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I OPTIMIZATION-BASED DESIGN

Problem Description

In this tutorial we will demonstrate the feature for constraining Plato
designs to have user-specified mass properties. We will design a bracket for
stiffness, constrain the center of gravity to be a user-specified value and see
how it affects the maximum displacement of the design.
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Create a New Mode|

° C h O Ose Fi I e-> N ew-> M od eI i n t h e File ::: MNavigate Connection Window Help — T

Open File... ¢ Model

I I | =) Open Projects from File System...
e n u = &) Python ST C eate a new mo

(¥ OpenModel.. 0 @ Journal Fild
* Choose New Model then Next X S

* Choose Create From Template then |%m=" &
Next

 Enter Mass as the Model Name

Model Name: | Mass |

Location: | ChUsers\bwelark\Documents\PlatoRuns | Browse...

| type filter text |

e Choose the Sy -

w [ Basic

Plato Templates->Basic->Maximize e

=l Match Modes (Sierra5D)

5l Maximize Heat Conduction (PlatofAnalyze)

Stiffness (PlatoAnalyze) template 1) s s Plodnate) .
and then Finish S :

code platomain
nurmber_processors 1
end service

'::'_?:' < Back Mext » Cancel
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Import the Desigh Domain Mesh

* Right-click on “Geometry/Mesh” in the
tree and choose “Import...”.

* Choose “GENESIS” as the file type and
choose “Next”.

* Browse for the file called
“MassPropertiesTutorialMesh.exo”,
choose the “Free Mesh” option, and then
choose “Finish”.
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- *Model Naviga 1 Power Tools = B ||l Comn
L= = A, [x 8
S e AN = 2P Ge
vl “Mass
&P Geometry/Mesh . o
“plato [ Refresh
I Parameter Studies Add
¥y Import ...
7y Export ..
K Delete
™G
= O *
Genesis/Exodus import
File name is valid for IMPORT
File | ark\Documents\MassPropertiesTutorial\MassPropertiesTutorialMesh.exo Browse

Import Options

() Mesh Geometry (O) Associated Mesh (@) Free Mesh () Sizing Function

[]Unique Genesis IDs

Block ID(s) | all

| [ Shell

DSpe(if’y Geometry D(s)

VE

Group
Volume Vertex

Surface

[ Specify Free Mesh Group Name

< Back

Deformations
[] Apply Deformations

Time
Step
Last Time Step

Scale | 1.0




Save the Geometry/Mesh

* Click on the
“Geometry/Mesh” node in
the tree and then click the
Save icon in the toolbar.
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LEBE *Model Naviga ] Power Too
= G o @
v “Mass
P *Geometry/Mesh

‘plato
T Parameter Studies

T Ch\Users\bwelark'\model_builder w

File Edit Mavigate Connection

N @iQig

jl:E; *ﬂﬂdel Mavigat | Power Tool




I OPTIMIZATION-BASED DESIGN

Load the Pre-defined Input Deck

* Right-click on the “plato” node in the tree e e Dl rome o] = 0@ co
and choose “Open Input File”. This will open % ¢ EERD ! || gs
a text editor showing the current input file Ve Maso )
for this model. We will be replacing all of the - >
text in the default input deck with that in the FE parom ; o Smten
file called Add
“MassPropertiesTutorialinputDeck.i”. 5 Openinput Fil

* Open “MassPropertiesTutorialinputDeck.i” R Delete
in a text editor of your choice and copy and e — o

paste its contents into the input deck editor
in Plato replacing the text that was there.

* Then click on the “Save” icon in the toolbar
to save the model.
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Run the Optimization

T:: Model Mavigat [ Power Tools
* Click on the plato node in the T eseasER
i . . &P Geometry/Mesh
tree to Igrlng up the job . P ceome
submission panel in the Settings T Parameter Studies
VieW + Resources
Input files: Mass.qen
 Choose Plato as the code and ] Mass nunch
then choose the machine and E—
execution template you want to Pruns Mesh
use Mumber Buffer Layers: = 2
MNumber Refines: o

* In the Resources area make sure Mass.gen is checked so that
this file gets pushed to the working directory.

* In the Prune and Refine area make sure Prune Mesh is
unchecked and Number Refines is 0. For this first run we won’t
be doing any pruning or refining.

* Choose any other preferences and launch the job by clicking on
Submit Simulation Job toward the top of the panel
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Initial Result

After 50 iterations you should have a result that looks like the one below. This initial run did not have
the center of gravity (CG) constrained to be a specific value. To measure the CG we will first create an
STL version of the result and then list its mass properties.

plato
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» Expand the “Geometry/Mesh” node in the tree to show all of the results from this initial run.

* Right click on the last one and choose “Generate STL".

* Inthe CUBIT console type “list volume 1 geometry”. Toward the end of the output you will see some
mass properties. Note: to get to the CUBIT console click on the icon in the Console toolbar (below)
grgil it cycles back to the CUBIT console. This initial result has a center of gravity of about 1.27, 0.0,

v ¥ Mass
v Geometry,/Mesh
&P lterationDs
P lteration20
&P lteration30
&P lteration3s
&P Iterationdd
&P lteration50
& Mass (&

@ plato [Finishe

ZF Parameter St

LEEE Model Mavigat [ Power Tools = 0
"G ¢ 2ER DB

Refresh
Add

Import ...
Export ...

Delete

Fringe Plot
Smooth Results
Generate STL
Execute

[2 Machines | E) Console 3

Mass - running
Obtaining
Obtaining
Obtaining
Resolving

EXR RO O

machine name...Machine name: ascicgpul?

machine. . .Done!

machine's file system...Done!

local directory...Done!

Job cancellation request received.

Terminating job submission...
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Centroid: 1.268965 -0.000370 -0.000446
CG Volume Geometry: Engine=facet

E Console % . [ Machines
CUBIT Console

Merge Setting = Auto

Volume of Volume: 3.637863

Journaled Command: list volume 1 geometry

CUBIT> |
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Max Displacementin Y

* View the max y displacement by right clicking on the
last result in the “Geometry/Mesh” folder and
choosing “Fringe Plot->dispy_plato_analyze 2”. For
this design the max displacement in y is -0.00823.

f2- Model Navigator . =] Power Tools oG ¢ @=L % S O |[Mcomn
v ¥ Mass 0 000 ,42
~ [ | Geometry/Mesh @ Ged i
@ lterationD3 Cub Fil
@ lteration20
& lteration30 Journal Fi
@ tteration3s
@ tterationd0
@ tterationsn Mesh Filg
Refresh F5
2 9 Mass. ) [& o= Next 9 -0. 00 ’95
;‘j? plato [Finisl Add »
T Paremeter § (]2
fxg  Import...
3 Export..
3 Delete Delete - -
Fringe Plot > dispx_plato_analyze 2 ‘
& Smooth Results dispy_plato_analyze_2 -0. 00405
@ Generate STL dispz_plato_analyze_2
3 Execute vonmises_plato_analyze 2 |

-0.00614

-0.00823
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Re-run with a CG Constraint

Now we will pretend there is a requirement to have the CG located at 1.8, 0.5, 0.0
and will rerun Plato with this constraint. We will actually enforce the desired CG
by adding an additional sub-objective to the problem. You can also add it as an
actual constraint but this problem converges more quickly with it enforced as

part of the objective.

Desired C ®

Current CG @ :
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Create CG Criterion

* Click on the “Criteria” node in the tree and then in the Settings
panel choose “Criterion” to create a new criterion.

* Set the “id” to “3”, “type” to “mass_properties”, and add
criterionoloarameters as shown below to set the CG x and y to
“1.8” and “0.5” respectively.

* Note: To add a parameter right-click anywhere in the “Line
commands” pane and choose “Add...”.

i Command Panel | [ Settings

- - & criterion
‘Eg: Model Mavigate - [ | Power Tools = O | i Command Panel

= <& o = A [ 2 o & Summary
5 ¥ Z|EzL2 £ || @ criteria
w A Pass
Geometry/Mesh

Command Options

v 2 plato [Finished] Select the links bel Name: |3
5, Blocks
@ Boundary Conditions Criterion
@® Constraints / Line commands
v.ﬁ' Criteria
@ criterion "1" @ type mass_properties
@ criterion "2" @ cgx 1.8 weight 1

@ cgy 0.5 weight 1
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Add a New Service

I OPTIMIZATION-BASED DESIGN

* Click on the “Services” node in the tree and then in the
Settings panel choose “Service” to create a new

service.

e Set the “id” to “3” and add service parameters as
shown below.

T:ﬁ; Model Navigator . [C] Power Tools

w W Mass
Geometry/Me
w 8 plato [Finished]
-.” Blocks
L] Boundary Conditions
&® Constraints
-"@ Criteria

@ Finite Element Model
o] Loads

[ Optimization Parameters
= Outputs
&® Paths
§ Scenarios
v@' Services
@ service"1"
@ service "2"

G ¥ 2ER [ 8
sh

= O ||l Command Panel | [ Sef

&® Services

Command Options
Select the links below to ¢

/
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il Command Panel | [T Settings
&® service
1, zervice '3’ not referenced

+ Summary

Mame: | 3

Line commands

@ code plato_analyze

@ number_processors 1
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Update the Objective

* Right-click on the “plato” node in the tree and choose “Open Input
File” to open the input deck in a text editor.

* Find the “objective” definition and update it to look like that below.
This will tell Plato to evaluate the objective by evaluating criterion 1
(mechanical_compliance) and then criterion 3 (mass_properties) and
then do a weighted sum using a weight of 1 for mechanical_compliance
and 10,000 for mass_properties. We have to weight the
mass_properties sub-objective heavily to make sure the CG constraint is

enforced.
{2- *Model Mavigator - [~] Power Tools = O |/#fl Command Panel | [ Set
S € EERB B 5 simulation: ‘Mas “begin objective

w W “Mass
Geometry/Mesh Code: Plato, version [ L type WElghtEd_Sum
v 52 *plato [Finished] i - . .
@ Blocks . o r criteria 1 3
£ Run Simulation 1] - -
@ Boundary Cor

& Constraints Refresh 2| services 2 3

& Criteria Add > | scenarios 1 1
T [oeEemen [} opennput il t ©  weights 1 10000
5 e : pece. Delete end objective

E* Optimization revarereeers T —
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Re-run the Optimization

* Click on the plato node in the

I OPTIMIZATION-BASED DESIGN

tree to bring up the job
submission panel in the Settings

T:: Madel Mavigat

0T
=

VieW v W Mass

* Launch the job by clicking on
Submit Simulation Job toward

&P Geometry/Mesh
H2 plato

&F Parameter Studies

o

—
|| Power Toals

IE;

= 13

the top of the panel

Mass Properties Tutorial




I OPTIMIZATION-BASED DESIGN

CG-constrained Results

After 50 iterations you should have a result that looks like the one below. The
CG was not exactly enforced. This is due to mesh discretization error as well
as density values not being completely 0 or 1. However, it is pretty good.
Mesh refinement and running the optimization longer can improve the
enforcement of the CG.

Also note that because we forced a constraint on the design we did not reach
the same performance level as far as how stiff the design is. In the new design

the max y displacement is larger than the previous design.
-0.0002”

-0.00327

- -0.00675

e

-0.0102

-0.0137

Desired CG: 1.8, 0.5, 0
Achieved CG: 1.84, 0.53, 0 Previous Max Y Disp: -0.00823

Current Max Y Disp: -0.0137
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