Workshop - MSC Nastran Topometry
Optimization of a Cantilever Plate

AN MSC NASTRAN SOL 200 TUTORIAL
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Goal: Use Nastran SOL 200 Optimization

Before Optimization After Optimization
> Mass: 19.5 kg © Mass: 3.97 kg
> Vary the thickness of each element
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Goal: Use Nastran SOL 200 Optimization

Before Optimization After Optimization
° Mass: 19.5 kg > Mass: 3.97 kg

> Vary the thickness of each element
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Details of the structural model

Questions? Email: christian@ the-engineering-lab.com “’ HEXAGON



Optimization Problem Statement

(" i . i ) PSHELL 1 - Plate 4 ] . N
Design Region/Variables Design Obijective
z1: Thickness (T) of PSHELL 1 r0: Minimize weight
001 <zl Design Constraints

r1: von Mises stress of PSHELL 1
rl < 250E6

r2: Z Displacement of nodes 14, 28, 42, 56 (GRID
IDs: 14, 28, 42, 56)

-.01<r2

Nodes 14, 28, 42,56 ———

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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Difference Between Size and Topometry
Optimization

Size Optimization Topometry Optimization
1. Select the parameter to optimize 1. Select the parameter and design region
2. One design variable (x1) is created and 2. In the background, one design variable is
applies to all the elements automatically created for each element

=> Element-by-element optimization

x1 = Thickness of every element
related to PSHELL 1

x1 = Thickness of element 1

x32 = Thickness of element 2
PSHELL 1

PSHELL 1

Questions? Email: christian@ the-engineering-lab.com L‘v HEXAGON
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Contact me

Nastran SOL 200 training .. . .
christian@ the-engineering-lab.com

Nastran SOL 200 questions

Structural or mechanical optimization
questions

Access to the SOL 200 Web App

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Tutorial

Questions? Email: christian@ the-engineering-lab.com 4 HEXAGON
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Tutorial Overview

1. Start W|th d .bdf or .dat f||e Special Topics Covered
2. Use the SOL 200 Web App to: Topometry Optimization - This type of optimization assigns a design
i Convert the .bdf file to SOL 200 variable for each individual element.
o Design Regions/Variables

After

o Design Objective
. ) Topometry Optimization (Element-
o Design Constraints by-element size optimization)

° Perform optimization with Nastran SOL 200

3. Review optimization results
> .foe
> Topometry Optimization and Structural Results

Questions? Email: christian@ the-engineering-lab.com j HEXAGON

Technology Partner



The Post-processor Web App and HDF5 Explorer
are free to MSC Nastran users.

SOL 200 Web App Capabilities

Compatibility Benefits

* Google Chrome, Mozilla Firefox or Microsoft Edge ¢ Installable on a company laptop, workstation or * REAL TIME error detection. 200+  * Web browser accessible

* Windows and Red Hat Linux server. All data remains within your company.

D

error validations. * Free Post-processor web apps

e REALT TIME creation of bulk data ¢ +80 tutorials

Web Apps

entries.

PSHELL 1 - Plate
mmmmm PBARL 3- Hat_Stiffener

Web Apps for MSC Nastran SOL 200 Ply Shape Optimization Web App

Pre/post for MSC Nastran SOL 200.
Support for size, topology, topometry,

topography, multi-model optimization.

i S
LI5S
REE T e

SEIX

Shape Optimization Web App
Use a web application to configure
and perform shape optimization.

Questions? Email

Machine Learning Web App
Bayesian Optimization for nonlinear
response optimization (SOL 400)

Input Files
(BOF. DAT, etc.}

Local System
Windows
et eromser)

Result Files
(LOG, F06, OP2, etc.)

Remote System

Remote Execution Web App

Run MSC Nastran jobs on remote
Linux or Windows systems available
on the local network

: christian@ the-engineering-lab.com

PBMSECT Web App

Generate PBMSECT and PBRSECT

entries graphically

P(f)/A

Dynamic Loads Web App
Generate RLOAD1, RLOAD2 and
DLOAD entries graphically

L{; HEXAGON

Optimize composite ply drop-off
locations, and generate new
PCOMPG entries

Stacking Sequence Web App
Optimize the stacking sequence of
composite laminate plies

Post-processor Web App
View MSC Nastran results in a web
browser on Windows and Linux

M- Pasbcpaton Factor - mogrtde part

ME_FREQ_EGR - Trme, it of egen vave

HDF5 Explorer Web App
Create graphs (XY plots) using data
from the H5 file




%*ﬂj b albatross » Downloads » - | 4 | | Search Downloads L |

Organize « Include in library - Share with - Mew folder ==« i a

~

Mame Date modified Type

-

‘i':r Favaorites
Bl Desktop

Before Starting R

Ensure the Downloads directory is ‘2l Recent Places @
empty in order to prevent confusion f& OneDrive
with other files

This folder is empty.

- Libraries
Documents
JF Music | o
[ Pictures
‘ Videos

Throughout this workshop, you will be
working with multiple file types and

directories such as: 0 items
* .bdf/.dat h
* nastran_working_directory
* .f06, .log, .pch, .h5, etc.

To minimize confusion with files and

folders, it is encouraged to start with a
clean directory.

*d Homegroup [ e m b

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 11
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Go to the User’s
Guide

1. Click on the indicated link

* The necessary BDF files for this
tutorial are available in the Tutorials
section of the User’s Guide.

The Engineering Lab

SOL 200 Web App

Select a web app to begin

< -
< =
< =
= =
- = .

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF5 Explorer
Study

o Tutorials and User's Guide

Full list of web apps

Questions? Email: christian@ the-engineering-lab.com (4‘ HEXAGON
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Obtain Starting
Files

Find the indicated example
Click Link

The starting file has been downloaded

* When starting the procedure, all the
necessary BDF files must be collected
together.

@ MSC Nastran Topometry Optimization of a Cantilever Plate Link

This tutorial is an introduction to Topometry Optimization. A simple
cantilever plate is used to demonstrate element-by-element optimization
of thickness.

Starting BDF Files 0

Solution BDF Files: Link

= (==
@-'LH. b albat.. » Downl.. » - |~‘1~ | | Search Downloads 2 |
Organize - Include in library = Share with = Mew folder ==« i ﬂ
o *  Mame @ Date modified
Bl Desktop | topometry_cantilever_plate.bdf 1/29/2018 7:41 PM
& Downloads
5l Recent Places
@ OneDrive
=) Libraries - 4 in b

I 2 items

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 13
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The Engineering Lab

Open the SOL 200 Web App
CorreCt Page Select a web app to begin

1. Click on the indicated link

< -
< =
< =
= =
- = .

Sy

-~~ ’—-
*  MSC Nastran can perform many
optimization types. The SOL 200 Web
App includes dedicated web apps for the
following:

*  Optimization for SOL 200 (Size,
Topology, Topometry,
Topography, Local Optimization,
Sensitivity Analysis and Global
Optimization) Full list of web apps

*  Multi Model Optimization

* Machine Learning

* The web app also features the HDF5
Explorer, a web application to extract
results from the H5 file type.

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF5 Explorer Viewer
Study

Tutorials and User's Guide

Questions? Email: christian@ the-engineering-lab.com (4‘ HEXAGON
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Step 1 - Upload .BDF Files

@ -C MR topometry_cantilever_plate.bdf

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
topometry_cantilever_plate.bdf

(O List of Selected Files
Click Upload Files

The process starts by uploading all the
necessary BDF files. The BDF files can
be files of your own or files found in
the Tutorials section of the User’s
Guide.

Technology Partner
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SOL 200 Web App - Optimization Upload Variables  Objective Constraints Subcases Exporter Results

Size Topology C]Dpc.w_.]rapm.r
Create DGSlgn Step 1 - Select design properties

Region

+ Options

Click Topometry Create TOMVAR Property = Property Description + Entry = Entry ID = Current Value =
Click on the plus (+) icon to set the Search Search Search Search Search
thickness (T) of PSHELL 1 as a Design Region @ ) . Thickness —_— ; o1
The new Design Region is added to the & Young's modulus MAT 1 2+11
table, no further edit is necessary NU Eoisson’s ratio AT ; B

u RHO Mass density MAT1 1 7800,

Suppose the goal is to vary the thickness. | 5 10 20 30 40 80

In traditional Size optimization, the
thickness can be a set a single design
variable. With Topometry optimization, Step 2. AdeSt TOMVAR Entries
when the design region is set, each
element in the region is given its own

Number of Visible Rows 5

independent thickness design variable. ) -

If PSHELL 1 has 500 elements associated + Options % Delete Visible Rows
and is cc?nflgured as a? de5|gr1 region, then initial Value

there will be 500 deS|gn variables Label 2 Status < Property = Property Description = Entry % Entry ID % - Lower Bound Upper Bound Allowed Discrete Values
created.

Each step has hidden functionality for Search Search Search Search Search Search Search Search Search Search

advanced users. The visibility is

ceialz) by i s 2O B - @ o T Thickness PSHELL 1 01 001 Upper Examples: -2.0, 1.0, THRU, 10.0, &

If the property entry, e.g. PSHELL, was
given a name in Patran, e.g. Car Door,
the name can be shown by marking the
checkbox titled Entry Name.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 16
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Create Design
Objective

Click Objective

Select the plus (+) icon for weight

The objective has been set to minimize
the weight, no further modification is
necessary

The objective must always be a single
scalar response. A response such as
weight and volume are single
responses and can be used as an
objective. Other responses require
special care when set as an objective.
For example, if the objective is stress,
only the stress of a single component,
e.g. von Mises, of a single element, of
a single load case may be used.

SOL 200 Web App - Optimization ~ Upload  Vvariables  Qbjective  Consfrainis  Subcases  Exporfer  Resulis

Objective  Equation Objective O

Step 1 - Select an objective

Select an analysis type

S0OL 101 - Statics

A
Select a response
Response Description = Response Type =
Search Search
@ [+ Weight WEIGHT
(+ | Volume VOLUME
u Displacement DISP
(+ | Strain STRAIN
[+ Element Strain Energy ESE
a-2345» ‘51:}2030405{:
Step 2 - Adjust objective
+ Options
Response  Maximize
Label Status Type or Minimize Property Type ATTA ATTB ATTI
B o ®  WEIGHT MIN v @ 3 vl 3 v
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 17
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SOL 200 Web App - Optimization ~ Upload ~ Variables ~ Objective  Constraints ~ Subcases  Exporter  Resulis

Constraints Equation Constraints

Step 1 - Select constraints

Select an analysis type

SOL 101 - Statics

Select a response

Create Design
Constraints On . ®
[+

Response Description = Response Type =

Displacement DISP
Click Constraints EJ stan STRAIN
Type ‘s’ into the search bar B3 Element Strain Energy ESE
Click on the plus (+) icon for Displacement @ B3 stess STRESS
Configure the following for ri: -
«"234» ‘Elm 20 | 30 40 @ 50
ATTA:3-T3 (Z component) '
ATTi: 14, 28,42, 56
(Nodes 14, 28, 42 and 56) Step 2 - Adjust constraints
Lower Allowed Limit: -.01
Configure the following for r2: + Options
Property Type: PSHELL
. . q Lower Upper
ATTA: 11 - von Mises Label Status Response Property Type Allowed Allowed
ATTi: 1 (PSHELL 1) N N Type N ATTA = ATTB = ATTI + Limit Limit
Upper AHOWEd Limit: 250.E6 S Seal Search Search Search Search Search Search Search
n 1 ° DISP @ [ 3-T3 (Rectangular z, Cylindricalz  w 14,28, 42 56 -0 Upper ]
* The constraints are defined normally as B - (/] STRESS@ PSHELL  ~ | | 11-von Mises or maximum shear; 1 Lower 250 E6 ]

would be done in a size optimization.

Technology Partner
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SOL 200 Web App - Optimization  Upload  Vvariables ~ Objective  Constraints  Subcases  Exporfer  Resulis Settings ~ Match  Other

O
CO nﬂ g ure Optimization Settings

Optimization

S etti n S Search Search Search
g APRCOD Approximation method to be used O 2 - Mixed Method v
Click Settings CONV1 Relative criterion to detect convergence O | Entera positive real number
Set P2 to 12 — Print constraints and CONV2 Absolute criterion to detect convergence (O | Entera positive real number
responses
DELX Fractional change allowed in each design variable during any optimization cycle (J | Enter a positive real number
The P2 setting controls the output of the DESMAX Maximum number of design cycles to be performed 20
following information to the FO6 file:
objective, constraints, responses, DISBEG Desian cycle number for discrete variable processing initiation (J | Enter a positive integer
properties and design variables. ) - ) =
This is a topometry optimization and will GMAX Maximum constraint violation allowed at the converged optimum (J | Enter a positive real number
gen.erate a. Iarge amc_)unt of property and P1 Print items, e.g. objective, design variables, at every n-th design cycle to the .f06 file 1
design variable data in the FO6 file. To
make the FO6 file size manageable, the p2 ltems to be printed to the .06 file @ [ 12 - Print constraints and respons v]
design variable information is omitted by
using the P2=12 option. When the results TCHECK Topology Checkerboarding O | -1-Automatic selection (Default)
are viewed, note that the objective and
constraint information is pIotted, but the TDMIN Minimum diameter of members in topology optimization (J | Enter a positive real number
design variable history is not plotted due _ _
TREGION Trust Region ] 1 - Trust Region On w

to the P2=12 option.

If this is a combined size and topometry
optimization, P2 should be set to 15. If
this is a pure size optimization, P2 should
be set to 15.

Technology Partner
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®

SOL 200 Web App - Optimization ~ Upload  Variables  Objective  Constrainis  Subcases  Exporter  Resulis

BDF Output - Model

Setlings

BDF Output - Design Model

Match

Other User's Guide

assign userfile = 'cptimization_results.csv’, status = unknown,
form = formatted, unit = 52
$ MSC.Mastran input file created on september @3, 2017 at 12:48:87 by

O $ Patran 2017.8.2

4 pirect Text Input for Nastran system cell section
| $ Direct Text Input for File Management Section

$ Direct Text Input for Executive Control

$ Linear static analysis, Datsbase
SOL 20@
CEND

$ Direct Text Input for Global Case Control Data
TITLE = MSC.Nastran job created on @3-Sep-17 at 12:47:28
ECHO = NOME

DESOEI(MIN) = Seeeece

Click on Download BDF Files e e e

SUBCASE 1
ANALYSIS = STATICS
DESSUB = 4002eeal
$ DRSPAN slot
$ Subcase name : Default
SUBTITLE=Default
SFC = 2
LOAD = 2
DISPLACEMENT(PLOT,SORT1,REAL)=ALL
SPCFORCES(PLOT, SORT1,REAL)=ALL
STRESS(PLOT, SORT1,REAL , VONMISES, BILIN)=ALL
BEGIN BULK

Click on Exporter

Download BDF Files

2 Download BOF @

When the download button is clicked
a new file named
“nastran_working_directory” is
downloaded. If the file already exists
in your local folder, the folder name is
appended with a number, e.g.
“nastran_working_directory (1).zip”

Questions? Email: christian@ the-engineering-lab.com

!.4

HEXAGON
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Design model

s
$
DRESP1

DRESPL

§
$

DCONSTR 30081
DCONSTR 36882

Design Regions/Variables

3000001 PSHELL 1 T .e1

Design objective

5000000 o

WEIGHT 3

Design Constraim

its

2008801 r1
28 a2
£000082 r2

DISF

STRESS PSHELL

8806001 -.81
2680082 258.E8

Design Equation Constraints

Developed by The Engineering Lab

20
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Perform the
Optimization
with Nastran SOL
200

A new .zip file has been downloaded
Right click on the file
Click Extract All

Click Extract on the following window

Always extract the contents of the ZIP
file to a new, empty folder.

%vL‘ » albatross » Downloads » - | +y | | Search Downloads el |
Organize » = Open ~ Share with New folder =~ 0 @
¥ Favorites Mame Date modified Type

B Desktop ILiIJ nastran_working_directory.zi| =33
i. Downloads wren
% Recent Places Open in new window
& OneDrive Extract All...
Edit with Notepad++
4 Libraries Open with...
@ Documents
J’ Musi Share with »
usic
& Pictures Restore previous versions
I Videos Send to 4
Cut
& Homegroup
Copy
1M Computer Create shorbcut
Delete
f! Network Rename
< i »
Properties

nastran_working_directory.zip Date modified: 2/25/2
» Compressed (zipped) Folder Size: 114 bytes

@ 1, Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

C:\Users\user\Downloads\nastran_working_

Show extracted files when complete

Browse...

Questions? Email: christian@ the-engineering-lab.com

Technology Partner
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Perform the ==l

OO = | .. « Downl.. » nastran_waorking_directory » - | L | | Search nastran_working_dir.. 2 |
O ptl I I l Izatl O n Wlth Organize » Include in library » Share with = Mew folder B= = [l @ 'DPEI': File - SECIII_I‘I}I' Waming
N aSt ra n SO I_ ZOO X Favarites * Name Date modified Type . -
M Deskiop . app 2/24/20018 15T PM File folder Do you want to open this file?
& Downloads = design_medel.bdf 2/24/2018 1:57 PM BDF File . .
Inside of the new folder, double click on %] Recent Places 2] model.bdf 2/24/20181:57PM  BDF File e TR T T T T L [T TS
Start MSC Nastran % OneDrive 0] Start MSC Nastran @ 2/24/2018 155TPM  Shortcut - Fublisher: Unknown Publisher
Type: Shortcut
. . . . .
Clle Open, Run or A”OW ACCGSS on any ﬁng::j:nents I Fram: Ch\Users\special-sunshing\Downloads\nastran_...
subsequent windows : i
(o] ) I'V-Iusm @ [ Open ] [ Cancel ]
[ Pictures
H Vid
MSC Nastran will now start B Videos [7] Always ask before opening this file
*@) Homegroup
o . 2 While files from the Intemet can be useful, this file type can
After a successful optimization, the results will B Computer I\_ﬁ potentially harm your computer. Fyou da not trust the source, do not
- -

be automatically displayed as long as the
following files are present: BDF, FO6 and LOG.
One can run the Nastran job on a remote
machine as follows: _
1) Copy the BDF files and the INCLUDE files to .

a remote machine. 2) Run the MSC Nastran i

job on the remote machine. 3) After EX MSC Mastran V2018.2 (model] E
completion, copy the BDF, FO6, LOG, H5 files
to the local machine. 4) Click “Start MSC
Nastran” to display the results.

. open this software. What's the risk?

€ Network 2| < 1L [

) 4 items

xxx USER WARMING MESSAGE <pgm: nastran, fn: decode_keyword
hatch=no CL[21>

Thizs keyword iz not available on thiz platform.
MEC Hastran U2818.2 <(Intel Windows 7 Professional 6.1 7661> Sun Jul 18 14:38:37
2821

e SYSTEM INFORMATION MESSAGE <(pgm: nastran. fn: estimate_job_requirements’
Starting ESTIMATE, please wait...

Using Linux?

Follow these instructions:

1) Open Terminal

2) Navigate to the nastran_working_directory
cd ./nastran_working_directory

3) Use this command to start the process
./Start_MSC_Nastran.sh

xxx USER IMFORMATION MESSAGE {pgm: nastran. fn: estimate_job_requirementsl

Eztimated memory=2048 .5MB
Estimated bpool=512.1MB
MS5C Mastran beginning job model.
MEC Nastran started c:wmsc.softwaresmsc_nastran~Z28182 msc2Bl82*winb4iB~mzcdate

In some instances, execute permission must be
granted to the directory. Use this command. This
command assumes you are one folder level up.

sudo chmod -R u+x ./nastran_working_directory Questions? Email: christian@ the-engineering-lab.com (4 J HEXAGON 22
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SOL 200 Web App - Status

St t £ Python & |\|SC Nastran

Status
While MSC Nastran is running, a status
page will show the current state of . s Cob 5 vl RUN TERMINATED DUE T0
tat i
MSC Nastran ame Aatus or Jo esign Lycle
model bdf Running None

The status of the MSC Nastran job is
reported on the Status page. Note that
Windows 7 users will experience a
delay in the status updates. All other
users of Windows 10 and Red Hat
Linux will see immediate status
updates.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 23
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Review
Optimization
Results

After MSC Nastran is finished, the results
will be automatically uploaded.

Ensure the messages shown have green
checkmarks. This is indication of
success. Any red icons indicate
challenges.

The final value of objective and
normalized constraints can be
reviewed.

Note that in a Topometry
optimization, hundreds or thousands
of design variables can be created. In
this situation, the Design Variables are
not plotted and displayed. Instead, the
Objective and Normalized Constraints
are displayed. It is recommended that
a traditional post-processor be used to
review the design variable results.

SOL 200 Web App - Local Optimization Results

Final Message in .f06

@ 0 RUN TERMINATED DUE TO HARD CONVERGENCE TO AN OPTIMUM AT CYCLE NUMBER = 18.

Objective

20

15

10

Objective

@ INTIALL 2 3 4 5 6

Normalized Constraints

15

10

Normalized Constraints

8 9 10 11 12 12 14 15 16 17

Design Cycle

18

INITIAL 1 2 =) 4 5 6

Questions? Email: christian@ the-engineering-lab.com

8 9 10 11 12 13 14 15 16 17

Design Cycle

Technology Partner
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Review
Optimization
Results in Patran

Start a new Patran session
Right click to open a menu

Go to Import Model and click on
MSC.Nastran Input

Select model.bdf (This file was used for
the optimization)

Click Apply

RIODBo Mo 6=

Home Geometry Properties Loads/BCs Meshing Analysis Results

B ree gr mess sre=s LersL sese @ &
mae Lk £F BEHQAR K-S T R | ||| B

Defaults Transforms Viewport Display Orientation Misc. Web | Model Tree

Patran 2017.0.2

! File~ Group- Viewport~ Viewing= Display~ Preferences- Tools- Help~ Utilities~

2 masiss oot o gspotgon-emn 5

ﬂ model.db - default_viewport - default_group - Entity

ﬂ Import EHE"?|

Look in: | Ci\Users\sp..\2_solution ~ Q (] 0 ﬁ @ \ i m
z " Source: |MSC.Nastran Input ™
-‘h My Computer Mame Size

R, special-sun.. | design_model.bdf 4 KB T S
icati Y| model.bdf 342 KB
Application l default_group

Desktop
Verify

Viewport Display

E_-] Dothiments MSC.Mastran Input Options...

Model Orientation

Plot Erase

Import Model ACIS

Fit View Parasolid xmt

WView Corners

Reset Graphics I-DEAS

Refresh Graphics
Tile

Undo

Pro/ENGINEER
Unigraphics-Nx
SolidWorks

Express Neutral

IGES

MSC.Mastran Input

MSC.Patran DB
MNeutral

STEP

STL

Questions? Email: christian@ the-engineering-lab.com

1

»

File name: model.bdf

Files of type: MSC.Nastran Input Files (*.bdf *.dat)

.4 HEXAGON
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Review
Optimization
Results in Patran

Click Smooth Shading

Go to Tools > Design Study and click on
Post-Process

Click Select Results File

Type this in the File name input box and
press the Enter key: *.

* This will display all the files in the
directory

Select one of the following result files:
* m.des-000i

* This file is created when this
entry is in the BDF file:
PARAM DESPCH1 -1

* model.des

* This file is created when this
entry is not in the BDF file:
PARAM DESPCH1 -1

Click OK

Click Apply

BDS e M-

Home | Geometry Properties LDadsf@Aﬁhmg Analysis  Results

D8 da &¢ B&%e @ By | ke | %R
B

| Y B HEEe2

Defaults Transforms Viewport Display Orientation

Patran 2017.0.2

[Pe] Select File

vt || Ci\Usersicapar_king diectory = & © O A B F

[E=E HEE

o B R
& @ options - | A

i Filev Group= Viewport~ Viewing= Display~ Preferanca' Help~ Utilities~ "k My Computer MName Size
'R\ model.db - default_viewport - default_group - Entity 52 Laminate Modeler  » R coparc ) app @ RHS Window 8 x
Random Analysis... 4 1 design_madel kdf, 1 NE=W Desion Study Post-Process [4] ]
B oesitop |_| mdes-018 5 1 | =
Analysis Manager... - Ll d Action: |
|+ Documents 5
k - .
List > : [ model.baf.log 13 4 || Obieet:
- 189
Mass Properties... & model.fos : =
(& model. fos 4 - et
Beam Library... = |
& modellog 1g
Regions...
model,pch E
o o
Madeling » __| model.xdb % |
B optmization_results,csv 3 I
Design Study > Pre-Process... ] cmd.exe 337 =
Resutts [ Fmm— : (7 p
User Defined AGM... L8
Pre-Release > 4 #‘ s 25
File name: | = I @ OK o
Files of type: | Available Files (*.des) Caneel o =
falluil_toolbar.shaded_smooth -
8 -
5 -
| 0%

Questions? Email: christian@ the-engineering-lab.com

.4 HEXAGON
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Home Geometry Froperties Loads/BCs Me=shing Analysis
%E | L % A N Ea A
7 X

Review
Optimization . - -

Fringe/Deformation | Deformation Fringe Vector Tensor Cursor Contour Isosurface Freebody

Results in Patran o G s pion
@ Object: Marker' Object: -Marker" Object: -Marker'

. . Method: Iar ' Method: ﬁ
Click the clear icon Met?ud\ m

Click Results @ .j X ‘- -
Set the following: -\[i] @] .

(@) @]

Action: Create . ) spectrum ) Constant
Target Entity: @[ Show Spectrum ]

Object: Marker [Current Viewport 'l || Show Viewport Legend

Method: Scalar | spectrum... | | Range.. |

Scalar Scale:

Select: DESIGN CYCLE: 18, model.des (The

row should be highlighted blue) [Model Scaled *

Scale Factor

(The row should be hlgh'lghtEd blue) Topology Optimization, Element De . Scalar Style:
Addtl. Display Control: )

Select Topology Optimization, Element D... @ In.ua | |

Click Target Entities @ ' ( Title Editor... |

Set to Elements T > Show Title | | Lock Title
Click Display Attributes l /| Show Masx/Min Label
Mark the checkbox for Show Spectrum | Position...((NON-LAYERED)) | @ e ety LabEI]
Change to Model Scaled

|| Animate Show on Deformed
Set Scale Factor to .06

[ Apply I [ Reset

Change Scalar Style to the shaded cube | Aeoly | [ Reset | ([_seoly ] [ Reset

Uncheck the box for Show Scalar Label

Click Apply
Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Review
Optimization
Results in Patran

1. The plot shows the new thickness
distribution of each element. Plot not to
scale.

Home Geometry Properties Load Meshing Analysis
; g =
=
o By B 4 & ¥
Fringe/Deformation | Deformation Fringe Vecter Tensor Cursor Centeur Is
Plot Result Plots
i File- Group- Viewport~ Viewing~ Display~ Prefersncesw Toolst Help Utilities~
‘B model.db - default_viewport - default_group - Entity 52

‘R model.db - default_viewport - default_group - Entity

Patran 201702 09-Sep-17 14:28:53
Scalar DESIGN CYCLE: 18, model des, Topolagy Optimization, Element Density Distribution, , (NORN-LAYERED)

Patran 2017.0.2

ame= B &g

& ﬁ i@)| | Spectrums Ranges Titles Colors

XY Plots Imaging

Toggle
Spectrum

FPS: 0.11

Questions? Email: christian@ the-engineering-lab.com

v

|

4 HEXAGON

Technology Partner

RHS Window

Action:

o &

Options ~

Show Viewport Legend

Title Editor..

Show Title

Lock Title

Show Max/Min Label
Show Scalar Label

Show on Deformed

Apply
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Update the
Original Model

model.pch when DESPCH=-1

model.pch when DESPCH=1

Ensure the BDF fl[es prior to optimization have = o e
one of these entries: T s T s
2 s R A AR A A A A A A A A A A A A R A A A A AT A AN AR A AAA R A AR A AR 2 5 A A A A A A A A N A AR A A R A A A A A A A A AR A A A AR A AR AT AN R AR ARA
3 $ * * 3 5 * *
H5 Output 4 5 * CONTINUOUS DESIGN CYCLE NUMBER = 18 % 4 $ % CONTINUOUS DESIGN CYCLE NUMBER = 18 *
5 $ * * 5 5 ® *
MDLPRM HDF5 1 6 S R A AR A A A A A A A A A A A A R A A A A AT A AN AR A AAA R A AR A AR 6 5 A A A A A A A A N A AR A A R A A A A A A A A AR A A A AR A AR AT AN R AR ARA
7 5 7 5
HDF50UT INPUT  YES . .
. . 9 s st s st s st sttt Est st e st st sttt sttt E e e 9 S KKK AR A A A A A A AN AR A A A IR A AR I IR A A AR A A A Ak ARk hk kv hk kR vk k&
MDLPRM HDFS5 is supported in MSC 10 5 % * 10 5 * *
Nastran 20161 and newer. HDFSOUT is 11 5 * CONTINUCUS DESIGN CYCLE NUMBER = 18 * 11 5 * CONTINUCUS DESIGN CYCLE NUMBER = 18 *
. 12 5 * * 12 5 % %
SUpportEd in MSC Nastran 2022.2 and 13 5 Tk kk ok R kR R K kR K kR R kR R kR R R R kR R R R kR Kk R ok R R kR R ok R R kR 13 5 R R I I T I I I I T I T T T I T I
newer. 14 s 14 s
15 5 15 5
16 5 UPDATED ANALYSTIS MODEL DATA ENTRIES 16 5 UPDATED ANALYSIS MODEL DATAR ENTRIES
; ; 17 s 17 5
The following applies to MSC Nastran 2,0.23'4 18 PSHELL| ##xxxxxw 1 .001 1 1.0 .833333 18 PSHELL* 1000000001 1 1.00007309E-03 1%
and older. For MSC Nastran 2024.1, this is not 19 0 19 * 1.00000000E+00 1 8.33333333E-01 0.00000000E+00%
needed. 20 PSHELL| ##%xxxxx 1 .003932 1 1.0 .833333 20 * 0 *
21 0 21 *
22 PSHELL| ##%xkk 1 .003583 1 1.0 .833333 22 PSHELL* 1000000002 1 3.93152203E-03 1%
Change DESPCH1 to 1 23 0 23 % 1.00000000E+00 1 8.33333333E-01 0.00000000E+00*
24 PSHELL| #%%xxxxx 1 .00326 1 1.0 .833333 24 * 0 *
25 0 25 *
DESPCH 26 PSHELL| ##%xkk 1 .003114 1 1.0 .833333 26 PSHELL* 1000000003 1 3.58257980E-03 1%
27 0 27 % 1.00000000E+00 1 8.33333333E-01 0.00000000E+00*
Before: 28 PSHELL| #%%xxxxx 1 .002941 1 1.0 .833333 28 * 0 *
29 0 29 %
30 PSHELL| ##%xxxx% 1 .00274 1 1.0 .833333 30 PSHELL* 1000000004 1 3.26027502E-03 1%
PARAM DESPCH1 -1 31 0 31 * 1.00000000E+00 1 B8.33333333E-01 0.00000000E+00%
32 PSHELL| ##%xx%xx 1 .002506 1 1.0 .833333 32 % 0 *
After: 33 0 33 *
34 PSHELL| ##%xxxx% 1 .002254 1 1.0 .833333 34 PSHELL* 1000000005 1 3.11369399E-03 1%
35 0 35 # 1.00000000E+00 1 8.33333333E-01 0.00000000E+00¥
PARAM DESPCH1 1 36 PSHELL| ##%xxxxx 1 .001968 1 1.0 .833333 36 % 0 *
37 0 37 %
38 PSHELL| ##%xxxx% 1 .001628 1 1.0 .833333 38 PSHELL* 1000000006 1 2.94087051E-03 1%
DESPCH1 -1 outputs entries to the PCH 39 0 39 # 1.00000000E+00 1 8.33333333E-01 0.00000000E+00¥
file in the small field format. Since the
PSHELL IDs are longer than 8
characters, the IDs appear as asterisk
characters, e.g. ******* DESPCH1 1
outputs the entries in the large field
format, so the IDs are fully visible.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 29
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new_2D elements.tmp Original BDF File

new_20_elements tmp topometry_cantilever_plate bdf
= new_2D_el [} = x|
1 CQURD4,1,41000000001,0,2,16,15 27 CQuUAD4 1 1 1 2 16 15
2 CQUAD4, 2, 1000000002,2,3,17,1¢6 28 CQUAD4 2 1 2 3 17 16
3 CQUAD4, 34/1000000003,13,4,18,17 29 CQURD4 3 1 3 4 18 17
4 CQURD4,4,41000000004,4,5,15,18 30 CQUAD4 4 1 4 3 19 18
5  CQUAD4,5,|1000000005,B,6,20,19 31 CQUAD4 5 1 3 & 20 15
& CQUAD4,6,1000000006,6,7,21,20 32 CQURD4  © 1 6 7 21 20
7  CQuaD4,7,1000000007,[7,8,22,21 33 CQURD4 7 1 7 8 22 21
5 coquap4, s |1000000008,8,9,23,22 34 CQURD4 8 1 8 9 23 22
5 CQUAD4, 9,/1000000009,8,10,24,23 F Ccounpd 3 L ? 10 24 23
Update the 10 couapd,1(,1000000010 10,11,25,24 8 R COUAD: | 10 1 10 11 25 24
§ J 2 ;‘_)
g [= moded peh E3 Elop@metry_cantilever_platebdf x| |
The orlglnal BDF files are UpdatEd to use the 2 § R I I T I T T T T I T O T I ITTTT™ ; g D;jir:isggil;.érllgut file created on September 09, 2017 at
new thickness distributions after a topometry 3 5 * * 3 S Direct Text Input for Nastran System Cell Section
optimization. 4 $ * CONTINUOUS DESIGN CYCLE NUMBER = 18 * 4 5 Direct Text Input for File Management Section
5 S * * . .
6 5 R A R A A A A A N A A N A A N A A T A A A A A R A A A A A A A A A A A A A A A AN A A AN AN A AN A AKX 2 g Eiigzi Ei:tlinﬁzléziSEXEZEZ;::econtrOl
After a topometry optimization, new ; g 7 SoL 101
PSHELL entries are outputtothe PCH file. 9 g R R E R g e g gEﬁrect Text Input for Global Case Control Data
10 % * * 10 TITLE = MSC.Nastran job created on 089-Sep-17 at 12:47:20
Also, the 2D element entries must be ol : CONTIHOOUS DESIGN CYCIE HNUMBER = X . 11 ECHO = NONE
UpdatEd to use the new PSHELL entl"leS. 13 s t**t****'k*'k'k'k'kt**t****'k*'k'k'k'kt**********t**t******@v**t**** e SUBCASE |
13 5 Subcase name : Default
i; E 14 SUBTITLE=Default
i? . i UPDATED ANALYSIS MODEL DATA ENTRIES . 12 if)g;:zz
18 PSHELL* 1000000001 1 1.00007309E-03 1% 1; 2;gigigiﬁgiéingﬁiggéﬁ?ﬁi?m
;g : 1.00000000E+00 1 8.33333333E—Oé 0.000000003+00: . STRESS(PLOT,SOII{Tl,RE,AL,VONMISES,BILIN)=ALL
b . 20 BEGIN BULK
22 | esHELL* 1000000002 1 3.93152203E-03 1% B ¢ Direct Text Input for Bulk Data
23 |+ 1.00000000E+00 1 5.33333333E-01 0.00000000E+00* B chraM posT 0
B . 0 . 23 PARAM  PRTMAXIM YES
75 % 24 5 Elements and Element Properties for region : Plate
26 | PSHELL* 1000000003 1 3.58257980E-03 1% @3 PSHELL |1 |1 -01 o |t
27 * 1.00000000E+00 1 8.33333333E-01 0.00000000E+00% 26 $ Pset: "plate" will be imported as: "pshell.l
28 | * 0 « 27 cQuaDsd 1 1 1 2 16 15
PCH Original BDF File

Technology Partner
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Update the
riginal Model

This Python script is used to automate
the update the process.

import h5py
import hdfSplugin # This library is necessary when HDFS0UT is used (Approximately MSC Nastran 2021 and newer)
import re

def get dataset cquad4 (path of h5 file):
file = hSpy.File(path of h5 file, 'r')
datasetl = file['/NASTRAN/INPUT/ELEMENT/CQUADA"]
dataset_original = datasetl[...]

list_of objects = []
for element in dataset original:

4 Store the following fields EID, PID, Gl, G2, G3, Gd
list_of objects.append(

: element[0],
: element[1],
element[2][0],
element[2][1],
element[2][2],
element[2][3]

return list of objects

def read cquadd_entries from h5_and write to bdf (path_a, path_of new_bdf_file):
objects_a = get_dataset_cquadd(path_a)
list_of strings = []

for element i in objects_a:

$ Write the fields to an array/list

# Ensure all array elements are strings so

array_of_fields = [
'CQUAD4',
str(element_i['eid']),
str(element_i['pid']),
str(element_i['gl']),
str(element_i['g2']),
str(element_i['g3']),
str(element_i['g4'])

', '.join() works properly

# Create the entry with comma delimiters, which is the free field format
list of_strings.append(','.join(array of fields))

# Write the strings to a text file
file = open(path of new bdf file, 'w')

for item in list of strings:
file.write(item + '\n')

file.close()

def filter entries from pch(path_of pch_file, name_of_entry, path_of_new_bdf file):

4 This function reads a PCH file and keeps specific entries

# Before (PCH File):

# PcoMP 10000001-.0105 0.0 650000. TSAT 0.0 0.0 SYM

# 70 1.5 80. YES 70 .774108-65. YES

# 70 1.5 80. YES 70 .774108-65. YES

# $ Spawned PSHELL, MAT2 entries from PCOMP 10000001

# 3 PSHELL* 10000001 110000001 9.09643308E+00 210000001*
+ s * 1.00000000E+00 0 1.00000000E+00 0.00000000E+00*
4 After (new entries.bdf):

# PcoMP 10000001-.0105 0.0 650000. TSAT 0.0 0.0 SYM

# 70 1.5 80. YES 70 .774108-65. YES

# 70 1.5 80. YES 70 .774108-65. YES
file = open(path of pch file, 'r')

file b = open(path_of_new bdf file, 'w')

keep_line = False

keep_continuation line = False

# Example: Suppose you only want to read PCOMP entries

#1 PCOMP 10000001-.0105 0.0 650000. TSAT 0.0 0.0 SYM

Questions? Email: christian@ the-engineering-lab.com

# 2 70 1.5 80. YES 70 .774108-65. YES
# 3 70 1.5 80. YES 70 .774108-65. YES
# 4 MAT1 101

#5 PSHELL* 10000001 110000001 9.09643308E+00 210000001*
# 6 * 1.00000000E+00 0 1.00000000E+00 0.00000000E+00*
# 7 * -1.05000000E-02 9.08593308E+00 410000001

# 8 SMAT2* 110000001 1.92043294E+06 2.00203393E+06 -4.72326628E+05*
#9 S$* 2.27776275E+07 3.50255102E+04 2.62296904E+06 5.85260000E-02*
# 10 s* 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00*
# 11 s> 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00*
# 12 s* 0

# 13 PCOMP 10000002-.0105 0.0 650000. TSAT 0.0 0.0 SYM
# 14 70 1.5 80. YES 70 .774108-65. YES
# 15 70 1.5 80. YES 70 .774108-65. YES

for line in file:
if re.match(r + name of entry, line):
# This detects lines 1 and 13 which is the first line of the entry
keep_line = True
elif re.match(r'"(\*|\s+)', line) is None:

# This detects lines 4, 5, 6, 7, 8, 9, 10, 11, 12 which are other entries not to keep

keep_line = False
keep_continuation line = False

if keep line is True:
if re.match(r'" (\*[\s+)', line):

# This detects lines 2, 3, 14, 15 which are continuation lines of the entry

keep_continuation line = True

if re.match(r'\3', line) is None:

# This detects all lines, except lines 8, 9, 10, 11, 12 which are commented with §

if keep line is True or keep continuation line is True:
# Write the line to a new file
file b.write(line)

file.close()
file b.close()

if _name_ == ' main_':

Comments

This python script outputs updated PCOMP and CQUAD4 elements after an MSC Nastran topometry optimization.

This works as long MDLPRM,HDF5,1 is used, which triggers the output of the

#

#1

# 2. Modify path_a and path b, then run this script

# 3

# INPUT datasets to the H5 file. The INPUT datasets are the bulk data entries:

path_a = '/home/usera/Downloads/nastran _working directory/model.h5"
path b = '/home/usera/Downloads/nastran working directory/model.pch’

# Output New QUAD4 Elements After Topometry Optimization

FORHERER AR AR R R R R R R R R R R R R R R R
# Output updated CQUAD4 entries

read _cquad4_entries_from h5_and write_to_bdf(path_a, 'new 2D elements.tmp')

# Output

# CQUAD4*,1,1000000001,1,2,16,15

# CQUAD4*,2,1000000002,2,3,17,16

# CQUAD4*,3,1000000003,3,4,18,17

# CQUAD4*,4,1000000004,4,5,19,18

# CQUAD4*,5,1000000005,5,6,20,19

# CQUAD4*, 6,1000000006,6,7,21,20

# CQUAD4*,7,1000000007,7,8,22,21

# ...

4 Output New PCOMP Entries After Topometry Optimization

FORHERER AR AR R R R R R R R R R R R R R R R
filter_entries_from pch(path b, 'PSHELL', 'new pshell entries.tmp')

# Outputs

# PCOMP  10000001-.0105 0.0 650000. TSAI 0.0 0.0 sYM
# 70 1.5 80. YES 70 .774108-65. YES
# 70 1.5 80. YES 70 .774108-65. YES
# PCOMP  10000002-.0105 0.0 650000. TSAI 0.0 0.0 sYM
# 70 1.39312 80. YES 70 .052964-65. YES
# 70 1.39312 80. YES 70 .052964-65. YES

.4 HEXAGON
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Update the
Original Model

The Python script generates a new TMP
file.

Copy and paste the CQUAD4 elements
to the original BDF file.

new_2D_elements.tmp

[= new_2D_elements tmp E3

Original BDF File

[=] topometry_cantilever_plate bdf E3

[ cgunD4,1,1000000001,1,2,16,15
CQURD4,2,1000000002,2,3,17,1¢6
cguaD4,3,1000000003,3,4,18,17
CQURD4,4,1000000004,4,5,19%,18
cguaD4,5,1000000005,5,6,20,15
CQUAD4, &,1000000006,6,7,21,20
cguaD4,7,1000000007,7,8,22,21
CQUAD4,8,1000000008,8,%8,23,22
CQURD4,5,1000000009,5,10,24,23
CcQuaD4,10,1000000010,10,11,25,24
CQUaD4,11,1000000011,11,12, 26,25
CcQuaD4,12,1000000012,12,13,27,26
CQUAD4,13,1000000013,13,14,28,27
CcguaD4,14,1000000014,15,16,30,29
CQUAD4,15,1000000015,16,17,31,30
cguaD4,1¢e,1000000016,17,18,32,31
CQURD4,17,1000000017,18,19,33,32
cguaD4,18,1000000018,19,20,34,33
CQUAD4,15,1000000019,20,21,35,34
CQURD4,20,1000000020,21,22,36,35
CQuUaD4,21,1000000021,22,23,37, 36
CQURD4,22,1000000022,23,24,38,37
CQUAD4,23,1000000025,24,25,39,38
CQURD4,24,1000000024,25,26,40,39
CQUAD4, 25,1000000025,26,27,41,40
CQURD4,26,1000000026,27,28,42,41
cguaD4,27,1000000027,2%9,30,44,43
CQUAD4, 28,1000000028,30,31,45, 44
cQuaD4,25%,1000000025,31,32,4¢6,45

®

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
30
51
52
53
54
25

-

couaD4, 1,1000000001,1,2,16,15
CQURD4,Z2,1000000002,2,3,17,186
CQUAD4,3,1000000003,3,4,18,17
CQUAD4, 4,1000000004,4,5,15,18
CQUAD4,5,1000000005,5,6,20,15
CQURD4, &,1000000008,6,7,21,20
CQUaD4,7,1000000007,7,8,22,21
CQUAD4, 8, 1000000008,8,9,23,22
CQUAD4,S,1000000005,9,10, 24,23
CQUrD4,10,1000000010,10,11,25,24
CQuaD4,11,10000000112,11,12,286,25
CQUAD4,12,1000000012,12,13,27,26
CQUAD4,13,1000000013,13,14,28,27
CQURD4,14,1000000014,15,16,30,29
CQUAD4,15,1000000015,16,17,31,30
CQUAD4,16,1000000016,17,18,32,31
CQURD4,17,1000000017,18,15,33,32
CQUAD4,18,1000000018,15,20,34,33
CQUAD4,15,100000001%, 20,21,35,34
CQUAD4,20,1000000020,21,22,38,35
CQURD4,21,1000000021,22,23,37,36
CQURD4,22,1000000022,23,24,38,37
CQUAD4,23,1000000023,24,25,35,38
CQUAD4,24,1000000024,25,26,40,39
CQURD4,25,1000000025,2¢6,27,41,40
CQUAD4,26,1000000026,27,28,42,41
CQUAD4, 27,1000000027,25,30,44,43
CQURD4,28,1000000028,30,31,45,44
CQURD4,25,1000000029,31,32,486,45

A

Questions? Email: christian@ the-engineering-lab.com
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Update the
Original Model

The Python script generates a new TMP
file.

Copy and paste the PSHELL elements to
the original BDF file.

new_pshell _entries.tmp

Original BDF File

—
= new_pshell_ertries tmp E3 |

[= topometry_cantilever_plate bdf E3 |

( DSHELL*

1000000001

.00000000E+00

1000000002

.00000000E+00

1000000003

.00000000E+00

1000000004

.00000000E+00

1000000005

.00000000E+00

1000000006

.00000000E+00

1000000007

.00000000E+00

1000000008

.00000000E+00

1000000009

.00000000E+00

1000000010

.00000000E+00

1.00007309E-03 1% 19 STRESS (PLOT, SORT1, REAL, VONMISES, BILIN) =ALL
8.33333333E-01 .00000000E+00* 20 BEGIN BULK
0 * 21 $ Direct Text Input for Bulk Data
22 PRARRAM POST 0
3.93152203E-03 1% 23 PARREM  PRTMAXIM YES
8.33333333E-01 .00000000E+00* 24 Elements and Element Properties for region : Plate
0 * &5 (PSHELL* 1000000001 1 1.00007308E-03 1% )
26 * 1.00000000E+00 1 8.33333333E-01 .00000000E+00*
3.58257980E-03 1* 27 * 1] *
8.33333333E-01 .00000000E+00% 28 *
0 * 29 PSHELL* 1000000002 1 3.93152203E-03 1*
30 * 1.00000000E+00 1 B8.33333333e-01 .00000000E+00*
3.28027502E-03 1* 31 * 1] *
8.33333333E-01 .00000000E+00* 32 *
0 b 33 PSHELL* 1000000003 1 3.58257%80E-03 1*
34 * 1.00000000E+00 1 8.33333333E-01 .00000000E+00*
3.11368359E-03 1% 35 * 1] *
8.33333333E-01 .00000000E+00* 36 *
0 W 37 PSHELL* 1000000004 1 3.26027502E-03 1*
38 * 1.00000000E+00 1 B8.33333333e-01 .00000000E+00*
2.8%4087051E-03 1% 39 * 0 x
8.33333333E-01 .00000000E+00* 40 *
0 x 41 PSHELL* 1000000005 1 3.113693%%E-03 1*
42 * 1.00000000E+00 1 8.33333333E-01 .00000000E+00*
2.74008123E-03 1% 43 * 0 *
8.33333333E-01 .00000000E+00% 44 *
0 x 45 PSHELL¥* 10000000086 1 2.94087051E-03 1*
46 * 1.00000000E+00 1 B8.33333333e-01 .00000000E+00*
2.50630222E-03 1* 47 * 0 *
8.33333333E-01 .00000000E+00% 48 *
0 * 45 PSHELL* 1000000007 1 2.74009123E-03 1*
50 * 1.00000000E+00 1 8.33333333E-01 .00000000E+00*
2.25367845E-03 1* 51 * 0 *
8.33333333E-01 .00000000E+00* 52 *
0 * 53 PSHELL* 1000000008 1 2.50630222E-03 1*
54 * 1.00000000E+00 1 B8.33333333E-01 .00000000E+00*
1.5675%530E-03 1* 55 * 0 *
8.33333333E-01 .00000000E+00* 56 \x
0 * A
.4 HEXAGON 33
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Results

Before Optimization After Optimization
° Mass: 19.5 kg > Mass: 3.97 kg

> Vary the thickness of each element

Q @

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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End of Tutorial

Questions? Email: christian@ the-engineering-lab.com )¢’ HEXAGON



