point and the
surface using the assembly design coincident constraint tool.

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (7/11)

¥ Create a Prismatic Joint between ‘Dial_Body.1’ and ‘Dial_Probe.1’. Select the inputs as

shown.

Joint Creation: Prismatic 7| X|

Mechanism: IMechanist Z| New Mechanism |

Joint name:Prismatic. 8

Current selection:

Line 1:[ Dial_Probe.1/Line.1 Line 2{Fixed_Components.1/Line
Plane 1: | Dial_Probe.1/Plane.3  Plane 2: [Fixed_Components.1/Plar
[] Length driven

@ 0K | @ Cancell

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (8/11)

¥ Create a ‘Roll Curve Joint’ between the ‘Dial_Probe.1’ and ‘Bigger_Gear.1’. Select
the curves for the joint as shown.

Roll Curve Joint

Joint Creation: Roll Curve 2| X|

Mechanism: IMechanism.1 3 New Mecharism |

Joint name:rl-:{oll Curve 9
Current selection:
—Curve 1: [Bigger_Gear.1/Sketch_FiCurve 2: | Dial_Probe.1/Sketch.7 ————

[] Length driven

- S o |

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (9/11)

¥ Create two ‘Revolute Joints’ as shown.

# Create a ‘Revolute Joint’ between ‘Bigger_Gear.1’
and ‘Dial_Body.1’ as shown.

Joint Creation: Revolute 2| x|

Mechanism: |Mechanism.1 LI New Mechanism ]

Joint name: |Revolute. 10

Current selection:

Line 1: [Fixed_Co Line 2: [Bigger_G:
 Plane 1: [Fixed_Co Plane 2: [Bigger_Gi O Null Ofse(® [Offset =

<
Make sure that you use the offset

Plane 3 [ Plane &7 10 Centeled GR1on.
‘ [] &ngle driven @ 0K ] < Cancel]
:7 Bigger_Gear {Bigger_Gear.1)
LPublications
——>L 9 ptane_For_Revoute_doi

For Plane 2, you can select the published
element already created for you.

N

EXERCISE BOOK

Student Notes:
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EXERCISE BOOK

Do It Yourself (1 0/1 1 ) Student Notes:

# Similarly create a ‘Revolute Joint’ between the ‘Smaller_Gear.1’ and ‘Dial_Body. 1’
with inputs as shown. Make sure that you use the ‘Offset’ option.

Smaller_Gear (Smaller_Gear.1)

| Plane1 i

¥ Create a ‘Gear Joint’ from the two ‘Revolute Joints’ that you have created.
# To define the ‘Ratio’, select the radii of the gears as shown.

&8 L 5_ i C‘P
el e Radii for ‘Ratio
Joint Creation: Gear 2| x|
Mechanism IMechanism.‘l j Hew Mechanism ]

Joint name: |Gear.12

Current selection @)

Revolute Joint 1: | Revolute. 10 Create.., l Revolute Joint 2:TRevolute. 11 Create
Ratio: [z0s3175488 Serm |Flotation directions() game @ Upposlte
[[] Angle driven for revolute 1 [] Angle driven for revolute 2

@ 0K | @ Cancell
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DMU Kinematics Simulator

Do It Yourself (11/11)

¥ Create a ‘Rigid Joint’ between the ‘Smaller_Gear.1’ and ‘Pointer.1’

=-Mechanisms
-—? Mechanism.1, DOF=1
=~Joints
8;‘ Revolute.1 (Fixed_Components.1,Pinion_Motor.1)
fe(" Roll Curve.2 (Rack.1,Pinion_Motor.1)
@ Rigid.3 (Rack.1,Rack_Bolts.1)
@ Prismatic.4 (Rack.1,Fixed_Components.1)

=g

& Rigid.5 (Rack.1,Base_Slider.1)

& Rigid.6 (Base_Slider.1,surface_To_Be_Checked.1)

Ik Point Surface.7 {Dial_Probe.1,surface_To_Be_Checked.1)

ﬁ Prismatic.8 (Dial_Probe.1,Fixed_Components.1)

'—%(t(‘ Roll Curve.9 {(Dial_Probe.1,Bigger_Gear.1)

@ Gear.12 {Bigger_Gear.1,Smaller_Gear.1,Fixed_Components.1)

g4 Rigid.11 (Smaller_Gear.1,Pointer.1)

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Simulation

Recap Exercise

‘ 15 min

In this step you will :

¥ Define the driving command for the mechanism.
¥ Define a law for the mechanism.

¢  Simulate the mechanism.

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (1/3)

Data Used: Surface_Analyzer_Simulation_Start. CATProduct

¥  Define the driving joint of the mechanism and specify the driving command.

-rJ.o-lnts-~u, Joint Edition: Revolute.1 [Revolute) 2] x|
i &2 Revolite!1 (Fixed ComponentaiPinioniMotord) |  Joint name: Revolute |
B i e e e e e e Joint geometry:

Line tlFlI-IEd_E omponents.1/Line.1 Line 2' F’H'Hr:lf‘l_MIII’IZ!I 1/Line.1

Plane 1: |Fixed Camponents.1/Solid. 1 _|Plane 2: | Pinion_Motor.1/Solid.1
S lange diven)

Joint Limits

) ”: Lower limit |-380deg 5 Upper limit |350deg ‘

T

Commands E
T 9 Command.1 (Revolute.1,Ang|e)§ < o

P

@ @ Cancel |

®  Assign a value of 10s to the time parameter of the mechanism.

Knowledge

. |:> Mechanism.1\KINTime = 10s

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (2/3)

®  Create a relation between the Kinematic time and the driving command of the
mechanism.

Knowledge

Formulas: Mechanism.1

Mechanism.1\Commands

_________________________________________________________________________________________

ﬁeohanismj \Commands\Command.1\4ngle
[Mechanism. 15\KINTime / 1s * 36deq )
Dictionar Members of Parameters

Members of Time
Mechanism. 1A\KINT ime

Design T able

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (3/3)

®  Simulate the mechanism using the ‘Simulation with Laws’ tool.

Kinematics Simulation - Mechanism.1

DMU Kinematics

E3
>3 N Mechanism : [Mechanis ¥
D @ERY r—'ﬁﬁh S

M|« |1
Number of steps:lrg_j Analysis... l

[ Activate sensors [] Plot vectors

@ \Watch the motion of probe and the pointer.

EXERCISE BOOK

Student Notes:
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Analysis

Recap Exercise

. 15 min

In this step you will :

¥ Create a ‘Speed and Acceleration’ for a point in the mechanism.
¥ Measure vertical displacement of a point in the mechanism.
¥ Plot graphs for the displacement of the point.

Sensors Graphical Representation

" Speed-Acceleration. 1\2_Vertex'

need-Acceleration. 1VZ_Vertex’

© 2000 - 2012 Dassault Systéemes - All rights reserved 19



DMU Kinematics Simulator

Do It Yourself (1/3)

E Data Used: Surface_Analyzer_Analysis_Start. CATProduct

¥ Create a ‘Speed and Acceleration’ report for a point on the ‘Dial Probe’ as shown.

DMU Kinematics

N
[ Speed and Acceleration|

Speed and Acceleration

Mechanism: I Mechanism. 1 :_I
Name: [Speed-Acceleration. 1

Reference product: [Fixed_Components.1 <¢
Point selection:  [Line.1 <«

@ Main axis O Other axis: |
@ 0K | @ Cancel|

L :
=-Speeds-Accelerations

@ Speed-Acceleration.1

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (2/3)

®  Activate the vertical displacement sensor and simulate the mechanism.

1
=-Speeds-Accelerations

@‘_ # Double click on ‘Speed-Acceleration’ in the specification tree.
Kinematics Simulation - Mechanism.1 7] x|
Mechanism  [Mecharism =zl | @ Select the ‘Activate Sensors’ option
[Start 0 Jio [rooo0 B |
RO
[Number of steps:mr Analysis... '
TTDPlot vectors # In the ‘Sensors’ dialog box, click on ‘Speed-Acceleration.1\Z_Vertex’
to activate it for observation as shown below.
Close |
-
v
Sensors 7] x|
Selection | Instantaneous Values I History I
Sensor [ Observed [ 4]
. - : - =
‘Speed-Acceleration. 1\Z_Vertex’ o
“opeed-Acceleration. 1\%_Linearspeed’ Meter per second
‘Speed-dcceleration. 1\Y LinearSpeed” Meter per second LJ
Deselect All | J

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Do It Yourself (3/3)

# Keeping the ‘Sensors’ dialog box open, click the ‘Play Back’ button and play the
simulation.

Kinematics Simulation - Mechanism.1

Mechanism : IMechanism 1 EI
Fe———W°  [oon [ .|
O INCISE

Nu{Play backk[40 =] Analysis.__|
4 Activate sensors [ Plot vectors
Close I
—

# Click the ‘Graphics’ button of the ‘Sensors’ dialog box to display the graphical output of

the vertical displacement of the selected point against time.

' Sensors Graphical Representation
| Sensors
\

‘Speed-Acceleration. 1\Z_Vertex'

" Speed-Acceleration. 1\Z_Vertex'

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Elliptical Trainer - Master Exercise

Now you will practice the concepts learnt throughout the course.

Master Exercise Presentation

Master Exercise Step 1: Animating the concept sketch
Master Exercise Step 2: Defining the Kinematics

Master Exercise Step 3: Performing Clash Analysis

Master Exercise Step 4: Swept Volume and Distance Analysis
Master Exercise Step 5: Generating Trace

Master Exercise Step 6: Speed and Acceleration Analysis

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Elliptical Trainer

Master Exercise Presentation

‘ 2 Hrs

In this exercise you will design the mechanism from
an assembly and analyze it.

To do so, you will have to :

¥ Define the Kinematics of the assembly
¥ Simulate the mechanism

¥ Perform Clash and Distance analysis on the mechanism
¥ Perform Speed and Acceleration analysis

EXERCISE BOOK

Student Notes:
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DMU Kinematics Simulator

Design Intent — Elliptical Trainer

The Elliptical trainer Assembly consists primarily of the Swinging Arms, Step Bar and
Rod. All these components are connected to the Wheels and supported by the Chassis

The intension here is to form a mechanism such that the rotation of wheels causes:

¥ The Arms to swivel and
¥ The Step Bar to have an elliptical motion as shown in the figure

* Swinging
Arms

Elliptic motion of
the Step Bar

Rod

EXERCISE BOOK

Student Notes:
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