Workshop - Global
Optimization of a
Composite Laminate

AN MSC NASTRAN SOL 200 TUTORIAL




Global Optimization

This example is a continuation of a previous example titled: Workshop - Automated Optimization
of a Composite Laminate
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Optimization Problem Statement

o . A N - h
Design Variables Design Obijective
x1: T of lamina 1 of PCOMP 1 r0: Minimize weight
x2: T of lamina 2
x3: T of lamina 3
x4: T of lamina 4
x5: T of lamina 5
x6: T of lamina 6
x7: T of lamina 7
x8: T of lamina 8
.001 < xi
x9: Orientation of lamina 1 of PCOMP 1
x10: Orientation of lamina 2
x11: Orientation of lamina 3
x12: Orientation of lamina 4
x13: Orientation of lamina 5
x14: Orientation of lamina 6
x15: Orientation of lamina 7
x16: Orientation of lamina 8

Element 1
PCOMP 1 - Cylinder

Design Constraints

rl: Failure index of lamina 1 of element 1
r8: Failure index of lamina 8 of element 1

rl,..r8<.9

y1: Thickness of layers Variable Linking
y2: Angle of layers (85) X1,x2,%3,...,x8=yl
y3: Angle of layers (-85) x9, x15 =y2

x10, x16=-1.0 * y2
.001<yl1<10. x11,x13 =y3
-90. <y2 < 90. x12,x14 =-1.0 *y3
-90.<y3<90.

. J - J

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

" Technology Partner




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
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Tutorial Overview

1. Start with a .bdf or .dat file

2. Use the SOL 200 Web App to:
° Configure Global Optimization

° Perform optimization with Nastran SOL 200

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



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
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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.

@ Global Optimization

This examples demonstrates the procedure of performing a Global
Optimization with MSC Nastran SOL 200.

Often, optimization problems have multiple local minimas, or maximas,
when starting from different initial design variables. In order to find the
global opitimum, multiple local optimizations must be performed, then the
best of the local optimizations is taken to be global optimum. This process
can be performed with the Global Optimization capability available in MSC
Nastran SOL 200.

Starting BDF Fileg{ Link | 9
Solution BDF Files: Lin

%ULH » albat.. » Downlo.. » - |‘1- | | Search Downloads 2 |

Organize « Include in library - Share with = Mew folder Eee ey | 0

-

Date modified T

¢ Favorites bl
Bl Desktop |1 selution_cfailure.zip @ 1/29/2018 4:43PM  C
._i, Downloads
%-1 Recent Places =
& OneDrive

[ Libraries b
Documnents
Jl Music

[ Pictures

i Videos

I 1 item

Technology Partner

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

10



Obtain Starting
Files

Right click on the zip file
Select Extract All...
Click Extract

The starting files are now available in
a folder

This example is using a previously
created design model. The design
model is a model that has been
converted to SOL 200 and contains
bulk data entries describing the
optimization problem statement, e.g.
variables, objective and constraints.

[ | ]

%vlj b albat.. » Downlo.. » - |‘¢ || Search Downloads jJ| ®v| _L' <« Dow... * solution... - | 1‘-1. | |V
Organize + Open - Share with + MNew folder == - . g i N
= L = [ @ Organize = Include in library = ¥ E==
sk Favorites Marme Date modified T .
-~
o ; : Mame
B Desktop ||_i|_] solution_cfailure3.zip (1) 'i? Favorites
& Downloads | solution_cfailure3 N I -
“Zl Recent Places Onenmniew pandon - Dﬂk‘tﬂ-p @ dESIgH_deELbd‘F
7@ OneDrive Extract All... & Downloads =] model.bdf
Edit with Notepad++ ':i-:l_ Recent Places @ model f06 @
& Libraries Open with... @ OneDrive
@ Documents =
) Share with 3 =
Jl Music . :
(] Pictures Restore previous versions E Libraries
B2 Videos Send to > @ Documents
Cut J' Music
*& Homegroup -
it [=] Pictures
18 Computer Create shortcut ! Videos N
Delete
’r! Network Rename
Properties

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

e =l

@ 1, Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

IC:\Users\special-sunshine\Downloads\solution_cfailure3

Show extracted files when complete

!.4

Browse...

O ==

HEXAGON
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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

@ RN 2 files selected

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
model.bdf and design_model.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 Settings Match Other Users Guide Home

_@_ < >
CO n f| g u re Optimization Settings BDF Output - Design Model

] Parameter - Description = Configure = H
s optimization Control settings
Settings e S
$
APRCOD Approximation method to be used [0 | 2-Mixed Method ~ LA CELE 23 =L 5 G2 =
Click Setti ngs CONV1 Relalive criterion to detect convergence [ | Entera positive real number
CONV2 Absolute criterion to detect convergence [J | Entera positive real number
Mark the checkbox for “Perform Global ! , ,
Opt| mizatio n” DELX Fractional change allowed in each design variable during any optimization cycle [J | Entera positive real number
DESMAX Maximum number of design cycles to be performed 20
DISBEG Design cycle number for discrete variable processing initiation O | Entera positive integer
Global Optlmlzatlon inVOlVeS performing GMAX Maximum constraint violation allowed at the converged optimum O | Enter a positive real number
mu |t|p|e Iocal Opt| mizations eaCh at P1 Print items, e g. objective, design variables, at every n-th design cycle to the f08 file 1
’
d|ffe rent |n|t|a| Values for the design P2 Items to be printed to the 06 file 15 - Print objective, design variab v
variables. Design models with numerous TCHECK  Topology Checkerboarding O | -1~ Automatic selection (Defauly
design variables may reqUire dozens; TDMIN Minimum diameter of members in topology optimization O | Enter a positive real number
possibly hundreds of local optimizations. TREGION | Tust Region S [ ormresonon .
The reader may realize there are 2 global _
optimization options in the web app. 5 10 2 30 4|5

Here is a summary describing the Optimization Type
difference between the options:

* Perform Global Optimization — O Perform Local Optimization

To address scenarios where L Perfor Sensitiit Anaysis

Perform Global Optimization
dozens or hundreds of local 7] Perform Global Optimization Type 2
optimizations are necessary, [ Perform Parameter Study
MSC Nastran employs Heuristic Optimization Type
techniques to minimize the
number of local optimizations
necessary to find the global
optimum.

Perform Global Optimization @ Perform Global Optimization
Type 2 — In this method (] Perform Global Optimization Type 2
’

Heuristic techniques are not () Perform Parameter Study
employed. Instead, each local
optimization is performed.

Developed by The Engineering Lab

[J Perform Local Optimization
[] Perform Sensitivity Analysis

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 14
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®

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

BDF Output - Model BDF Output - Design Model

§
$ NASTRAN input file created by the Patran 2e13.e.2 input file $* -
$ translator on February ©8, 2017 at 15:12:27. 5= Design Model =
$ Direct Text Input for Nastran System Cell Section 5= =
4 Direct Text Input for File Management Section §
° $ Direct Text Input for Executive control $
4 Linear Static Analysis, Database $ Design variables - Type 1
soL 200 3
CEND $
$
$ Direct Text Input for Global Case Control Data 5
TITLE = MSC.Nastran job created on @8-Feb-17 at 14:28:39
ECHO = NONE DVPRELL 1000081 PCOMP 1 n
Click on Exporter DESOBI(MIN) = 2828008 106001 1.8
$ DESGLE Slot DVPRELL 1000082 PCOMP 1 2
$ DSAPRT(FORMATTED, EXPORT, END=SENS) = ALL leeee2 1.0
SUBCASE 1 DVPRELL 1000083 PCOMP 1 T2
. . ANALYSIS = STATICS 160602 1.0
Cllck 0 Download BDF Flles DESSUB = 4peeeeel DVPREL1 1000084 PCOMP 1 T4
$ DRSPAN Slot leoees 1.0
SUBTITLE=Default DVPREL1 1060065 PCCMP 1 s
FC = 2 160605 1.0
Lo4D = 2 DVPREL1 1060086 PCCHP 1 s
DISPLACEMENT(SORT1,REAL}=ALL 160606 1.0
SPCFORCES(SORTL, REAL)=ALL DVPRELL 1000087 PCOMP 1 hrd
STRESS(SORT1, REAL, VONMISES,, CENTER)=ALL leeee7 1.0
$ Direct Text Input for this Subcase DVPRELL 1000088 PCOMP 1 8
BEGIN BULK 160608 1.0
INCLUDE './design model.bdf' e DVPREL1 1888683 PCOMP 1 THETA1
160609 1.0
DVPRELL 1000018 PCOMP 1 THETA2
Download BDF Files pece1cfite
DVPRELL 1000011 PCOMP 1 THETA3
160011 1.0
DVPRELL 1000012 PCOMP 1 THETAS
leee12 1.0
DVPRELL 1000013 PCOMP 1 THETAS
160013 1.0
DVPREL1 1060014 PCCMP 1 THETAS
160614 1.0

When the download button is clicked CIEREIEBETS 0 T
a new file named e
“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”

Developed by The Engineering Lab
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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 16
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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 17
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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 18
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SOL 200 Web App - Global Optimization Results Home

ReVI eW Final Message in multiopt.log
O ptl m I Zat I O n THE GLOBAL SOLUTION IS: LOCAL OPTIMIZATION SAMPLE # 32

OBJECTIVE = 1.59B2E-01, @
= -2.7357E-@1 (A FEASIBLE SOLUTION).

Re S l I |tS MAXIMUM CONSTRAINT VALUE

Objective for Each Sample

After MSC Nastran is successfully complete,

the results will be automatically uploaded. H Feasible
B infeasible

For each sample the objective, normalized
constraints, and design variables are ; Select Samples
displayed in a bar chart and table.

0000 -
_ 0.8 0001
The select box can be used to display 0008
specific samples. 2 6 0012 @
g 0014
= 0020
The Final Message found in the © . ggg
multiopt.log file provides information 0028 .
regarding the global minimum or 0030 B
maximum
Q000 0001 0008 0012 0014 0020 0022 Q027 0028 0030 0031 0032
The Global Optimization has Sample
performed multiple local Data for Each Sample
optimizations and are labeled by Item Sample 0000  Sample 0001  Sample 0008  Sample 0012 Sample 0014  Sample 0020  Sample 0022  Sample 0027  Sample 0028
different Sample numbers. Out of all
.. . Extrema (Max/Min) Wax Min Min Min Min Min Min
the local optimizations performed or
Samples, the gIObaI Optimum iS the Cbjective 1.0421E+00 1.9638E-01 1.5822E-01 1.5822E-01 1.5822E-01 1.5822E-01 1.5822E-01 1.8852E-01 1.5822E-01
better of all. The sample that is the Normalized Constraint -18T45E-04  -366T1E-02 -2.735TE-01 -1.2455E-01 -1.2455E-01 -1.2455E-01 -1.2455E-01 -2.349TE-01 -1.2455E-01
global optimum is reported in the
. . . . Y1 6.5204E-03 1.2475E-03 1.0000E-03 1.0000E-03 1.0000E-03 1.0000E-03 1.0000E-03 1.18284E-03 1.0000E-03
section Final Message in multiopt.log.
Y2 9. 0000E+D1 5. 0000E+D0D 0.0000E+0D 0.0000E+0D 5 0000E+D0D 0.0000E+0D 5. 0000E+00 -5.0000E+D0 0.0000E+0D

The sample and its respective
objective and variables are listed in ¥3 0.0000E+00  1.0000E+01 000O0E+0D  50000E+00  OODOODE+D0  SO000E+00  OOO00E+00  50000E+00  5.0000E+00

the bar chart and table.
Questions? Email: christian@ the-engineering-lab.com u HEXAGON 19
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End of Tutorial

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



