Workshop — Buckling
Optimization of a
Cantilever Beam

AN MSC NASTRAN SOL 200 TUTORIAL
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Use Nastran SOL 200 Opt

Goal

After Optimization

Before Optimization

> Weight: 2.35 kg

° Weight: 15.12 kg

T, thickness of wall

.0016 m
> Load Case 1:

o x1

=T, thickness of wall
.01lm
° Load Case 1:

o x1

(o]

[e]

> Buckling Factor 1: -1.0071
> Buckling Factor 2: 1.0071

© Buckling Factor 1: -242.19
° Buckling Factor 2: 242.19
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Mode 2

Buckling Factors for Load Case 2

Mode 1
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Optimization Problem Statement,
SUBCASE Assignment of Constraints

StaAtus Resporlse Analyrlis
- Label = Type Type ~ Description Global Constraints +  SUBCASE1 + SUBCASE2 &+  SUBCASE3 &+  SUBCASEA4 =
Search Search Search Search
Analysis Types =» Statics w Statics w Buckling w Buckling L
I R
B o - STRESS  STATIcS | Syt M r e
B o = STRESS  STATIcs | Sy e or e
E (v R1 Equation O 0
E (v R2 Equation O 0

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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More Information Available in the Appendix

" The Appendix includes information regarding the following:
Frequently Asked Question

What is the trust region?

An example where the Trust Region can be used
Frequently Asked

Trust Region Visualized

Considerations for Optimization with Buckling Fre
Constraints

© Wh
dec

© The
© Wit
asy
opti
> The

Appendix

Questions? Email: christian@ the-engineering-lab.com j 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 with a .bdf or .dat file Special Topics Covered
2. Use the SOL 200 Web App to: Optimization for Buckling - This example has multiple load cases and the
. goal is to avoid buckling for each load case. The SOL 200 Web App facilitates
; Convert the .bdf file to SOL 200 the configuration of multiple SUBCASEs and allows for optimization of

multiple buckling scenarios.

° Design Variables

o Design Objective
o Design Constraints

° Perform optimization with Nastran SOL 200

3. Plot the Optimization Results

4. Update the original model with optimized
parameters

HEXAGON
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SOL 200 Web App Capabilities

Benefits
e 200+ error validations (real time) * Automated creation of entries (real time) * 76 tutorials
*  Web browser accessible * Automatic post-processing

Capabilities

PSHELL 1 - Plate
mmmmm PBARL 3 - Hat_Stiffener %0

Web Apps for SOL 200 Beams Viewer Web App

Pre/post for MSC Nastran SOL 200. Machine Learning Web App MSC Apex Post Processing Support Post process 1D element forces, Ply Shape Optimization Web App
Support for size, topology, topometry, Bayesian Optimization for nonlinear View the newly optimized model including shear forces, moments, Spread plies optimally and generate
topography and multi-model. response optimization (SOL 400) after an optimization torque and axial forces new PCOMPG entries
—————
o) s S
Local System g Remote System “
S |
HDF5 Explorer Web App Remote Execution Web App PBMSECT Web App Stacking Sequence Web App
Shape Optimization Web App Create XY plots using data from the Run MSC Nastran jobs on remote Generate PBMSECT and PBRSECT Optimize the stacking sequence of
Use a web application to configure H5 file Linux or Windows systems available entries graphically composite laminate plies
and perform shape optimization. on the local network

Technology Partner
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%*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 13
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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

‘!i.__-b

WAAAL
AAAL

LR
- &

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF35 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.

@ Buckling Optimization of a Cantilever Beam

This example demonstrates the procedure to configure Nastran SOL 200 for buckling
optimization. This example also covers how to optimize for multiple buckling
scenarios.

Starting BDF Files:@

Solution BDF Files: Link

[e@]=]

@vlj b albatross » Downloads - | “‘f| | Search Do... 02 |
Organize = Include in library - Share with = = = « [ 9
o AR Mame Date modified

Bl Desktop El buckling_cantilever_bearn.bdf 1/4/2019 9:20 PM

_H, Downloads @

fi-:l; Recent Places
f@ Onelrive

- Libraries v | 4 m 3

. 1 item

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 15



Open the
Correct Page

1.

The Engineering Lab

Click on the indicated link

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)

*  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

SOL 200 Web App

Select a web app to begin

=
= il
>
S
<

Multi Model Optimization Machine Learning | Parameter HDF35 Explorer
Study

Tutorials and User's Guide

Full list of web apps

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

@ buckling_cantilever_beam.bdf

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
buckling_cantilever_beam.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

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



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

Size Topology Topometry Topography

Step 1 - Select design properties

+ Options
Create DVXREL1 Property = Property Description = Entry & Entry ID = Current Value =
C re a te D e S I g n Search Search Search Search Search
E Young's modulus MATA 1 £.80E+10
Va rl a b | e S NU Poisson’s ratio MAT 1 33
RHO Mass density MATA 1 2700.
C|I.Ck on the plus (4.-) icons to set the @ . Thicknece — : © 000022
thickness as a design variable
The x1 variable has been created for ‘ B

the thickness property

Number of Visible Rows 5

Step 2 - Adjust design variables

X Delete Visible Rows

The necessary design variables, as
detailed in the optimization problem + Options
statement, are created.

. . . Initial Value
Each step has hidden funCtlonallty for Label 2 Status = Property = Property Description & Entry = Entry ID 2 ¥ Lower Bound Upper Bound Allowed Discrete Values
advanced users. The visibility is controlled
by cIicking + Options § Search Search Search Search Search Search Search Search Search Search
B @ (] T Thickness PSHELL 1 10E2 001 Upper Examples: -2.0, 1.0, THRU., 10.0,

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 18



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
and global response. A response such
as weight and volume are single
responses, are independent of load
case, 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  Variables Objective Constraints Subcases Exporter Results
Objective Equation Objective @
Step 1 - Select an objective
Select an analysis type
30L 103 - Normal Modes -
Select a response
Response Description = Response Type =
Search Search

@ [+ | wWeight WEIGHT
[+ | Volume VOLUME
(+ | Eigenvalue EIGN
u Frequency FREQ
n Displacement DISP

« - 2 3 » ‘E| 10 20 30 40 a0
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 19
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Create Design
Constraints

Click Constraints

Set the analysis type to SOL 101 -
Statics

In the search box, type ‘s’

Select the plus(+) icon 2 times for Stress
to create 2 stress constraints

Configure the constraints as shown to
the right

Example: Configure the following for rl
Property Type: PSHELL

ATTA: 11 — von Mises or [...]

ATTi: 1 (PID 3)
Upper Allowed Limit: 2.76E08

Each step has a second row with empty
input boxes. These boxes are search boxes
and should not be confused with rows 3,
4, 5, etc. Use the search boxes to filter
columns in tables with multiple rows.

Constraints ~ Subcases Exporter  Results

O

Variables

SOL 200 Web App - Optimization  Upload

Objective

Constraints ~ Equation Constraints

Step 1 - Select constraints

Select an analysis type

SOL 101 - Statics @

Select a response

Response Description =

5 @ Search

Displacement DISP

Strain STRAIN

Stress STRESS

Fatigue, pseudo-static fatigue analysis FATIGUE

a
a
EJ  Element Strain Energy ESE
[+
a

Step 2 - Adjust constraints

Response Type

‘ 5 | 10 | 20 | 30 | 40 | 50

+ Options
Lower Upper
Label Status Response Property Type Allowed Allowed
N N Type = - ATTA = ATTB = ATTI = Limit Limit
Sk Seal Search Search Search Search Search Search Search
u 1 [ ] STRESS PSHELL - 11 - von Mises or maximum shear: @ 1 Lower 2.T6ED8
u r2 (] STRESS PSHELL v 19 - von Mises or maximum shear v 1 Lower 2.T6EDS
20

.4 HEXAGON

Technology Partner
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Create Design
Constraints

Click Equation Constraints

There are 2 methods of creating a
constraint.
e Method 1 - Select a constraint

from a given list of responses, e.g.

Weight, Volume, etc.
* Method 2 — Create an equation.
This page shows the use of Method 2 to
create an Equation Constraint.

SOL 200 Web App - Optimization  Upload  Vvariables  Objective

Constraints Equation Constraints @

Step 1 - Select constraints

Constraints Subcases Exporter

Results

Select an analysis type

SOL 101 - Statics

Select a response
Response Description
Search
Weight
Volume

Displacement

Strain

Element Strain Energy

Search

WEIGHT

VOLUME

DISP

STRAIN

ESE

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Step A - Optional - Create additional responses @

Select an analysis type

SOL 105 - Buckling @

Select a response

Response Description = Response Type -

Create Design
C t . t Weight WEIGHT

onstralnts Volume VOLUME
Create a responses that corresponds to the @ Buckiing Elgenvalue/Factor LAMA
buckling load factors for modes 1 and 2. These Weight from Particular Material or Property 1D WNMPID
responses value will be labeled ‘b1’ and ‘b2’

Scroll to Section A - Optional - Create . .

additional responses Step B - Optional - Adjust responses

Change the analysis type to: SOL 105 -

Buckling + Options

Click the plus (+) icon for Buckling LagF-l Stagus RESPOH:SE Propergv Type

Eigenvalue/Factor 2 times to create 2 Type ATTA = ATTB = ATTI =

buckling factor responses

Se Seal Search Search Search Search Search
Configure the following for b1
8 - ] B} o © LauwA 1 @
ATTA: 1 (Buckling Mode 1)

B o © LAuA 2 @

Configure the following for b2
ATTA: 2 (Buckling Mode 2)

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Create DESIgn Step 1 - Create equation constraints @
Constraints

@ = Add Equation Constraint

Create an equation constraint for each buckling

. : Opti
mode. Since the buckling load factor can be s
negative, the absolute function (abs()) is used. Lower Upper
Scroll to section Step 3 - Optional - Create Allowed Allowed
equation constraints Label = Status - Equation = Limit Limit
Click on Add Equation Constraint 2 times O cemh - - S
Configure the following for R1: @
Equation: ABS(b1) B ~ © ABS(DT) 1. > er
Lower Allowed Limit: 1. B~ (o) ABS(52) 1. = CADH
Configure the following for R2:

Equation: ABS(b2)

Lower Allowed Limit: 1.

A previous buckling analysis revealed
negative buckling load factors (BLF). A
negative buckling load indicates that
buckling would occur if the load was
reversed. To address negative BLFs, the

absolute value of BLFs is constrained. Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 23
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SOL 200 Web App - Optimization Upload Variables Objective Constraints Subcases Exporter Results

Assign Constraints —(

tO Load Ca SES Step 1 - Assign constraints to subcases
(SUBCASES)

Click Subcases

Display Columns

Global Constrainis
SUBCASE 1
SUBCASE 2
SUBCASE 3
SUBCASE 4

Select each option in the select box (Hold
down the Shift key on the keyboard and
use the mouse to select multiple options)

Click + Options

0O Uncheck visible boxes & Check visible boxes

Mark the checkbox for Use ) @
Q- o R . - + Options
Multidisciplinary (MD) Optimization

Use Multidisciplinary (MD) Optimization @
For SUBCASE 1 and 2, change the analysis

; Status Response Analysis
type to Statics s Label = Type ~ Type ~ Description Global Constraints =+  SUBCASE1 =  SUBCASE2 + SUBCASE3 -~  SUBCASE4 =
Mark the checkboxes to assign the stress — — - S
constraints to SUBCASE 1 and 2 @ @
For SUBCASE 3 and 4' change the analysis Analysis Types =» [ Statics w Statics ~ IBuckling ~ Buckling w ]
type to Buckling
. St it de 11, of el nit:
Mark the checkboxes to assign the © = STRESS STATICS e
equation constraints (buckling constraints) @
BCASE 3 and 4 i
to SUBCASE 3 and o 2 STRESS STATICS Stress, item code 19, of elements

associated with PSHELL 1

If the SUBCASE in the Case Control o r Equaticn O O
Section includes that STATSUB
command, then to perform an & R Equation 0 0

optimization, then the SUBCASE
should also be configured for
BUCKLING as shown on this page.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 24
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®

SOL 200 Web App - Optimization  Upload  Variables  Objective  Constraints ~ Subcases  Exporier  Resulis Settings ~ Match  Other

Optimization Settings

Parameter - Description = Configure =

Search Search Search

CO n fl g u re APRCCD Approximation method to be used OJ 2 - Mixed Method -

S ett | n g S CONV1 Relative criterion to detect convergence O | Entera positive real number
CONW2 Absolute criterion to detect convergence (J | Enter a positive real number
At the top right hand corner, click on
Settings DELX Fractional change allowed in each design variable during any optimization cycle O | Entera positive real number
DESMAX Maximum number of design cycles to be performed 20
Ensure the checkboxes are marked and
Fhe res_,pectlve value§ match as shown DISBEG Design cycle number for discrete variable processing initiation O | Enter a positive integer
in the image to the right
GMAX Maximum constraint violation allowed at the converged optimum O Enter a positive real number
For each design
5 cyc'_e’ t_he allowable P1 Print items, e.g. objective, design variables, at every n-th design cycle to the 06 file 1
change of variables is either kept
constant or decreased, but never P2 Items to be printed to the {06 file 15 - Print objective, design variab
increased. An opportunity exists to
. i -1 - Automatic selection (Default
adaptlvely vary the change of TCHECK Topology Checkerboarding 0 omatic selection (Default)
variables so that they can be TOMIN Minimum diameter of members in topology optimization (] | Entera positive real number
increased or decreased automatically.
For some optimization scenarios, the TREGION ~ Trust Region @ [ 1-Trust Region On ~]

increase in allowable variable change
can yield faster optimizations. In this
example, the Trust Region is used.
Refer to the Appendix for additional

Technology Partner

details.
Questions? Email: christian@ the-engineering-lab.com u HEXAGON 25



®

SOL 200 Web App - Optimization ~ Upload  Variables ~ Objective  Constraints  Subcases  Exporter  Results Seftings  Match  Other  User's Guide  Home

BDF Output - Model BDF Output - Design Model

assign userfile = 'optimization_results.csv', status = unknown, = 3 =
form = formatted, unit = 52 $= E
3 i Design Model *
3 o *
3 § Created by MsC_Apex version Harris Hawk on Jan 5, 2019 at e4:12:e8 3
e $ $
$ Values exported in this file are expressed using the consistent SI unit 13 Design Variables - Type 1
| e S $ system e
3 Lengthm 3
$  Mass kg $
$ Time s $
§ Force N
Cllck on Exporter 3 angle rad DVPREL1 188091 PSHELL 1 T
$ NOTE: Nastran requires the follewing angle values always be defined in 108081 1.8
$ degrees, irrespective of the consistent unit system used for the rest of the $
$ entries 3
. . 3 PCOMPG (THETAL - ply orientation angle) DESVAR 12888l X1 1.2E-2 .82l
CIICk On DOWI’]IOBd BDF Fl Ies $ TABLED1 (yi - phase angle data when referenced in TP field of RLOAD2) 3
3 2
§ Linear Buckling Scenario Buckling Scemario Part 1 (3}
$ Scenaric description 5
SOL 28 3
CEND
3 Design Variables - Type 2
3 oo ee o= S S e S e e S DS S DS S eSO CODD DSOS BSOS
3 output Requests 3
3 E
$ Displacement
DISP(PLOT) = ALL h $
3
Download BDF Files s
5 Design Objective
S
13
. 5
DRESP1 5002000 re WETGHT 3 3

When the download button is clicked :

. 5 Design Constraints
a new file named B
“nastran_working_directory” is :

RESP1 5202eel rl STRESS  PSHELL 11 1

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 u HEXAGON 26
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%vL‘ » albatross » Downloads » - | 4y | | Search Downloads R |
Organize » = Open ~ Share with New folder =~ 0 @
¥ Favorites Mame & Date modified Type
B Desktop ILiIJ nastran_working_directory.zi| ress
i. Downloads Open
(?;9: Recent Places Open in new window
e r O r I I I e #& OneDrive Extract All...
Edit with Notepad++
L) L) L] e "
(7 Libraries Open with...
plimization 5 oocumens
J’ Musi Share with »
usic
o &) Pictures Restore previous versions
with Nastran SOL 8 v :
Cut
& Homegroup
Copy
1M Computer Create shorbcut
. . Delete
A new .zip file has been downloaded G Network Rename
< | I 3
> 3 5 o 4 Properties
; ; : nastran_working_directory.zip Date modified: 2/25/2 q
nght CIICk el the flle i-- Compressed (zipped) Folder Size: 114 bytes

@ 1, Extract Compressed (Zipped) Folders

Click Extract All
Select a Destination and Extract Files

Click Extract on the following window Files will be extracted to this folder

special-sunshine' Downloads\nastran_working_dire Browse...

Show extracted files when complete

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

@[ Bdract | [ Cancel

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 27
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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 28
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SOL 200 Web App - Status

* Python & |\|SC Nastran

Stat usS Status

While MSC Nastran is running, a status

page will show the current state of Name Status of Job Design Cycle RUN TERMINATED DUE TO
MSC Nastran

maodel 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 29
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SOL 200 Web App - Local Optimization Results Home

Final Message in .f06

Review e —
OptlmlzatIOn Objective
Results

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

Objective

INITIAL 1R 2R 3R 4 SR 6R 7 &R 9R 10 1R 12 13 14

Ensure the messages shown have green
checkmarks. This is indication of

success. Any red icons indicate @ Design Variables
challenges.

Design Cycle

O Display None | & Display All

The final value of objective, normalized
constraints (not shown) and design
variables can be reviewed.

Display Color Label Label Comments
0.01

- T, Thickness, of PSHELL 1
(Constant_Thickness)

0.008

The reader may realize some of the
design cycles have the letter R
appended, e.g. 1R, 2R, etc. Since the
Trust Region was utilized, some design
cycles do not meet certain reliability
criteria and are rejected. In the event
the Trust Region is used, but an 0.002

optimum is not successfully achieved,

it is recommended to try again with L N A
the Trust Region turned off. See the
Appendix for more details.

0.006

Value of Design variable

Design Cycle

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 30

Technology Partner




Results

ion

imizat

After Opt

ion

imizat

Before Opt

> Weight: 2.35 kg

° Weight: 15.12 kg

T, thickness of wall

.0016 m
> Load Case 1:

o x1

T, thickness of wall

= .01lm
° Load Case 1

o x1

(o]

[e]

> Buckling Factor 1: -1.0071
> Buckling Factor 2: 1.0071

© Buckling Factor 1: -242.19
° Buckling Factor 2: 242.19

z
o}
(O]
<
L
T

-2

" Technology Partner

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




%'L‘b « nastran_working_directory » workspace_b - | 4 | | Search workspoce... 0 |
Organize = Include in library - Share with = Mew folder ==« i a
';} e Mame . Date modified Ty

Bl Desktop ||Er medel_final. bdf (2) /2072022 2:32 PM Mg

Update the e
Original Model Bibwie | ,

The original input files, e.g. DAT, BDF, etc.,
contains the original values for the
designed properties. These original values

must be updated to use the new and Original |nput Files UpdatEd BDF File (model_flnalbdf)

optimized values. PSHELL 1 1 1 PSHELL 1 1 1.0 1 .833333 0.0
REE3 41022 o 6 1.0 123 38635 38636
A new BDE file has been created in + 38637 38638 38639 38839 38941 38942 38943 RBE3 41022 1.0 123 38635 38636
. : + 38944 38945 38046 38947 309445 30446 39447 39448 + 38637 38638 £ 38839 38941 38942 38943
nastran_working_directory/workspace_b/ + 39449 39450 33451 39683 39684 39685 39686 39687 + 38844 38845 38946 380947 309445 309446 39447 39448
model final.bdf. + 39688 39689 + 39449 39450 39451 39683 39684 39685 39686 39687
= RBE3 41023 39922 123456 1.0 123 38635 38636 + 39688 39689

The file model_final.bdf is a copy of the
original input files but the original values
for the designed properties have been
updated to use the optimized values.

If you were using multiple INCLUDE files,
model_final.bdf is a combination of all
INCLUDE files. The next few slides discuss
an alternative method of using the PCH to
BDF web app to update the values for the
designed properties while preserving

separate INCLUDE files.
HEXAGON 32
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®

SOL 200 Web App - Optimization  Upload  Variables  Objective  Constraints  Subcases  Exporter  Results Settings ~ Match  Other  User's Guide  Home

Select a Results App

i ;.:I e l:m -II wi

Global Optimization Type 2 (.f06) Local Optimization (.06) Parameter Study (.f06)

iy

Responses (.108) Sensitivities (.csv) Topology Viewer (.des)

Update the
Original Model

Click Results

Click PCH to BDF

Miscellaneous Apps

Converter PCH to BDF @

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 33
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SOL 200 Web App - PCH to BDF Home

Step 1 - Select PCH File Step 2 - Select BDF Files

1. Select files NGLERE] @ QR GR I buckling_cantilever_beam bdf @

Inspecting: 100%

U d a te t h e (0 List of Selecied Files
[ List of Selected Files

Original Model ®

PSHELL 1 1 .091554 1 1.e 1 .833333 a.e PSHELL 1 1 1.0008-21 1

The original .bdf/.dat file has old o nd
information about the properties. The

properties will be updated. Step 3 - Download New BDF Files

Inspecting: 100%

Se I eCt t h e m Od e I . pCh f| | e On download, the PCH entries will replace older BDF entries.

Select the original file:
buckling_cantilever_beam.bdf @

A summary of updates that will be
performed are shown

Click Download and a new updated BDF
file is downloaded

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 34



pdate the
riginal Model

Note the entries have been updated
with the optimized properties

: E]mdm@Jznmmﬂ;hmmth”

= buckling_cartilever_beam bdf E3

1956

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

+ | 1956
MAT1 1 &.89E+10 .33 2700. + 1957 MATL 1 6.89E+10 .33 2700. +
" 2 ZeFans 1958 + 2.76E+08
1959

PSHELL 1 1 1.0000-21 1 1960 PSHELL 1 1 .001554 1 1.0 1 .833333 0.
RBE3 41022 39921 123456 1.0 123 38635 38636  + 1961 0

L55] T80 EEEER] TE04T T5020 TE53S T T REES T TIIT a2 T T TIE 5
+ 38944 38945 38046 38047 30445 309446 39447 30448  + 3 + 38637 38638 38630 38640 38839 38941 38942 38943 +
+ 394495 39450 389451 39683 39684 39685 39686 39687  + 1)- + 38944 38945 38946 38947 39445 39446 39447 39448  +
+ 39688 39629 65 + 30449 39450 39451 39683 39634 39685 39686 39687  +
RBE3 41023 389922 123456 1.0 123 38635 38636  + 1966 + %688 39629
+ 38637 38638 38639 38640 388395 38941 38942 38943  + 1967 REE 3 41023 39922 123456 1.0 123 38635 32636  +
+ 38944 38945 38946 38947 39445 39446 39447 39448  + 1968 + 38637 38638 38639 38640 38839 38941 38942 38943+
+ 39449 39450 39451 39683 39684 39685 39686 39687  + 1969 + 38944 38945 38946 38947 39445 39446 39447 39448+
+ 39688 39689 1970 + 35449 39450 39451 39683 39684 39685 39686 39687  +
SPC 1 38641 123456 1971 + 35688 39689
S5PC 1 38642 123456 1972 SPC 1 38641 123456
SPC 1 38643 123456 1973 SPC 1 38642 123456
SPC 1 38644 123456 1974 SPC 1 38643 123456
SPC 1 38645 123456 1975 SPC 1 3E644 123456
SPC 1 38646 123456 1978 SPC 1 3B645 123456
SPC 1 38842 123456 1977 SPC 1 3E646 123456
SPC 1 38980 123456 1978 SPC 1 38842 123456
SPC 1 38981 123456 1979 SPC 1 38980 123456
SPC 1 38982 123456 1980 SPC 1 38981 123456
SPC 1 38983 123456 D. 1981 SPC 1 38982 123456

Original BDF/DAT File Downloaded BDF/DAT File
.4 HEXAGON 35
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End of Tutorial
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Appendix Contents

Frequently Asked Question

° What is the trust region?

An example where the Trust Region can be used

Trust Region Visualized

Considerations for Optimization with Buckling Constraints

(¢]

(¢]

o}

o}

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




I: re q u e nt ‘ y AS ke d BDF Output - Design Model

[ ]
3
5 optimization Control Settings
B e o e

3
$
DOPTPRM DESMAX 48 Pl 1 P2 15 TREGION 1
Question:
.
° The trust region was used in the tutorial.
° What is the trust region? o _
Optimization Settings
Parameter = Description = Configure =
APRCOD Approximation method to be used O 2 - Mixed Method v
CONWV1 Relative criterion to detect convergence O | Enter a positive real number
CONW2 Absolute criterion to detect convergence O | Enter a positive real number
DELX Fractional change allowed in each design variable during any optimization cycle O | Enter a positive real number
DESMAX IMaximum number of design cycles to be performed @ | 40
DISBEG Design cycle number for discrete variable processing initiation O | Entera positive integer
GMAX Maximum constraint violation allowed at the converged optimum O | Entera positive real number
P1 Print items, €.g. objective, design variables, at every n-th design cycle to the .06 file @ |1
P2 Items to be printed to the .06 file 7] 15 - Print objective, design variab v

TREGION Trust Region @ [ ¥ | 1-Trust Region On v ]

Questions? Email: christian@ the-engineering-lab.com ‘ HEXAGON
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Frequently Asked Questions

Answer:

° When the Trust Region is used, the Move Limits after each design cycle are automatically increased or
decreased.

° The Move Limits dictate the degree to which design variables can change during a design cycle.

> With each design cycle, a new design is found through approximate optimization and then validated by
a subsequent finite element analysis. The Move Limits impact the reliability of approximate
optimization.

° There are 2 benefits to using the Trust Region:

© The Trust Region can enable faster optimizations for some, but not all optimization problems. This is achieved because the Trust
Region can reduce costly finite element analysis and depend more on approximate optimization.

© The Trust Region can help avoid scenarios where large design variable changes suddenly cause feasible designs to become
infeasible designs. This is sometimes indicated by the the message: “BEST COMPROMISE TO INFEASIBLE DESIGN.”

Questions? Email: christian@ the-engineering-lab.com \,.‘ HEXAGON
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SOL 200 Web App - Local Optimization Results

Final Message in .f08

An example where the T
Trust Region can be used

0.5

Consider the example of this workshop.

Normalized Constraints

INITIAL 1 2

Design Variables

QZ F1=1000N 0.01

After design cycle 1, note the following:
°  The thickness design variable has gone from .01 to .001.

0.008

°  The normalized constraint has gone from -1.0 to .7 and is a change from
feasible to infeasible.

°  The optimization terminated with the message: RUN TERMINATED DUE TO
HARD CONVERGENCE TO A BEST COMPROMISE INFEASIBLE DESIGN

0.006

value of Design variable

Inaccuracy in Approximate Model
© See the FO6 output on the following slide.

0.004

©  For Design 1, there is a large discrepancy between the structural results from
the Approximate Model and an actual Finite Element Analysis. Normally, the
discrepancies are small. This large difference is likely due to a large change in
the design variable from .01 to .001.

0.002

INITIAL 1 2

Design Cycle

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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An example where the Trust Region can be used, Continued
FO6 Output, Design Cycle Summaries Shown

= modsl 106 E:i| y Eimodel.msm|
%SummaryofDesign DESIGN CYCLE-S= 1 SUBCASE= 3 SummaryofDesign DESIGN CYCLE-S= 2 SUBCASES= 3
] Cyc|e T BUCKLING LOAD RESEONSES @—— Cycle 2 BUCKLING LOAD RESEONSES
: r Y )
3365 e e e e e e e e S I | 3754 -—————- e e e e e e e e
3366 INTERNAL DEESP1 RESPONSE MODE LOWER INEUT OUTEUT TPEER 3755 INTERNAL DEESP1 RESPONSE MODE LOWER INEUT OUTEUT TPEER
3387 D D LAEEL HO. BOUND VALUE VALUE RO HO. BOUND VALUE VALUE BOUND
3368 - - - - - - - - -1 * Each design cycle starts with a finite elements - - - - - Smmmmmmmoomoooommeooo
3369 2 7000001 Bl 1 N/A -2.4219E+02 3.8170E+02 /R . .. . 1 N/A -2.6820E-01 £ .6820E-01 /L
3370 3 7000002 B2 2 N/R 2.4219E+02 L3, 8170E+02 /B analysis, set A, followed by an optimization 2 /R 2.6820E-01 b . 6220E-01 /R
zgff Sesten cweLEe- . tEcasE - ; with approximate structural results, set B. On b cvcre- , duscase- ;
3373 the next design cycle, a new finite element
:;‘51 “““ BUCKLING LORD RESEENSES — —-—- analysis is performed, set C, and confirms or [ BUCKLING LORD RESECNISES  —-—-
3376 -— -— -— -— -— -— -— -— -4 does not confirm the previous approximate - -— -— -— -— e
331 INTEENAL DRESP1 RESPONSE MODE LOWER INPUT OUTPUT TP |t t B MODE LOWER INPUT OUTPUT TUPPER
3378 D o LABEL HO. BOUND VALUE VALUE BO resu S’ S€ * HO. BOUND VALUE VALUE BOUND
3379 - - - - - - - - -+--1 ¢ After design cycle 1, the approximate - - - - - o
3380 4 7000001 Bl 1 N/A =1.1047E+03 1.5732E+4+03 fR . . 1 H/R =1.3747E+00 —L.3T47E+00 H/R
3381 5 7000002 B2 2 W/A 1.1047E+03 L1.5732E+03 /B buckling load factors, set B, are substantially 2 W/A 1.3747E+00 h . 3747E+00 N/R
223 CETAINED DRESP2 RESMONSES different from the actual factors from a finite CETAINED DRESP2 RESPbsES
2384 element analysis at the start of design cycle
Sl - — - " " = " — T 2, set C. Some difference is allowed, but . " = " " TTTTTTTTTTTTT T
3386 INTERMAL DRESE2 RESPONSE EQUATION LOWER INEUT OUTEUT . . EQUATION LOWER INEUT OUTEUT TUPPER
3387 D D TABFL i) BOUND VALUE VALUE excessive differences are not allowed. The i) BOUND VALUE VALUE BOTND
3388 e e e e e e e e - B B -—— e e e e e
3389 1 9000001 R1 170001 1.0000E400 2.4219E+02 3.8170E+02 excessive dlfferences COUId be due to Iarge 170001 1.0000E+00 ¥ 2.8320E-01 2.6320E-01 1.0000E435
3390 2 9000002 R2 170002 1.0000E+00 2.4219E+02 3.8170E+02 changes in the design variables during the 170002 1.0000E4+00 F 2.6820E-01 2.6820E-01 1.0000E435
3391 3 9000001 Rl 170001 1.0000E4+00 1.1047E4+03 1.5732E4+03 . . . . . . 170001 1.0000E4+00 1.3747E4+00 1.3747E400 1.0000E+35
3392 4 9000002 R2 170002 1.0000E400 1.1047E+03 1.5732E+03 0pt|m|zat|0n Wlth apprOXImatlon Stage' 170002 1.0000E400 1.3747E+00 1.3747E+00 1.0000E435
3393 JRNUARY 15, 201p MSC Nastran 12/ /1 THUT = m JANUARY 15, 2019 MSC Nastran 12/ 1/17 FAGE 110 D
o h T ™ . ’ [, s—
3395 | 1

Structural Results of Design 0 based on Finite Structural Results of Design 1 based on Structural Results of Design 1 based on Finite

Element Analysis Approximate Model Element Analysis

Questions? Email: christian@ the-engineering-lab.com &g HEXAGON
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An example where the Trust Region can be used, Continued

After employing the Trust Region, an optimum is successfully obtained

SOL 200 Web App - Local Optimization Results Home Design Variables

O Display None | & Display All

Final Message in .f06

Display Color Label Label Comments
0.01
o RUM TERMINATED DUE TO HARD CONVERGENCE TO AN OPTIMUM AT CYCLE MNUMBER = 14,
" T, Thickness, of PSHELL 1
- - . « (Constant_Thickness)
Objective 0.008
z
2
=
b
15 =
< 0.006
20
fnl
u
[s]
L 10 b
g 2
(] =
= T 0.004
Fe)
o =
5
INITIAL 1R 2R 3R 4 5R 6R 7 B8R 9R 10 1R 12 13 14 o002
Design Cycle

INITIAL 1R 2R 3R 4 5R  6R 7 8R OR 10 1R 12 13 14

Design Cycle

Questions? Email: christian@ the-engineering-lab.com 4 HEXAGON
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Trust Region Visualized

P=2250N
A

!

A

}4— L=50em ———»

Figure 1-6 Cantilever Beam

The optimization problem statement could be written as follows
minimize

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

Section A-A
DI
X

- <8

2
ocm

E - 1x10°2L

Height H (cm)

H/B=12

Width B (cm)

Design Space — 2D View

\d# HEXAGON

200k

£yl (o)) BWNPA

The following slides are based on the optimization example shown below, and serve to visually depict the behavior of the
Trust Region. This example is found in the MSC Nastran Design Sensitivity and Optimization User’s Guide.

Design Constraint
Boundaries

Feasible Region

55
"y,

= s &
&e)/c,,i/

Design Space — 3D View
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Trust Region Visualized, Continued
Local Optimization Results

When the Trust Region is used, the Local
Optimization Results will show some design cycles
marked with the “R” label. SOL 200 Web App - Local Optimization Results Home

The “R” labels indicate that the design cycle has Final Message in .f06
been rejected. This usually occurs when the move
limits are so large that the constraints are

. . . . o RUN TERMIMATED DUE TO HARD CONVERGEMCE TO AN OPTIMUM AT CYCLE MUMBER = 14.
violated. The design cycle is rejected, a new
design cycle with decregsed move limits is . objectie
performed and the design cycle is accepted if the
constraints are within limits.
140M
EIZOM
O
100M . = —
INITIAL 1 2 3 4R SR 6R. 7 8R SR 10 1iR 12R 13R 14
Design Cycle

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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Trust Region Visualized, Continued
Final Optimization Path

It should be noted that the final optimization path consists of
the following design cycles:

200k
> INITIAL

150k

o]
|—\
o
gl (01 SWNOA

- 14

4008
The following rejected design cycles are not part of the final

optimization path and are not shown in the image to the right:
° 5R

- 6R “ |
> 8R & e - | ’
- 9R &0 » e _"‘z__‘: @ - 6
- 11R = : T ;
- 12R o, ar 8

2)
- 13R

by e

]

Questions? Email: christian@ the-engineering-lab.com
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Trust Region Visualized,
Final Optimization Path

Trust Region Not Used

Continued

Trust Region Used

200k

150K

[Euwol (o) BWNIoA

150k

100K

gywal (g7) WnIOA

Without the Trust Region, = As the Move Limits are
the Move Limits are held automatically adjusted,
constant or minimized, this ‘ increased or decreased, the
o is visible by noting the path e i optimization paths vary in
% - lengths 7 M length. In some optimizations,
P ’ , the optimization finishes
| - @\&\ * ' faster with the Trust Region
S, 5 ® - Hogs, 15 because the converged
. . & "'%J% solution is reached faster. It is
; ]
% s

recommended to try the Trust
Region option to see if it yields

faster optimizations.
® 35
Questions? Email

: christian@ the-engineering-lab.com
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Considerations for Optimization
with Buckling Constraints




Final Message in .f06

Maximum Design Constraint Value for each
Design Cycle

] RUN TERMINATED DUE TO HARD CONVERGENCE TO AN OPTIMUM AT CYCLE NUMBER = 19.

Objective

1.0000
0.8000
0.6000
0.4000
0.2000

0.0000
-0.2000 5 10 1 20 25

Objective

l | p a | | d D OW I INITIAL 1 2 3 4 5 6 7 8 9 10 1 12 13 M 15 16 17 18 19(FINAL
Design Cycle
-0.6000

Behavior During Objective
Optimization

-1.2000

-0.4000

Maximum Normalized Constraint

Design Cycle
When working with buckling load factors during 1 Dlspay o | & Dispay 0
an optimization, the results may appear to have ™

an up and down behavior.

Display Color Label Label Comments.

T, Thickness, of PSHELL 1
—_ )
* (Constant_Thickness)

The following slides discuss more information
to help understand this up and down behavior.

0.008

0.0068

Value of Design Variable

0.004

Optimization Problem Statement

*  Objective: minimize mass
*  Constrain the absolute value of buckling load
T factor (1.0 < ABS(BLF))
esin cyde *  Vary the thickness of the walls

. . e Trust region off and not used
Design Variables g

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 49
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Sample 38

(9.842211,5.211053)

Sample 20

The buckling load factor (BLF) is equivalent to

this expression

Sample 303

(1.158789,8.684421)

MIN(r1, r2, r3, r4, r5, ..., ri)

BLF

ake the minimum value

Eigenvalue of mode 1

rl:
r2

Eigenvalue of mode 2

2752

iy ot g
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Eigenvalue of mode i

ri
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For the FE model shown, 400 different

7

A

e

Fr
Q-._._._;"o

L

configurations of the FE model were evaluated and

the corresponding BLFs were collected and a

LT

Sample 51

Sample 20

scatter plot was created. x1 and x2 correspond to
the thickness of the skin and internal stiffeners.

Response ri is the BLF

(11.,.001)

(5.789947,1.158789)
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Response Surface
of Buckling Load
Factor, Continued

The scatter plot shown to the right is the

response surface for buckling load factor across

the design space. Note the following:

Partially Rough Surface — The response
surface for different areas of the design
space has different characteristics, i.e. flat
versus steep surfaces when going from
sample 198 to sample 267. This difference
is due to the BLF corresponding to the
eigenvalues of different mode shapes.

Discontinuous Surface — Since the BLF can
include negative values, the response
surface is discontinuous, e.g. when going
from sample 38 to sample 51. In other
instances, say going from sample 38 to
sample 20, the BLF values vary significantly.

As the optimizer transverses the design space,
the optimizer will encounter the roughness and
sometimes discontinuous regions of the
response surface, hence, the optimization
results appear to go up and down. The
optimizer in MSC Nastran is a gradient based
optimizer and requires the response surface to
be continuous, which is why the optimizer
might terminate when the optimizer attempts
to move between discontinuous regions.

Sample 267 w
(3.474368, 7.526632)
2E+T II',I
1‘&-}-7 III'.I
oo 35 -

1E &1

For the FE model shown, 400 different
configurations of the FE model were evaluated and
Sample 51 the corresponding BLFs were collected and a
(5.789947,1.158789) scatter plot was created. x1 and x2 correspond to

the thickness of the skin and internal stiffeners.
Response ri is the BLF.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Another Example of

a Rough Response
Surface

Shown to the right is a different example of a
response surface that is very rough. The
response surface corresponds to the maximum
value of sound pressures. In many cases, the
use of MAX or MIN will cause rough or
discontinuous in the response surface.

Be careful when using the MIN or MAX of
multiple values during an optimization.

Y(¥training)

‘ }r[:':Te-s'.ing}
= X
= 0¥
05 a J5% Prediction
: = Interval, Upper
wr J5% Prediction
** Interval, Lower
3
i 0.4
3
=1
T
e
=,
=
m 0.3
0.2
0.003
!
o i
FLLZEITT o
0004
2

Y

oA
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J
2
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O
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Wy ey ey,
Vi iy
i
o

x1

Optimization Problem Statement

. Minimize the maximum sound pressure level in dB,
magnitude, (DBM) at grid 30606

Vary the thickness of the roof and dash

Internal Source:

20200818 _gp_modeling_survey_of sol_200_design_models/z_nascar_2/
20220731_response_surface_of buckling_load_factor

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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How to handle
negative buckling
factors during an
optimization?

If you have negative BLFs there are 2 methods
to handle negative BLFs.

For the optimization, consider using the
absolute value, e.g. ABS(BLF). Refer to

figures 1 and 2. This tutorial used the
absolute value of the BLF.

Use the EIGRL or EIGR bulk data entries to
restrict the range of BLFs. Refer to
Example Entries.

Entry EIGRL 10 is configured to
consider any BLF between -5E6 and
5E6. Since fields 4 and 5 are blank,
the default values of -5E6 and 5E6
are used.

Entry EIGRL 11 is configured to
consider only BLFs greater than
.00001

Entry EIGRL 11 is configured to
consider BLFs between .00001 and
10000.

\
3T | .

S

Figure 1: BLF = MIN(r1, r2, ..., ri)

Example Entries

EIGRL 10 100
EIGRL 11 .00001 100
EIGRL 12 .00001 10000. 100

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

Negfé;tive buckling

R { RS 1 load factors
%2 \\ . b A L —~
I3 \\ )

a1

\
258+ T |
|

!.4

The use of absolute
value helps obtain a
. more continuous
response surface.

Figure 2: ABS(BLF) = ABS(MIN(r1, r2, ..., ri))

While this region of the design space
is discontinuous, in some cases the
optimizer never travels to these
discontinuous regions and
successfully converges elsewhere in
the design space
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