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COMPLIANT CLUTCH TUTORIAL (FFLEX)

Chapter

Getting Started

Objective
The modeling and simulation of contact between flexible bodies is an important topic in

multibody dynamics. The RecurDyn FFlex toolkit has powerful capabilities to define and
simulate flexible bodies that have sliding or rolling contact with other bodies.

The example in this tutorial is a centrifugal clutch for a snowmobile, which relies on a
compliant, or flexible, plate to operate. The benefits of using a compliant clutch plate, as
opposed to having separate moving parts with springs, is that the part count is greatly
reduced. This simplifies the manufacturing process and increases the reliability of the
mechanism, as well.

Note that the model used in this tutorial is not based on any actual product or design concept
but borrows from suggested applications for compliant mechanisms published by the
Brigham Young University Compliant Mechanisms Research Center.
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Audience

This tutorial is intended for new users of RecurDyn who have previously learned how to
create geometry, joints, force entities, and 2D contacts. All new tasks are explained carefully.

Prerequisites

Users should first work through the 3D Crank-Slider, Engine with Propeller, and Pinball (2D
contact) tutorials, or the equivalent. We assume that you have a basic knowledge of physics.

Procedures

The tutorial is comprised of the following procedures. The estimated time to complete each
procedure is shown in the table.

Procedures Time (minutes)
Importing the model geometry 10
Adding joints and forces 15
Defining surfaces and contacts 20
Creating a boundary condition 5
Simulating the model 15
Total: 65

g
by

8

<’ Estimated Time to Complete

This tutorial takes approximately 65 minutes to complete. If you create all the patch sets
yourself as explained in Appendix A, it will take approximately 25 additional minutes.
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Chapter

Importing the Model Geometry

Task Objective

Learn how to import both rigid and flexible bodies to create the compliant clutch model.

N

3
4

<’ Estimated Time to Complete

10 minutes
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The Compliant Clutch Model

The model being used in this tutorial is a centrifugal clutch that relies on the flexibility of the
clutch plate to operate. The following is a diagram of the clutch.

Compliant .
Clutch Plate

Clutch Driver
with 4 Arms

Flex Points o
(8 total) (

7

Central Axis
of Rotation

Load Ring

When power source rotates the clutch, driver is about the central axis, the arms push the

compliant clutch plate into rotation, as well. As the rotational speed increases, centrifugal

force pulls the clutch plate radially outwards, which flexes at eight flex points. As the plate
moves outwards, it comes into contact with the outer ring to which the load is connected.

Friction between the clutch plate and the load ring causes the load ring to begin to rotate,
thereby transferring power from the clutch driver to the load.

In the RecurDyn model you will be creating, the compliant clutch plate will be treated as a
flexible body, and a NASTRAN bulk data file will be imported for this part. The other bodies
will be treated as rigid bodies, and geometry files will be imported for these parts.

Note:

To make the simulation more efficient for the tutorial, the model represents a 1 mm thick cross
section of what the actual clutch would be. Driving and load torques have been scaled
appropriately, and the same treatment can be applied to the simulation results you will obtain
when interpreting them.
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Starting RecurDyn

To start RecurDyn and create a new model:

tool.

s 1. On your Desktop, double-click the RecurDyn

Import

RecurDyn starts and the New Model window

appears.
2. Enter the name of the new model as
FFlexClutch.
3. Click OK.

Start RecurDyn

New Model

Mame  |FFlexClutch

Unit ‘MM)(S[MHIimeter«'K\Iogramr‘Newton«'Second]

Gravity ‘ -

Open Model

Recent Models

lcons n

-

Show ‘Start RecurDyn’ Dialog when starting

Importing the Compliant Clutch Plate Mesh Data

Now you will import the mesh data for the clutch plate into the model. In this case, the
geometry was modeled in the CAD system in the correct locations. You do not need to adjust

the geometry position.

To import a mesh data file:

1. From the FFlex group in the Flexible tab, click Import.

Select the point (0, 0, 0) as the origin by doing one of the following:

= In the Input Window toolbar, enter 0, O, O.
= In the Working Window, select the point.

3. Select the ClutchPlate.dat. (The file location: <Install Dir> \Help \Tutorial \Flexible
\FFlex \CompliantClutch ask your instructor for the location of the directory if you cannot

find it).
4. Click Open.




COMPLIANT CLUTCH TUTORIAL (FFLEX)

5. In the Import dialog box that appears, change |4 nqon x
BOdy Name to FFlexClutchPlate. File Name ible\FFlex\CompliantCluteh\elutchPlate.dat [ ... |
6. Click OK. Import Type
. . ’7 (@) NASTRAN (D) ANSYS () Design Space
The clutch plate appears in the Working
window but is small. BodyName | FFlexBodyl| |
Body Mame [Swap) | |
@) Origin 0,400, 0 [Pt ]

() Ref. Marker |

O Geo, RefFrame |

— Options
Nlow Mull-Property/Material

|:| Create Beam Element with Pre-Stress

[ Generate Patch Set from Node/Element Set

rUnit of Source

Force [newton [+] [ mks
s [cgan =) Lo
Length | millimeter [+] [ cos
Time [second [+] [ Ps
Angle [radian [+] [Frs
Use Force Unit

7. Fit the geometry to the window by pressing F, and change the grid spacing, icon size,
and marker size to 10.

The model appears as shown next.

'X\:Diﬂﬁéaf:ﬁfi'i: - RecurDyn VOR1 - [FFlexClutch *] - 9
Home
XGrdsze |10 ) o o o ={m ] &
e B MY LPXE SRS SOLE| %A

c o T e v s | Mo werse oMk SoRdosd Raap oo | Gty Dl Smon SDdtt | G0l DIBS Masge Now | Pusnce | ke

Chipboard Working Plane Measure Tools Setting ‘Windows Template Control
oy | v [0eXa2iT 0 @BHTITDN.[ELATIBLHO0: [[SINVS.[PR GEBX. [nrkrs QunFeIE,
." A FRlexClutch x
~ A

155
-
ki
L
-
[
b
&
@
F
‘e
®
v

Car Gobdl XAV ZO Local | X: 70 ¥:70 Nfgirmfs

~J 8. Change rendering mode to Shade.
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Importing the Rigid Geometry
To import the driver:

From the File menu, click Import.
Set Files of type to ParaSolid File (*.x_t,*.x_b ...).
In the FFlex tutorial folder, select the file: clutchDriver.x_t

(The file location: <Install Dir> \Help \Tutorial \Flexible \FFlex \CompliantClutch, ask
your instructor for the location of the directory if you cannot find it).

4. Click Open. The CAD Import Options window appears. Clear the Assembly
Hierarchy checkbox and click the Import button.

A CAD Import Options x
iAssembly Hierarchy
EBody Subsystem
CAD Hierarchy Dialog
Import | | Cancel

5. In the Database window, right-click ImportedBody1, and click Property.
6. On the General page, rename the body ClutchDriver.
7. Click OK.

To import the load ring:

1. Repeat steps 1 through 7 above, this time importing the file clutchLoad.x_t, and
naming the body ClutchLoad. (The file location: <Install Dir> \Help \Tutorial \Flexible
\FFlex \CompliantClutch, ask your instructor for the location of the directory if you
cannot find it).

C||Ck the Body tab Properties of ImportedBody1 [ Current Unit : MN/kg/mm/s/deg ]
- G 1 | Graphic P rty | Origin & Orientati Body
In the Density text box, enter 8.34e-05. N
Material Input Type |Density | v|
Density |[332e-05 &
This increases the rotational inertia of the Ioad, Mass |4.76761199658046e-02 |
simulating the weight of the snowmobile. bec [ 119.672860724738 | b [-134625317053681¢-14 |
¥y [119.672860724738 | vz [o. |
lzz [39.337775429482 | = o |
Center Marker | M ‘
Inertia Marker
Initial Condition | Initial Velocity |
o] [ | [ momr ]

11
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At this point, all the components of the clutch are present, but the rendering of the circular
edges is poor. You will now improve the quality of the rendering, which will be important later
when viewing the surface contact interactions in the animations.

To improve the rendering of the geometry:

1. From the Setting group in the Home
tab, select the Display Setting tool.

Display x

| View | Geometry |Advanced |

Select the Geometry tab. ~Rendering
Move the sliders next to Curve Detail reneen Hece [sace v e [
Level and Geometry Detail Level to e of Shade | - |
High. ] Graphical Quality
- Curve Detail Level D
4. Click OK. o o ign
Geometry Detail Level i i i D

 Graphical Property

Created Geometry Default - Caolor List -

D Use Reflection Effect as Default

Save the model.

oK | | Cancel | | Lpply

12
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Chapter

Adding Joints and Forces

You will now add revolute joints, as well as driving and load torques, to the model.

Task Objective
Learn to:

» Create revolute joints.

» Create expressions, which will be used to create driving and load torques.

</ Estimated Time to Complete

15 minutes

13
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Creating Revolute Joints

Now you will create two revolute joints, one for the driver and one for the load. The clutch
plate will be constrained by the other geometry, so no joint must be added for that body.

To create the driver joint:

4
5.
6
7

8.

From the Joint group in the Professional tab, click the Revolute tool.
Set the Creation Method toolbar to Body, Body, Point.

Click anywhere in the background of the Working window (not on any bodies) to
select Ground as the first body.

Click the ClutchDriver body to select it as the second body.

In the Input Window toolbar, enter 0, 0, 0 as the joint location.

In the Database window, right-click RevJointl1, and click Property.
On the General page, rename the joint Rev_driver.

Click OK.

You will create the revolute joint for the clutch load in a similar way, but you will add friction.

To create the load joint:

1.

2.

e

Click the Revolute tool again. Ensure that the creation method is still Body, Body,
Point.

Click anywhere in the background of the Working window to select Ground as the
first body.

Click the ClutchLoad body to select it as the second body.

In the Input Window toolbar, enter 0, 0, 0 as the joint location.

In the Database window, right-click RevJointl1, and click Property.
On the General page, rename the joint Rev_load.

Click the Joint tab.

Click the checkbox next to Include Friction and click Sliding.

14
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9. Make the following changes to the settings: Friction Definition x
u StatiC FI‘iCtiOﬂ Coefficient: 0.1 Cross Section Circular
= Dynamic Friction Coefficient: 0.1 Absolute Threshold Velocity [1532925159433¢-02 | Pv |
. Inner Radius Factor: 20 Static Friction Coefficient | 0.1 ’?‘
. Dynamic Friction Coefficient 0.1 [(pv]
= Outer Radius Factor: 20
Inner Radius Factor |2D || Pv |
10 Click Close. Outer Radius Factor 20 lil
11. Click OK. Radial Preload Force El

T . 1)
|:| MMaximum Friction Torque@

| Close || Cancel |

15
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Creating the Torque Expressions

You will now create expressions for the driving and load torques:
The driving torque will be a stepped transition from 0 to 10,000 N-mm over 0.01
seconds.

The load torque will be in the opposite direction of the driving torque, and will vary
with the load’s rotational velocity, squared. This simulates the load that a
snowmobile would experience due to wind resistance.

As stated earlier, the torques have been scaled down to match the model.

To create the driving torque expression:

' 1. From the Expression group in the SubEntity tab, click Expression
* 2. Click Create.
Expression
Refer to the following diagram for the next several steps.

Expression

Mame I Ex_drivingTargue I

100D0*STEPTIME, 0, 0, 0.01, 1)

Available Argument List

B---Fu_w Function expressions = D Entity
[H-Fr7 Fortran 77 Functions
---TE Simulation constants
[ ¢ Displacement
- 4 Velocity
@ Acceleration
T Genericforce
i[5 Specific force
_prdt System element |E|

] T [ Deite

| OK | | Cancel | | Apply |

3. Change the name to Ex_drivingTorque.
4. For the expression, enter:

= 10000*STEP(TIME, O, 0, 0.01, 1)
5. Click OK.

16



COMPLIANT CLUTCH TUTORIAL (FFLEX)

To create the load torque expression:

1. Click Create to create a new expression.

Refer to the diagram below for the next several steps.

Expression

Name I Ex_loadTorque I

0IMWZ()PWEZ()

Available Argument List

EIF\M Function expressions = Entity
F?T Fortran 77 Functions H A

[~ JC Simulation constants

il g8 Displacement

A& Velocity

@ Acceleration

F‘G Generic force

B[ Specificforce

_prdt System element |E|

0

| OK | | Cancel | | Apply |

Name the expression Ex_loadTorque.
For the expression, enter:

= -0.1*WZ(1)*W2Z(1)
Under Argument List, click Add.
In the Database window, expand Bodies > ClutchLoad > Markers > CM.
Click and drag CM to the empty box under Entity, to enter it as the first argument.
Click OK twice.

N e

17
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COMPLIANT CLUTCH TUTORIAL (FFLEX)
Creating the Driving and Load Torques
You will create driving and load torques to the clutch driver and Y| Translate T
I_oad at the revolute joints and link them to the expressions you €| Rotate -
just created.
Ols Zoom Fi
'E} View Center C
To create the driver torque: re v -
@, Select Zoom S
1. From the Force group in the Professional tab, click the @ Fit F
Rotational Axial tool. View Contral 3
Set the Creation Method to Joint. Rendering Mode 3
In the Working window, right-click near the two revolute Select Box
joints, and click Select List. Select List
A Iist_ of entities that are able to be selected at that screen Al Current Directory  ©
location appears.
4. From the list, select Rev_driver. Select List
]
5. Click OK.
6. In the Database Wil‘ldOW, right—click Properties of RotationalAxiall [ Current Unit @ N/kg/mmy/s/deg ]
RotationalAxiall (under Forces) and Ceneral | Conmector| Rotational Axial
click Property.
Type |Standard Rotational Axial Force |v|
7. Click EL. ~ Expression
From the Expression List window, select Hame [Ex driingTorque [eL]
Ex_drivingTorque. Expression
10000*STEP(TIME, G, 0, 0.01, 1}
9. Click OK.
The Properties dialog should now appear
as shown at right.
10. On the General page, rename the force
RotAx_driver.
11. C||Ck OK Force Display DAppIy Only to Action Body

o

| | Cancel

18
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After creating the driving torque, the model appears as shown below:

To create the load torque:

Repeat the steps above, this time:

= Selecting Rev_load as the joint.

= Selecting Ex_loadTorque as the expression.
»= Renaming the force RotAx_load.

Save the model.

19
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Chapter

Defining Surfaces and Contacts

In this chapter, you will create the necessary entities for a flexible surface to rigid surface
contact.

Task Objective

You will:
» Create a contact surface on a flexible body.

» Define a contact between the flexible surface and a rigid surface.

<’ Estimated Time to Complete

20 minutes

20
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Contacts in the Model

You will now create 12 contacts in the model, each representing the interaction between two
surfaces. In this model, some contacts will be between surfaces on the driver and the plate,
and others between the plate and the load.

= If the contact surface is on the plate, it is defined by selecting a set of element faces from
the finite element mesh. This set of element faces is referred to as a Patch Set.

= If the contact surface is on the driver, it is defined as a face surface.

The figure below shows the 12 regions where the contacts will be created, and the numbering
scheme that will be used in the rest of the tutorial.

Contact Layout Diagram

Note: Not all of the possible contact regions in the clutch have been selected to be modeled.
This is because when the driver rotates the clutch plate, centrifugal force will pull the plate
elements outwards, towards the clutch load. With this in mind, you can reduce the number of
contacts and, therefore, reduce the simulation time.

21
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Creating the Patch Sets

As explained before, if the surface is on the plate, you need to create a patch set before
defining the contacts. There are nine patch sets that you need to create. To make it easy for
you, after creating the first patch set, you can open an intermediate model that contains the
patch sets already defined. If you would like more experience creating the patch sets, follow
the instructions in Appendix A, Creating the Remaining Patch Sets, on page 47.

To create a patch set on a flexible body:

1.

In the Database window, right-click
FFlexClutchPlate, and click Edit.

RecurDyn is now in body-editing mode for the
clutch plate.

From the Set group in the FFlex Edit tab, click
Patch.

Select red, as shown at right.
Change Tolerance (Degree) to 20.
Click Add/Remove (Continuous).

Zoom in carefully to the FFlexClutchPlate
geometry as shown in the figure at right and
select the element as shown at right, highlighted
in light yellow.

Patch Set [ Current Unit : N/kg/mm/s/deg ]
External Patch Set

Add/Remo B Automatic Color
Add/Remove (Cor EEEEEEEN
EEEEEEEN

|i. W WM pirecion

Add/Remove (Sele EEEEE
5] [m]

@ Recent Colors
[ Preview Mormal [ [l I W
MNormal Adjust —
[ EmEmWT T switch |

Select Target | | Switch |

More Colors...

Automatic

Manual |

No. of Patches |0 |

22
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7. In the Working window, right-click, and click
Finish Operation.

8. Click Add/Remove in the patch set dialog.

) Translate
Rotate
Zoom

View Center

" Select Zoom
2

.

View Conrtrol

Rendering Mode

) Current Directory

9. Holding down the CTRL key, select the element
faces of the first contact surface, as shown at
right, highlighted in sky blue and right-click,
and click Finish Operation.

Tip: How to select faces easily:

To deselect elements which you mistakenly selected, continue to hold the CTRL key and click
again on the same element. It will toggle between being selected and deselected.

In the current selection mode, if you forget to hold the CTRL key down and select another
element, all the previously selected elements will be deselected and only the element you just
clicked on will be selected.

= Select Add from the Flexible Toolbar, as shown below.

Ll SO X TEBRBOE LTI

et

= Also note that there is a Remove option. Selecting this will change the selection behavior
so that elements are only deselected when clicked on.

23



COMPLIANT CLUTCH TUTORIAL (FFLEX)

10. In the patch set dialog, click the checkbox
next to Preview Normal.

11. Ensure that all the normals are pointing out
from the surface, as shown in the figure on
the right. If not, click Auto Adjust (to the
right of Automatic) to switch all of the
normals to be consistently oriented in the
same direction. If that direction is not the
desired direction, click Switch to switch the
normals.

12. Click OK.

13. The patch set should now appear in red as
shown at right.

At this point, you can either:

= Open the intermediate model, FFlexClutch_Intermediate.rdyn, with the remaining
patch sets already defined and continue with the next section, Creating the Face
Surfaces. (The file location: <Install Dir> \Help \Tutorial \Flexible
\FFlex\CompliantClutch)

= (OR, Follow the instructions in Appendix A, Creating the Remaining Patch Sets, on page
46, to define the remaining patch sets yourself to gain experience.)

Save the model.

= If you use FFlexClutch_Intermediate.rdyn model, Save as other path because you
cannot simulation this model in install path.

24
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Creating the Face Surfaces

To create a face surface on a rigid body:

1. In the Database window, right-click ClutchDriver, and click Edit.
You are now in the body edit mode for the clutch driver.
. 2. From the Surface group in the Geometry tab, click Face Surface.
e Set the Creation Method toolbar to Solid(Sheet), MultiFace.
- 4. Select the ClutchDriver geometry on the Working window.
The FaceSurf Operation dialog box appears.

5. On the top arm, holding down the CTRL key and select the two faces on the right side,
as shown below.

FaceSurf Operation

Entity Name |ImrJ-:||‘tedS-:|Iid1 |

Color | - |

Face Selection Type
(®) Add/Remove

OAdeRemove [Continuous)  Tolerance [Degree)
Add all Faces

| oK | | Cancel |

6. Change the color to Yellow.
7. Click OK.

To create the remaining face surfaces:

= Repeat the steps above, proceeding around the clutch driver, until all eight face surfaces
have been created.

g = (Click Exit.

Exit

25
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Creating the Contacts

Now that you have defined the necessary contact surfaces on the clutch plate and driver, you
can create the contacts. (refer to the figure below shows the 12 regions where the contacts
will be created)

Contact Layout Diagram

To create a driver arm contact:

In the 1 region, you can create a contact.

1. From the FFlex group in the Flexible tab, click
FSurf.ToSurf.Contact.

Set the Creation Method toolbar to Surface, PatchSet.

Select the first face surface that you had created on the
clutch driver, as shown at right.

Select
this first

4. Select the first patch set that you had created on the
FFlexClutchPlate, as shown at right.

Select this
second

To create the remaining driver arm contacts:

Repeat the steps above for the remaining driver-to-plate contacts (2-8 regions), proceeding
clockwise around the clutch driver.

26
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To create a plate-to-load contact:

1. Repeat the same steps for creating a contact (9 region), but this time for the uppermost
plate-to-load contact. Select the inner cylindrical surface of the load, as shown below.
The edges of this surface are highlighted in light red when selecting it

Select

I this first

Selectthis
second

2. Select the uppermost patch set. As with the other patch sets.

To create the remaining plate-to-load contacts:

= Repeat the steps above for the remaining the plate-to-load contacts (10-12 regions),
proceeding clockwise around the clutch driver.

= The model appears as shown next.

27
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The icons for the contact clutter the display of the model and make upcoming steps more
difficult. Because of this, you will turn off the display of the contacts, as well as the revolute
joints and rotational axial forces.

To clean up the display of the model: A Icon Control *

lcan On/Off

From the Render Toolbar, click Icon Control. SR Al lcons
w| [ Joint
Clear the selection of the check boxes. [JForce
-] Contact
Close the Icon Control dialog box (use the x in the E Sensar
. +-|_| Parametric Point

upper right corner). Dl nitial Velocity
] Wall / Vessel
=[] All Markers

--[[] Center Marker

] General Marker
----- |:| Inertia Reference Frame

®N =

lcon Size E
Marker Size E

Marker Z-Axis Width
Initial Velacity lcon Width

Show Center Marker lcan
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Tuning the Contacts

Now that the contacts have been created, you will tune them. You will make certain changes
to all the contacts, first, and then add friction to the plate-to-load contacts.

The friction characteristics of the plate-to-load contacts are important because the clutch
relies on this friction to transfer power from the driver to the load. To keep the simulation
time short, you will use a friction coefficient that is higher than the normal range.

For the driver arm contacts, you are less concerned with the friction. For these contacts, you

will neglect friction to shorten the simulation time.
To tune the contacts:
1. In the Database window, use the Shift key again to

select all twelve contacts at once
(FSurfaceToSurfacel — FSurfaceToSurfacel2).

Right-click the selected contacts and click Property.

On the FlexSurfaceToSurface page, click the first
Contact Surface button, for the Base Surface, as
shown in the figure on the right.

4. In the Surface Patch dialog box, make the following
changes:

= Max Penetration: 1
= Plane Tolerance Factor: 1
5. Click OK.

6. Click the second Contact Surface button, for the
Action Flexible Surface.

12 entities [ Current Unit : N/kg/mm/s/deg ]

|General | Characteristic | FlexSurfaceToSurface |

Definition of The Base Surfface ————————
Entity Name I JLar]

Normal Direction @ Up (O Down

Preview Contact Surface Contact Surface

(FFLEX)

Definition of The Action Flexible Surface
Entity Name I [Ler]
Normal Direction @ Up (O Down

Preview Contact Surface
Ref Framefor Contact Force | Ground.InertiaMarker || M |

[ use Node Only [ smooth Contact
e R

Surface Patch

Surface Name [

Surface Type ‘Pat(h
Maximum Penetration 1. 2
[~ Plane Tolerance Factar ‘1‘ | Pv
Minimum Plane Tolerance | 1,65

[IMo. of Divided Cubic Cell |

12 entities [ Current Unit : N/kg/mmy/s/deg ]

[General | Characteristic | FlexsurfaceToSurface

[ Definition of The Base Suface ———————
Entity Name I [Ler]

Normal Direction @ Up (O Down

Preview Contact Surface Contact Surface

Definition of The Action Flexible Surface

Entity Name I [Ler]
Normal Direction @ Up (O Down

Previe act 5 Contact Surface
Ref Frame for Contact Force Ground.InertiaMarker
[ use Node Only [ smooth Contact
e
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10.

11.

Change Max Penetration to 1.
Click OK.

Select the Characteristic tab.

Make the following changes:

= Spring Coefficient: 100

= Damping Coefficient: 5.e-03
Click OK.

COMPLIANT CLUTCH TUTORIAL (FFLEX)

Flexible Surface Patch

Surface Name

Max Penetration

[JNo. of Divided CubicCent [ |

Update Position of Contact Modes

Criginal

Specic

ok | | el

=

12 entities [ Current Unit : N/kg/mmy/s/deg |

General | Characteristic | FlexSurfaceToSurface |

Type [standard contact Force

]

Characteristic

[stiffness Coefficient [+ 700 [7]
|Dampmg Coefficient |v ‘5‘2-03 “El
[Dynamic Friction coetricien [~ | [0. [[v] [Friction |

[ stiffness Exponent
[] pamping Exponent

[] Indentation Exponent

Buffer Radius Factor

Maximum Stepsize Factor

ENE

o
=

[ [ cancel | [ apply
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To add friction to the plate-to-load contacts:
1. In the Database window, use the Shift key again to select the last four contacts
(FSurfaceToSurface9 - FSurfaceToSurfacel2).

Right-click the selected contacts and click Property. 4 enities | Current Unit : N/kg/mmys/deg |

General | Characteristic | FlexSurfaceToSurface

3. Select the Characteristic tab. Twe  [Standard Contact Fore o
R Characteristic
4. Make the fOIIOWIng Change: [stiffness Coeticient [+] [100. [ev]
. .. L. [pamping caefticient [][5e03 lpv ]
= Dynamic Friction Coefficient: 1.2 [oymamic Fition Casfricent = | 12 [ o]
5. Click Friction. -
[] Indentation Exponent
Buffer Radius Factor
Maximum Stepsize Factor

| oK H Cancel || Apply
6. Make the following changes: Friction Definition x
=  Static Threshold Velocity: 10 staticThreshold Velodty
Dynamic Threshold Velocity
= Dynamic Threshold Velocity: 15 Static Friction Coefficient | 1.26
=  Static Friction Coefficient: 1.26 Diveximun piion rorce [0 |
7. Click Close.
8. Click OK.

Save the model.
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Chapter

Creating a Boundary Condition

In this chapter, you will create a boundary condition for all the finite element nodes of the
clutch plate. The boundary condition will limit the motion of these nodes in the Z-direction to
zero. This will simulate the actual clutch, in which a structure would be in place to prevent the
clutch plate from falling out of the clutch. In addition, it will reduce simulation time by
reducing a degree of freedom for all elements.

Task Objective

Learn to set up a boundary condition for all the elements in the clutch plate.

)

3

<’ Estimated Time to Complete

5 minutes
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Creating a Boundary Condition

COMPLIANT CLUTCH TUTORIAL (FFLEX)

To set up a boundary condition:

1.

In the Database window, right-click
FFlexClutchPlate, and click Edit.

From the FFlex Edit group in the FFlex
Edit tab, click B.C.

Clear the check boxes next to the axes of
motion, except for Z, as shown on the
right.

Click Add/Remove.

In the Working window, select all the
nodes by clicking and dragging a select
box around the entire clutch plate.

In the Working window, right-click, and
click Finish Operation.

Click OK.

The clutch plate now appears as shown
below, with arrows pointing in the
negative Z-direction.

Click Exit.

Save the model.

B.C. [ Current Unit : N/kg/mm/s/deg ]

Boundary Condition

Ox o [ee]
O [o [~]
Mz o [=]
Cex |°- "E“
Ory |‘3- "EII
Oz 0. [=]

Use Body Reference Frame instead of Reference Marker

Reference Marker | |

| Add/Remove |

| Add/Remave [Continuaus) | Tolerance [Degree)
Type ®petch  Oline [J Check Reverse Direction
No. of Nodes |15 |

QK | | Cancel
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Simulating the Model

Chapter

In this chapter, you will run a simulation, enable contoured viewing of internal stresses, and

play the simulation.

Task Objective

You will learn to:
= Set up and run a simulation.
» Enable the viewing of internal stresses.

* Plot and interpret the simulation results.

)

3

«’ [Estimated Time to Complete

15 minutes
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Setting Stress Recovery to Center

Before running the simulation, you will change the Stress Recovery setting for the FFlex
body. This setting should be made in most models for the contour plots to be interpreted

correctly.
To set the Stress Recovery to Center: Flexibility x
FFlex | RFlex | Flexible |
. # 1. From the Setting group in the ) _
Lo Home tab, click Flexibility core optien
.- - ®In Core (O out Of Core
Flexibility Setting.
- Select the FFlex tab. rplisss Becoyery Type
OExI:rapoIation
Under Stress Recovery Type, click

Center- 4] Automatic Outputs for Markers
4. Click OK.

OK | | Cancel | | Apply
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Setting up and Running the Simulation

To set up and run the simulation:

- é 1. From the Simulation Type group in the
'Srd Analysis tab, click Dyn/Kin.

Dl’”j'{i” 2. On the General tab, make the following
changes:

= End Time: 3.e-02
=  Step: 300
=  Plot Multiplier Step Factor: 3

3. On the Parameter tab, make the following
change:

= Initial Time Step: 1.e-06

= Numerical Damping: 0.3
4. Click Simulate.
The simulation runs for 1 to 5 minutes.

Dynamic/Kinematic Analysis

General Parameterl Initial Condition

End Time
300. El

B 2]

] output File Name ‘ ‘

Step

Plot Multiplier Step Factor

rInclude
|:| Static Analysis

|:| Eigenvalue Analysis
[ state Matrix

|:| Frequency Response Analysis

|:| Hide RecurDyn during Simulation

|:| Display Animation

Gravity
’7 x [o | v [sa0se5 | z o [ Gravity |

Unit | Mewton - Kilogram - Millimeter - Second ‘

Simulate | | oK | ‘ Cancel

Export RSS

Dynamic/Kinematic Analysis

|G=nera| | Parameter |\mt\a| Condition ‘

E|-
Initial Time Step I |1.e—006 ||
Error Tolerance | 5.e-003 |

Maximum Time Step

Integratar Type [ ADVHYBRID ]
Numerical Damping I |D.3 |I

Constant Stepsize [1.e-005 |
Jacobian Evaluation for TPart |1oo‘ |E|

D Match Solving Stepsize with Report Step

Match Simulation End Time with User Input

[ stop Condition

Simulate | ‘ OK | | Cancel

Export RSS
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Enabling Contoured View of Stresses in the Clutch Plate

To visualize the internal stresses in the clutch plate, enable the contour display.

To enable the contour display:

. 1. From the FFlex group in the Flexible tab, click Contour.
2.
Contour

-

Near the bottom of the dialog box, as shown in the figure on the right, select Enable
Contour View.

3. In the Contour Option section, set Type to Stress.
4. At the bottom of the list, click SMISES.
5. Click Calculation.

This determines the minimum and maximum stress that occurs throughout the

simulation.
6. Click the checkbox next to Show Min/Max.
7. Click OK.
Now that you have run the simulation and enabled contour display, you can play the
animation.
A Contour X
- Contour Option - Band Option View / Reference Node / Reference Marker ——
Animation Status Legend Type [Dnsplay ['] Sel I Body ] Node ID ] ] Sel ]
8 v
Tpe Location : [V Friexciute 1
Component SMISES v
[] Display Vector 2.54319509131721 Band Level(10~50)
| Uniform || Simple  Style Option
[ onit e onb Color Option Edit — Contour Data Trace
®) User defined contact surface
Contact patches only
stye
- Min/Max Option

[smises |

Type IUser Defined

s41.422] ||| 641.492|

Show Min/Max | [_]Enable Log Scale

[J user Defined Max Color

[Juser Defined Min Color

Exceed Max Color

[Ctaxcolor ] -]
Less than Min Color ‘7' |

[ Add

| |

Delete ]

— Contour Element Set Selection

Contour Part

[ Mesh Lines Line Color - ]

| Add Delete |

I Enable Contour View I

] I Cancel ] [ Apply ]
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Viewing the Animation Results

To play the animation:

= From the Animation Control group in the Analysis tab, click Play/Pause.

The animation shows the driver begin to spin and then contact the plate. As the plate and
driver increase in rotational speed, the plate expands outwards and makes contact with the
load. At the end of 0.03 second, the load rotates with the plate, but not at the same speed.

When the animation finishes:

1. Examine where the areas of highest stress are.

As expected, they are at the flex points.

RecurDyn should also indicate which of the flex points has the highest stress.
2. Zoom into this part of the clutch plate, and view in Shade mode.

It should appear as shown below.

Max 706 = 511023590

RecurDyn reports the node number and stress at the maximum stress point. At the middle
of the simulation, the maximum stress is 511.023 N/mm2, occurring at Node 706.

Did you notice anything else about the results that you might not have expected? Even
though the structure of the clutch is symmetrical, the deformation of the plate at the end of
the simulation is asymmetrical. To examine why this occurred, adjust the scale and
appearance of the contour plot as follows.
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To adjust the contour display:

From the FFlex group in the Flexible tab, click Contour.

Contour

-

N

Under Min/Max Option, change Type to User Defined.
Set the Max to 10.

ol

Clear Show Min/Max option.

Under Style Option, set Style to Smooth.

Check User Defined Max Color option.
Change Exceed Max Color to red
Click OK.

Play the animation again and observe the results.

=R BN B NS N

With the given friction settings, this particular design shows instability, with a tendency to
shift to an asymmetrical mode.

At some point during the animation, you see the results shown next.

A Contour X
— Contour Option —Band Option —View / Reference Node / Reference Marker
Animation Status | SMISES Legend Type [ Display [~] Sel| Body |MNodelD| [sel| orif

¥ FRlexCiute.. 1

Type Stress posatiog |Bottom |'|

Component SMISES Show Text Legend

[] Display Vector 2.54319509131721 Eand Level(10~50) | 5c:|

[Juniform [ simple

— Style Option

Contact Surface Onl ;
U & Color Option Edit — Contour Data Trace

i User defined contact surface

Galars |Spectrum |v| Mode ID

Style [ErErm— |

Text Colar Text Calor -

! | Contact patches only

— Min/Max Cption

[ swuisEs |
- Exceed Max Caolar
Type || User Defined |v |I | 33 | | e
Less than Min Color Min Calar .
| Calculation |
Calc, Result — User Defined — — Contour Element Set Selection

Min || o]|([ 0| Contour Part
Max g41.492] ||| 10|

|:| Show Min/Max I |:| Enable Log Scale

User Defined Max Colorl

|:| User Defined Min Colar |:| Mesh Lines Line Colar - | | Add | | Delete |

Enable Contour View

o [ cone [ sows |
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One explanation for the asymmetrical behavior could be as follows.

Forces (1) on the left plate segment from the clutch driver and load friction cause a clockwise
torqgue (2) on the plate segment. The torque is transferred to the adjacent segment below,
where it becomes a counterclockwise torque (3). The torque in turn pulls (4) the lower-left
flex points away from the load, therefore, creating the asymmetry. The same chain of events
occurs on the opposite side of the plate, as well.

You can confirm then from looking at the contour plots that the load path described above
follows the areas of highest stress and ends where the stress begins to fade.

Plotting the Simulation Results

You will now use RecurDyn'’s plotting capability to visualize more results. We assume that you
have a basic knowledge of how to plot data in RecurDyn. If you need to review these
methods, refer to the 3D Crank-Slider tutorial.

First, you will compare plots of rotational velocities and torques to the animation, in real time.
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To compare rotational velocity and torque plots to the animation:

1. From the Plot group in the Analysis tab, click Plot Result.

[

Result

2. From the Windows group in the Home tab, click Show All Windows.

1

A 3. In the upper left window, click Load Animation from the Animation group in the Tool
tab.

4. In the upper right window, plot the rotational velocities of the clutch driver and load:
=  FFlexClutch > Bodies > ClutchDriver 2> Vel_RZ
*  FFlexClutch > Bodies > ClutchLoad - Vel_RZ

5. In the lower right window, plot the torques applied to the clutch driver and load:

FFlexClutch 2> Force -> Rotational Single (Axial) Force > RotAx_driver 2>
TZ_Rotat_Axial

FFlexClutch - Force - Rotational Single (Axial) Force > RotAx_load >
TZ_Rotat_Axial

Your Plot windows appear as shown below.

FFlexClutch

Page 1
Time = 001330000 Second
- B k(v EP S E|EEDE K

[ = vet_rz-clutendriver rak)—vel_Rz-ClutehLos (rads)
FFlexClutch_Intermediate

300.
B 250,
o —
3
o /
= 200.
=z /
B e
5
2
)
3
2
0 s
:0.000000 =<
» - ) 0.00 et =t
0.00e+00 002 +00 4,00¢ +00 6.00e+00 8.00e+00 1.00e+01 o
0.0 0.003 0.0 0.008 0010 0.6 0.6 o.d1s 0.0 0.63 0.3 0.0 0.0
Time (s)
Page 1 Page 1
Bk REPSFELDE K

KR - =@ PSR S DE K

[ —72_Rotat_avial- Rotae_Driver (mm)— TZ_Rotat_Asial-Rotax_load (Nemm)
FFlexClutch_Intermediate

11000.00
10000,
s000.
s000.
7000,
so00.
so00.
4000,
3000
2000.
1000, =
o z
-1000.00 =
0.000 0.003  0.005 0.008 0.020 0.013

No Data Available

Torque (N*mm)

0.018  0.020  0.023  0.025  0.028  0.030

0.615
Time (s)

6. Play the animation.
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Looking at the plot below, it is apparent that the two velocities will probably converge
sometime in the future. What significant events occur at points 1 and 2?

Page 1
@m‘#'?ﬂ _‘ﬁéﬁg«:&

=\el_RZ- ClutchDriver (radfk)— Vel _RZ - ClutchLoad (rad/s)
FHexClutch

300,00 -

o il - - - ‘.‘N
250.00 - = e

200.00 - ,f/ 0

150,00 -

100. 00 -

50.00 - o

0.00 fm Nt

Angular Velodty (rad/fs)

0,000 0,003 0,005 0.008 0,010 0,013 0,015 0,018 0,020 0,023 0,025 0.028 0,030

Time (s)

Answers: (1) The clutch driver makes contact with the clutch plate, which initially starts in a
floating position, and (2) the clutch plate assumes an asymmetric shape.

You will now plot the contact forces experienced by the driver arm and plate-to-load contacts.
Recall that contacts 1 through 8 are the driver arm contacts, and contacts 9 through 12 are
the plate-to-load contacts.
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To plot the contact forces:

1.

COMPLIANT CLUTCH TUTORIAL (FFLEX)

In a new Plot window, plot the four driver arm contact forces that experience contact

during the simulation.

These will be for contacts 2, 4, 6, and 8 (FFlexClutch > Contact 2 Flexible surface
- FSurfaceToSurface2 - FM_CONTACT_BASE, and so on).

In another Plot window, plot the four-clutch plate-to-load contact forces.
These will be for contacts 9 through 12 (FFlexClutch - Contact - Flexible

surface ...

-----

- FSurfaceToSurface9 - FM_CONTACT_BASE, and so on).

Your plots appear as shown next.

My — PN_CONTACT_SASE - PSutaceToSufaced (N)— FI_CONTAGT_BASE - FSurtaceToSuraces () FM_CONTAGT_BASE - FSuraceToSuaced ()
FFlexClutch_Intermediate

! —
A |

T ‘,@f‘\.’“‘-@% \ RPN )\ w

~ "’LAWJ‘/{}” Wop y"x‘;\fﬁj‘ RSN ASRY

WA'Y R | /

\ VAR ‘

0 FM_CONTACT_BAsE - 1100 FA_CONTACT_BASE - FSutsceTosufsce12
FFlexClutch_Intermediate

;;;;;;

(X

These plots are interesting but can be made easier to interpret by reducing the noise in the
data. You will now apply a low-pass filter to the data, using a cut-off frequency of 600 Hz.

Note:
The FM_CONTACT_BASE plot option takes the value of the total force experienced by the
contact. This is why the units in the plots above are force, not force/area.
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Filter
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To apply a filter to the contact force data:

1.
2.

10.

11.

Select the Filter of the Analysis group in the Home tab.

Use the figure below for the next several steps.

Change the Type to Low Pass (click on the field to enable the dropdown button and
make the selection from the dropdown list).

Set Cutoff (Hz) to 600.
Click Execute.

Set Curve to 1: FM_CONTACT_BASE - FsurfaceToSurface2 (N), again by activating
the dropdown list in the field.

Click Execute.

Repeat the two steps above for the three remaining curves of interest.

Click Close.

When finished applying the filters, note that the filter causes a small-time lag.

To clean up the plot, delete the unfiltered plot lines and change the new plot colors as
desired to make each line more distinct.

Repeat the steps above for the other contact force plot.
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Your plots should now appear as shown next.

BUTTERWORTH(FM_GONTACT_BASE - FSurfaceToSurfaced (N)) — BUTTERWORTH(FM_CONTAGT_BASE- FSurfaceToSurfaces (N)— BUTTERWORTH(FM_CONTAGT_BASE- FSurfaceToSurfaces (N)

BUTTERWORTH(FM_GONTAGT_BASE-FSurfaceToSurface?2 (N))
FFexClutch_Intermediate

100. 00

20.00

- ANV N ——

60.00

50.00

<
g ,_\//
=4
fis ST
20,00 //\
20.00
/
10.00 /—/
0.00 /
-10.00
0.000 0.003 0.005 0.608 0.010 0.013 0.615 0.018 0.020 0.023 0.025 0.028 0.030
Time (s)
BUTTERWORTH(FI_GONTAGT_BASE - FSurfaceToSuracea(N)) — BUTTERWORTH(FM_GONTAGT_BASE- FSurfaceT oSurface10 (N)) — BUTTERWORTH(FI_GONTAGT_BASE - FSurfaceToSurface11 (N))— BUTTERWORTH(FM_GONTAGT_BASE- FSurfaceToSurface 12 (N))
FFlexClutch_Intermediate
175.00
150,00
/
125.00 ' \
/ \
[ \
/ \
{ \
/ \
f \
100.00
/
= /
3
5 5.0 /
& /

50.00

0.010 0.013 0.015 0.018 0.020 0.023 0.025
Time (s)

0.028 0.030

0.000 0.003 0.005 0.008

The plots are now much easier to interpret. Looking at the driver arm contacts; all four
contacts experience similar forces until contact is made between the plate and load. At this
point, contacts 2 and 6 oscillate opposite contacts 4 and 8, with contact 4 and 8 ultimately
maintaining higher contact forces. This makes sense because contacts 4 and 8 are on the
driver arms whose surrounding plate segments are those that end up making more contact
with the load, and, therefore, transfer more of the torque. Interestingly, the divergence of
contacts 2/6 from 4/8 occurs at ~0.010 sec., some time before the clutch plate assumes an

asymmetrical shape (~0.016 sec.).

Looking at the clutch plate-to-load contacts, contacts 9 and 11 are similar, and 10 and 12 are
similar. The 9/11 group and the 10/12 group initially oscillate in the same direction, but as
time progresses, the oscillation becomes opposite, and the 9/11 group assumes the higher
contact forces. These contacts are on the top and bottom of the clutch plate in its starting
position and are the ones that end up having more contact with the load.
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Finally, you might wonder how long it takes the clutch to engage. If you were to run the

simulation longer, you would obtain the results below, which show that the clutch engages at
0.095 seconds.

Page 1 |
REZ-2E PP & EDE K
| —Vel_RZ - ClutchDriver (radis)— Vel_RZ- ClutchLoad (rad/s)
FFlexClutch
300,00
250.00 /\
N

0 |
A 200,00
o
0]
-
8 150.00
o
=
L
o
h 100. 00
C
) /

50.00

0.00 ﬁ/

0.000 0.010 0.020 0.020 0.040 0.050 0.060 0.070 0.080 0.090 0.100
Time (s)
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Appendix

Creating the Remaining Patch
Sets

This appendix continues the section, Creating the Patch Sets, on page 20, explaining how to
create the remaining eight patch sets required for the surface contacts. It provides you with
more experience creating patch sets.

Task Objective

You will practice creating patch sets.

w

«’ [Estimated Time to Complete

25 minutes
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Creating the Remaining Patch Sets

To create the remaining patch sets:

1. Using the same method (Add/Remove(Continuous) ) used to create the first patch
set, select the surfaces the clutch plate as indicated in the contact layout diagram at the
beginning of this appendix.

As you proceed, RecurDyn automatically names the patch sets SetPatch2,
SetPatch3,..., SetPatch8.

2. Repeat the same steps for the outer surfaces of the clutch plate, starting with the upper
surface and going clockwise around the clutch plate, as indicated in the contact layout
diagram. For each surface, select the elements as shown below, highlighted in light

gray:

The normals should all point outwards towards the clutch load, as shown below:

g 3. Click the Exit button to return to the root model.

Eait 4. Continue with the section, Creating the Face Surfaces, on page 23.
I

Thanks for participating in this tutorial!
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