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Outline of Tutorial Sample A

Model Description

Three-Ball Contact Problem:

This problem explains the design process from making analysis model
to formulating design optimization problem. This sample can help the
beginners to understand a design optimization process in the
AutoDesign.

Sample A

Key Point:

Study the design formulation for representing contact phenomenon
from the viewpoint of optimization.
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Sample

Three-Ball Contact Problem

To explain the basic function of AutoDesign, let’s solve a simple design problem. The design
model consists of three balls. The yellow and the blue ball are fixed on ground. When the red

ball is thrown with an initial velocity, the red ball should be contacted with the yellow ball and
go through the blue ball as near as possible.

N

Model Definition

Design Parameter Definition
Analysis Response Definition
Design Study

Design Optimization

Next, the refined optimization is explained to find more accurate results. This design uses the
simulation results to solve the former design problem.

6. Refining the Design Formulation

Open files related in Sample-A

Sample

<InstallDir>\Help\Tutorial\AutoDesign\ThreeBallContact\Examples\Sample_A.rdyn

Solution

<InstallDir>\Help\Tutorial\AutoDesign\ThreeBallContact\Solutions\Sample_A.rdyn

Note: If you change the file path at discretion, it can be located in any folder that you

specify.
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Chapter

Model Definition

The contact between the red ball and the yellow ball is defined but is not done between the
red ball and blue ball, because the blue ball is just the target point. The design variables are
the initial velocity of red ball along x-direction and the contact stiffness coefficient in the
contact force between the red and the yellow balls. Now, for the red ball to pass the nearest
way to the center of the blue ball, what can you define as the design objective and
constraints?

To do this, the design system is modeled as follows:

Red Ball

Center Position : (0.0, 1200.0, 0.0)
Radius: 100

Yellow Ball Blue Ball
Center Position : ( Center Position : (2900.0, 0.0, 0.0)
Radius : 500 Radius : 100
‘-'I-',
Flxed Joint
Y
‘_b"

Figure A-1-1 MBD Model of the ball contact design problem

The below is the procedure for defining the balls, joint and contact force shown in Figure A-1-
1.

0 1. Make balls using ‘Ellipsoid’ icon in the body module folder.

Ellipsoid

LJ

2. Fixed the Yellow ball and the Blue ball with ground using the ‘Fixed’ joint in the joint
? module folder.

Fixed
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3. Define the contact force between the red ball and the yellow ball using the ‘Sphere To
° Sphere’ contact in the contact module folder.

Sph-5ph
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Chapter

Design Parameter Definition

Let’s study the procedure for defining design parameters:

a 1. Define parametric values shown in Figure A-2-1.

PV Parametric Value List

Parametric Values

Mo | DP | Mame | Value | Comment
1 |7 Initial\vX 3700,
v K

[=]
>

2 [

Figure A-2-1 Parametric value definition

2. Link the ‘InitialVX’ with the x direction initial velocity of the red ball body shown in
Figure A-2-2.

Properties of Red_Ball [ Current Unit : N/kg/mm,/s/deg ]

|Genera| | Graphic Property | Origin & Orientation | Body |

Materit Input e T Body Iniial Velocity x
Material Type |5tu.| |v| ~Translational Velocity

x | Initialvx [Pv]

Mass | 32.8820031075732

|
Y o
boc [131528.012430283 | b o | / = | “EI
Wy [131528.012430293 | vz o | Oz o [pv]
Iz [131528.012430293 | = o | Reference Marker |Ground.nertiaMarker “El
Volume [418879020478639  |[ Show Property | - Rotational Velocity
Center Marker | CM | / DX |'D' "EI

_________________ . 7

Reference Marker | Red_Ball.CM “El

| oK | | Cancel | Apply | Close | | Cancel |
Figure A-2-2 Link the ‘InitialvX’

Inertia Marker Create | IM I/ Oy |G' “EI

Initial Condition | Initial Velocity
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Link the ‘K’ with the stiffness coefficient of the contact force between the red ball and

the yellow ball shown in Figure A-2-3.

Properties of SphereToSpherel [ Current Unit : MN/kg/mmys/deg ]

|Genera|| Characteristic ISphereToSphere |

Properties of SphereToSpherel [ Current Unit : N/kg/mm/s/deg ]

|Genera| | Characteristicl SphereToSphere I

Definition of the Base Sphere

Name Red_Ball.Ellipsoidl

Radius [100. |

Definition of the Action Sphere

Name [ Yellow_Eall Ellipsoid1 [&r]

Radius [500. |

Synchronize with Geometry

Force Display |Inactiuate |v|

LN onoora Contactroe |
~ Characteristic
[ stiffness Coefficient [~]Ix | ]
|Damping Coefficient | | [0. [pv]
| Dynamic Friction Coefficien| | 0. [[Pv] [ Friction |
Stiffness Exponent [13 [[ev]
[l pamping Exponent [1. |
[]indentation Exponent 2. |
Buffer Radius Factor [12 [[v]
Maximum Stepsize Factor [20. [[pv]
o [ o ]

[or [ e ]

%4.

Parameter

Figure A-2-3 Link the stiffness ‘K’

Define the design parameters from parametric values using the ‘Design Parameter’
command in the ‘AutoDesign’ toolkit shown in Figures A-2-4 and A-2-5. First, you push
‘Create’ button to define the design parameters as Figure A-2-4. In Figure A-2-5, you
should link the design parameters to the parametric values that were defined in Figure
A-2-1. The initial values are the current parametric values defined in Figure A-2-1. You
should define the lower and the upper bounds on the design variable. This represents
that the optimization process should change the design values within these bounds
during iterations. After you create the design parameters, you check the active design

parameters for this design problem.

Design Parameter List

Design Parameter

;:::i pirect | | [| stiffness &

Y. [ Mame | Tvpe | Prop. | Descripti... |Curr...| LB | UE |Desigr1 Cost... | DP Form | DV|

| A&

Figure A-2-4 Check ‘DV’ check box




THREEBALL CONTACT TUTORIAL

Direct Relation
Mame
Parametric Yalue

Current Value

Lower Bound

o

2700,

Upper Bound 5000.
Description | |nitial VX |
DF Form il

0K | | Cancel |

(AUTODESIGN)

Direct Relation
Mame
Parametric Value

Current Value

Lower Bound

DP2|

x_ [#]
o [r]
EN

Upper Bound 20.
Description | Stiffness K |
DP Form Value

| 0K | | Cancel

Figure A-2-5 Define ‘DP1’ and ‘DP2’

10
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Analysis Response Definition

(AUTODESIGN)

Chapter

The design goal is that the center of the red ball passes the nearest way from the center of
the blue ball, the target point. You need to define the performance indexes for solving the
optimization problem. In AutoDesign, performance indexes are objectives and constraints in
design optimization, which are composed of analysis responses. Then, in order to define the

performance index, analysis responses are defined first. The procedure of defining analysis
responses is explained as:

Define Expressions. Each expression is defined shown in the Figures A-3-2, A-3-3, and A-3-

4, sequentially.

Expression List

Expressions

Mo Mame Expression | Value | Comment z
i Ex oM(1,2) E | 313847
2 |B2 CONTACT(1,0,1,2) E 0
3 |BG DM(1,2)-600 E| 96205
Figure A-3-1 Expression List
Expression
Mame Ex1
DM(1,2)
Available Argument List
[E-Ae Function expressions o Entity
v--Fry Fortran 77 Functions
H- ¢ Simulation constants L RedREallMarken
r--g@ Displacement 2 Blue_Ball.Marker2

0 A Velodty
t Q Acceleration
0-F Generic force

[ Specific farce
- Jdt System element El

4 m 0]

| oK | | Cancel | | Apply |

Figure A-3-2 Detailed Definition of Expression Ex1

11
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Expression

Name Ex2

CONTACT(1,0,1,2)

Available Argument List
E|““°° ;{uynction expressions D Entity
[+-Fp7 Fortran 77 Functions
H 1 SphereTospherel
[ TC Simulation constants P P
! Displacement 2 Ground.InertiaMarker

& Velocity

{.’t‘: Acceleration
 Generic force
t Specific force
_Fk System element |Z|

 _m [»] [ add | [ Delete

| oK | | Cancel | | Apply |

Figure A-3-3 Detailed Definition of Expression Ex2

Expression
Name Ex3
DM(1,2)-600
Available Argument List
E|ﬁ~°-= Function expressions D Entity
55 Smattion contas 1 Red_allMarker
&' Displacement 2 Yellow_Ball.Marker1

A& Velocity

¥ Acceleration
s Generic force
F‘; Specific force
Jdr System element El

d [»] [ Ada ] [ Delete

| OK | | Cancel | | Apply |

Figure A-3-4 Detailed Definition of Expression Ex3

Register expressions for analysis response shown in Figure A-3-5. Other figures are
representing the dialogue of each analysis response. Define the Analysis Response using
the *‘Analysis Reponse’ command in the ‘AutoDesign’ toolkit. The detailed information for

each analysis response is shown in Figure A-3-6. Also, their physical relations are shown in
Figure A-3-7.

12
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Analysis Response List

Analysis Response
Mo Mame | Tvpe | PrI... | Description Treatment | Pl
1 AR Basic Distance between Red Ball & ... | Min Value IU'_
2 [ARZ Basic Contact Force between Red B... | Max Value I!’_
3 |AR3 Basic Distance between Red BAIl &...

>l

Min Value Ii’_ ‘

Figure A-3-5 Analysis Response List

Analysis Response - Basic

Name |
Result Qutput |EH1 |
Treatment | Min Value I~
Description | Distance between Red Ball & I

ok |

Cancel

Analysis Response - Basic

Mame
Result Cutput
Treatment

Description

[ez2] |
&2 [e]
|Max\-fa|ue |v|

| Contact Force between Red E”l

QK

| | Cancel |

Analysis Response - Basic

Mame

Result Output

Treatment

Description

=
E [a1]
|Min Value |V|

| Distance between Red BAIl & |

0K

| Cancel |

Figure A-3-6 The detailed information for three analysis responses

AR1

Figure A-3-7 Three analysis responses in the model

13
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Chapter

Before you start to solve this optimization problem, it needs to know the relationship between
design variables and analysis responses or the correlation between analysis responses. To get
that kind of information, you need the effect analysis from design of experiments.
AutoDesign provides such functions as effect analysis, correlation analysis and even design
variable screening in Design Study menu. Design Study is composed of six sub-menus listed

in Table A-4-1.

Design Variables

Select DOE method and define the level for variable

Performance Index

Show the ARs checked in Analysis Response menu

Simulation Control

Define the solving option of RecurDyn solver

Effect Analysis

Perform the effect analysis from the analysis results

Screening Variables

Screening procedure from the effect analysis results

Correlation Analysis

Perform the correlation analysis from analysis results

Table A-4-1 Description of sub-menu in Design Study

14
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Basic Procedure for Design Study

In order to design study such as effect analysis, screening variables and correlation analysis,
you select the DOE method and define the level for each variable and perform the simulation
of RecurDyn. First, these procedures are explained as:

1. In the sub-menu of design variables, select ‘Bose’s Orthogonal Design’ in DOE
methods, and set the level of the study as ‘5’. Then, one defines the required runs as
25. This method is a strength-II orthogonal array design. For more information, one
may refer to the theoretical manual of AutoDesign.

Design Study

Design Variable | Performance Index | Simulation Control I Effect Analysis I Screening Variables | Correlation Analysis |

Methaod |Bose‘s QOrthogonal Array |v|
DV DP Description Level | Lower Mid1 Upper
1 DP1 Initial VX 5 1500. 0 5000,
2 DP2 stiffness K 5 1. 1] 20.

INumber of Trials Ell
All Level Set 5 - | Set Default |
| ok || cancer || appy |

Figure A-4-1 Define DOE method for design study

2. Confirm the Performance index that is checked in Analysis Responses.

15
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Design Study

Design Variable | Performance Index | Simulation Control | Effect Analysis | Screening Variables | Correlation Analysis

Pl AR | Description

Figure A-4-2 The selected PI list for design study

3. In the sub-menu of simulation control, define analysis setting shown in Figures A-4-4
and A-4-5. This setting is the same as that in RD analysis. If you increase the accuracy
of effect analysis and optimization results, it is recommended that the plot multiplier
factor should be ‘1.0’ and increase the number of steps. After setting the options, push
the OK button. After setting them, push the Execution button. Then, RecurDyn is
analyzed for the given number of trials.

Design Study
|Desigr| Variable I Performance Index | Simulation Control | Effect Analysis | Screening Variables I Correlation Analysis |
simulation Type -
Save Results effect_bosel | Mumber of Trials
Analysis Setting | | Execution

Figure A-4-3 Simulation Control page

16
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Dynamic/Kinematic Analysis

General | Parameter | Initial Condition |

End Time [1] [[ev]

Step 1000, [ ]

Plot Multiplier Step Factor [1. [pv]

Output File Name [sample_A_final_Do |
~Include

[ static Analysis
[Jeigenvalue Analysis
[ state Matrix

|:| Frequency Response Analysis

Hide RecurDyn during Simulation

Display Animation

Gravity
’7 x [0 | v [osoess | z [o

||Gra\tit)r|

Unit | Mewton - Kilogram - Millimeter - Second |

[ ok

|| Cancel |

Figure A-4-4 General analysis setting

|:| Match Solving Stepsize with Report Step

|:| Match Simulation End Time with User Input

[ stop Condition

Dynamic/Kinematic Analysis x
Parameter | Initial Condition
Maximum Time Step [5.e04] [pv]
Initial Time Step [1.e-08 [[v]
Error Tolerance [1.2-05 [[v]
Integratar Type | ADvHYBRID |~
Numerical Damping [1. [pv]
Constant Stepsize [1.e-05 |
Jacobian Evaluation for TParit | 100, [[Pv]

Export RSS | ok

| | Cancel

Figure A-4-5 Integrator parameter setting

(AUTODESIGN)

After all analyses are completed, one can select the effect analysis, correlation analysis

and screening design variables.

Now, select the effect analysis menu. Effect analysis gives the relation between one
performance index and all design variables.

17
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Effect Analysis

Figure A-4-6 shows the effect analysis menu. Let’s study the effect analysis procedure.

Select the performance index in PI row. Then check the design variables to see the effect

analysis for the selected PI. Then, push DRAW button. Figure A-4-7 shows the effect analysis
between PI_1 and design variables. This shows that DV1 is more nonlinear than DV2 in the

distance between red ball and blue ball.

(AUTODESIGN)

Design Study

|Desigr1 Variable | Pen‘ormancelndexl Simulation Control | Effect Analysis | Screening Variables | Correlation Analysis

Pl |1:AR1DM(1,2)

Effect Values and Variation
o Levell Level5 | Variation | Effect Value
1 : il
2 036337385... | 1.051277050... | 1.052378731... [1051102068.. | [ | [ v ]

Figure A-4-6 Sub-menu for effect analysis

A Effect Analysis: P17 : AR1(DM(1,2)) x

B ko |G B [R@ b & 0 | R [E] & |

Effect Analysis

M Levent
Bl Levelz
| [
Cievels
Hlieves

Walue

Figure A-4-7 Effect analysis result for the first PI

Similarly, you can see the effect analysis for PI_2, which is shown in Figure A-4-8. For the

4th and 5th levels of DV1, the contact forces are ‘zero’. This represents that two balls are not

contacted for those cases. It is noted that this discontinuity makes the accuracy of meta-
model to be worse.

A Effect Analysis: P12 : AR2(CONTACT(1,0,1,2)) x

& B ke |G R RlE P ST |&[EE] |

Effect Analysis

M Leven
Bl Levelz
WLeves
[ Levels
Bl Levels

Value

Figure A-4-8 Effect analysis result for the second PI

18
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Finally, you can see the effect analysis for PI_3, which is shown in Figure A-4-9. This
represents the distance between red and yellow balls. Unlike Figure A-4-8, this shows a
continuous result even though two balls didn’t contact for 4th and 5th levels of DV1. This
represents that PI_3 is suitable to define the contact constraint in the design optimization.

A Effect Analysis: PI3 : AR3(DM(1,2)-600) x
=Bk |6 MR @ | @ [E]| | 24 e

Effect Analysis

B Leven
B Leverz
B Leve3

Leveld
B Levels

Value

DV

Figure A-4-9 Effect analysis result for the third PI

The explanation of effect analysis is completed. However, you have a question for the
minimization or maximization combinations shown in Figure A-4-10.

Minimization Combination Drraw
DV (DP1) | DW2(DP2) |

Maximization Combination
DW1(DP1) | DW2(DP2) |

 Simulation

@Min Combination OMax Combination

Figure A-4-10 Selection of minimization or maximization combination

Suppose that you select the third PI. Then, you see the effect analysis result shown in Figure
A-4-9. Then, Figure 4-10 shows the design variable combination for minimizing PI_3 and
maximizing PI_3. If you need the confirmation for minimum or maximum set, then select one
of them and push simulation button in Figure A-4-10 menu.

Screening Variables

Figure A-4-11 shows the menu for screening variables. First, you can see the scatter points.
This represents the design variables. In this problem, there are only two design variables.
Thus, variable screening is not required but we study only the screening variable method.

1. First, select the first performance index, PI_1. Figure A-4-11 shows that two design
variables have severely different effectiveness. Now, you need to know which variable is
effective for PI_1.

19
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2. Define the cutoff values as 1.0 and push Apply button. You can see Figure A-4-12.
Then, push the Screening DV button. Figure A-4-13 shows the screening result. It
shows that design variable DV1 (or DP1) is more effective than DV2.

Design Study

Design Variable | Performance Index | simulation Control | Effect Analysis | Screening Variables | Correlation Analysis

Screening Variables

o.25 O F Dg1

PROBABILITY DENSITY

0.243

0.000 0.300 0. 600 0. 300 1.200 1.500 1.800 2.100 2.400
MAGNITUDE OF SENSITIVITY

 Chart Contral

Min © D © Max  Cuboff Value |0.243474868584849 | Apply

s [ show Paint Labels

Screening DV |

Clear Screened DV |

DV 1 | 2

Mame

Current

Sum

Number of Screened DV Cl

"Save Screened DV

@Create Mew Maodel OUpdate Current Madel Save

| oK || Cancel || Apply |

Figure A-4-11 Sub-menu for screening variables

Design Study

|Design Variable | Performance Index | simulation Cantral | Effect Analysis | Screening Variables | Correlation Analysis

P [AR1DMO2) [-]

Screening Variables
25

30
25 Dgz Dg1

20

o o o o o

15

10

PROBABILITY DENSITY

o o o

0s

oo
0. 000 0.300 0. 600 0. 30

© 1080

1.200 1.500 1i.800 2.100 2.400
MAGNITUDE OF SENSITIVITY

[ Chart Control
Min © D Max  Cutoff Value | 1.0
e [Z] show Point Labels

Screening DV ‘ | Clear Screened DV |

DV 1 | 2

Name

Current

Sum

Mumber of Screened DV Cl

" Save Screened DV

@Create New Model OUpdate Current Model Save

| oK || Cancel || Apply |

Figure A-4-12 Defining the cutoff value for screening variables

20
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Design Study

| Design variable | Performance Index | Simulation Control | Effect Analysis | Streening Variables | Correlation Analysis

Pl AR1DM(,2) [~

Screening Variables

0.35
0.30-
.
5 0§ Dg1
@ 0.25- 52 E
=
a8
2 0.20
=
= 0.15
o
&
o 0.10-
I
& .05 - o
=
0.00 : ; Lo : : i i .
0.000 0.300 0. 600 0.900 1.200 1.500 1.800 z.100 2.400
MAGNITUDE OF SENSITIVITY
Chart Control
[#] Show Paint Labels
) Screening DV | Clear Screened DV |
oV 1 | 2
Mame DP DP2
Current on Of
Sum on Of

Mumber of Screened DV

"Save Screened DV

(®) Create New Model () Update Current Model

[ ok || canca || appy |

Figure A-4-13 Screened result for the first performance index

Next, change the performance index AR3. Then, define the cutoff value as 12. Perform
the similar procedure in step 2. Then you can see the result shown in Figure A-4-14. In
the figure, Current represents the screening results for PI_3. Total represents the union
of screening results for PI_1 and PI_3. If you push Save button, only active design
variables (marked ‘on’) are remained in New Model or Current Model.

21
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Design Study

|Design Variable | Performance Index | Simulation Control | Effed:AnaIysisl Screening Variables | Correlation Analysis

Pl [AR3(DM1,2)-600) [~]
Screening Variables

= Y =.

£ 0.0z Hg- DE1

2 !

o H

o i

-

s

=

@ 0.01

2

o

[+]

= o

= 2

=]
o4
0.00 : . - : : : : : :
0.000 4,000 8.000 12.000 16.000  20.000 24,000 28,000  32.000 36,000
MAGNITUDE OF SENSITIVITY
Chart Contral
Show Point Labels
I Sereening DV i | Clear Screened DV ‘
oV 1 | 2 ‘
MName DP DP2
Current on
Sum on

Number of Screened DV

Save Screened DV
’7 @Create Mew Model OUpdEtE Current Model

| QK || Cancel || Apply |

Figure A-4-14 Screened result for the third performance index

Correlation Analysis

Figure A-4-15 shows the menu for correlation analysis. This shows the relation between two
selected ARs from the analysis results. If you see the relation between the first PI and the
third PI, check Horizontal Axis as PI_1 and Vertical Axis as PI_3 and push Draw button. Then,
you can see the correlation result shown in Figure A-4-16. Figure A-4-16 shows that they
have no trend or slightly reverse trend.

22
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Design Study

| Design Variable | F e Index | si ion Control | Effect Analysis | Screening Vari Correlation Analysis
Pl List
Pl AR Description Horizontal Axis Vertical Axis
1 AR1 Distance between Red Ball & Blue Eall
2 ARZ Contact Force between Red BAIl & Yellow Ball
3 AR3 Distance between Red BAIl & Yellow Ball

Draw

ok OQEAEPIEF e

i@ E

No Data Available

‘ oK ‘ | Cancel | | Apply

Figure A-4-15 Sub-menu for correlation analysis

Design Study

| Design variable | F ¢ Index | i ion Control | Effect Analysis | Screening vari Correlation Analysis
Pl List
Pl AR Description Horizontal Axis Vertical Axis
1 AR1 Distance between Red Ball & Blue Ball v ’_
2 ARZ2 Contact Force between Red BAIl & Yellow Ball
3 AR3 Distance between Red BAIl & Yellow Ball v
: = o
B®kAR®|EPSF & E K| HE
400. 00
300,00 e
200.00
L]
100,00
e 0.00
o g
-
= 'y 2 2
100. 00 F  }
o L]
-200.00
200. 00 b
e
-400. 00
0.00 250.00 500.00 7F50.00 1000.00 1250.00 1500.00 1750.00 2000.00 2250.00 2500.00
Time
| oK | | Cancel | | Apply |

Figure A-4-16 Correlation result between PI_1 and PI_3
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Chapter

Design Optimization

Let’s remind the following design problem:

Find the initial velocity of red ball along x-direction and the contact stiffness between red and
yellow balls for red ball to hit the blue ball after red ball hit yellow ball.

Red Ball
e Center Position : (0.0, 1200.0, 0.0)

Radius : 100

Yellow Ball Blue Ball
Center Position : ( Center Position : (2900.0, 0.0, 0.0)
Radius : 500 Radius: 100 I
Flxed Joint
Y

[

Next process is for defining the design option and executing the optimization analysis. The
first step is to define the design variables shown in the Figure A-5-1. This can start using the
‘Design Optimization’ command in the ‘Auto Design’ toolkit.
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In Design Variable menu, the selected DPs are listed. In this menu, DP can be design
variable or constant during optimization process. If you define a DP as constant, you
should define its constant value.

Design Optimization

Design Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheet

oV DP | Description | Current | LE | UE | Type | Value
1 DP1 Initial VX 2700, 1500. 5000. Variable j 0.
2 DRz Stiffness K 10. . 20 Variable j 0.

Figure A-5-1 Definition of design variables

The next process is to define the performance indexes in Figure A-5-2, which is named
as ‘performance index’ of the dialog of Figure A-5-1. Performance Index is a design
optimization formulation part. Figure A-5-3 shows the mathematical definition for design
optimization. Let's discuss the optimization formulation in Figure A-5-2. In the first
performance index, choose AR1 and define it as objective. Also, select the design goal
as minimization and define its weighting coefficient as 1.0. In the second performance
index, add one inequality constraint as ‘AR1 =< 100’. In the third performance index,
add one inequality constraint as ‘AR3 =< 0’, In the last performance index, choose AR2
and define it as objective. Unlike AR1, the design goal is defined as maximization and its
weight coefficient is defined as 1.

Design Optimization

E'Design Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheet |

Pl

c
w
m

| AR | Description Definition | Goal | Weight/Limit WValue

1 ’7 AR j Distance between R... Objective ﬂ BAIN j 1.
2 ’7 AR j Distance between R... Canstraint j LE j 100.
3 ’7 AR3 j Distance between R... Constraint ﬂ LE ﬂ 0.
4 ’7 AR2 j Contact Force betw... COhbjective j MAN j 1.

Figure A-5-2 Definition of performance indexes

Minimize Arl & Maximize AR2

Figure A-5-3 Design optimization formulation
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Check the analysis setting by clicking the Analysis Setting button. In order to reduce
the numerical error, we increase the number of time steps shown in right. If you

increase the resolution of optimization solution, then increase the number of steps. In
refining the design optimization, we will show more accurate design by only increasing

the value.

Dynamic/Kinematic Analysis

General | parameter Initial Condition |

Step 1000, Pv
Plot Multiplier Step Factor Py

Output File Mame |effect_bose'\,_DS

rInclude
[ static Analysis
I:‘Eigen\ralue Analysis
[] state Matrix

|:| Frequency Response Analysis

Hide RecurDyn during Simulation

DisplayAnimation

Gravity
’7 x [o. | v [o80665 | z [0 | [Gravity]

Unit | Mewton - Kilogram - Millimeter - Second |

| OK | | Cancel

Define the option of optimization control and execute analysis shown in the Figure A-5-4.
The analysis setting is the same that of Design Study. Finally, if you push the
optimization button, you can see the summary of the design optimization formulation
shown in Figure A-5-5. Then, check your formulation. If you see some mistakes, then
push the Cancel button and correct the mistakes. Otherwise, push the Execution
button. Then, AutoDesign runs until convergence criteria are satisfied or maximum
iteration is reached. During optimization process, you can see the analysis results in the
Simulation History menu.
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Design Optimization

| Design Variable | Perfarmance Index | Optimization Contral | Result Sheet | Summary Sheet |

DOE Meta Madeling Methods [ Methods |
~ Convergence Tolerance

Objective Change Rate in Consecutive Iterations [s.e-02 |

Equality Caonstraints ‘1:4}3 ‘

Inequality Constraints ‘1&4}3 ‘

Maximum [teration of SAQ ‘ 30. ‘

Convergence Relaxation Control ‘DFF ‘v|

Simulation Type | Dynamic/kinematic

Mumber of Trials

[ save Results | case2) ‘

Analysis Setting |

Execution | I

| 0K || Cancel || Apply ‘

Figure A-5-4 Control option definition for optimization and analysis

Execution

— Summary for Execution
Design Variables

Mo DV Description Current LB UB Type Value
1 DP1 Initial WX 2700, 1500 5000. Variable 0.
2 Dp2 Stiffness K 10. 1. 20. Variable 0.

Performance Indexes

No AR Description Definition Goal ‘Weight/Limit Value
1 AR1 Distance between Red Ball ... Objective MIN 1.

2 AR1 Distance between Red Eall ... Constraint LE 100.

3 AR3 Distance between Red Ball ... Constraint LE 0.

4 ARZ Contact Force between Red... Objective MAX 1.

Meta - Model

Initial DOE Method
Meta-Model Method
Polynominal Type
Trial Mo

Incomplete Small Composite Design -2
Radial Basis Functions Model{Multi-Quadratic)
Auto

5

Cancel |

Figure A-5-5 Summary of design optimization formulation

5. If AutoDesign is completed, then you can see the convergence results in Result
Sheet. Figure A-5-6 shows the optimization results. In RecurDyn, the final value of
AR1 is 0.732(mm) after 8 iterations. Figure A-5-7 shows the trajectory of red ball for

SAO 8.
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Design Optimization

| Design Variabl, I e Index I Optimi Control | Result Sheet | 5, Sheet
Optimization History of AR Values
Mo AR1 AR2 AR3 Violation |Z|
5 6.38734766708726 3936.34508336416 -58.165300523308 0.
1] 3.28099902975968 3946.54306982405 -58.2811814476755 0.
7 0.732864532491649 3955.21210285549 -58,3796344164504 0.
8 0.732864532491649 3955.21210285549 -58,3796344164504 0.

R EEIE L

@ hikDRECEPSF

7000.00

1
&000. 00 \
E000. 00 \ /;‘\
4000. 00
/ \ - Mormalized Object
“@ Maximum Violation

wn -\

2000. 00
1000. 00 \ / \
0.00 F—=—
1 H s

SAO Iteration

| oK || Cancel || Apply

Figure A-5-6 Convergence history

Figure A-5-7 Animation of the final design

Thanks for participating in this tutorial!
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