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PINBALL TUTORIAL (PROFESSIONAL)

Chapter

Getting Started

Objective

The modeling and simulation of contact between bodies are important topics in multibody
dynamics. RecurDyn has powerful capabilities to define and simulate all types of contacts,
from simple to complex and with body geometry created in RecurDyn, as well as geometry

that is imported from CAD software. Consideration of contacts is needed to model designs
that have interesting responses to model changes.

In this tutorial, you'll act as a company developing a novel pinball machine that includes a
higher level of vertical motion. One aspect of the model is that the ball goes up and down a
curved ramp as it is propelled from its starting point. The purpose of the tutorial is to select
the spring that can store sufficient energy to propel the ball over the vertical obstacle.

This tutorial provides the first exposure to the modeling. You will learn about below.
» Create geometry.

» Define contacts between bodies.

» Define a parametric value.

= Run a design study.

You will also learn below.

*= Simulate a small portion of a pinball game, where balls contact with each other and
guides that act as boundaries.

» Study the relationship between the driving force of the ball launcher and the response of
the system.
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Audience

This tutorial is intended for new users of RecurDyn. All new tasks are explained carefully.

Prerequisites

Users should firstly work through the 3D Crank-Slider Tutorial and the Engine with Propeller
Tutorial, 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)
Setting Up Your Simulation Environment 5
Creating Geometry 5
Creating Force and Contact 15
Creating Expression Scope and Performing 10
Analysis
Performing a Design Study 30
Total 65
b
=/ Estimated Time to Complete
65 minutes
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Chapter

Setting Up Your Simulation

Task Objective

Learn how to set up the simulation environment, including units, materials, gravity, and the
working plane.

./ Estimated Time to Complete

5 minutes
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Starting RecurDyn

To start RecurDyn and create a new model

1. On your Desktop, double-click the Start RecurDyn x
RecurDyn icon. New Model
feesen Name | Pinball
RecurDyn starts and the Start RecurDyn Unit  |[MMKSMilimeter/Kilogram/Newton/Secand) [+ [ setting

window appears.

Gravity | ¥ ‘ -

2. Enter the name of the new model as

Pinball.

. Open Model
Change Unit to MMKS.
Recent Models

Change Gravity to -Y.
Click OK.

Adjusting the Icon and Marker Size

You are now going to change the icon and marker size to 10 pixels so you can view the
model better.

To change the icon and marker size Icon Control x
 lcon On/Off
£ 1. Inthe View Control Toolbar, click Icon Control. =[] All lcons
. [ Joint
The Icon Control window appears. [AForce
[~ Contact
Set Icon Size and Marker Size to 10. [ sensor
[] Parametric Point
Close Icon Control window. ] Initial Velocity

[ Wall / Vessel
=[] All Markers
Center Marker
General Marker
Inertia Reference Frame

lcon Size E
Marker Size E
Marker Z-Axis Width
Initial Velocity Width

To set the grid size to 10
From the Working Plane group in the Home tab, set the grid size to e
10 in both text boxes by placing the cursor in each text box, and then ¥GridSize |10

pressing the Enter key. Coordinate [Car |~

Working Plane
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Chapter

Creating Geometry

You will use wireframe geometry to define the ball guides in this pinball model. You will define

all of the guides on the ground body and define several balls at the model level as individual
bodies.

Task Objective

Learn to create:
» Line and arc geometry that will guide the motion of the balls.
= Spherical geometry that represents the three balls in the model.

» Circle geometry inside ball for 2D Contact between circle and guide.

3
4

./ Estimated Time to Complete

10 minutes
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Creating the Guide Geometry

To create the straight guide geometry

1.

To enter Body Editing mode for the ground body, from the Body group in the

Professional tab, click Ground.

You know that RecurDyn is in Body Editing Mode for the Ground body because

The title in the upper left corner of the
working model window changes to

Ground@Pinball.

The top item in the database window is

Ground.

[ Pinball x | [T

|4., Ground |

| Ground®@Pinball |

Change the working plane to the XY Plane.

From the Curve group in the Ground tab, click Outline.
Set the Creation Method toolbar to MultiPoint.

Point 1:
Point 2:

0,0,0
110,0,0

Right-click and then click Finish Operation (the top item in the
menu that appears) to finish the definition of the outline.

Repeat Steps 3-5 three times using following information

Point 1:
Point 2:

Point 1:
Point 2:

Point 1:
Point 2:

120, 30, 0
120, 60, 0

140, 30, 0
140, 60, 0

230, 30,0
450, 30, 0

Outline2

The following appears in the working model window.

Outline3

Outline1 \‘ :

by Curves

e L Markers

Finish Operation

SR B ol A

&

Translate

Rotate

Zoom

View Center
Select Zoom

Fit

View Control
Rendering Mode
Select Box
Select List

Current Directory

Outline4 I
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To create the arc guide geometry

O 1. From the Curve group in the Ground tab, click the Arc.

. 2. Set the Creation Method toolbar to Point, Point, Direction, Angle.
rc
- = Center Point: 110, 30, 0

= Radius Point: 140, 30, 0
= Direction: 0,-1,0
= Angle: 90

,
'

3. Repeat Steps 1-2 three times using following information
= Center Point: 170, 60, 0
= Radius Point: 140, 60, 0
= Direction: 0,1,0
= Angle: 180

= Center Point: 170, 60, 0
= Radius Point: 120, 60, 0
= Direction: 0,1,0

= Angle: 180

= Center Point: 230, 60, 0
= Radius Point: 200, 60, 0
= Direction: 0,-1,0

= Angle: 90

10
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The geometry appears as shown in the figure below.

To create EdgeCurve geometry with existing curves

From the Curve group in the Ground Tab, click Edge.
Set the Creation Method to MultiEdge.

Use the Select Toolbar to curves except Outline2 and Arc3 as shown in the figure
below.

Tip: Use Select Toolbar to easily select Multi Edges

You can change Select State of mouse cursor with Select Toolbar.
= Select(Default): It clears already selected entities when selecting new entities.

= Add or Remove: Reverse Select State of already selected entities. When selecting
entities, it deselects already selected entities and selects deselected entities.

= Add: It keeps already selected entities and can only add other entity newly.
= Remove: It only deselect selected entities.
* Other functions in Select Toolbar will vary with different Edit Modes.

11
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4. When you select all the curves in lower part, right-click on working window and click

Finish Operation.
From the Curve group in the Ground Tab, click Edge again.
Set the Creation Method to MultiEdge.

Use the Select Toolbar to Outline2 and Arc3 as shown in the figure below

8. When you select all the curves in lower part, right-click on working window and click

Finish Operation.

9. Delete all other curves except EdgeCurvel and

EdgeCurve2.

10. Click Exit to exit the body edit mode. (Exit button is in Ribbon

Menu, it is also in right-click menu when you right-click on Working

Window.)

Database T W
A {Ground
----- Markers
|_—‘_|ﬂu Curves
A EdgeCurvel
idn, EdgeCurved
.40 Surfaces
----- ) Solids
g2 Roads
----- % GRoads
----- i Shells
----- @1 Profiles
..... & PP
..... o rv
84| cut Ctrl+X
[ copy Ctrl+C
Iy Paste ctri=v
X | Delete Del
@ Translate T
b Rotate R
q Zoom z
E- View Center C

12
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Creating the Ball Geometry

To create the Ball geometry and Circle Geometry

e 1. From the Marker and Body group in the Professional tab, click Ellipsoid.
2. Set the Creation Method toolbar to Point, Distance.
= Point: 10, 10,0

= Distance: 10

Ellipsoid

-

3. Open the properties dialog and rename the Body1 to Ball_1.
4. Repeat Steps 1-3 twice using following information.

= Point: 40, 10,0

» Distance: 10

= Body Name: Ball_2

= Point: 320,40, 0
= Distance: 10

» Body Name: Ball_3

Ball_3
Ball_1

: Ball_2 -
= e/—J

Saving the Model

Take a moment to save your model before you continue with the next chapter. (Tip: From
the File menu, click Save.)
I I Save Ctrl+5

13
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Chapter

Creating Force and Contact

The behavior of this model is driven by forces. A compressed spring drives Ball_1 into Ball_2.
The continuing motion of the balls results from gravity forces, contacts between balls, and
contacts between the balls and the geometry.

Task Objective

Learn to create three types of force elements:
= Compressed spring that will act on Ball_1
» Sphere To Sphere contacts between the balls

= Geo Curve contacts between the balls and the Guides.

)

3
4

<’ Estimated Time to Complete

20 minutes

14
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Defining the Compressed Spring
You will create a spring force and adjust its properties to reflect that it is a compressed

spring. As a result, Ball_1 will be pushed to the right when the simulation begins.

To create the spring

= 1. From the Force group in the Professional tab, click Spring.
5*‘5 2. Set the Creation Method toolbar to Body, Body, Point, Point.
pring
- 3. Click in the background of the Working window to select the Ground body to be the
base body of the Spring.

4. Click on the Ball_1 geometry to select Ball_1 to be the action body of the Spring.
Click on the following locations in the Working window.
= Pointl: -20, 10,0
= Point2: 10, 10,0

To adjuSt the spring properties Properties of Spring1 [ Current Unit : N/kg/mmy/s/deg ]

General | Connector | 5pring | Graphic

1. Display the Properties window for the
spring, which will have the name of
Sprlngl |Darnpir1g Coefficient |v| |D.DS | Py

[stiffness Coefficient  |+|  |[20. | EX

DStiffnessExponent |‘I. |

2. In the Spring tab, change.
» Stiffness Coefficient: 20

DDamping Exponent |‘I. |

Free Length ||45. |IE|

= Damping Coefficient: 0.05 ore Load B o]
" Fl‘ee Length: 45 Distance between Two Markers |3D. “II
Foree Display ||nactivate |'|

o] [ canr | [ oy

The length as defined is 30 mm. By changing the Free Length to 45, you are indicating
that the spring is compressed by 15 mm. Given the spring Coefficient of 10, a load of
150 N will be applied to the ball at the beginning of the simulation. Once the spring
length increases to 45 mm, the force becomes zero.

15
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3. In the Graphic tab, change the Praperties of Spring1 [ Current Unit : N/kg/mm/s/deg ]
spring diameter value to 10.

|Ger1era| | Connectorl Spring | Graphic |

4. Click OK.

Spring Diameter 10,
Number of Cails

Distance between Base Marker and Damper
Distance between Action Marker and Damper

Each Rendering WireFrame

il

1 simple Graphic
[JLength of Damper
l:l Coil Radius 0.900000035762787

OK | | Cancel |

16
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Defining the Contact between the Balls

To create the contact between the balls

1. From the Contact group in the Professional tab, click Sph-Sph.
s;g:'.ph 2. Set the Creation Method toolbar to Sphere, Sphere.
= 3. Select the following geometries.
= Sphere: Ball_1.Ellipsoid1l

= Sphere: Ball_2.Ellipsoid1

Ball_1.Ellipsoid1

4. From the Contact group in the Professional tab, click Sph-Sph and select the
following geometries.

= Sphere: Ball_2.Ellipsoid1l
» Sphere: Ball_3.Ellipsoid1l

To adjust the contact between the balls

. . Properties of SphereToSphere1 [ Current Unit : N/kg/mm/s/deg ]
1. Open the Properties dialog of —
General | Characteristic | SphereToSphere
SphereToSpherel.
Type |Standard Contact Force | v|
2. In the Characteristics tab, change: ~ Characteristic
. - = Stiff Coefficient ~ ||[ 100,
= Stiffness Coefficient: 100 [sttnessCoetsent |- [~]
|Damping Coefficient |v||0.2 |
= Damping Coefficient: 0.2 [ Dynamic Friction Coefficien |+ [ 01 [[pv] [Friction
= Dynamic Friction Coefficient: 0.1 Edstiffness Exponent
I:‘Damping Exponent |1. |
|:| Indentation Exponent |2. |
Click OK.
Buffer Radius Factor
Change the SphereToSphere2 Properties Maximum Stepsize Factor
with same settings above.
o ][ o

17
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Defining Contact Between the Balls and Guides

The first ball (Ball_1) is constrained by the spring and will only contact the straight line as
the left of the guide geometry.

To create the contact between the first ball (Ball_1) and the guide geometry

ol 1. From the 2D Contact group in the Professional tab, click GeoCir and select
ﬁ geometries below.

GeoCir *» Curve: Ground.EdgeCurvel

-

= Circle(Sphere): Ball_1.Ellipsoid1l

2. Open the Properties dialog of GeoCurContact1.

3. In Geo Contact tab, change the normal directions in Preview as shown below.
= Contact Plane Normal(Base/Action): 0, 0, 1
* Normal Direction(Base): Up

Properties of GeoCurContactl [ Current Unit : N/kg/mmy/s/deg ]

General | Characteristic | Geo Contact

Definition of the Base Geometry——— f

Mame |Ground.EdgeCur\re1 |

Contact Plane Mormal |[)r o 1. ]Iﬂl

Mormal Direction ODown MNode Contact
-

Preview Contact Geometry | Contact Geometry |

t

!

Wy
a -
G 1
4. In the Characteristics tab, Change. Properties of GeoCurContact1 [ Current Unit : N/kg/mm/s/deg ]
- .= eneral | Characterist 2o Conta
= Stiffness Coefficient: 100 o] Femee (Geatne
Type |Standard Contact Force |v
. Dampll‘lg Coefficient: 0.2 Characteristic
- . . - ‘StiffnessCoeff\(ient |v 100 El
= Dynamic Friction Coefficient: 0.1 oamping Coamnzent | |[02 [7]
B ‘Dynam\cFrid:mn Cueffi(ient|v 0.1 | Friction
5. CIICk OK. St\ffness Exponent 2, El
O Indentation Exponent @ Boundary Penetration

18
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To create the contact between the second ball (Ball_2) and the guide geometry

@ 1. From the 2D Contact group in the Professional tab, click the GeoCir and select
following geometries.
Geolir

=  Curve: Ground.EdgeCurvel

= Circle(Sphere): Ball_2.Ellipsoid1l

e round.EdgeCurveI

2. Open the Properties dialog of GeoCurContact2.

3. In Geo Contact tab, change the normal directions in Preview as shown below.
= Contact Plane Normal(Base): 0, 0, 1
= Normal Direction(Base): Up

Properties of GeoCurContact2 [ Current Unit @ M/kg/mmy/s/deg ]

Characteristic| Geo Contact ?
Definition of the Base Geometry ER A A
MName Ground.EdgeCurvel
Contact Plane Normal o0 1. Dir

e & A
Mormal Direction O Down Mode Contact | §
A A

Preview Contact Geometry

| Contact Geometry |

o~ S S s ss s snsEnnn

4. In the Characteristics tab, change

= Stiffness Coefficient: 100

= Damping Coefficient: 0.2

= Dynamic Friction Coefficient: 0.03
5. Click OK.

19
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To create the contact between the Ball_2 and the arc Guide geometry

1. From the 2D Contact group in the Professional tab, click the GeoCir and select
following geometries.

GeoCir =  Curve: Ground.EdgeCurve2

= Circle: Ball_2.Ellipsoidl

2. Open the Properties dialog of GeoCurContact3.

3. In Geo Contact tab, change the normal directions in Preview into the following
configurations as shown below.

= Contact Plane Normal(Base): 0, 0, 1
= Normal Direction(Base): Down

Properties of GeoCurContact3 [ Current Unit : N/kg/mm/s/deq ]

| General | characteristic| Geo Contact |

Definition of the Base Geometry

Mame Ground.EdgeCurve2
Contact Plane Mormal 0,0 1. Dir

Mode Contact

Mormal Direction () Up

Preview Contact Geometry | Contact Geometry |

20
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4. In the Characteristics tab, change.
= Stiffness Coefficient: 100
= Damping Coefficient: 0.2
= Dynamic Friction Coefficient: 0.03

5. Click OK.

To create the contact between the Ball_3 and the lower Guide geometry

1. From the 2D Contact group in the Professional tab, click the GeoCir and select

@ following geometries.

Geolir = Curve: Ground.EdgeCurvel
i = Circle(Sphere): Ball_3.Ellipsoid1l

Ground,EdgeCurvel |

II_3,EIIipsoidI

2. Open the Properties dialog of GeoCurContact4.

3. In Geo Contact tab, change the normal directions in Preview into the following
configurations as shown below.

= Contact Plane Normal(Base): 0, 0, 1
= Normal Direction(Base): Up

Properties of GeoCurContact4 [ Current Unit : N/kg/mmy/s/deg ]

Characteristic| Geo Contact
Definition of the Base Geometry
Name Ground.EdgeCurvel

Contact Plane Normal 0,01 Dir

MNormal Direction I@ Up I O Down Mode Contact

Preview Contact Geometry | Contact Geometry

--------------

21



PINBALL TUTORIAL (PROFESSIONAL)

4. In the Characteristics tab, change

» Stiffness Coefficient: 100

= Damping Coefficient: 0.2

= Dynamic Friction Coefficient: 0.1
5. Click OK.

To define the Smooth Node Contact and define force displays

Set the additional options to make smooth contact between guides and balls and define
Force Display options for the visualization of Contact Forces in animation.

1. From GeoCurContactl to GeoCurContact4, =-9@ Contacts

: 1.8 SphereToSpherel
select 4 Contacts from Database. Then right- i SEh:::TzSEhZ::E
click holding Ctrl Key to click Properties. +f:
. . . . iy P £
Multi-Property dialog is shown which can change i o
the properties of selected entities. o Delete
i Inactive
----- B] Requests
----- Ay Splines
= DD
4 entities | Current Unit : N/kg/mm/s/deg ]
2. In Geo Contact tab, Uncheck Node Contact of Imlcmmm oo Contac
Base Geometry.  Defintion of the Sase Geamety ———
3. In Geo Contact tab, click Advanced Setting oo o o horn e
button. Narmal Direction Oup () Down I Node Cnntactl
- . review Contact Geometry I ontact Geome |
4. In Advanced Setting dialog, check on the S —
Smooth Edge Contact option and click OK. pefintien et ene Aeion Geometo
Geometry Type [cirate [-]
Advanced Setting X
~ Smooth Option Control
Edge Contact i\ Advanced Setting |i
e No. of Max Contact Points .|1D ﬁ\.
[ Generate a Contact Output File [*.con) l:l
ox | | po— Force Display IBase vl Force Vector -
Reference Marker of Force Displa;

5. In Geo Contact tab, change Force Display to Base.
6. Click OK in Multi-Property dialog.

Saving the Model

Take a moment to save your model before you continue with the next chapter. (Tip: Click

Save in File Menu) :
I l Save Ctrl+5

22
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Chapter

Creating Expression Scope

Task Objective

In this chapter, you'll run a simulation of the model you just created. Furthermore, you will
define the expression measuring the distance between two bodies and run the simulation.
Also, you will monitor the expression result through the scope.

"/ Estimated Time to Complete

30 minutes

23
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Defining Expression
You will define the expression measuring distance between two bodies.

1. From the Expression group in the SubEntity tab, click Expression. The Expression
List dialog will appear.

2. Click Create. The Expression Dialog will appear.
3. Change Name to Exp_Ball2_PosX.
Enter the following expression in the large text box: DX(1)
4. Click Add located below Argument List.
In the Database window, click + in front of Ball_2 and Markers.
6. Drag CM in Ball_2 markers and drop in empty text box in the Argument List.

Expression -4 Groups

-] Bodies
Name IF_xp_BaIIZ_Pos)( | -4 Ground
DX(1) I

o, Contacts
. d
Al it List B
Available rgument Lis / +-Ng SphereToSpherel
=J-fwe Function expressions D Entity 1 + %) SphereToSphere2
1 Frr Fortran 77 Functions : BalECH -9 GeoCurContact
- JC Simulation constants — ;—--’, GeoCurContact?
+- g Displacement 41-%g GeoCurContact3
*i: XE|°IC‘Wt +-%g GeoCurContactd
£ cceleration
- - R sts
4 Fg Genericforce E e
+F‘5 Specific force rU Splines
+--Jdt System element E - PP
ElrAN o pv
4 m Add Delete
D] | | 2. ppc
| [s]4 | | Caneel ‘ | Apply ‘ B PVC
AB Strings

7. Click OK in the Expression Dialog.
8. Click OK in the Expression List Dialog.

Tip: Changing Markers in Expression
In the above Expression, the Center Marker(CM) used in the Argument List means the
marker of the mass center of the body. You can use the General Marker which you can define

instead of CM in Expression.
You can create the General Marker by clicking Marker from the Marker and Body group in

the Professional Tab.

24
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Creating Expression Scope

You can monitor the result of Exp_Ball2_PosX with Scope without going through Plot.

[¢_ 1. From the Scope group in the Analysis tab, Click Expression.

- : Change Name to Scope_Ball2_PosX. Scope Expression
pPression
L 3. Click EL button to select Exp_Ball2_PosX and Click OK. _;fpf::ﬁi‘[i“m-ﬂa“l-"m J
4. Check Display and Click OK. Name  [Exp_Ball2_Pask EL

DX{1)

Now you are ready to monitor the Scope of Expression.

| Displayl

| OK | | Cancel

25
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Performing Dynamic/Kinematic Analysis

In this section, you will run a dynamic/kinematic analysis to view the effect of forces and
motion on the model you just created.

To perform a dynamic/kinematic analysis

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

- In the General tab, define the end time of Dynamic/Kinematic Analysis x
Dyn/Kin the simulation and the number of steps: e
» End Time: 0.5 e T T
= Step: 500 step [500. |
Plot Multiplier Step Factor 4, | Pv

= Plot Multiplier Step Factor: 4

DOutput File Name |

3. In the Parameter tab, define the Maximum

Time Step to 1.e-004. Dynamic/Kinematic Analysis X
4. CI|Ck Simulate. General | Parameter | |nitial Condition
A A Maximum Time Step |1.e-004| |E||
RecurDyn calculates the motions and forces in i Time sten oo ]
the balls, spring and contacts. There will be :
2000 plot outputs stored because the Number ErorTolerance (s [-]
of Steps is 500 and the Plot Multiplier Step Integrator Type | ADVHYBRID -]

Factor is 4.

5. From the Animation Control Group in Analysis MU <«mbr NI OSTHE
tab, click Force Display Setting. H J-EI 0 Init. I

Animation Control

6. Change Scale to 50 to clearly monitor the Force A Force Display Setting x
Display result of Contact. [~ Property of Force/Torque Display ——————|
Force Torque
Scale I| 50 ‘EI [1] El
width | =N =
Show Magnitude EEN
Use Custom Force Display Color
Color [Automatic | ~ | |[Automatic ] ~

£ 7. Inthe View Control Toolbar, click Icon Control.
lcon Contral x

Uncheck All Icons to disappear the icons on Working N EET

Window. =[] A icons
. [Toint
9. Close Icon Control window. [JForce
[] Contact
[Jsensor
[ Parametric Point
[ 1nitial Velocity
[Jwall / vessel
Sk vy 8 —
Center Marker
[] General Marker
Inertia Reference Frame
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10. From Animation Control Group in Analysis tab, click Play button to play the
animation.

You will see the result of Expression Scope as shown below

A Scope_Ball2_PosX - B8 x
PN E R E PR
140.00
130.00 —
120.00 ,/_ N
110.00 A
£ N
100.00 v 5
5 90.00 v N
80.00
70.00 A N
) i
€0.00 -
50.00 - -
40.00 =
30.00
0.00 0.05 0.10 0.15 0.20 0.25 0.20 0.35 0.40 0.45 0.50
Time
% 0.5 ¥: 44,999929

You look in the spring catalog and you find that this spring is available in 1 mm increments
from 45 mm through 54m. You want to try out different lengths of the spring, but you don't
want to have run the various cases and keep track of the results manually.

You want to do an automated design study, which is explained in next chapter.
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Chapter

Performing a Design Study

Task Objective

In this chapter, you will rerun the simulation under a design study environment to decide
how to select a spring that will provide the right energy to move the ball over the hump.

L)

)

8
765

Estimated Time to Complete

30 minutes
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Performing a Design Study

The steps to performing a design study for this model are below.

1.

N ;e

Define the free length of the spring as a Parametric Value that can be adjusted during
the design study.

Define a Design Variable from the Parametric Value, where you add information about
the data boundaries. The range of the free length of the spring is from 45 to 54 mm.

Define a Performance Index. This is an outcome of interest for the design study.

In this case, you will measure the maximum position of Ball_2 in the X direction. If the
maximum position of Ball_2 is more than 170, then you know that it has passed the
top of the vertical obstacle.

Set the Number of Trials for this design study, which is 10
Run the Design Study. Outputs will automatically be directed to different output files.
Review and Plot the results from the design study.

Animate a particular trial.

To define a parametric value

Display the Properties window for the Spring1.
Next to the Free Length text box, click the Pv button.

When the Parametric Value List window appears, click the Add button and change like
as below.

= Name: Spring_Free_Length.
= Value: 45

Parametric Value List

Parametric Values

No | DP | Mame Value | Comment |

1| v l Spring_Free_Length 45 ﬂl

i

4. Click OK to exit the Parametric Value List window.

5.

Click OK to exit the Spring1 Properties window. You will see that the name of the
Parametric Value appears in the Free Length text box.
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To define a design variable:

R 1. Click the DOE from the Simulation Type group in the Analysis tab.
¢ The Design Study window appears
oo 2. In the Design Variables section of the Design Study window, click the Add button.
The Design Variable List window appears.

3. In the Design Variable List window, click the Create button.

The Design Variable window appears.
Design Variable

4. Do the following in the window: Name V. Spring Lo |
= Name: DV_Spring_Lo. Value [sping Fllpv] [45.  [[R]

Value Range |Abso|ute Min And Max Value |Y|

Min Value I\dax\-’alue

= Value Range: Absolute Min And Max Value (] use Edit vare
= Min Value: 45 Edit Value

= Max Value: 54

= Value: Spring_Free_Length

lin, S5td, Max

Click OK to exit the Design Variable window.
6. Click OK to exit the Design Variable List window.

OK | | Cancel

To define a performance Index
1. Click the Add button in the Performance Indexes section of the Design Study window.
The Performance Index List window appears.
2. Click the Add button in the Performance Index List window.
= Name: Ball_2_Travel
* Type: Max Value
= Expression: Exp_Ball2_PosX

Performance Index List

Performance Index
Mo Mame | Type | Expression :
1 |Ball_2_Travel Max Value j Exp_BallZ_PosX EL

3. Click OK to exit the Performance Index List window.
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To set the number of trials Design Study
r Design Variables Indexes
[ ] Name

1 | Ball_2_Travel P

In the Number of Levels text box in the Design Study
window, type 10.

I'I.‘ | Name
1 DV_Spring... DV

To run the design study

In the Design Study window, click the Simulate

(®) Parametric Study Design of Experiments
button.
) ) Humber of Level: (]  MumberofTials (10 [R]
10 runs occur in the output window. When the runs are Dmmm |
complete, the Design Study window reappears. Dseve Mocetincachcose | _smatte | ecuisneet]

[J when Simulation Fails, Continue with Next DOE Trial.

On Failure, SetFisto [0, |

l OK ” Cancel H Apply |

To review a“d pIOt reSUIts Number of Leve\lel Number of Trials El

[ save Results | |

[ save Model in Each Case

1. Click the Result Sheet button.

‘ oK | | Cancel | | Apply ‘

A list of the 10 runs appears:
= The first column displays the value of the Free Length of the spring.
= The second column displays the maximum X value of the center of Ball_2.

Result Sheet

Trial D’\r’_Splin& Lo Ball_2_Travel
1 45, 130.06408715863
2 46, 130.089686073!
3 47 130.20559764986
4 43, 137.34212053634
5 43, 349.743558770731
& 50, 406.5894067 2086
T 51. 449, 77927764600
& 52, 483.71968555699
9 53. 529.41657085858
10 54, 564,93995744!

—Design Variables —— —Performance Indexes 1 — Multi-variate

What-if Stud
[]ov_spring_Lo []Bal_2_Travel []Ball_2_Travel I—yl

CJupdate DV

w17
Plot [ 111 Plot [ Flot |
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2. To plot the Ball_2_Travel Performance Index, under the Performance Indexes
heading, click the box in front of Ball_2_Travel, and then click Plot.

3. The following plot appears when you click the Plot button

—Design Variables —— —Performance Indexes 1 — Multi-variate
_— ‘What-if Stud
[]oV_spring_LoDWV1 Ball_2_Travel | []Ball_2_Travel I—yl
[ update DV

Trial 1

Plot 1 Plot 1 Plot

4 Performance Indexes

B B ko |G R |Y F | ¥ & [E] | 2 re

= #

500.00 -

400,00 - o

300.00 - /
200.00 -

100, 00 -

1,00 2.00 3.00 400 5.00 600 7.00 800 9.00 10.00
Time

4. Click the x in the upper right corner and to close the plot and click Close in the Result
Sheet window.

5. Click OK to close the Design Study window.
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Animating the Resullts of a Trial

You'll first take a look at Trial 5, which is the firstly trial where Ball_2 makes it over the

vertical obstacle.

To animate the results of a particular trial:

From the File menu, click Import.

2. Set Files of type to RecurDyn Animation Data File
(*.rad).

3. Double-click Pinball_5.rad, which contains the animation
results for Trial 5

4. Animate the model using the Play button on the Animation
toolbar

e

&

®

& reantrie
s

M

N

Save Ctri+S

>

A\

" 41113

né

]
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To animate the result using select camera

;.!. 1. From the Animation Control group in the Analysis tab, click Select Camera.
The Camera window appears.
2. In Camera Type section, Select Following Camera.
3. In Target section, enter the following information.
= Reference Marker: Ball_1.CM
= Offset: 0,0,0

. Camera x
4. Click the Add button to add camera. R o
Enter the following information in the | Osmsane | et [ | seceneriane
. (® Following Camera (@ Pasition () Position & Rotation (@) Position (O Pasition & Rotation
Camera LISt' Position & Rotation ——————————— Position & Rotation ———————————
_ Ouompoumes ||| [EEFERIE] [ ceron v |
= Start Frame: 0 . —— ||| owm
n End Frame. 20 Up Direction |:| Up Direction
) Normal Direction I:l Normal Direction [0, 0. 1.
S [ aga [ wmset | [ oeiete | [ Update |
5. Repeat Steps 2-4 twice using R L i
f0||0W|ng |nf0rmat|0n: 2 | ¥ | Following 21 501 Target : Ball_2.CM, Pos. Type, Zoom : 1 i
= Reference Marker: Ball_2.CM v
v
= Offset: 0,0,0 -
o] [ oo |[ o ]

= Start Frame: 21
= End Frame: 501

From 0 to 20 frame, camera follows Ball_1_CM and from 21 to 501 frame, camera follows
the Ball_2_CM as shown below. You can do better posting if you set up with other Camera
Types on your desired frames.

Pinball _Pinball
Time = 0.00500000 Second Time_= 0,36900000 Second
2
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Ideas for Further Exploration

You can gain a good understanding of the behavior of the pinball model by looking at the
animations through several trials. Here are more things to consider:

The model used a low coefficient of friction (0.1). It represents the friction of a polished
steel ball contacting with a smooth, dry surface. Low friction is a good assumption for the
new pinball machine, but what if when the machine becomes old (by a dirt and some
corrosion)?

How will results be changed when the friction coefficient is changed?

What could you do to study the effects of increased friction in this model?

Does increased friction require a stronger or weaker spring?

Thanks for participating in this tutorial!

35



	Pinball Tutorial (Professional)
	Getting Started
	Objective
	Audience
	Prerequisites
	Procedures
	Estimated Time to Complete

	Setting Up Your Simulation
	Task Objective
	Estimated Time to Complete
	Starting RecurDyn
	To start RecurDyn and create a new model

	Adjusting the Icon and Marker Size
	To change the icon and marker size
	To set the grid size to 10


	Creating Geometry
	Task Objective
	Estimated Time to Complete
	Creating the Guide Geometry
	To create the straight guide geometry
	To create the arc guide geometry
	To create EdgeCurve geometry with existing curves

	Creating the Ball Geometry
	To create the Ball geometry and Circle Geometry

	Saving the Model

	Creating Force and Contact
	Task Objective
	Estimated Time to Complete
	Defining the Compressed Spring
	To create the spring
	To adjust the spring properties

	Defining the Contact between the Balls
	To create the contact between the balls
	To adjust the contact between the balls

	Defining Contact Between the Balls and Guides
	To create the contact between the first ball (Ball_1) and the guide geometry
	To create the contact between the second ball (Ball_2) and the guide geometry
	To create the contact between the Ball_2 and the arc Guide geometry
	To create the contact between the Ball_3 and the lower Guide geometry
	To define the Smooth Node Contact and define force displays

	Saving the Model

	Creating Expression Scope
	Task Objective
	Estimated Time to Complete
	Defining Expression
	Creating Expression Scope
	Performing Dynamic/Kinematic Analysis
	To perform a dynamic/kinematic analysis


	Performing a Design Study
	Task Objective
	Estimated Time to Complete
	Performing a Design Study
	To define a parametric value
	To define a design variable:
	To define a performance Index
	To set the number of trials
	To run the design study
	To review and plot results

	Animating the Results of a Trial
	To animate the results of a particular trial:
	To animate the result using select camera

	Ideas for Further Exploration



