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Chapter 4

Slider Crank Mechanism
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Introduction

In this tutorial you create a slider crank mechanism using a combination of revolute and
cylindrical joints. You will also experiment with additional plotting utilities in CATIA.

1 Problem Statement

A slider crank mechanism, sometimes referred to as a three-bar-linkage, can be thought
of as a four bar linkage where one of the links is made infinite in length. The piston based
internal combustion is based off of this mechanism. The analytical solution to the
kinematics of a slider crank can be found in elementary dynamics textbooks.

In this tutorial, we aim to simulate the slider crank mechanism shown below for constant
crank rotation and to generate plots of some of the results, including position, velocity,
and acceleration of the slider. The mechanism is constructed by assembling four parts as
described later in the tutorial. In CATIA, the number and type of mechanism joints will
be determined by the nature of the assembly constraints applied. There are several valid
combinations of joints which would produce a kinematically correct simulation of the
slider crank mechanism. The most intuitive combination would be three revolute joints
and a prismatic joint. From a degrees of freedom standpoint, using three revolute joints
and a prismatic joint redundantly constrains the system, although the redundancy does
not create a problem unless it is geometrically infeasible, in this tutorial we will choose
an alternate combination of joints both to illustrate cylindrical joints and to illustrate that
any set of joint which removes the appropriate degrees of freedom while providing the
capability to drive the desired motions can be applied. In the approach suggested by this
tutorial, the assembly constraints will be applied in such a way that two revolute joints
and two cylindrical joints are created reducing the degrees of freedom are reduced to one.
This remaining degree of freedom is then removed by declaring the crank joint (one of
the cylindrical joints in our approach) as being angle driven. An exercise left to the
reader is to create the same mechanism using three revolute joints and one prismatic joint
or some other suitable combination of joints. We will use the Multiplot feature available
in CATIA is used to create plots of the simulation results where the abscissa is not
necessarily the time variable.

Revolute

Revolute

Cylindrical



Slider Crank Mechanism 4-3

2 Overview of this Tutorial

In this tutorial you will:

1.
2.
3.

Model the four CATIA parts required.

Create an assembly (CATIA Product) containing the parts.

Constrain the assembly in such a way that only one degree of freedom is
unconstrained. This remaining degree of freedom can be thought of as rotation of
the crank.

Enter the Digital Mockup workbench and convert the assembly constraints into
two revolute and two cylindrical joints.

Simulate the relative motion of the arm base without consideration to time (in
other words, without implementing the time based angular velocity given in the
problem statement).

Add a formula to implement the time based kinematics associated with constant
angular velocity of the crank.

Simulate the desired constant angular velocity motion and generate plots of the
kinematic results.
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3 Creation of the Assembly in Mechanical Design Solutions

Although the dimensions of the components are irrelevant to the process (but not to the
kinematic results), the tutorial details provide some specific dimensions making it easier
for the reader to model the appropriate parts and to obtain results similar to those herein.
Where specific dimensions are given, it is recommended that you use the indicated values
(in inches). Some dimensions of lesser importance are not given; simply estimate those
dimensions from the drawing.

In CATIA, model four parts named base, crank, conrod, and block as shown below.

1x1x1 cube
Block
( Diameter 0.5
(39— Length 075
Diameter 0.5
Length 0.5 crank
1x1 square Diameter 0.5
Diameter 0.7 3.5
4 locati
& (4locations) Diameter 0.5
Diameter 0.5 7~
()
d Thickness 0.25
Diameter 0.5 conro
Length 0.35

(.
\V/,\\

Thickness 0.25
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sy
ety

Enter the Assembly Design workbench ™ which

List of Types:

can be achieved by different means depending on your FuncbonalSystem 2
CATIA customization. For example, from the standard (.,
ProcessLibra

Windows toolbar, select File > New ey F
From the box shown on the right, select Product. This Selection:
moves to the Assembly Design workbench and et

you O] e
creates an assembly with the default name Product.1. . S

In order to change the default name, move the | crentseicton:] : : =l
curser to Product.1 in the tree, right click i el e o
and select Properties from the menu list.

From the Properties box, select the e
Product tab and in Part Number type b :S"der-ﬂa"k
slider_crank. Detesson |

Momendlature |

Source ,m
This will be the new product name throughout Becp

the chapter. The tree on the top left corner of

your computer screen should look as displayed
belOW. Define other properties. . I

‘%] zlider_crank, ¢ | »
,|:l| Mare...

pplications
@ ok | Dapoly| ciose |

The next step is to insert the existing parts in the assembly just created. From the
standard Windows toolbar, select Insert > Existing Component.

From the File Selection pop up box choose all four parts. Remember that in CATIA
multiple selections are made with the Ctrl key. The tree is modified to indicate that the
parts have been inserted.

File Selection |E] [X|

Look in: | (25 CAT_chapter_4 DMU_R14 -] £ ER-

e :@ base
) | block
My Recent "{:ﬁ conrod

lider_crank: Documents | ank

@ = =

19-‘@ crank {crank. 1) DL?

&= | basze (base, 1) o
block (block. 1)

-3 conrod {conrod, 1) My Documents
Applications 3}3
My C.omputer
“S'; File name: || j T
My Network  Files of type: [ Al Files ) El Caneel

Haces I~ Open as read-only

[~ Show Preview
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Note that the part names and their instance names were purposely made the same. This
practice makes the identification of the assembly constraints a lot easier down the road.
Depending on how your parts were created earlier, on the computer screen you have the

four parts all clustered around the oriiin. You may have to use the Manipulation icon

2 Sh &6 5 ¥

%=1 in the Move toolbar

to rearrange them as desired.

The best way of saving your work is to save the entire assembly.
Double click on the top branch of the tree. This is to ensure that you are in the
Assembly Design workbench.

Select the Save icon . The Save As pop up box allows you to rename if desired.
The default name is the slider_crank.

Save As
Savein: | () CAT_chapter_4_DMU_R14 =] £k B3~
. :
K9
My Recent
Documents
r‘%
Desktop
i/
My Documents
Iy C;:mputer
My Network
Places File name: I j Save |
Save as type: |CATPdeI.|Ct j Cancel
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Your next task is to impose assembly constraints.

Pick the Anchor icon ég‘ from the Constraints toolbar and select the base from the
tree or from the screen. This removes all six degrees of freedom for the base.

= % Canstraints
[ Igl; Fix.1 (base. 1}

Applications

Next, we will create a coincident edge constraint between the base and the block. This
removes all dof except for translation along the edge of coincidence and rotation about
the edge of coincidence. The two remaining dof are consistent with our desire to create a
cylindrical joint between the block and the base. To make the constraint, pick the

Coincidence icon £ from the Constraints toolbar

CRPAToRT B

Select the two edges of the base and the
block as shown below.

This constraint is reflected in the appropriate branch of the tree.

lider_crank

‘@ crank {crank. 1)

& ,q base (base.1)
+— Lo Block (block, 13
f— Lo conrod {conrod. 1)

Conskraints

5; Fix.1 (base, 1)

ﬁ Coincidence. 2 (block,1,base. 1)
Applications

Select this edge of base

Select this edge of block

&

Note that the Update icon no longer appears on the constraints branches.

Use Update icon to partially position the two parts as shown.
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Depending on how your parts were constructed the block may end up in a position quite

4
different from what is shown below. You can always use the Manipulation icon =1 to
position it where desired followed by Update if necessary.

Elider_crank|
i’@ crank (crank.1)
@base {base.1)
block (block.1)
% conrod {conrod.1)
Constraints
Fix.1 (base.1)
ﬁ Coincidence.3 (base.1,block.1)
Applications

You will now impose assembly constraints between the conrod and the block. Recall that
we ultimately wish to create a revolute joint between these two parts, so our assembly
constraints need to remove all the dof except for rotation about the axis.

Pick the Coincidence icon & from Constraints toolbar. Select the axes of the two
cylindrical surfaces as shown below. Keep in mind that the easy way to locate the axis is
to point the cursor to the curved surfaces.

Select the axis of the
cylinder on the block

|de| cnan
i— crank (crank.1)
%base (base.1)
block {block.1)
T— conrod (conrod.1)

Constraints
5; Fix.1 (base.1)

ﬁ Coincidence.3 {base.1 block.1)
9 Coincidence 4 {conrod.1 block.1)
Applications

Select the axis
of the hole on
the conrod

The coincidence constraint just created removes all but two dof between the conrod and
the base. The two remaining dof are rotation about the axis (a desired dof) and
translation along the axis (a dof we wish to remove in order to produce the desired

revolute joint). To remove the translation, pick the Coincidence icon € from the
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Constraints toolbar and select the surfaces shown on the next page. If your parts are
originally oriented similar to what is shown, you will need to choose Same for the
Orientation in the Constraints Definition box so that the conrod will flip to the desired
orientation upon an update. The tree is modified to reflect this constraint.

Choose the end
surface of the
cylinder
8 icer_cianid
*‘@ crank {crank.1)
T—@ base (base.1)
1-—% block (block.1)
T— @ conrod (conrod.1)
=-[7]f Constraints
Fix.1 (base.1)
ﬁ Coincidence .3 (base.1 block.1)
ﬁ Coincidence.4 {conrod.1 block.1)
ﬁ Coincidence.5 {block.1,conrod.1)

Applications
Constraint Properties
e Choose the back
a
& surface of the
Y korccence. 10
Supporting Elements COnrOd (Surface not
Type | Component [ Status | visible in this VieW)
Flane block (block. 1) Connected
Plane conrod (conrod. 1) Connected
Orientation g Same =

Use Update icon @ to partially position the two parts as shown below.
Note that upon updating, the conrod may end up in a location which is not convenient for

. WP : .
the rest of the assembly. In this situation the Manipulation icon #U can be used to
conveniently rearrange the conrod orientation.

2
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So far, we have created assembly constraints which leave degrees of freedom consistent
with a cylindrical joint between the block and the base and a revolute joint between the
block and the conrod. Next we will apply assembly constraints consistent with a revolute
joint between the conrod and the crank. This will be done with a coincidence constraint
between the centerlines of the protrusion on the conrod and the upper hole of the base and
a surface contact constraint to position the parts along the axis of the coincidence

constraint. To begin this process, pick the Coincidence icon € from Constraints
toolbar. Select the axis of the cylindrical surface and the hole as shown below.

Select the axis of the

N lider_crank cylindrical protrusion
f%daﬂk (crank.1) in the conrod
f— base {base.1)
f‘%block {block.1)
fr"., conrod (conrod.1)
=-[]I Constraints

Fix.1 (base.1)

ﬁ Coincidence.3 (base.1 block.1)

ﬁ Coincidence 4 {conrod.1 block.1)

ﬁ Coincidence.5 (block.1,conrod.1)

ﬁ Coincidence 6 (crank.1,conrod.1)

Applications

!

Select the axis of the
hole in the crank

The coincidence constraint just applied removes all dof between the conrod and the crank
except for rotation along the axis of coincidence and translation along that axis. To
remove the unwanted translational dof, we will use a surface contact constraint (a
coincidence constraint could also be applied, but we have chosen to illustrate a contact

constraint here). To create the constraint, Pick the Contact icon @ from
Constraints toolbar and select the surfaces shown in the next page. The tree is modified
to reflect this constraint.

Select this face Select the back face of the
@ lider_crank of the conrod : crank (face not visible
crank (crank.1) here)
base (base.1)

/

block (block.1)
conrod {conrod.1)

Constraints
Ele 1 (base.1)
ﬁ Coincidence.3 (base.1 block.1)

ﬁ Coincidence 4 {conrod.1 block.1)

ﬁ Coincidence.5 (block.1,conrod.1)

ﬁ Coincidence 6 (crank.1,conrod.1)

@ Surface contact.7 (conrod.1,crank.1)
Applications

1 ".*".*".*‘l*
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Use Update icon to partially position the two parts as shown.

5 |Idel cr ank
*r' crank {crank.1)
%base {base.1)
block (block.1})
f—% conrod (conrod.1)
= Constraints
Fix.1 (base.1)
ﬁ Coincidence.3 (base.1 block.1)
ﬁ Coincidence .4 {(conrod.1 block.1)
ﬁ Coincidence.5 (block.1,conrod.1)
ﬁ Coincidence 6 (crank.1,conrod.1)

@ Surface contact.7 (conrod.1,crank.1)
— Applications

We need to apply one final constraint to locate the lower end of the crank onto the

cylindrical protrusion on the base. Pick the Coincidence icon € from Constraints
toolbar. Select the axis of the cylindrical surface and the hole as shown below.

Elider_crank|
crank {crank.1)
base (base.1)

block (block.1)
conrod (conrod.1)

Constraints

ARFix.1 (base.l)
ﬁ Coincidence.3 {(base.1 block.1)
\ﬁ Coincidence 4 (conrod.1 block.1)

TﬁJ

5 -9 94

N\

Choose the axis of
the hole

ﬁ Coincidence.5 (block.1 conrod.1)

.@ Coincidence .6 (crank.1,conrod.1)

@ Surface contact.? {conrod.1,crank.1)

ﬁ Coincidence.8 (base.1 crank.1)
—Applications

Choose the axis of
the cylindrical
protrusion
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Use Update icon to get the final position of all parts as shown. Note that since we
have chosen to create a cylindrical joint between the base and the crank, we do not need
to specify a constraint to remove the translation along the axis of coincidence; that
translation is effectively removed by the remainder of the assembly constraints.

|de| cr ank|

i" crank (crank.1)

‘%base (base.1)

block (block.1)

% conrod (conrod.1)
ﬂ"ﬁl Constraints
— le 1 (base.1)
— ﬁ Coincidence.3 (base.1,block.1)
- ﬁ Coincidence 4 (conrod.1 block.1)
— ﬁ Coincidence.5 (block.1,conrod.1)
- ﬁ Coincidence 6 (crank.1,conrod.1)
—@ Surface contact.7 {conrod.1 ,crank.1)

— ﬁ Coincidence 8 (base.1,crank.1)
—Applications

The assembly is complete and we can proceed to the Digital Mockup workbench. As
you proceed in the tutorial, keep in mind that we have created the assembly constraints
with attention to the relative degrees of freedom between the parts in a manner consistent
with having a cylindrical joint between the base and the crank, a revolute joint between
the crank and the lower end of the conrod, a revolute joint between the upper end of the
conrod and the block, and a cylindrical joint between the block and the base.
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4 Creating Joints in the Digital Mockup Workbench

The Digital Mockup workbench is quite extensive but we will only deal with the DMU
Kinematics module. To get there you can use the standard Windows toolbar as shown
below: Start > Digital Mockup > DMU Kinematics.

File Edit \View Insert Tools  Analyze  Window  Help

'nﬁastrucmre 4

Mechanical Design 4
/Shape 4
Analysis & Simulation 4
AEC Plant 4
Machining 4

1
I Digital Modwp w DMU Navigator
4 m DMU Space Analysis

Eguipment & Systems

Digital Process for Manufacturing
Ergonomics Design & Analysis
Knowledgeware
# % DML Fastening Review
’7 1 accelerati. .Product i 4
# DMU Optimizer

1accelerati. Product w DMU Tolerancing Review
2 assembly_1.CATProduct ]

3 sliding_bl. .Product
4 testing_laws. .Product

5 Transient_. . Analysis

Exit

Select the Assembly Constraints Conversion icon from the

DF BTOL B

create most common joints automatically from the existing assembly constraints.

DMU Kinematics toolbar L

This icon allows you to

The pop up box below appears.

Assembly Constraints Conversion |E| [52|
Mechanism: | j New Mechanism I
e ke I| More >> I
Unresolved pairs: S

1 & cancel l
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Select the New Mechanism button ek I
This leads to another pop up box which allows you to name your mechanism.
The default name is Mechanism.1. Accept the default name by pressing OK.

Note that the box indicates Unresolved pairs: 4/4 REEEHEUREERLR
Mechanism name: [[EpEaenel =~
@ 0K I & Cancel ]

Assembly Constraints Conversion

Mechanism: |Mechanism.1 jl Mew Mechanism I
Auto Create l] More == I
Unresalved pairs: 4/4

@ oK I +aﬂancﬁ-ll

Select the Auto Create button LAHBLEIE] Then if the Unresolved pairs becomes
0/4, things are moving in the right direction.

Assembly Constraints Conversion

Mechanism: |Methan|sm 1 j| New Mecharism |

More >=> I

Unresolved pairs: 0/4

|'; OK, I @Cancell

Note that the tree becomes longer by having an Application Branch. The expanded tree
is displayed below.

|del cr ank
*' crank (crank.1)
%base (base.1)
block (block.1)
% conrod {conrod.1)
*'EI Constraints
-—Appllcatlons
-"Mechanis ms
-'r§ Mechanism.1, DOF=1
=-Joints
r—@ Cylindrical.1 {base.1 block.1)
Iﬁ-@ Cylindrical.? (base.1 crank.1)
?—@ Revolute .3 (block.1,conrod.1)
*'@ Revolute 4 (conrod.1 crank.1)
Commands
#-Fix Part { base.1 )
H aws
—Speeds-Accelerations
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The DOF is 1 (if you have dof other than 1, revisit your assembly constraints to make
sure they are consistent with those herein, delete your mechanism, then begin this chapter
again). This remaining dof can be thought of as the position of the block along the base,
or the rotation of the crank about the base. Since we want to drive the crank at constant
angular speed, the latter interpretation is appropriate.

Note that because we were careful in creating our assembly constraints consistent with
the desired kinematic joints, the desired joints were created based on the assembly

constraints created earlier and the Assembly Constraints Conversion icon =%

All of these joints could also be created directly using the icons in the Kinematics
Joints toolbar

Kinematics Joints

BOLL R LB B

In order to animate the mechanism, you need to remove the one degree of freedom
present. This will be achieved by turning Cylindrical.2 (the joint between the base and
the crank) into an Angle driven joint.

Note that naming the instances of parts to be the same as the part name makes it easy to
identify the joint between any two parts.

Double click on Cylindrical.2 in the tree. The pop up box below appears.

Joint Edition: Cylindrical.2 (Cylindrical)

Joint name: rm
Joint geometry:
Line 1:] . Line 2:
[ angle driven [ Length driven

Joint Limits
[] 1st lower limit: ] . [] 1st upper limit:
[ 2nd Lower Limit: : . [ 2nd upper limit:

|

@ Ok I & Cancel |

o
Check the Angle driven box. This allows you to change the limits.

Joint Edition: Cylindrical.2 (Cylindrical)

Joint name: | Cylindrical. 2
Joint geometry:
Line 1:] - Line 2]
E A”E! .E [ Length driven
Joint Limits
[ 1st lower limit: [ 1st upper limit:
P h -360deg @ T 2nd uppe . [380deq
@ 0K l o Cancel I
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Change the value of 2nd Lower Limit to be 0.

oint Eaition: Lylindrical. 2 (Lylindrical) E@
Joint name: | Cylindrical. 2
Joint geometry:
Line 1] = Line 2:[bzse
I3 angle driven [ Length driven
Joint Limits -
[ 1st lower limit: =t . [ 1st upper limit: 1 t .
& 2nd Lawe . |0deg @ 5 2nd upper limit; | 360deg
‘ @ 0K l & Cancel I

Upon closing the above box and assuming that
everything else was done correctly, the
following message appears on the screen.

Information

L3
1 } The mechanism can be simulated

This indeed is good news.

According to CATIA V5 terminology, specifying Cylindrical.2 as an Angle driven
joint is synonymous to defining a command. This is observed by the creation of
Command.1 line in the tree.

©-Mechanisms

-'-%j Mechanism.1, DOF=0
=-Joints
1
r%ﬁ Cylindrical.1 (base.1 block.1)
=-42# Cylindrical.2 (base.1,crank.1})

ﬁ Coincidence 8 (base.1 crank.1)

#- g Revolute.3 (block.1,conrod.1)
i—@ Revolute 4 (conrod.1,crank.1)
=-Commands
,@ Command.1 (Cylindrical.2 Angle)
*=+ix Part ( base.1 )
Haws

—Speeds-Accelerations
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We will now simulate the motion without regard to time based angular velocity. Select

(3
the Simulation icon v from the DMU Generic Animation toolbar
DMU Generic Animation [X]

. This enables you to choose the mechanism to be animated if

there are several present. In this case, select Mechanism.1 and close the window.

As soon as the window is closed, a
Simulation branch is added to the tree.

‘You can select your simulation objects

i‘.ﬁ.FpIicatinns
=T echanisms
#=2F Mechanism. 1, DOF=0
==simulation

| .
ﬁ-@ Sirnulation. 1 [

Mechanism. 1

| @ cancel l

Kinematics Simulation - Mechanism. 1 @

Command.1 0 Jl— 360 | Walses] s I
[ check joint limits
L] Keep position on exit

As you scroll the bar in this toolbar from left to
right, the crank begins to turn and makes a full 360
degree revolution. Notice that the zero position is
simply the initial position of the assembly when the
joint was created. Thus, if a particular zero position
had been desired, a temporary assembly constraint
could have been created earlier to locate the

Edit Simulation

Insert I Modify I Delete I Skip I

1 Automatic insert

Interference i~ Digtance

I =i =
Edit analysis I Edit simulation objects I

Edit sensars |

2 @ oK | GCancell

mechanism to the desired zero position. This temporary constraint would need to be

deleted before conversion to mechanism joints.
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extreme end, select the Insert button L L. in the Edit Simulation pop up box
shown above. This activates the video player buttons shown

M« i[> M

Return the block to its original position by picking the Jump to Start button k4 L

Upon selecting the Play Forward button ’, the crank makes fast jump completing
its revolution.

Edit Simulation

In order to slow down the motion of the crank, Y
select a different interpolation step, such as s | 5
0.04.

AR AL
Upon changing the interpolation step to 0 0.04, La UI'UD
return the crank to its original position by picking [ animate viewpoint. |0,

Insert I Madify I :

the Jump to Start button D) . Apply Play ST :
Forward button ’ and observe the slow and | hisbisieais - sl
smooth rotation of the crank. It is likely that your — | —— L2
slider will proceed beyond the end of the block; Edt andlyss Eldi“::'s:’:“'“"” oblect —:
the entities involved in the joints are treated as
infinite. If you wish, you may alter your block — S o | Scena]

dimensions so the slider remains on the block.

Select the Compile Simulation icon {ﬁﬁ from the Generic Animation toolbar

and activate the option Generate an animation file. Now, pressing the
File name button | Filename ... | allows you to set the location and name of the animation
file to be generated as displayed below.

Select a suitable path and file name and change the Time step to be 0.04 to produce a
slow moving rotation in an AVI file.

Save As @
Savein: [ () CAT_chapter_4_DMU_R14 | o5 BE- P ——
fe)
My Recent [ Generate a replay
Documerts Name:|
7‘-' r
lﬁ < Generate an animation file |Microsoft AVI ;l Setup I
Les | File name ... I
Definition
/J |Simulation ”ame:|5imulaﬁnn 1 j
My Documents =
Time step: | 1 j
_f—g)j_g [] animate viewpoint
Wy Computer |
] | e @ I & Cancel |
Iy Network
Flaces Filz name: |s|ider7clank ﬂ Save
Save as type: |Mi|:msuﬂ AVI j Cancel
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The completed pop up box is displayed for your reference.

Compile Simulation

As the file is being generated, the crank =
. G te !
slowly rotates. The resulting AVI file Name e —
can be viewed with the Windows Media N e ~
Player. ]l\Deskb:\p\sIlder _crank\CAT_chapter_4_DMU_R 14\slider_crank.avi F|Ie name . I
: Definition .
slider_crank 'i;:':::".name:|5‘m”'°"“'°”'1 =l
PR ot P [1 =1
wideo L I_-l : ’ ;
4 ;3— KE [ animate viewpoint
|
@ OK I & Cancel l

In the event that an AVI file is not —_
needed, but one wishes to play the animation, repeatedly, a Replay need be generated.
Therefore, in the Compile Simulation
box, check the Generate a replay

Compile Simulation

button. 3 Generate areplay
Name:[Repiay. 1
Note that in this case most of the FGEHEW Sl J—II
previously available options are dimmed Definiton
out. 15_:::'::::: ”ame:lilaﬁon. 1 %
[ animate viewpaint
|
. @ 0K | & Cancel |
i"ﬁ.FpIicatinns
A Replay.1 branch has also been added to the tree. ‘f‘Mechanisms
—Simulation
Lfﬁ Simulation. 1
=-Replay
B m Replay.1

Select the Replay icon : a from the Generic Animation toolbar
Double clock on Replay.1 in the tree and the Replay pop up box appears.
Experiment with the dlfferent ch01ces of the Change

Loop Mode buttons [+ , ........

The block can be returned to the orlglnal position by .“I"'“’e |Repiay. =
picking the Jump to Start button o0 DR RL RN
GP® B
The skip ratio (which is chosen to be x1 in the right O Anmate viewpaint
box) controls the speed of the Replay. P - " _
| | B =
- Close I
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Once a Replay is generated such as Replay.1 in the tree above, it can also be played
with a different icon.

DMUPla... (%]

HkM ;ﬁg‘&

Select the Simulation Player icon B from the DMUPIlayer toolbar

The player keys are no longer dimmed out. Use the Play Forward (Right) button s

to begin the replay.
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5 Creating Laws in the Motion

You will now introduce some time based physics into the problem by specifying the
crank angular velocity. The objective is to specify the angular position versus time
function as a constant 1 revolution/sec (360 degrees/sec).

Click on Simulation with Laws icon @ - in the Simulation toolbar

You will get the following pop up box indication that you need to add at least a relation

between a command and the time parameter.

Kinematics Simulation - Mechanism. 1

Mechanism : 1Mechanism. 1

To simulate it with laws, add at least a relation between a command and the time parameter

To create the required relation, select the Formula icon feo from the Knowledge

fo © @ E ok ® 5

20

toolbar

Formulas: slider_crank

[ Ineremental

Filter On slider_crank
Filter Name :|

Fiter Type & |Al

Double dick on a parameter to edit it

. The pop up box below appears on the screen.

)X
Import... I

Parameter
crank\PartBody\Pad. 1\FirstLimit\Length

Value

crank\PartBody\Pad. 1\SecondLimit\Length

crank\PartBodyPad. 1\Sketch. 1\activity

crank\PartBody\Pad. 1'Sketch. 1\Absolute Axis\Activity

crank\PartBody\Pad. 1\Sketch, 1Tangency. 1\Activity

crank\PartBody\Pad. 1\Sketch. 1\Tangency. 1\mode

crank\PartBody\Pad. 1\5ketch. 1\Tangency. 1\display_parame...
Edit name or value of the current parameter

Qin

true

true

frue
Constrained
false

| crank\PartBody \Pad. 1\FirstLimit\Length . 25in| @
MNew Parameter of type I|Rea| j With |S|ng|e Value ﬂ Add Formula I
Delete Parameter I Delete Formula I
@ oK l @ Apply l - Cancell

Formula

Active

111

Point the cursor to the Mechanism.1, DOF=0 branch in

the tree and click. The consequence is that only
parameters associated with the mechanism are displayed
in the Formulas box.

The long list is now reduced to two parameters as
indicated in the box.

ﬁ'.ﬁ.FpIications
echanisms
#-F Mecharism. 1, DOF=0

imulation
i—@ Simulation, 1

==Replay
[ u Replay. 1
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Formulas: Mechanism.1

B[]

[ ncremental

Filter On Mechanism, 1

Import... I

Filter bame ]

Filter Type : IAII

Double click on a parameter ko edit it

Parameter

| Value | Formula | Active |

Mechanism, LYKINTime

05

Odeg

Edit name or value of the current parameter

| Mechanism. 1\ CommandsiCommand. 1 angle

I Odeqg E

New Parameter of tvpe IReaI
Delete Parameter I

-

LI With IS\ngIe Walue LI Add Formula I

Dielete Formula I
@ oK ] @ Apply ] ) Cancel]

Select the entry Mechanism.1\Commands\Command.1\Angle and press the Add
Formula button ~Ad8Fermuls_| This action kicks you to the Formula Editor box.

Formula Editor : Mechanism. 1\Commands\Command. T\Angle

[ Incremental

I Mechanism, 1\{Commands\Command, 1Angle =

Paint Constructors i
Law
Line Constructors

Members of Parameters

Renamed parameters

Members of Al
| |crank\PartBody\Pad. 1\FirstLimitiLength . |
— | |crank\PartBody\Pad. 1\SecondLimit\Lengt —
= | |crank\PartBody\Pad. 1\5ketch. 1\Activity
| |crank \PartBody \Pad. 1\Sketch. 1\Absolute
~ |crank\PartBody\Pad. 1\5ketch. 1{Tangenc
crank\PartBody\Pad. 1\Sketch. 1{Tangenc

rrank\DarilnduiDad 11Ckatrh 11 Tanaan~

£ — E]

N

i

|
Gok[OCameﬂ

Pick the Time entry from the middle column (i.c. Members of Parameters) then
double click on Mechanism.1\KINTime in the Members of Time column.

Formula Editor : Mechanism. T\Commands\Command. 1\Angle

[ Incremental

! Mechanism. 1\Commands \Command. 1\Angle =

Dictionar

Members of Parameters

Members of Time

Design Table

Line Constructors
Cirde Constructors
String

=

| (Al
— | |Renamed parameters

Cperators = | |Length
Point Constructors — |Boglean L2
Law CstAttr_Mode

Strin
| |Anq|e ol

| IMechanism. 1\KINTime

L

ﬂDKIlICamedI
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Since angle can be computed as the product of angular velocity (360deg)/(1s) in our case
and time, edit the box containing the right hand side of the equality such that the formula

becomes:

Mechanism.1\ Commands \ Command.1\ Angle =
(360deg)/(1s) * (Mechnism.1\ KINTime)

The completed Formula Editor box should look as shown below.

Upon accepting OK, the formula is recorded in the Formulas pop up box as shown

below.

Formula Editer : Mechanism. 1\Commands\Command. 1\Angle

[ Incremental

| Mechanism. 1 }CommandsiComnmand. 1 angle

| {360deg)/{ 153+ echanism. 1IN Time

Dictionary Members of Parameters Members of Time
Parameters (8l | |Mechanism, L\KINTime
Design Table | |Renamed parameters 1

Operators = | |Boolean =

Paint Constroctors © |Cstaktr_Made

Law Length

Line Conskruckors String

Circle Constructors -~ |Time —

Strina ™| |angle hd

| Mechanism, 1\ KIMTime

o

|0s
@ K ) Cancel I

Formulas: Mechanism.1

[ tneremental

Import... I
Filker On Mechanism. 1
Filter Marne :|*
Filter Type : |AII j
Double click on a parameter ko edit it
Pararneter | Yalue | Formula Active
Mechanism, 1\KINTime 0s
Mechanism, 13 CommandsiCommand. 13 Angle Odeg = (360deq)fi1s)*Mechanism... ves

Edit name or value of the current parameter

| Mechanism, 13 CommandsiCommand. 13 angle

.
Mew Parameter of bype ||Rea| j With |Single Value j Add Formula I
Delete Parameter I Delete Formula I
@ 0K I @ Apply I ' Cancel I

|
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Careful attention must be given to the units when writing formulas involving the
kinematic parameters. In the event that the formula has different units at the different
sides of the equality you will get Warning messages such as the one shown below.

Warning [§|

'T LInits are not homoageneaous {ms into m).
[

We advise you to precise units for constants, otherwise
the International System Units will be the default.
(Ex: 10-=10mm or MyRealParameter->MyRealParameter=1mm)

We are spared the warning message because the formula has been properly inputted.
Note that the introduced law has appeared in Law branch of the tree.

1
==Mechanisms

rdy Mechanism, 1, DIOF=0
Joinks
T'-Commands

f—Fix Part { base.1)
=-Laws

fraFormula, 1t Mechanism, 1yCommandsiCormmand. 1angle =(360deq)*Mechanism, LKINTime/{15)
peeds-Accelerations
==Sirnulation
==Replay

Keep in mind that our interest is to plot the position, velocity and accelerations generated

.
by this motion. To set this up, select the Speed and Acceleration icon @ from the

DMU Kinematics

5]
& I e O ds
DMU Kinematics toolbar @‘E@P : ,,Q:E A @ e

appears on the Screen.

Speed and Acceleration

Mechanism: |Mechanism. 1 LJ
Name:
Reference product: [No selection
Point selection: [No selection

W Main axis () Qther axis:
@ o | @cancl|
[

For the Reference product, sclect the base from the screen or the tree. For the Point
selection, pick the vertex of the block as shown in the sketch below. This will set up

the sensor to record the movement of the chosen point relative to the base (which is
fixed).
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For Point selection,
pick this vertex

For Reference product, pick the base

Speed and Acceleration

Mechanism: 1Medwanism. 1 ﬂ

MName! | speed-Acceleration, 1

Reference product: |base, 1

Point selection: |s0lid. 1

@ Main axis ) other axis:
@ Ok l & Cancel I

Note that the Speed and Acceleration.1 has appeared in the tree.

rJOints
=-Commands

,@ Command.1 (Cylindrical.2 Angle)
#-Fix Part { base.1 )

|
Laws

ftaFormula.1: Mechanism. 1 Commands'Command.1\Angle=(360deq)/({1s)*Mechanism.1\KINTime

=-Speeds-Accelerations
@ Speed-Acceleration.1

Having entered the required kinematic relation and designated the vertex on the block as
the point to collect data on, we will simulate the mechanism. Click on Simulation with
m' =1k -

Laws icon @ in the Simulation toolbar

This results in the Kinematics Simulation pop up box shown below.

Note that the default time duration is 10
seconds.
To change this value, click on the button

oA In the resulting pop up box,

change the time duration to 1s. This is the
time duration for the crank to make one full
revolution.

Simulation Duration &|

Maximum time bound: | 1]

@ 0K

Close I
b

Kinematics Simulation - Mechanis... E|E|

Mechanism : |Med1anisn1. 1 L]

start 0 J——— 10 [N =] .. |
SMIRIRIEIaE]
[Number ofsteps:m Analxsjs,..l

[] Activate sensors
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The scroll bar now moves up to 1s.

Kinematics Simulation - Mechanis... E|E|

Check the Activate sensors box, at the Mechanism : [mechanism. 1 ~]
bottom left corner. (Note: CATIA V5R15 users sertof——— 1fooo0 5. |
w@ll also see a Plot vectors box in this ‘ » ‘ Iq J T IH | > | M \
WlndOW). Mumber ofsteps:’m Analyss... I
You will next have to make certain selections Ll sctias et

from the accompanying Sensors box.
panying o

Selection Instantaneous Values | History

Sensor 1 Unit 1 Observed |4\_
Mechanism. 1)Joints\Revolute. $angle Degree Mo
"Speed-Acceleration. 1% _Vertex” Inch Mo
“Speed-Acceleration. 1% _Vertex” Inch Mo
"Speed-Acceleration. 12_Vertex” Inch Mo
"Speed-Acceleration. 1'% _LinearSpeed” Inch per second Mo
"Speed-Acceleration. 14 _LinearSpeed” Inch per second Mo
"Speed-Acceleration. 142 _LinearSpeed” Inch per second Mo
"Speed-Acceleration. 1ilinearSpeed” Inch per second Mo
"Speed-Acceleration. 1 _Linear Acceleration” Inch per square ... Mo
"Speed- Acceleratlon 1V _Linear Acceleraton' Inch per square ... Mo b
v Ly e e TR e R . d

Deselect All I Select Al I
Display Options

@ O Lirfits
Detect Clashes Check Limits
@ putomatic D) Interferences | @ Off 1 On ) Stop
B B B e o |
Graphics ... | Options File ...
. Close l

Observing that the coordinate direction of interest is X, click on the following items to
record position, velocity, and acceleration of the block:

Mechanism.1\Joints\Cylindrical.1\Length
Speed-Acceleration.1\X_LinearSpeed
Speed-Acceleration.1\X_LinearAcceleration

As you make selections in this window, the last column in the Sensors box, changes to
Yes for the corresponding items. This is shown on the next page. Do not close the
Sensors box after you have made your selection (leave it open to generate results).
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Sensors

Ba/X

Selection Instantaneous Yalues | Hiskary

Sensor | Uniik | Observed |A.
Mechanism, 11 Joinks\Cylindrical , 1iLength Inch es
Mechanism, 11 Joinks\Cylindrical, 1 Angle Degres Mo
Mechanism. 13 JointsiCylindrical. 2Length Inch Mo
Mechanism, 11 Joinks\Cylindrical . 2\ Angle Degree Mo
Mechanism, 11 Joints\Revolute, 3\ Angle Degree Mo
Mechanism. 13 Joints|Revolute. 41angle Degree Mo
" Speed-aAcceleration. 115 _Vertex” Inch Mo
" Speed-aAcceleration. 1Y _Vertex” Inch Mo
" Speed-Acceleration. 112_Yertex” Inch Mo
" Speed-Acceleration. 11%_LinearSpeed” Inch per second es [
L YV e DT R, 1>
Deselect All I Select all I
Display Options
@ @]
Detect Clashes Check Limits
@ automatic O Interferences | OFF 1 on ) Shop
’a @ % Oukpuks
Graphics ... I Options I File ... I

Also, change the Number of steps to 80.
The larger this number, the smoother the
velocity and acceleration plots will be.

Kinematics Simulation - Mechanis... @@

Mechanism : [mechanism. 1

start 0 fF——— 1 0.000

M« M|

Number of steps:[T]

i Activate sensors \

Analysis... I

Close I

=l
=)

\ The larger this number,

The smoother the plots

Note: If you haven’t already done so, change the default units on position, velocity and

acceleration to in, in/s and in/s’, respectively. This is done in the Tools, Options,

Parameters and Measures menu shown on the next page.
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Cptions

B]x)

pal

o,

. Hs Options

-

General

[ir] Display

DB Compatibiliy

Y7 parameters and Measu
?’j Devices and Yirtual Rez

*‘. Infrastructure
U

Mechanical Design

- Shape

‘ Analysis & Simulation
AEC Plant

IMachining

T"' Digital Mockup

F
&
|

Equiprnent & Syskems
Digital Process for Manufa
Ergonomics Design & Anal:

g

Knowledge | Units | Language | Report Generation | Parameters Tolerance |Mea{ 4 | »

Units

Magnitudes | Lnits | Symbols "A]
Length Inch in ==
Angle Degree deq

Tirne: Second s

Mass Kilogram kg

Walume Cubic meter m3

Density Kilogram per m3 kg_m3 M
Length IInch {im) LI

Dimensions display

[ Displary trailing zeros

Exponential notation For walues greater than IDe+| &
Exponential notation For values lower than 10e- Is

Display For the magnitude Length

I Same display for readwrite numbers and read-only numbers
Decimal places for readfwrite numbers |3

Decimal places for read-only numbers |3

& oK I OCanceII

Finally, drag the scroll bar in the Kinematics Simulation box. As you do this, the
crank rotates and the block travels along the base. Once the bar reaches its right extreme
point, the crank has made one full revolution. This corresponds to 1s.

—

The crank turns

Scroll the bar to the right

RIS
Number of steps: 30 - Analysis... |

d Activate sensors

Coe_|
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Outputs -

Once the crank reaches the end, click on the Graphics button _Graphics ... | Options | i the
Sensor box. The result is the plot of the position, velocity and acceleration all on the
same axis (but with the vertical axis units corresponding to whichever one of the three
outputs is highlighted in the right side of the window). Click on each of the three outputs
to see the corresponding axis units for each output. The three plots for position
(corresponding to cylindrical joint Length), velocity (X LinearSpeed), and acceleration
(X_Linear Acceleration) are shown below.
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It is not uncommon that you may develop a variety of simulation results before
determining exactly how to achieve the desired results. In this case, prior results stored

Selection | Instantaneous Values
Tlme] Commands Value i Sensors | Value { Unlt] Comment ~
0.0... 0 = U SR T
0.0... 45 S, B Lom 3
0.0... 9 ‘Cpes Bl L
8.0 135 “Epecs e L
0.0, 18 Ehel P Lies
b, 225 ‘Spei. ... IL..
0.0... 27 “Spei. il Li
0.0... 3L.5 SPEum Ehi,. B
0.1.... 36 el Pl I
0:1... 40.5 ‘Spei.. .. L..
0.1, 45 tSpes faal. Ei ~
Clear I
Display Options -
@ Olmited [ Lnes
Detect Clashes Check Limits
@ automatic O Interferences (@ OFF Clon ) stop
B B B e o ,
Graphics ... | Options File ...
_. Close l
Use the Clear key

Clear to erase the

values generated.

Selection | Instantaneous Values

Histary |

Time ] Commands Value ] Sensors | Value { UnitJ Comment

7
Clear H |

Display Options
@
Detect Clashes

@ Automatic ) Interferences (@ Off

® @ 9

O Limited Lines

Chedk Limits

Clon ) Stop
-Dutputs
Graphics ... l Options I File ... l

Close l
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Next, we will create a plot which is not simply versus time. As an illustrative example,
we will place a point somewhere along the conrod. For this point, we will plot its linear
speed and linear acceleration versus crank angle. It is important to note that DMU
computes positive scalars for linear speeds and linear accelerations since it simply
computes the magnitude based on the three rectangular components.

First, return to Part Design and create a reference point on the conrod at the
approximate location as shown below. Return to DMU.

conrod approximately
at this location

The plan is to generate two plots. The first plot is the speed of the created point against
the angular position of the crank. The second plot is the acceleration of the created point
against the angular position of the crank.

In order to generate the speed and acceleration data, you need to use the Speed and

"
Acceeration icon @ from the MU Kinematics toolbar

DMU Kinematics ()
& LR 4|
= — . . . Click on Speed and Acceleration
the icon and in the resulting pop up box make the Mecharism: rm— =
fOHOWing Selections. Mame: | speed-Acceleration. 2
For Reference product, pick the base from the i e

Point selection: |Paint. 1

screen. For Reference point, pick the point that @ vainass  Ooteraiss |
was created earlier on the conrod. @ ok | @
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|
#-SFeds-.ﬁ.cceleratinns Pick the base for the

Z% speed-Acceleration, 1 Reference product
m Speed-acceleration. 2

The tree indicates that Speed-Acceleration.2
is being generated which holds the data for the
point on the conrod.

Pick this point for the
Reference point

Click on Simulation with Laws icon @ in the Simulation toolbar
This results in the Kinematics Simulation pop up box shown below.

Kinematics Simulation - Mechani... El@

Check the Activate sensors box, at the bottom
left corner. Mechanism : ]Mechanlsm 1 J

smrtnjj— 1 W. _l
You will have to make the following selections |H ‘ n ‘HJ > | M
from the accompanying Sensors box. Number of stepsi[ Analyss... |

& Activate sensors

Close I

Selection Instantaneous Values l History ]

Sensor I Unit I Observed I Lo
Mechanism, 1Joints\Cylindrical. 1YLength Inch Mo

Mechanism. 1\Joints\Cylindrical. 1LengthAngle Degree Mo Lz
Mechanism. 1Joints\Cylindrical. 2\Length Inch Mo

Mechanism, 1Joints\Cylindrical, 2\LengthAngle Degres Yes
Mechanism, 1}Joints \Revolute. 31angle Degree Mo

Mechanism, 1Joints \Revolute. 4'Angle Degree Mo
“Speed-Acceleration. 1 _Vertex Inch Mo

" Speed-Acceleration. 11 _Vertex” Inch Mo

" Speed-Acceleration. 1'2_Vertex” Inch Mo
'Speed-\.ﬁ.ccelerahon 1\,3{ LlnearSpeed Inch per second Mo 3
N o iy S wis =

Deselect All I Select All l

Display Options

i Otmted [T e
Detect Clashes Check Limits
1@ putomatic O Interferences | @ OFf 2 on ) Stop
Outputs
E @ @ Graphics ... I Options I File ...
Close I
| —

If you scroll down the list, you will notice that the data from Speed-Acceleration.1
and Speed-AcceIeration 2 are both available.

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

present. Of course the data can be cleared using the Clear button.
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In the Sensors box, click on the following line items; be careful as many entries look
alike with minor differences.

Mechanism.1\Joints\Cylindrical.2\LengthAngle
Speed-Acceleration.2\LinearSpeed
Speed-Acceleration.2\Linear Acceleration

Note: Depending upon your installation, you may see Angle instead of LengthAngle.
As you make these selections, the last column in the Sensors box, changes to Yes for

the corresponding items. Be sure you have picked Cylindrical.2 for the angle since this is
the cylindrical joint at the crank connection to the base.

Pick the Options button |.2289%=] in the Sensors box. The pop up box shown below
appears. Check the Customized radio button.

Graphical Representati... @

Graphical Representati...

@ Yersus time O Customized ) Wersus time @
Customized Curves | Customized Curves |
elel I i I 2 I Add I Edit I Remaove I
Close I

Curve Creation E“_
Name: | SRl

Absdissa: |Men:hanism. 1\Joints\Cylindrical, 1YLength ﬂ
Ordinate: lMechanism. 1 JointsYCylindrical, 1\Length _'_1

Pick the Add button _Add].
The Curve Creation pop up box
appears.

Use the pull down menu to make the
following selections.

For Abscissa, select Mechanism.1\Joints\Cylindrical.2\LengthAngle
For Ordinate, select Speed-Acceleration.2\LinearSpeed

Graphical Representati... @g|

Curve Edition E“El
Name: m

Abscissa: |Mechanism. 1'l,Joints'l,CyIindrical.Zi,l_engﬂﬂﬁl]
Ordinate: |'Speed-ﬁcceleration.ZﬂLinearSpeed' j

) Wersus time @ Customized

Customized Curves |
Curve. 1

_EQILI Remove |
Close I
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Press OK to close the box. Note that Curve.1 is now setup.

Pick the Add button 4441 once again. =
The Curve Creation pop up box appears. Curye Creation EIEX]
Name:  [SEae

Abscissa: |Mechanism.:l'l,Joints'l,CyIindricaI. 1\Length j
Ordinate: |Med'|anism.1'|,Join13‘|,CyIindricaI. 1\Length j

Use the pull down menu to make the
following selections.

For Abscissa, sclect Mechanism.1\Joints\Cylindrical.2\LengthAngle
For Ordinate, select Speed-Acceleration.2\Linear Acceleration

Press OK to close the box. Note that Curve.2
is now setup.

Curve Creation El |§' E|

Mame:  |cCurve.2
Abscissa: |Med‘uanism. l‘n,Joints'\,C\,rIindri-:aI.2'-,Length£j
Ordinate: |'Speed-.-'-\cceleration.2'|,Linear .ﬂ.cceleraﬁnj

GOKl

Graphical Representati... @g|

) Versus time @ Customized

Customized Curves | ¥
Curve.1
Curve,2

(AddY| Edit l Remave I
Close
. =1

Close the Graphical Representation box. Drag the scroll bar all
the way to the right

. . . . . imply click >
Drag the scroll bar in the Kinematics Simulation or simply eliek on

box all the way to the right or simply click on > !

Kinematics Simulation - Mechani.... [? [X]

CIRIL T
Number of steps:[J] -] _analysis... |

13 Activate sensors

Close.

Outputs
Once the crank reaches the end, click on Graphics button _Graphics ... | Options | i the

Sensor box. The Multiplot window appears and allows you to pick either Curve.1, or
Curve.2.

The plots for Curve.1 and Curve.2 are shown on the next page.
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Multiplot

Curve,2 |

Curve, 1

|Ready !




