Workshop — Parameter Study,
Global Optimization with a Latin
Hypercube Design

AN MSC NASTRAN MACHINE LEARNING WEB APP TUTORIAL




Goal: Perform a global optimization using
a Latin Hypercube design

1. Use a Latin Hypercube design to set different initial values of the design variables of an
existing SOL 200 input deck

2. Perform an optimization for each sample

3. Compare the final objective of each optimization to identify the global optimal result

4. Create plots for the frequency response and objective histories NODAL/ACCELERATION_CPLX
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Details of the Structural Model
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Reference: Zhang, Shenghua & Yu, Xiaoming & Johnson, Erwin. (2003). A Practical Global Optimization
Procedure. 10.2514/6.2003-1671.
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Problem Statement

Design Variables

x1: The starting value of design variable 1 (XINIT
of DESVAR 6016011)

x2: The starting value of design variable 2 (XINIT
of DESVAR 6016012)

x20: The starting value of design variable 11
(XINIT of DESVAR 6016243)

Samples

A Latin Hypercube design is used. Forty samples
are generated, but only the first 20 samples are
executed.
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Monitored Responses

rl: Objective value of the final design cycle

r2: Normalized constraint value of the final
design cycle




More Information Available in the Appendix

/ . . . . . .
The Appendix includes information regarding the following:
Response Configuration
Use FINAL response: Yes, No or blank

Equivalent Global Optimization
How to import and edit previous parameter studies

Appendix

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

‘, Technology Partner




Tutorial Overview

1. Start with a .bdf or .dat file Special Topics Covered

2. Use the SOL 200 Web App to: Equivalent Global Optimization - MSC Nastran SOL 200 has a capability to
> Select parameters and configure muItipIe BDF perfgrm GIoba! Optimizatio.n. 'This' tutorial describes a procedure tq
. . configure multiple local optimizations, track responses and determine
Conﬁguratlons global optimal designs. A Maximin Latin Hypercube design is used to
> Select responses to monitor config.ure'diff'erent initial values for the (.jesign. variables, and a Igcal
optimization is performed for each configuration, or sample. Ultimately,
> Use MSC Nastran to run each BDF configuration this procedure is comparable to Global Optimization.

Automatic Response Extraction — Often responses are manually or
automatically extracted from the FO6 file. This becomes challenging when
extracting responses from multiple FO6 files. This tutorial highlights the
web app’s ability to automatically extract responses from multiple H5 files
with minimal user effort.

3. Review the monitored responses

Questions? Email: christian@ the-engineering-lab.com 7 HEXAGON
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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
f . 'i:r T Mame Date modified Type
Before Starting B Do
_H. Downloads
Ensure the Downloads directory is ‘2l Recent Places @
empty in order to prevent confusion & OneDrive =
with other files '
- Libraries
Documents
JF Music | o
[ Pictures
‘ Videos
Throughout this workshop, you will be *d Homegroup =5 m b
working with multiple file types and )
. . . 0 tems
directories such as:
* .bdf/.dat

* nastran_working_directory

* .06, .log, .pch, .h5, etc.
To minimize confusion with files and
folders, it is encouraged to start with a
clean directory.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 10
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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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®

i~ Parameter Study, Global Optimization with a Maximin Latin Hypercube Design
;rmglllrr: b " N
|—r\ v Consider the optimization of a generic engine model that represents a V6 engine and automatic transmission as well
W-Q ------- -{ as other components such as engine mount, transmission mount, crankshaft, drive axles, and flywheel. The
Ll i L Parameter Study web app is used to configure multiple local optimizations, each with different initial values for the
. . LI ,_ variables, and MSC Nastran is used to perform each optimization. Frequency response plots are created afterward.
O bt a I n St a rt | n g ) [ - The process of performing multiple local optimizations, then taking the best, or optimal. design is known as Global
Optimization.

Files N2 ©)

Solution BDF Files: Link

Find the indicated example

Click Link | — ” = ” 57 |
The starting file has been downloaded GO!LH, v albatross » Downloads » - -‘1—| | Search Downloads 2 |
Organize = Include in library = Share with = Mew folder = = i 9
'k . Mame Date modified Type
Ml Desktop 1) 1_starting_files.zip @ 11/26/202010:35 ...  Com
When starting the procedure, all the & Downloads
necessary BDF, or DAT, files must be “Zl Recent Places
collected and uploaded together. & OneDrive
Relevant INCLUDE files must also be
collected and uploaded.
E Libraries w ([F4 L b

Technology Partner
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Obtain Starting
Files

Right click on the zip file

Select Extract All...
Click Extract

The starting files are now available in
a folder

* The starting files for this tutorial are
contained in a ZIP file and must be
extracted as shown.

%v|l + albatross » Downloads » - | +y | | Search Downloads pel |
Organize « = Open ~ Share with + New folder =~ O 9
% S — 2~ Mame * Date modified Type
B Desktop . 1_starting_files 11/26/202010:37 ... Filefy
{8 Downloads 1_starting_files.zip PUEVSVELEPEY T
E—-ﬂ'_ Recent Places Spen
& OneDrive Open in new window
(@ Extract All...
[l Libraries Edit with Notepad++
@ Documents =| Open with...
J' Music
([ Pictures Share with 3
E Videas Restore previous versions
Send to 3
*d Homegroup -
18 Computer Copy
Fi Create shortcut
€ Network AL Delete +
i 1_starting_files.zip Date modified Rename
by Compressed (zipped) Folder Sizg 7
Properties

m

@ Li]] Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

Ch\Users\albatress\Downloads\1_starting files Browse...

Show extracted files when complete

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

S EE=
%v| | =« Dow.. » 1_starting_...

- | #f| | Search 1 star.. 0 |

Organize = Include in library = 2 = » [ @
ﬁ Favorites 5l S
.l Desktop g engine_mount.dat

. Downloads @

& OneDrive
"5l Recent Places

m

3 Libraries

@ Documents

J' Music
[ Pictures
u Videos

l 1 item

u HEXAGON 13
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@ a %v . ¥ user » Downloads » 1_starting_ﬁls@ - | "‘f|| Search 1_starting files (3) ,Cl|
& _
MSC Mastran Organize New folder § == mll 9
X Favorites * Name Date modified Type
Bl Desktop |Q’ engine_mount.dat QJZWEUZL 10:00 AM  Notepad++ D
i Downloads v
& OneDrive

(E_-E Recent Places

| Libraries
h @ Documents L
reate the & Musi
(] Pictures
B videos
a r I n g I e - 4] m | 3
File name: engine_mount.dat - [lnput Files (*.bdf:*.dat) vl

A starting H5 file must be created. This H5 [ gpen |+] [ Cancel |
file will be used to configure the responses @
later on.

Double click the MSC Nastran desktop EE!!L!

shortcut %v| .« Dow... » 1 _starting_... - | $f| | Search 1_star.. 0 |

Navigate to the directory named MSCAMASTRAN Input File Organize v Includein library v > =~ O @

1_starting_files . s ~

= & IE:\.LIsers'\.user'\DDwnlnads'ﬂ_starting_ﬁles [3)4engine_maount. dat File... | S Favorites Name
Select the indicated file B Desktop [ engine_mount dat
Optional keywords 8 Downloads |2 engine_mount.f04
Click Open & OneDrive engine_mount.f06
I “El Recent Places E engine_rmount.h5 ] e
Click Run | engine_mount.log

Libraries : t.on? I
Carcel | Clear | = __| engine_mount.op
The starting H5 file is created E | Documents -« T v
l 7 items

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 14
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Use the same MSC Nastran version
throughout this exercise

The following applies if you have multiple versions of MSC Nastran installed.

To ensure compatibility, use the same MSC Nastran version throughout this exercise.
For example, scenario 1 is OK but scenario 2 is NOT OK.

* Scenario 1-0K
e MSC Nastran 2021 is used to create the starting H5 file.
* MSC Nastran 2021 is used for each run during Machine Learning or Parameter
study.
* Scenario 2 —NOT OK
e MSC Nastran 2018.2 is used to create the starting H5 file.
* MSC Nastran 2021 is used for each run during Machine Learning or Parameter
study.

Using the same MSC Nastran version is critical for consistent response extraction from
the H5 file. A response configured for Nastran version X may not match in Nastran
version Y, which leads to unsuccessful response extraction from the H5 files. The goal is
to make sure all H5 files generated are from the same MSC Nastran version.

Questions? Email: christian@ the-engineering-lab.com * 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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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download  Resulis Connection  Settings ~ Home

Select BDF Files

@ gTC SR engine_mount.dat

Inspecting: 100%

Of -

Select BDF Files
Click Select files €O e =
%q | » albatross » Downloads » 1_starting_files « [ 42 ||| Search 1_stanting_fites A
Select the indicated files Organize = New folder )
. ; ? i Name . Date modified Type Size
Click Open ¢ Favorites , ~
B Desktop | = engine.mount.dat (2 ) 4/9/20206:00 PM  DAT File 95 KB |
. . j Downloads —
Click Upload files 85| Recent Places
‘@ OneDrive
[ Libraries .
@ Documents
Jl Music
When starting the procedure, all the =] Pictures
necessary BDF, or DAT, files must be B Videos
collected and uploaded together. & Homegroup
Relevant INCLUDE files must also be
collected and uploaded. 1%/ Computer 2
File name: engine_mount.dat ~ | Custom Files (".bdf"dat:".conf ~ |

@[ Open | | Cancel ]

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 17
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Select Parameters
Configure Parameters

-
Delete Parameter Status Low High Comments
$_1 |2 |13 |l_4 ||l_s5__|l_8& |l
B8 « o 30000 2.00000 Field 4 of DESVAR 6016011
B8 x () 30000 2.00000 Field 4 of DESVAR 6016012
DAREA 181 Bp@16999 3 1.E4
DAREA 6816215 6R1618@ 5 19088 .a B8 © 30000 2.00000 Field 4 of DESVAR 6016013
DAREA 616223 aBlolea 3 le0d. 08
DAREA 6816233 6016100 3 1000. 00 B8 « o 30000 2.00000 Field 4 of DESVAR 6016021
LaiBy BRI ERIEEL 2 B s (] 30000 2.00000 Fisld 4 of DESVAR 6016022
DAREA 6816252 6Bleled 3 12860, 08
DAREA 6B16262 6Rlelea 3 12860, 08 n X6 [+] 30000 2.00000 Field 4 of DESVAR 6016023
DAREA 6816273 eBleled 3 1866, 64
Pa ra m ete rS DAREA 6016283 6016100 3 1000. 00 n X7 (] 20000 2.00000 Field 4 of DESVAR 6016031
DAREA 6016293 6016160 3 lece.ee B8 =« ] 30000 2.00000 Field 4 of DESVAR 6016041
. ) DAREA bB163B3 pRlelbd 3 1888 .0a
Set the following fields as parameters DAREA 6816997 6816999 B8 x (] 1556.0 1758.0 Field 4 of DESVAR 6016211
x1: The Starting value of design DESVAR 6GR16811 2 . EeenE .
variable 1 (XINIT of DESVAR 6016011) T m— T @ B «xo © 547.0 -347.0 Field 4 of DESVAR 6016212
x2: The starting value of design DESVAR Geleel3 Z.03000 B8 (] 4000 600.0 Field 4 of DESVAR 6016213
variable 2 (XINIT of DESVAR 6016012) DESVAR 6816821 2.08000
DESVAR 6816822 2 .@P80a B x (] 1497.0 1697.0 Fisld 4 of DESVAR 6016221
DESVAR 6216823 2.00008 : . )
x20: The starting value of design DESVAR  BB16031 5 6e006 B xs O | 105 3805 Field 4 of DESVAR 6016222
variable 11 (XINIT of DESVAR DEsVAR Gelea4l 2.02000 B x4 ) 297.0 497.0 Field 4 of DESVAR 6016223
6016243) DESVAR 6216211 1758.0
DESVAR 6E16212 -347.0 n x15 ° 1258.0 1458.0 Field 4 of DESVAR 6016231
A parameter has been created for the DESVAR 6816213 GEE.8 -
) B «xs O | 2650 5.0 Field 4 of DESVAR 6016232
selected field DESVAR G@16221 1697.0
DESVAR 6Bel6222 38@.5 B x (/] 842.0 1042.0 Field 4 of DESVAR 6016233
Bulk data entries will always be DESVAR 60816223 497.9
dISplaVEd |n the Sma” fleld format DESWVAR 6016231 1458.0 n x18 ° 1258.0 1458.0 Field 4 of DESVAR 6016241
Only fields that have real or integer DESVAR  Gelsz32 ~65.9 B xo (] 91.0 291.0 Field 4 of DESVAR 6016242
data entries may be selected as DESVAR 616233 1e4s.0
! ! DESVAR 6816241 1458.8 . B xo © 349.0 1049.0 Field 4 of DESVAR 6016243
parameters. If the field is blank or DESVAR  £016343 5510 L
contains only characters, the field may DESVAR 6816243 1049 @

not be selected. DLOAD 6@1699% 1.Q8882 1.P9@880 5916998

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 18
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S a | l I p | eS SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulls Comnection  Settings  Home

Click Samples (:) <!>

Set the Design as Latin Hypercube, Maximin Configure Samples Samples to Run

Design @ + Options

Set the Number of Runs as 40

Forty samples have been created i @ ¥
csv
. . Export
Click + Options e B
Click EXpOI’t Number of Samples @ m
© 0 : T e ‘
drameters
A new CSV file named samples.csv has
been download i
Number x1 x2 X3 x4 x5
@ 1 1.243348 1647636 1.956198 1.241524 1770668
— 2 1.201435 1.316138 1.553263 1.366487 1.80035
E=H Bl =<
@@'| 6 > albatross » Downloads » <[4 || Search Da.. P 3 1.255096 1.8311 1.619651 8056 1.248585
1 1.96449 1.056862 1.29066 9567 1632014
COrganize = Include in library = Share with = ¥ == ~ [ @
. - 5 1110327 169477 1.493055 8829 1.890345
* The samples were created as follows: S Favorites +|  Name g )
1. A Latin Hypercube design is used B Desta 1 storting fil
to senerate 40 samples M Ueskiop il 1 starting files « 2 3|4|5 6| 7|8]» ‘ 5| 10 | 20 | 30 | 40 | 50
g = : ; ples. @ Downloads 1_starting_files.zip
An optimization is performed on ] Recent Places samples.csv @
all 40 samples using the Maximin & OneDrive : .
Distance Criterion to ensure the
sampling points are better [ Libraries
uniformly distributed across the ] Documents
design space. o Music
o . . Pict
The traditional Latin Hypercube design [ Pictures
B videos - 4 I r

uses randomization to generate the
sampling points. In the interest of h 3 items
reproducibility, the web app uses a static

and pre-calculated Latin Hypercube

Technology Partner
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Samples

Open the CSV file samples.csv in Excel

Delete samples 21 through 40, the CSV file

should only have samples 1 through 20

Save the CSV file

Time or computer resource constraints
may limit the number of samples that can
be evaluated. For this tutorial, only half of
the samples are evaluated.

Samples 0 and 1-20 are considered for
evaluation. Excel is used to customize the
samples. On the next slide, the CSV file is
uploaded to the Parameter Study web app.

B S

File Home Insert Page Layout Formulas Data

E38 &7 I v

A A E C D E F G | H I 1 K | L | M | N | o] | P | Q | R | 5 | T | u z

1 |Sample Ni x1 %2 %3 x4 x5 xb x7 %8 %9 %10 x11 x12 x13 x14 %15 x16 x17 %18 %19 %20

2 | 1 1.243348 1.647636 1.956198 1.241524 1.770668 1.692282 1.578243 1.739022 1685.5 -363.2  547.29 1524.7 221.07  427.32 1354.2 -79.99  860.17 1290.9 206.59 1029.8

3 | 2 1.201435 1.316138 1.553263 1.386487 1.80035 1.890011 1.218152 1.277951 1568.2 -485.4  583.06 1669 220.05  481.16 1374.8 -244.3 953.81 1265.4 244.72 1019.5

4 | 3 1.255096 1.8311 1.619651  0.8056 1.248585 1.156337 1.6907 1.130327 1603.5 -526.2  449.64 1639.5 372.23 445.38 1285.2 -100.3 994.21 1272.7 175.87  997.11

5 | 4 196449 1.056862 1.29066  0.9567 1.682014 1.724624 1.019813 1.038168 1650.9 -517.2  420.99 1584.1 329.2 387.95 1403.3 -168  936.21 1423.7  92.588  988.78

6 | 5 1.110327 1.69477 1.453055  0.8829 1.890345 1.51531  0.8539  0.8423 1726.8 -397.6  485.37 1655.3 322.02 345.05 1352 -191.8  896.63 1371.6 228.43 1047.7

7 | 6 1.641778 1.189192  0.9678 1.636607 1.595268 1.471901 1.181464 1.956676 1556 -417.5  453.69 1500.7 335.93 468.9 1426 -259.4  869.62 1313.6 249.06 1024.7

8 | 7 0.9359 1.615207 1.676311 1.282424 1.326578  0.8797 1.776817 1.835552 1560.6 -431  499.49 1650.5 301.04  422.37 1380.2 -150.8  864.47 1364.4 218.27  911.15

9 | 8 1.369264 1.896753 1.850284 1.852969  0.9796 1.206159 1.056308 1.07679 1672.7 -513 456.53 1588.9 191.05 395.57 1269 -184.7  931.85 1343 233.59  853.45

10| 9 1.556533 1.033244 1.3379 1.660803 1.022327  0.9058 1.899559 1.36002 1673.9 -537.3 477.23 1527.1 295.36 347.58 1417.6 -197.7  943.25 1312.9 268.62  967.07

11| 10 1.83632 1.472753 1.581448 1.922219 1.464762  0.9429 1.830885  0.9224 1663.4 -357.4  537.14 1595.6 343.7  448.55 1434.9 -186.3 1020.6 1406.2 211.66  932.32

12| 11 0.8422 1.218672 1.278213 1.479518  0.8576 1.111173 0.893 1.61168 1581.3 -462.8  483.05 1682.9 283.11 303.45 1445.6 -174.3 1011.9 1358.8 177.78 1040.3

13 | 12 1.061552 1.860397 1.207097 1.971497 1.714128 1.593747 1.622078 1.769832 1717.3 -412.1  507.08 1658 347.51  485.52 1393.7 -236.7  980.05 1281.8 122.52 1011.7

14 | 13 0.8827 1.355092 1.095507 1.531882  0.8287 1.442036 1.445159 1.12773%9 1588.1 -410.2  513.68 1519.5 24475 340.65 1324.8 -246.5  946.23 1451.5 168.06°  857.66

15 | 14 1.531263 0.9365 1.825241 1.113672 1.998521 1.739018 1.704025 1.877883 1696 -451.8  400.87 1602.5 182.03 400.2 1340.3 -143.6 1015 1379.4 106.88  902.08 |

16 | 15 1.51124 1496588  0.9831  0.9181 1.34703 1.264247 1.409443 1.72614 1707.2 -478.5 554 1650 270.97  454.61 1310.8 -222.9  888.53 1318.4 135.68 1002.1

17 | 16 1.745045  0.8563 1.64287 1.426502 1.063402 1.553185  0.9786  0.9616 1657.7 -505.6  557.02 1539.4 188.26 494.54 1398.5 -85.27 999,59 1306.9 146.99  970.08

18 | 17 1.682613 1.977086 1.996713 1.071348 1.417979 1.530247 1.320683 1.230751 1622.9 -476.8  588.11 1565.4 360.39 363.91 1365.5 -118.5 913.1 1348.2 101.44 876.8

19 | 18 0.8024 1.280548  0.9458 1.762228 1.964904 1.668814 1.956498 1.578056 1680.9 -492.2  435.51 1610.9 276.76 311.83 1332.9 -155  850.31 1375.3 239.33 937.16

20| 19 1.594436  0.8989 1.463031 1.345187  0.8611 1.798046 1.398932 1.971726 1603 -377.7  530.66 1681.3 313.76 382.34 1336.5 -70.4 88237 1385.1 118.8  976.45

21 | 20 1.457536 1.77062 1.42144 1.749783 1.626398 1.001078  0.8226 1.685577 1608.6 -402.9  431.56 1578.5 290.04  413.35 1264.1 -131.3 924.81 1356.8 129.68 1017

2|

®

=

25 | =
samples | @ 4] | D

Ready B  -—F—+ 10%

Questions? Email: christian@ the-engineering-lab.com
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis Connection ~ Settings  Home

< | >
Configure Samples Samples to Run
Design -
o
User-defined v
CSV Export CS5V Import @
+ Info Sy
B Export K Select files samples.csv s
o imported
Summary of successful updates. All other data untouched.
Sample Parameter csv Vall:;‘:
adm es T e 1 xt 1243381
ik x2 1.64763¢
. e | et %v| i » albatross » Downloads » - | g | | Search Downloads 0 | i zi i;ii;zf
et the Design as User-define ; 1 x5 1.770668
Organize = Mew folder = 0 @ N e ——
- = 1k x7 1.57824:
Click Select Files ‘.i:l’ Evartes MName Date modified Type 5 = 1.73902; _
eskiop _starting_files S LU : e folder 41 i b E»
B Deskt 1 ing_fil 4/10,2020 8:19 AM File fold
Select the CSV file samples.csv 8 Downloads 8] samples.csv (3) 4/10/2020 830 AM  Microsoft
&l Recent Places = ~
. @ OneDrive
Click Open Parameters
. | Libraries mple
Click Import @ Documents T f Number Status x1 x2 X3 x4 x5 x )
ol M B o 1243348 1647636 1956195 1241524 1770665 16922
The samples from the CSV file have been Pictures : : : o : -
imported to the web app, the Samples B videos B: o 1201435 1316138 1553263 1.336427 1.80035 1.8900
table now has 20 samples ~ |l i | >
N amples.csy " ’Micr P 'l [ % | o 1255006 13311 1619651 0.3056 1248538 11562
@[ Open ] ’ e ] [ x | (/] 1.06449 1056862 1.20066 0.9567 1682014 1.724¢
On import, a summary is displayed in the - [ = i © | 110327 160477 1493058 0.3829 1.800345 15150
. J

green box. This summary lists each change
that has been performed. . - 53] als |E 10 | 20 | 20 | 40 | s0

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 21
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SOL 200 Web App - Machine Learning  Parameters ~ Samples ~ Responses  Download  Resulis
©
o/

Upload .h5 File

@ (IR engine_mount.hS
@ 2. Upload files

Responses

Click Responses

T O ——

Click Select files
G@-| | « Downloads b 1_starting_files ~ | 43 ||| Search 1_starting._files I
Select the indicated file Organize v Mew folder =~ Al @
click 0 ¢ Favorites * Name = Date madified Type
e pen Pl Desktop | u engine_mount.h3 ( ) 4/9/2020 6:01 PM H5 File
i Downloads ~
Click Upload files %) Recent Places |-
f@& OneDrive
. e =) Libraries
* On this page, the H5 file is uploaded to BB Documens
the web app. o imissic
[ Pictures
B2 Videos
- 4 n | 3
File name engine_mount.h5 ~  |HSFile (~h5) -

@[ Open | | cancel ]

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 22
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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Results Seftings ~ Users Guide  Home
- N LE
Select Responses to Monitor Session ID- 3981 HD;-_-; View Responses to Monitor (1
->
2
- - = Monitored Responses sl Hide/Show Columns | T Reset Fillers | & Download CSV
| Select Dataset i£ | Acquired Dataset Wi Reset Filters <l >
1 .+| 1 NODAL/GRID_WEIGHT- 1 L. Monitor the response
. 1 S r Lower Upper of the FINAL design
A d u St t h e | 1 D Mo s MX XX 1 Delete Label Status Objective Bound Bound cycle (SOL 200 only)
1 -1 |
J 1 4 1 1 n ul o v Lower Upper v
c l ! 1
olumn |at N -
|
. . . I
Optional - Use at your liking the buttons 1
at the top rlght hand corner to adeSt SOL 200 Web App - Machine Learning  Pamamelers  Samples  Responses  Download Reshiis Seflings  User's Guide  Hoifie
the width of the left and right columns —_— :
! ~\ < b
Optional — Use the indicated buttons to Select R to Monit 1
adjust the width of the column Select elect Responses to Vionitor sessionlb-3g81  &HOFE  Njew Responses to Monitor
Dataset :
:Select Dataset = : Acquired Dataset M ReseflFiters < 3 Monitored Responses Wl Hide/Show Columns | T Reset Filters | & Download CSV
| a| 1 NODAL/GRID_WEIGHT - 1 I
1 1 I L Monitor the response
I [€ = 0= — — MO- — — —5— — — — MX— — = XX < Tower —Upper—of the FINAL design —
1 | Delete Label Status Objective Bound Bound cycle (SOL 200 only)
| A1
IMPORTANT! This image is not meant \ e ___ I n r /] v Lower Upper v
to match exactly what you see in your C )
view. The text in this image is
expected to be different from your
view. The purpose of this page and
image is to demonstrate how to
increase the width of the indicated
sections.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 23
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Select Responses

Select the following dataset:
OPTIMIZATION/OBJECTIVE

Select the indicated cell, a new response rl
is created

Select the indicated cell, a new response r2
is created

Ensure Yes is set for both responses

Refer to the Appendix for an explanation
on the use of the following:
*  Monitor the response of the FINAL
design cycle (SOL 200): Yes

Parameters ~ Samples Responses

SOL 200 Web App - Machine Learning

Download

Select Responses to Monitor BectionB-0808  SE
Select Dataset = Acquired Dataset ol Reset Filters
NODALACCELERATION CPLX “ OPTIMIZATION/OBJECTIVE - 13.352238896408855, 13.356553020712388, 1...
OPTIMIZATION/GRIDNEW
EXACT APPRX MAXIM SAMPLE DOMA
OPTIMIZATION/HISTORY
QPTUAIZATIONI ARE]
OPTIMIZATION/OBJECTIVE ]
Maximum
. . Exact from Optimal w.r.t. values of Name of H5 Don
Specily Entities analysis appoximation constraints File™ iden
13.352238896408855, 13.356553020712
Exact from analysis (EXACT) erlgine_ i
Examples: 13.352238596408855,
13.356553020712388, 13.70793612781801, etc
¥ Auto Execute 0 engine_... 613
22.9262668..° engine_... 71
T 1 225290287 .. engine_.. 108
19.9838294 . 19.0269765.. NaN engine_.. 144
@acquisition complete and successiul
20.3487026.. 17.1816851 .. NaN engine_.. 180
18.6515665.. 17.91711109. . NaN engine_.. 216

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

Results

!.4

View Responses to Monitor

Connection

Settings Home

Monitored Responses

Delete Label

HEXAGON

Technology Partner

Status

Objective

i Hide/Show Columns | ¥ Resst Fiters & Download CSV

Lower
Bound

Lower

Lower

Monitor the response

Upper of the FINAL design
Bound cycle (SOL 200 only)
Upper Yes - Monitor respol
Upper Yes - Monitor respol
5|10 | 20 30 | 50 | 100 |

24
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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Resulis Connection ~ Settings ~ Home

Download

Download
Click Download
©,

Click Download BDF Files

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 25
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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
#& OneDrive Extract All...
Edit with Notepad-++
(7 Libraries Open with...
@ Documents
J’ Minr Share with »
&) Pictures Restore previous versions
I Videos Send to 4
& Homegroup Cut
Start MSC Nastran
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 m
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 26
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(=@}

—~—,
bl a) .« Dow... » nastran_w... » - Search nastran_working_directory
S D & g diccoy |
- i i [
Sta rt M SC N aSt ra n Organize « Include in library - Share with - Mew folder §== = [ @ Open File - Security Warning
A Favorites * Mame : Date modified = Do you want to open this file?
1. Inside of the new folder, double click on : = |2 model_0012.bdf 1/21/2021 10:35 AM . . ing_directomy\Start MSC Nastran.nk
ESKLO ame: ..astran_workin Irecto a astran.in
Start Desktop App > ] model_0013.bdf 1/21/2021 10:35 AM ) - o
& Downloads ElRa e Publisher: Unknown Publisher
Click Open, Run or Allow Access on any il RecentPlaces (5| T - Lo dhnn
subsequent windows % OneDrive |2} model_0015.bdf 1/21/2021 10:35 AM From: C\Users\special-sunshine\Downloads\nastran_...
= model 0016.bdf 1/21 /2021 10:35 AM
MSC Nastran will now start =3 Libraries | ] model 0017 bdf 1/21/202110:35 AM [ @[ Open | | Cancel |
@ e 2| model 0018.bdf 1/21/2021 10:35 AM
o) Music | model 0019.bdf 1/21/20211035 AM  |% [7] Aways sk before opening s fle
i B del_0020.bdf 1/21 /2021 10:35 AM
One can run the Nastran job on a remote [ Pictures i @ 'r 'r A - 2o While files from the Intemet can be useful, this file type can
- . B videos @ start Desktop App 1/21/2021 10:35 AM -~ lﬁ.ﬂ potentialy ham your computer. ¥ you do not trust the source, do not
machine as follows: : - 4 m | b = open this software. What's the risk 7
1) Copy the BDF files and the INCLUDE files to _
a remote machine. 2) Run the MSC Nastran ) 24 items
job on the remote machine. 3) After
completion, copy the BDF, FO6, LOG, H5 files
to the local machine. 4) Click “Start MSC .
Nastran” to display the results. @ MSC Mastran V2018.2 (model) == E=h

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

Using Linux?

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

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 4 HEXAGON 27
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Stat us SOL 200 Web App - Status

. . . & Python & |\|SC Nastran
While MSC Nastran is running, a status
page will show the current state of MSC Status
Nastran
Name Status of Job Design Cycle RUN TERMINATED DUE TO

model bdf Running MNone

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 28
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Results

After each MSC Nastran analysis is
complete, multiple web apps are

automatically opened to display the
results.

Use the tabs to switch between
each web app

A description of each web app is
given in the table.

®

Status * Monitored Responses x | HO'FS Explorer b4 +

- = - () Mot secure | 192.168.56.1:8080/optimization/status.html?optimization_run_97328

Nastran SOL 200 Web App - Status

®

Monitored Responses * The response value from each sample * After each MSC Nastran analysis, the response
can be compared. values are extracted from the H5 file and
contained in a file named
app_monitored_responses.csv. The Monitored
Responses web app is used to create a bar chart
of the values contained in this CSV file.

HDF5 Explorer * This web app is used to probe each H5
file and generate XY plots.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 29
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Difference in Results

° It is likely the results you obtain are different from those shown in this tutorial. The differences can be
due to many factors, some of which include:
> Using Linux or Windows operating systems
> Using a different version of MSC Nastran

> The results show in this tutorial were produced by a Windows 7 environment running MSC Nastran
2018. Different environments may produce slightly different results.

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

The Monitored Responses web app is
opened

The rl response corresponds to the Max
Normalized Constraint of the last design
cycle, or FINAL design. For this tutorial, the
rl response is reported as “nan” indicating
the response is empty. The optimization did
not have any design constraints defined,
i.e. no DCONSTR entries were defined, so
there were no normalized constraints to
report and are listed as empty or “nan.”
The rl response is not necessary for this
tutorial, but was configured so the user is
aware of the process to track the Max
Normalized Constraint of the last design
cycle.

The table titled Monitored Response can
be interacted with. Each column in the
table contains filters. Once a filter is
modified, the Bar Chart will instantly
update.

Additional functions include the ability to
highlight the MAX and MIN bars,
download a CSV file and reset the filters.

SOL 200 Web App - Monitored Responses @

20

1900z

Value

r2

10.295095395470057

Home

Sample 0001
Sample 0002
Sample 0003
Sample 0004
Sample 0005
Sample 0006
Sample 0007
Sample 0008
Sample 0009
Sample 0010
Sample 0011
Sample 0012
Sample 0013
Sample 0014
Sample 0015
Sample 0016

0004

12.583072653377371

Response
Monitered Responses W Display MAX and MIN | & Download CSV | 4l1 Reset Filters Monitored Responses from Each Sample
Label Dataset Name Field Field Description 0001 0002
1 OPTIMIZATION/OBJECTIVE EXACT = Exact from analysis il
r2 @ MAXIM IMaximum values of constraints
r1 CPTIMIZATION/OBJECTIVE EXACT Exact from analysis 15.608307348441018  11.891231588105237
r2 OPTIMIZATION/OBJECTIVE AN Maximum values of constraints [ nan nan

5|10 | 20 | 30 | 50 | 100 @

.4 HEXAGON
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SOL 200 Web App - Monitored Responses Home

B Sample 0005
W Sample 0006
B Sample 0007
B Sample 0008
B Sample 0009

B sSample 0011

Smple 00
B Sample 0013

= B Sample 0015'

B Sample 0017
B Sample 0018
B Sample 0019
B Sample 0020

@[]

Value @

Review Results

In the filters, select only response rl

The range of the vertical axis must be adjusted

Move the mouse cursor to the top number
of the vertical axis

Resporise
Single click the number
loni esponses ol Display MAX and MIN | & Download C3V | 4l Reset Filters loni esponses from Each Sample
A | b lied. t .60 Monitored R 1 3 I Monitored R from Each Sampl
new value can be supplied, type 10.

press the Enter key Labe Dataset Name Field Field Description 0001 0002 0003 0004

. . i - OPTIMIZATION/OBJECTIVE EXACT * Exact from analysis &
Thg range of the vertical axis has now been > G T S B e
adjusted to be between 0 and 10 Monitored Responses \ i
After inspection, the lowest responses are r1 Label Datas  pypcr Exact from analysis 15.608307348441018 | 11.891231588105237  10.295095395470057 | 12.583072653377371

yielded by samples 0011 and 0015

A. The table titled Monitored Response can
be interacted with. Each column in the
table contains filters. Once a filter is o e
modified, the Bar Chart will instantly 1 OPTIMIZATIO éE] » 1 D-Dd
update.

Additional functions include the ability to
highlight the MAX and MIN bars, ;

OPTIMIZATIO
1 510 | 20 30 50 100 @ @

HEXAGON 32
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®

SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plots Browser  Combine Plots  Last Plot Added

Plots Browser

NODAL/ACCELERATION_CPLX @

. Multiple HDF5(.h5) files have been found. ( )
1) Select a file
A new window is opened 2) Select similar files
QK - model.h5, model_0000.h5, model_0001.h5
OK - nk098.h5
SE|ECt a” 20 H5 f”es MOT OK - nk098.h5, model_0000.h5, model_0001.h5

3) Click Continue to start the HDFS Explorer or

Click Continue click Skip to ignore this step

’

TV - T magnitucis comporant =%

The HDF5 Explorer is automatically opened.

TIME_FREC_ELGR - Time. fraquency of real part of sgen vakie

Click the indicate image
Plot # 0 - ID: 6016100 | SAMPLE: model_0000, model_0001,
model_0002, .. | SUBCASE: 1| DESIGN_CYCLE: D, 11,13, .| ZM vs.
TIME_FREQ_EIGR

The HDF5 Explorer is broken into sections.

* Acquire Dataset — Specific datasets from
the H5 file can be extracted in this section.
Plots Browser — Use this section to navigate @ ) )
every plot created. wl ﬂl
Combine Plots — This section allows you to
combine multiple plots. For example, you
can create Load vs. Displacement plots in
this section.

Last Plot Added — The Acquire Dataset
section has a button titled “Create Plot.”
This button, when clicked, creates a new

plot. When the link “Last Plot Added” is
clicked, the new plot is displayed.

model 0020.h5

Technology Partner
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Review Results

An Acceleration vs Frequency plot is
displayed, but displays the INITIAL and
FINAL results of each sample

Click + View Filters and Plotted Values

SOL 200 Web App - HDF5 Explorer

Acquire Dataset

Plots Browser Combine Flots Last Plot Added

Plot - NODAL/ACCELERATIO N_C PLX - piot # 0- 10: 6016100 | SAMPLE: model_0001, model_0002, model_0003, ... | SUBGASE: 1 | DESIGN_GYCLE: 0, 8, 11, .. | ZM vs. TIME_FREQ_EIGR

Connection

Home

Vertical Axis d

ZM - £ magnitude component = w

Horizontal Axis

TIME_FREQ_EIGR - Time, freq

+ Options

®

ZM - Z magnitude component **

10

oW

+View Filters and Plotted Values

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

Display

@ NODAL/ACCELERATION_CPLX

<]

<]

<]

<]

<]

<]

<]

<]

a

<]

<]

<]

<]

6 8 10 12 14 16 18 20

[4]

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

<]

.4 HEXAGON
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Color

O Display Mone | & Display Al

Name

0 - 1D- 6016100 | SAMPLE: model_0001 |
SUBCASE: 1| DESIGN_CYCLE:D

1-1D: 6016100 | SAMPLE: model_D0D2 |
SUBCASE: 1| DESIGN_CYCLE:D

2-1D: 6016100 | SAMPLE: model_0003 |
SUBCASE: 1| DESIGM_CYCLE: D

3-1D: 6016100 | SAMPLE: model_0004 |
SUBCASE: 1| DESIGM_CYCLE:D

4 - 1D: 6016100 | SAMPLE: model_0005 |
SUBCASE: 1| DESIGN_CYCLE: D

5 - ID: 6016100 | SAMPLE: model_000E |
SUBCASE: 1| DESIGN_CYCLE:D

6 - 1D: 6016100 | SAMPLE: model_0D007 |
SUBCASE: 1| DESIGN_CYCLE:D

7 - 1D: 6016100 | SAMPLE: model_0D003 |
SUBCASE: 1| DESIGM_CYCLE:D

5 - 1D: 6018100 | SAMPLE: model_0009 |
SUBCASE: 1| DESIGN_CYCLE:D

9-1D: 6016100 | SAMPLE: model_0010 |
SUBCASE: 1| DESIGN_CYCLE:D

10 - 1D: 6016100 | SAMPLE: model_0011 |
SUBCASE: 1| DESIGN_CYCLE:-0O

11 - 1D: 8016100 | SAMPLE: model_0012 |
SUBCASE: 1| DESIGN_CYCLE:D

12 -1D: 6016100 | SAMPLE: model 0013 |
SUBCASE: 1| DESIGM_CYCLE: D

13 -1D: 6016100 | SAMPLE: model 0014 |
SUBCASE: 1| DESIGN_CYCLE: D

14 -1D: 6016100 | SAMPLE: model_0015 |
SUBCASE: 1| DESIGN_CYCLE:D

15 -1D: 6016100 | SAMPLE: model 0016 |
SUBCASE: 1] DESIGN CYCLE: D

34
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Review Results

Previously, samples 0011 and 0015 have been
identified for further study

Use the SAMPLE filter and only select the
following samples (Hold down the CTRL key
on the keyboard to select multiple options):

model 0011
model_0015

+ View Filters and Plotted Values

Filters d

SAMPLE

Name of HS File™
model_0011 -

model_0012 @

model_0013
model_0014
model_0015
model 0016

DESIGN_CYCLE
Design cycle

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

Plotted Values

©

(X

w

- 1D: 8016100 | SAMPLE:

- 10: 8016100 | SAMPLE:

- ID: 8016100 | SAMPLE:

- I0: 8016100 | SAMPLE:

Name

model_0011 | SUBCASE: 1 | DESIGN_CYCLE: D

model_0015 | SUBCASE: 1 | DESIGN_CYCLE: D

model_0015 | SUBCASE: 1 | DESIGMN_CYCLE: 23

model_0011 | SUBCASE: 1 | DESIGN_CYCLE: 30

Max
Peaks

Herizontal Axis (TIME_FREQ_EIGR - Time, frequency or real part of eigen value}

3 3.4999999399993996 4

1.1384940353736...
1.1380285353148...
1.4TE093427250743

1.5426237543460...

!.4

1.186752442525858

1.1960834355220...

1.8384112708793...

1.9TE256TR4ETT11...

1.2705727893358...
1.270125745285131
2.4523205352380...

2.7372323407854...

HEXAGON
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4.5

1.363815607541142

1.3617335254720...

2.758855240616177

2.4TZ064538208732

5

1.480728581185385

1.4760752396287 ...

1.032462719479584

1.1466197363508...

& Download CSV

5.5 [

8.107165820324086  17.826286662734...

5.085840714237846  17.891243554131...
2.1964286719687...  3.056834576403101

2.402020583256892

|1o 25 | 50

2.TTZ0ZT3448831...

35

0.8378

10.000

2.1483

1.6253

100



SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Flots Browser  Combine Plols Last Plot Added Connection  Home

Plot - NODAL/ACCELE RAT'ON_CPLX - Plot # 0- |- 6016100 | SAMPLE: model_0011, mode|_D015 | SUBCASE: 1 | DESIGN_CYCLE: 0, 23, 30 | ZM vs. TIME_FREQ_EIGR n

O Display None | & Display Al

Vertical Axis il
NODAL/ACCELERATION_CPLX p—r— Name
ZM - Z magnitude component ** pey
[:] I 0 -ID: 6016100 | SAMPLE: model_0011 |
. . @ SUBCASE: 1| DESIGM_CYCLE: 0
Honzontal Axis [:] I 1-1D: 6016100 | SAMPLE: model_0015 |
TIME_FREQ_EIGR - Time, freq  w SUBCASE: 1| DESIGM_CYCLE: 0
3 —_— 2 -1D: 6016100 | SAMPLE: model_0015 |
SUBCASE: 1 | DESIGM_CYCLE: 23
* OpT.IOI'IS @ —_— 3 -1D: 6016100 | SAMPLE: model_0011 |
SUBCASE: 1 | DESIGM_CYCLE: 30
" Plot Type 2.5
Review Results 3 i
C
. o Vertical Axis Format E 2
After the SAMPLE is modified, the plot now : S
shows data for only samples 0011 and 0015 - @ -
Separate By %m 1.5
Click + Options £
n SAMPLE v N
Set Vertical Axis Format as Linear n S . !
Un-check the indicated checkboxes
0.5
The 34 trace (The FINAL result of sample
0015) is shown to have the smallest max
peak between samples 0011 and 0015 4 6 8 10 12 14 16 18 20
TIME_FREQ_EIGR - Time, frequency or real part of eigen value
On this slide, the following is plotted:
* The FINAL results from samples
« 0011
e (0015
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 36
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®

SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plots Browser  Combine Plots  Last Plot Added

Acquire Dataset

()

Select Dataset
N Y O T T IS T T 7%

OPTIMIZATION/GRIDNEW

3

Acquired Dataset

"/

Wi Create Plot | ¥ Reset Filters | & Download CSV

OPTIMIZATIOMFOBJECTIVE - 13.352237904586175, 13.3065006797008337, 13.7079236476852788, 1+

OPTIMIZATION/HISTORY EXACT APPRX MAXIM SAMPLE DoM
TR A AT LR A ]
OPTIMIZATION/OBJECTIVE
y FRACCL Optimal wr.t. Maximum values of
et s Exact from analysis appoximation constraints Mame of H5 File** Domain
L]
Review Results fy Enti
Specify Entities madel 00
13.352237904586175, 13.356556707050337, 13707936 model_00
lick . madel_00
Click Acquire Dataset Exact from analysis (EXACT) et
Examples: 13.352237904586175, 13.356556797059337, 27.032259623172 ] MaM model_0000 612
Select OPTIMIZATION/OBJECTIVE 13.707936476952783, etr.
27 GTEER4041564 . | 2036055602221, | MaM model_D000 71
Click Create Plot @ Auto Execute 72 THISEITTORSG1E | 2252001275842181  MaM model_0a00 102
10.083500425405 . | 10.0260826863532 . | MaM maodel_D000 144
Acquire Dataset 20 343702630704 . | 17.1815435501328 HaM model_Da00 180
12.651566887225... | 17.9171138544023... | MaN model_0000 218
©Acquisition complete and successful 15.10532363627511 | 17.600460813041 . MaM model_0000 252
15.240205420484 | 16.26520533445026 | MaM model_0000 232
17.720426044472 . 17.423048146014_.  MaM model_0000 324
16.204760053381 . | 16.05426083266042 | MaM model_0a00 380
15.010436438376 . 16.056542425451 . MNaM maodel_D000 208
14.734005574460 . | 14.8376618506206. | MNaM model_D000 432

This tutorial involved configuring multiple
samples, each sample is configured for SOL
200. The objective histories for 3 samples will
be displayed in the following pages.

Questions? Email: christian@ the-engineering-lab.com
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SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plofs Browser ~ Combine Plots  Last Plot Added Connection  Home

Plot - OPTIMIZATION/OBJECTIVE set= 1 - savere: model_0011, model_0015 | DESIGN_CYCLE: 0, 1, 2, . | EXACT ve. DESIGN_CYCLE n
Vertical Axis i O Display None | & Display All
OPTIMIZATION/OBIECTIVE )
Display Color Name
EXACT - Exact from analysis ~
0 - SAMPLE: model_0D011 | DESIGN_CYCLE:
0.1,2, ..
Horizontal Axis 26
1 - SAMPLE: model_D015 | DESIGM_CYCLE:
DESIGN_CYCLE - Design cycle v 0.1.2 ..
24
+ Cptions
22
& 20
. =
[
C
L)
Review Results .
[s]
. @
s}
. o
Click Last Plot Added 5
o
q q q O 14
Click + View Filters and Plotted Values %
12
Similar to before, for the SAMPLE filter
select only samples: 10
model_0011
8
model_0015
0 5 10 i5 20 25 30
The objective histories for each local @ DESIGN_CYCLE - Design cycle
optimization is displayed
+ View Filters and Plotted Values
Filters i Plotted Values
SAMPLE Horizontal Axic (DESIGN_CYCLE - Design cycle)
MName of HS File* Show
OUET OO T - Max
model_0011 Name Peaks 0 1 2 3 4 5 [
model_0012
moge:—ggli 0 - SAMPLE: model_0011 | DESIGMN_CYCLE: 0. 1. 2, ... [:] 25.457481213841... 24.7252558T3835... 25.01002302330418 21.110955256453... 12.822181212248...  20.223406280852... 12.137780541357 ... 12
model_|
1- SAMPLE: model_0015 | DESIGM_CYCLE: [, 1, 2, .. [:] 25.317368270735... | 26.09261480211217 | 21.480102827802... 12.401002656842... 14.477118185297... 13.89724260202456 | 12.020203728521... 12
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End of Tutorial
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Appendix Contents

Response Configuration
> Monitor the response of the FINAL design cycle (SOL 200 only): Yes, No or blank

Equivalent Global Optimization

How to import and edit previous parameter studies
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Monitor the response of the FINAL
design cycle (SOL 200 only

A.  When the option is blank or set to No, the monitored response is that of the design cycle listed.

In this example, the response of design cycle 0 is monitored. The value of r1is 1.0. OFTIMIZATION/OBJECTIVE
Moniter the response  Monitor the maximum or minimum @
Lower Upper of the FINAL design response, whichever has the N (
Delete Label Status Objective Bound Bound cycle (SOL 200 only) greatest absolute value Dataset Name
0.95
% 0.9
g
n r (] v| || Lower Upper v v OPTIMIZATION/OBJECTIV £
. . . . . . w
B.  When the option is set to Yes, the monitored response is that of the FINAL design cycle. In this _—
example, the response of design cycle 10 is monitored. The value of rlis .679. =
Monitor the response ~ Monitor the maximum or minimum o
Lower Upper of the FINAL design response, whichever has the
Delete Label Status Objective Bound Bound cycle (SOL 200 only) greatest absolute value Dataset Name or

o 2 4 6 8 m

DESIGN_CYCLE - Design cycle

n 1 () v Lower Upper [ Yes - Monitor respot v ] v OPTIMIZATION/OBJECTIVE

Questions? Email: christian@ the-engineering-lab.com \,.‘ HEXAGON
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Monitor the response of the FINAL
design cycle (SOL 200 only), Continued

Since the Monitor the response of the FINAL design cycle (SOL 200 only) is set to Yes, the response rl takes the value of the last design
cycle. The HDF5 Explorer is used to create an XYPLOT of the objective history, and the Monitored Responses web app is used to view the
response value that was extracted.

Objective History Monitored Response rl
OPTIMIZATION/OBJECTIVE Nastran SOL 200 Web App - Monitored Responses Home
26 \

22

20

W Ssample 0011

le 0012
.

Value

M Sample 0014
W Sample 0015
[

EXACT - Exact from analysis

Response

10

0 5 10 15 20 v 25

DESIGN_CYCLE - Design cycle

Questions? Email: christian@ the-engineering-lab.com !‘ HEXAGON
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Equivalent Global Optimization

A Global Optimization is characterized as follows:
> A local optimization is performed at different starting, or initial, values for the variables

> The best final objective from all the local optimizations it taken as the global optimum.

This tutorial is equivalent to performing a global optimization

> The original BDF files are configured to perform a local optimization with MSC Nastran SOL 200. The
Samples section is used to configure multiple local optimizations at different starting values for the
variables.

> The Response section is used to monitor the objective and max normalized constraint from each local
optimization

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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How to import and edit
previous parameter studies




How to import and edit previous
parameter studies

The parameters, samples and responses are contained in the following files
° app.config
> BDF files

These files may be imported back to the Parameter Study web app, and any parameters,
samples and responses can be reconfigured

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



® -

Machine Learning ® =+
&« = C @ct secure | 192.168.56.1:8080/optimization/machine-learning/ H oy &
SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download — Resulls Connection  Settings  Home
< >

Import Select BDF Files

Return to the window or tab that has the
Machine Learning web app opened

1. Select files

Refresh the web page to start a new
session

2. Upload files

[ List of Selected Files

* Refreshing the page is only required when
the Select files button is disabled.
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Results Connection  Seftings  Home

Select BDF Files

@ 1. Select files 2 files selected

Inspecting: 100%

Import

Click Select Files

@ 2. Upload files

m

7\

%v“, + albatross » Downloads » nastran_working_directory » (2)

- | +3 | | Search nastran_working_direct... 2 |

e
Organize Mew folder = 0O @
NaVIgate to the fOId_er named X Favorites * MName Date modified Type Size =
nastran_working_directory
B Desktop L app 4/10/2020 917 AM  File folder
. . 8 Downloads | app.confi 4/10/2020 9:17 AM  CONFIG File 9KE
Select all the BDF files AND the app.config %] Recent Places I é nf:del.hd!: 4/10/20209:17 AM  BDF File a7 KBI
file. 4G OneDrive | & model_0000.bdf 4/10/2020 318 AM  BDF File 18| a
| [#] model_0001.bdf 4/10/2020 917 AM  BDF File 1KB|
Click Open [ Libraries £| | 2] model_0002.bdf 4/10/20209:17 AM  BDF File 1KB|
[Z| Documents | [#] model_0003.bdf 4/10/2020 317 AM  BDF File 1KB|
o' Music | [] model_0004.bdf 4/10/2020 917 AM  BDF File 1KB|
[ Pictures | [#] model_0005.bdf 4/10/2020 317 AM  BDF File 1KB| T
B videos | [#] model_0006.bdf 4/10/20209:17 AM  BDF File 1KB|
| [#] model_0007.bdf 4/10/2020 917 AM  BDF File 1KB|
* Homegroup | [#] model_0008.bdf 4/10/2020 3:17 AM  BDF File 1KB|
| [%] model_0009.bdf 4/10/2020 917 AM  BDF File 1KB|
All imports require the app.config file to 18 Computer | [] model_0010.bdf 4/10/2020917 AM  BDF File 1KB|
T oA cndal 0011 ke AANFININ QAT ARA BNE Gila 1 ¥l ¥

be selected.

File name: "model_0020.bdf" "app.config” "model.bdf" "model_0000.bdf" "model_0001.bdf" "model_0002.bdf" ~ ’Custom Files (*.bdf;*.dat;*.conf vl

@[ open | | Cancal ]

u HEXAGON 48
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulls Connection  Settings ~ Home

_@_ < >

Upload .h5 File View Responses to Monitor
->

@ 1. Select files SIS VIR G Monitored Responses Ji Hide/Show Columns | T Reset Filters

& Download C3SV

2. Upload files
Lower Upper

Delete Label Status  Objective Bound Bound
i
Import g
SOL 200 Web App - Machine Learning  Parameiers ~ Samples  Responses  Download — Resulls Connection  Seftings ~ Home
For the Response section, the H5 file will need
to be re-uploaded. <02
Select Responses to Monitor on ID- = : ,
Click Responses P Session 1D- 1471 = View Responses to Monitor
HDF5 *
Select the H5 file
Monitored Responses Wi Hide/Show Columns | ¥ Reset Filters
Click Upload Select Dataset = Acquired Dataset ali Reset Filters & Download CSY
NODAL/ACCELERAT “ NODALMCCELERATION_CPLX - 6016100
Data from the H5 is loaded and ready to OPTIMIZATION/GRIC D XR YR
EE OPTIMIZATION/HIST Lower Upper
OPTIMIZATION/LABE Delete Label Status Objective Bound Bound
OPTIMIZATION/OBJE .
Py — B
r2
. . Grid X real Y real
Specify Entities identifier component component i ~
6016100
601610 n r (] v Lower Upper

]

Examples: 6016100, efc. @
n 2 (] v Lower Upper

Auto Execute
6016100 -0.01106377 ... -0.00904857 ... 1 |
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis Connection  Seftings ~ Home

< »
Select BDF Files
1. Select files 2 files selected
Inspecting: 100%
Import e
Uploading: 100 %
After import, any Parameter, Samples or
Responses can be modified. , )
() List of Selected Files
Select Parameters Configure Parameters
EEST (Basa sl - Delete Parameter Status Low High Comments
DESVAR 6816812 2.03888
DESVAR 6816813 2.03888 .
evan  eoremos - noonn B « ® | .s0000 2.00000 Field 4 of DES\
DESVAR 6&@16B22 2.03888
DESVAR 6816023 2.00600 B - (v) 30000 2.00000 Field 4 of DES\
DESVAR 616831 202008
DESVAR 6016841 2.00808 B O | .s0000 2.00000 Field 4 of DES\
DESVAR 6816211 1758.8 .85
DESVAR 6Bele2l2 -347.8 .85
DESVAR 6816213 600.0 .5 n x4 o 80000 2.00000 Field 4 of DES\
DESVAR 6816221 1697.8 .85
DESVAR ee@lsziz 388.5 .65 n X5 (] ~30000 2.00000 Field 4 of DES\
DESVAR 68156223 497.8 .85
DESVAR 6816231 1458.8 .85 o i
DESVAR 6016232 -65.8 .85 B = e 200000 Fleld 4 of DES
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