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Creating the Original Parametric Design

This document has been prepared to present some of the capabilities and features of
the “Design Optimizing Expert System” (DOES) from OPTIMUM Power Technology.
The case study demonstrates some of the benefits of using DOES to optimize the
“Flexible Spring Mount” model shown below:

The model was created and manually optimized for several days by a customer’s
engineer before it was given to OPTIMUM
Power Technology. The solid model of the
mount was created using the Design
Modeler from ANSYS, Inc.

The goal of the optimization was to achieve
the most deflection of the mount in the — Y
direction while staying within the allowable
yield strength of the material.

In order to perform a good optimization, it was essential to start with a high quality
parametric model that could be fully optimized without compromising the part’s
original design intent. The following sketch shows the actual parameters assigned to
the mount.
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The model for the mount was created with optimization in mind. Both parameters
which were fixed design constraints and those which could be varied to optimize the
performance of the mount needed to be specified.
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The remainder of this document will detail the results of analysis of the original
manually optimized mount and the DOES optimization that dramatically improved its

performance.



Analysis of the Baseline Flexible Spring Mount

Before any downstream optimization is performed it is essential to analyze the initial
baseline part. For this spring mount it was determined that symmetry could be used
to significantly reduce the time required to perform the analysis of the part.

Using the Design Modeler from ANSYS it is possible to segment the model, as
shown below, without modifying the original CAD model. As such, a 10-degree
segment of the mount was created to perform the analysis.
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In this analysis, we set up parameters
that reflected the original design intent
of the model with a load of 9000
pounds or 40034 Newtons. A force of
1112.055 Newtons represents the load
on a 10-degree segment of the mount.
This load was applied to the segment.

The segment was constrained at the
outer edge against vertical
displacement. The cut surfaces were
constrained as frictionless supports to
simulate symmetry. The diagram
below reflects the loaded and
constrained final segment to be
analyzed.

Once constraints and loads were
applied to the segment, meshing and
analysis settings were defined in the
ANSYS Mechanical product.

The “Sweep Method” and “Mesh”
settings that were used are shown in
the two dialog boxes below.
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The “Analysis Settings” were specified to

allow for non-linear large deflection analysis.

With these settings, loads and boundary
conditions, the analysis of the baseline
model showed an equivalent maximum
stress of 2025.7 MPa and a deflection of -
4.6561 mm.

The resulting displays of the analysis results
are shown below.

Note that the rigidity of the baseline mount
causes the maximum stress to occur at the
point of loading.
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Performing Design Optimization

The next step was to perform an optimization of the baseline mount to meet our
original design objectives. In this section we will describe the parameters that were
specified in DOES to set up and create several optimized mounts. To optimize the
baseline model with DOES one uses its Knowledge Engineering user interface to
create an Expert Design . The Expert Design defines the objectives and constraints
and the model parameters that can be varied to create optimized designs.

Creating a DOES Project and Expert Design

First we must create a Project (Flexible Spring Mount) and an Expert Design .

[ @ Design Optimizing Expert System {DOES) | =HEEN X
File Edit GoTo Help
N0 Ml

Project: Fiecble Spring Mount

d=135

Name=Case Study Largest Minimum Deflection & < 2.0%53Pa>=1Pa
- Description=

. Created=2/14/2012 1.40:40 PM

Updated=2/14/2012 1:40:40 PM

[ ReferenceRun

'+- ApplicationMadel

- Task

& DesignSpace

Ready

L%

The Expert Design consists of a Reference Run , an Application Model , a Task
and a Design Space .

A Reference Run is a complete example of a batch run simulation of the device or
process that the engineer wants to optimize. It contains specifications for all input,
processes and output files required to run a model. It contains all of the information
necessary to create different versions of the model that can be run in parallel.

An Application Model normally contains a subset of the Reference Run’s variables
that can be used by a particular Expert Design .

The Task defines the Objectives and Constraints of the Expert Design to be
performed.

The Design Space defines which Application Model variables can be changed and
how to adjust them to achieve the design Task.



The next step in creating the Expert Design for the mount was to load information
from the Flexible Spring Mount ANSYS Workbench Project into the Reference Run
of the Expert Design . DOES makes the setup process easy with its intelligent
ANSYS tool partner interface that recognizes the type of model and automates many
of the definition tasks. To obtain this data we selected the spring mount's ANSYS
WBDB file when we created our Reference Run.

ﬂ ReferenceRun =
MName: Flt;le Spring M.oun;[.wbpj heferenceF'.un

Dlescription:

[1- FileSpecifications
A =E Fleoible Spring Mount whpj
[~ Variable Specifications
I— rocesses
. - Flexible Spring Mourt.whpj
- FileAssignmenrts
~- Vectors and Amrays
(- ObjectiveVariableAmays
- Independert VariableVectors

[ oK || Cancel || Heb |

When creating the Variable Specification of the Reference Run for a WBDB file,
DOES invokes the ANSYS Workbench Parameter Set to provide all of the input and
output variables associated with the ANSYS model:

Parameters

=+ Input Parameters

[ BaseAngla=3
= E Force Magnitude=-1112.085 [N]

[ InnerFillet=2.5
- [ OuterEdgeHeight=1.5

) et i25 Note that the current values are
s displayed for all model input variables.
) Srmimisgmertie-t The Knowledge Engineer selects the
] ToroidRadius=4 . . .

[ Toalond=s0034 input and output variables from the list

B DOLﬂput Parameters . .
2 s o that he/she wants to include in the
-l Epmvert S o Reference Run and any subsequent
Application Models that may be

Selected parameters:

created using this Reference Run.




The following display shows all of the model variables that were selected for the
Reference Run:

1 Rererencern, T I =l
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The next step was to use the Knowledge Engineering interface to define the
Application Model and select the Reference Run Variables that can be
manipulated with this Expert Design . The following display shows how simple the
Application Model is.
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Next the engineer creates the Expert Design’s Task which specifies the Objectives
and Constraints of the Expert Design . DOES supports multiple Objectives ;
however, in this study the only Objective was to create a mount with the largest
amount of deflection in the —Y direction. Remember that this Objective must be
achieved subject to the Constraint that the maximum equivalent stress in the model
must be greater than 1 and less than 2050 MPa.

Task S - l—
Name: Largest I\';Ilnimum D-eﬂectlon wﬁ.h Stress < ZDSeB Pé =1 Pé

Descrption:

(=5 Specffiion Add
Y < echicat

nt
ProcessMame=Flexible Spring Mount whpj Iﬂl
-1-Objectives
Minimize Directional Deformation Minimum
[?j Properties
=1 Constrairts
Equivalent Stress Maodmum 2050000000
‘- Equivalent Stress Maodmum:1

[ ok ][ Concel |[ beb |

Once the design Task’s Objectives and Constraints are defined it is necessary to
identify the Application Model parameters which can be varied in order to achieve
the design’s Task. These parameters are called the Design Space Variables . The
engineer must also specify the minimum and maximum values that each Design
Space Variable can be assigned. Not all values need to be viable as those which
produce invalid model regeneration are reported at runtime by DOES and ignored for
purposes of determining final results. In this study we optimized the values of five (5)
design parameters contained in the Application Model . The window below shows
the Design Space Variables and the ranges for their values.

.
3 DesignSpace

Name: FSM D.esignSpace
Description:
& Varables Add
¢ i BaseAngle. Real Min=2 5 Max=4
- OuterEdgeHeight, Real, Min=0.6, Max=2

- QuterFillet, Real, Min=8, Max=10 ch
- SpringTaper, Real, Min=2 5, Max=6 =
B8 ToroidRadius, Real, Min=35, Max=4 2

- Constraints

[ ok || Cancel |[ Heb |




Optimizing the Spring Mount

[ @ Dezign Optimizing Expert S)fs;_tz_ﬂ(D:OESJ ﬂ‘iﬁy gggceeal\l/gilg‘lbe'edsesr:rae\/de Iggg:‘ [;Szlgge d
Ele Edt  GoTo  Help optimizations can be launched by
H-& & D clicking on the Green Arrow _ to obtain
Pt Fisble S Mo improved designs. The Optimize
=4 Eer °d dialog box controls the amount of
i e fces computing that will be performed to
. Desciipicn= - optimize the design which in turn
- Created=2/17/2012 12.02:57 PM determines how long the optimization
- ng:::ceﬁl:’ S will run and normally how good the
' ApplicationMode! deSIgnS will be.
& Task
i d=139 The default Optimize parameters,
i Name=Largest Minimum Deflection with Stress < 20563 Fa = 1 Pa .
N shown in the box below were used to
- Created=2/17/2012 12.0257 PM . obtain the initial results for
- Updated=2/17/2012 120257FM | [ Optimize &J this study.
- Specifications
- Specfication1 )
. ProcessMame=Flexible Spring i : Exploratlon Power -
biectives Spimiey cawe: Mhicn 4 determines the level of
i.. Minimize Directional Deform] | Exploration  Refinement  Local Opts the Design of
[+~ Properties 0 1 1 K
5 Constraints 2 Experiments (DoE) that
.~ Equivalent Stress Maximum| | Investigation DOES uses during the 1st
| DBSignSpace=.... Equivalent Stress Madmum | ASAP ) Nommal () Edensive stage, of thg .opt|m|zat|on
) process. If it is not zero,
- Name=F5M DesignSpace l oK | | Cancel | | Help ] DOES uses its proprietary
- Description= e

- Created=2/17/2012 12:02:57 FM
- Updated=2/17/2012 12:02:57 FM
| [=)- Variables

BaseAndle, Real, Min=2.5, Max=4

i~ OuterEdgeHeight, Real, Min=06, Max=2
- OuterFillet, Real, Min=8, Max=10
.- Spring Taper, Real, Min=2.5, Max=6

ToroidRadius, Real, Min=3.5, Max=4.2

[ Constraints

| Ready
E =

DoE algorithms to locate
the most promising solution areas
within the design space.

Refinement Power —is the number of
levels of refinement that DOES applied
to each Solution that was created
during Exploration . Refinement is
the second stage of the optimization
process.

Solutions - determines the number of improved designs that DOES will attempt to create.
The first Solution is the best new design. The second Solution is the second best design,

etc.

This default (0,1,1) Optimize has an Exploration Power =0 , which tells DOES to skip the
DoE stage of the optimization process. The Optimize Power is equal to 1. Exploration

Power + Refinement Power = Optimize Power

for the Iteration . The number of designs in

a DOES Optimize design space is equal to ((2 *Optimize Power) +1) ~(number of Design
Space Variables) . Thus, for this Optimize the design space is very small, ((2"1) +1) 5,

which is only 243 different designs.

Simply clicking the OK button causes DOES to run

many batch mode simulations to completion, without further intervention, to optimize the

design.
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Results of the First Optimize Iteration of the Spri  ng Mount

During and after the completion of an Optimize Iteration , the optimized Results can
be displayed as shown below.

[ [B= Iteration Status - Flexible Spring Mount Optimize, Exploration=0, Refinement=1, Local Opts=1, ASAP, (DONE) l == -Ehr
Action
-Summary |
Base Run Solution 1
g Tk S 00%
1 Objective1 (Minimize Directional Deformation Minimum) | 26% | 100% |
Minimize Directional Deformation Minimum 00047 | £0.0076 |
o Constrainis R S B
Equivalent Stress Maximum<2050000000 1885844080.4941 | 2024270078.3485 |
Equivalent Stress Maxdimum>1 |1885844080 4341 | 2024270078 3485
— R SR
BaseAngle. Real, Min=25. Max=4 3.0000 | {
OuterEdgeHeight. Real, Min=0.6. Max-2 ' 15000 13000
OuterFillet. Real, Min-8, Max=10 ﬁ 9.0000 5.0000 |
SpringTaper. Real, Min=25 Max=6 5. 0DDD 42500
ToroidRadius. Real, Min=3.5, Max=42 4.0000 | 3.8500 |
@ Objective Characteristics | Range |

The first Iteration of this Expert Design improved the mount’s deflection by a
whopping 65% allowing a deformation of -7.6 mm, with a maximum equivalent
stress of 2024.270078 MPa, which was about 24 MPa less than the maximum
allowed.

This Iteration ran for less than 23 minutes, in the background on a notebook PC
with no user intervention, and created and analyzed only 20 new designs to create
this vastly improved design.

All DOES Results are stored in a design Project within the DOES SQL Knowledge
Base.
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ANSYS Analysis of the First Optimize Iteration oft  he Spring Mount

Once the lteration was completed, the optimized design was viewed within the
ANSYS Workbench environment. At this point the engineer is able to select any of
the new Solutions created by DOES.

The following displays show an ANSYS analysis of the stress and deflection of the
optimized spring mount created by the 0,1,1 Iteration with DOES.
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Results of Additional Optimize Iterations

Because the first quick default Optimize was so successful, we decided to perform
additional, more powerful Iterations to see if DOES could create even better
designs.

In order to obtain two optimized designs from the second Iteration we specified the
minimum DOES “design of experiments” exploration by incrementing the
Exploration Power from 0 to 1. We increased the Refinement Power from 1to 3 to
increase the number of possible designs in the design space from 243 to 1,419,857,
and we selected an Extensive Investigation rather than ASAP so that DOES would
evaluate more new designs during this Iteration while DOES attempted to create the
best designs within this much larger design space.

This second iteration highlights an important feature of DOES. Note in the progress
chart below that the Objective quickly jumped to over 60%:

Eb- Iteration Progress - Flexible Spring Mount Optimize, Exploration=1, Refinement=3, Local Opts=2, Extensive, (DONE) ‘ o[
Objective Runs - Cument=457

100 500 /
80 [ 400 //
§0 300 /
o /
= H
g n : 20 P
5 //
20 100 .-
E 0
o 2 4 W0 12 4 1. 0 2 4 0 12 14 1.

Time in Hours Time in Hours

This highlights DOES’ powerful underlying knowledge base architecture. All of the
20 designs analyzed during the first Optimize Iteration were stored in its knowledge
base. No designs are ever rerun during the lterations of a DOES Expert
Design. Thus, the previous Iteration’s best Solution is found quickly at the
beginning of the second iteration. Only new designs need to be evaluated.

This second lteration created a significantly better design with the deformation
increasing from 7.7mm to 8.7mm:
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:2‘5-"" Iteration Status - Flexible Spring Mount Optimize, Exploration=1, Refinement=3, Local Opts=2, Extensive, (DONE) |E||E|
Action
[ .Summary
Base Run Solution 1 Solution 2
| & Task | = 100%]| B4x
| = Dbjectivel [Minimize Directional D eformation Minanum) % 100% | 847 |
Minimize Directional D ef tion Mira -0.0047 -0.0087 -0.0077
= lffunsllainlx | |
Equivalent Stress Maximum< 2050000000 1365344060.4941 | 2040943690, 5061 | 2048724470, 8351
| Equivalent Stress Maximum>1 1935844080.4941 | 2040949890, 8061 | 2048724470831 |
e ks iSRG el | S R
BaseAngle. Real Min=25, Max=4 3.0000 | 25538 2.B875
DutelEdgeHeighl,Heal,Min=i13, Max=2 1.5000 06875 | 1.3000
OuterFillet, Real, Min=8, Mau=10 3.0000]  10.0000iMax | 93750
SpringTaper, Real, Min=25, Max-6 500000 51250 42500
ToroidR adi‘us, Real, Min=3.5, Max=42 4.0000 | 3.5438 37625
: ) Ui:_ieclive Characternstice Hangt_a: |

In reviewing the 2 Solutions found in our second Iteration one can see that their
geometries are quite different from each other. This indicates that there might be
many good diverse optimized designs in the design space rather than a few with
similar geometry that yields good results. Encouraged by this progress, we ran a
third iteration where we incremented the DOES Exploration Power from 1to 2. We
then decreased the Refinement Power from 3 to 2 to keep the number of possible
designs in the design space to 1,419,857, and we maintained an Extensive
Investigation as in the second Iteration .

This 2, 2, 2 lteration evaluated an order of magnitude more designs than the
previous Iteration and again created a significantly better design:

_-3:3.2-"-" Tteratian Status - Flexible Spring Mount Optirmize, Exploration=2, Refinement=2, Lacal Opts=2, Extensive, (DOMNE) |E||E|
Action
“.Summar}l
Base Run Solution 1 Solution 2
| o Task I 100 | a0
| =} Objectivel [Minimize Directional D eformation Mmnanum] 32°/°j 1002 90
Minimize Directional Deformation Minimum | -0.0047 -0.0094 -0.0087 |
= éonsllaints )
Equivalent Stress Maximum< 2050000000 | 1885844030.4347 | 2046673578.6232 | 2040343330.8051 |
| Equivalent Stress Maximum>1 1885844080 4941 | 2046673878.6232 | 20409435850.8061
e -kl | et e e e e e
| BaseAngle, Real, Min=2.5, Max—4 | 3.0000 | 26375 25338
OuterE dgeH eight, Real, Min—06, Max-2 1.5000 | 0.7750 | 0.6575 |
OuterFillet, Real. Min=8. Max=10 | 9.0000 | 9.7500 10,0000 [t aw] |
SpringT aper. Real. Min=25. Max=6 5.0000 | 4 6875 h1250
[ TorcidRadius. Real, Min=3.5, Max-4 2 | 4.0000 | 39375 35438
: &3] DiJ_ieclive Charactenstics Hangg: |

Note that Solution 2 of this Iteration is the same design as Solution 1 of the
previous Iteration , and that the new best design has distinctly different geometry.

In light of the success of the previous Iteration it was decided that a fourth iteration
should be run to explore this design space even further. This time, we incremented
the DOES Exploration Power from 2 to 3 and reduced the Refinement Power from
2 to 1 to preserve the same design space. Again we chose Extensive Investigation

as in the previous lIterations . Increasing the Exploration Power from 2 to 3 will
cause DOES to create a much longer running Exploration so we chose to reduce
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this run time by limiting the number of Seed Points to 200. This is another feature of

DOES that allows the designer to easily control the run time of an Iteration .

Again, this Iteration created an even better very different design. Note that once
again Solution 2 of this Iteration is the same a Solution 1 of the previous Iteration .

b Tteration Status - Flexible Sp!ﬁ Mount Optimize, Exploration=3, Refinement=1, Local Opts=2, Seed=1, Initial runs=200, Extensive, (DONE)

Action

Summary |

2 Task

BaseAngle, Real, Min=25, Max=4
DlﬂerEdgeHelghl Red IEIFUE. Max=2
OuterFillet. Real, Mill=8\. Hax—m
SpringTaper, Real, Min=25. Max-6
ToroidRadius, Real, Min-3.5, Max—42

@ Db]ecinmﬂlmm

Directional De Minimum
& Constraints
[‘. e —
E{‘]uivalenl Stress Madmum=1
EHT ettt ke o

E Objectivel (Minimize Direclional Deformation Minimum)

Base Run Solution 1 Solution 2
100% | 33% |
; 100% | 93% |
0047 | 00053 | 00094 |

| 1885844080 4941

| 1835644080 4341 | 2047045141.3727 | 2046673878.6232 |
3.0000 | 26875 |
1.5000 | 0.7750 |
9.0000 | 9.7500 |
50000 | 46875
40000 42000 Max) | 39375 |
Range |

| 2047045141 3727 | 2028673878 6232 |

A summary of the complete Expert Design , shows all four of the iterations and the

incremental progress:

Optimize, Exploration=0, Refinement
Optimize, Exploration=1, Refinemel
Optimize, Explorati Refinem

Local @

=1, Local Opts=1. ASAP [DDNE]
pts=2, Exie
Local Opte=2, Ext
Optimize, Exploration=3, Refinement=1, Local Opts=2, Extensive, {DDNEI

3|:‘tf||ze E4<|:I ration=2, F": nent: L pi:
Optimize, Exploration=2, Reﬁremer;t 1, LocuIOpts =2, Extensive, fDDNE1

[B= ExpertDesign Status - F[exi%‘ipring Mount = | =]
Action
Base Run 1 ion 2 4
i Task I 6%%
=, Objectivet{Miimis ¥ ot 30% | B3 3% | 100 |
HlnlmlzeDlrec‘Imﬂ Defnnrahon hﬁrllrlln -0.0047 -0.0076 | -0.0094 | -0.0095 |
=] COHStmm | NPT RUIRN EETTIPUITINPTIVII NIV UIPNINIUN SVIOT SRS NPT DPrT R |
qunvalent Stress Maximum<2050000000 | 1885844080.4941 | 2024270078.3485 | 2040943850.8061 | 2046673878.6232 | 2047045141.3727 |
1 Eoiivaleu Stess M1 [1EB5544080:4901 | AR470078: 3485 | 2040949890,8067. | AMGETI878 6202 A0AOITIAL 3727, |
1= DesignSpace
BaseAngle, Real. Min=2.5, Max=4 3.0000 | 25938 | 26875 | 25338 |
DulerEdgeHeughl Real, Min=0) 6, Max=2 1.5000 | 06875 0.7750 0 6575
_OuterFillet, Real, Min=8, Max=10 9.0000 | 10.0000 (Max) | 9.7500 | 8,0000 (Min)
SprlllgTﬂper Red Min=25. Max=5 50000 | 51250 A BS"E 4 BE"S
ToroidRadius. Real, Min=3 5, Max—4.2 i 4.0000 | 3. 5433__ 39375 1 4.2000 [Max,\ |
L
E > ]
3 ExpertDesign Progress - Flexible Spring Mount l = ﬁ
Objective Runs - Cumert=2005
120 2500
100
] 2000 o
a0 J_—_I . /
J 1500
2 //
o 1000
¥ @ z /’
o £
= C r
&
20 BE /
0 0
0 2 4 1.0 12 14 0 * 4 8 10 17 14
Time in Days Time in Days
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A Graphic Summary of the Spring Mount's Optimizatio n Progress

After 4 Days of MANUAL
optimization:

Displacement = - 4.6561 mm
Stress = 2025.7 MPa

1.0732e8 Min

0.000 0.020 0.040 {rm}
]

0.010 0.030

After 23 Mins of DUES
optimization:

Displacement = - 7.6 mm
Stress = 2024.27 MPa

0.010 0.030

After 1.2 Days of E&S

optimization:

Displacement = - 9.9 mm
Stress = 2047 MPa

114798 Min

0.000 0.020 0.040 ()
1

0.010 0.030
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Benefits of DOES

While the desire and need to achieve design optimization have been around for a
number of years, viable results have been difficult to obtain. The reasons for this
limited success have been in the tools and approaches that were available.

DOES is a totally unigue approach to optimization that is the result of over 10 years
of development and a series of unique proprietary and patented algorithms created
by Optimum Power Technology.

Primary benefits include:

[ ]

[ ]

The product is powerful

The product is easy to learn and use

The product produces good results quickly

The product runs without user intervention

All variables are considered and analyzed in every optimization.
All solutions produce valid (accurate) hard point designs.

Simulation results are captured in an imbedded database so that the
results can be used by subsequent Iterations of a design project. Within a
Expert Design study NO SIMULATION WILL BE RERUN!

The User controls speed of the optimizations with simple intuitive controls
at the time that the Iteration is launched.
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