Workshop — Prediction
Analysis, Buckling

AN MSC NASTRAN MACHINE LEARNING WEB APP TUTORIAL

Questions? Email: christian@ the-engineering-lab.com L‘v IT-I[E)I%C:‘-ON



Goal: Prediction Analysis

This tutorial consists of multiple parts

1. Configuring The Problem Statement
° In this tutorial, we configure the parameters and the responses to monitor.

2. Configuring Multiple Batch Runs
©  This section discusses how to configure and execute multiple MSC Nastran runs.

3.  Performing Predictions
° Gaussian process (GP) regression is used to train a surrogate model and perform predictions.
°  The prediction performance of the surrogate model is evaluated.

4.  Creating Plots with the HDF5 Explorer
©  The HDF5 Explorer web app is used to create Eigenvalue vs. Mode Number plots.

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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Details of the Structural Model

1. Perform a buckling analysis for different values of K

O Display None (& Display Al
SUMMARY/EIGENVALUE

2. Monitor the eigenvalue response for each value of K e

1-MODE: 1| ORDER: 1|
SAMPLE: model D002
2-MODE: 1| ORDER: 1]
24062 SAMPLE: model_0003
3-MODE: 1| ORDER: 1|
SAMPLE: mods|_0004
4-MODE: 1| ORDER: 1|
SAMPLE: model D005
" 5-MODE: 1| ORDER: 1]
23 g SAMPLE: model_0006
, 6-MODE: 1| ORDER: 1|
= SAMPLE: mods|_0007
w20
] 7-MODE: 1| ORDER: 1|
L SAMPLE: model_0008
§-MODE: 1| ORDER: 1]
15 SAMPLE: model_0009
9-MODE: 1| ORDER: 1|

SAMPLE: model_0010

10

MODE -

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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Details of the Structural Model

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



Problem Statement

Design Variables

x1: K of PELAS 20
Note that K is displayed as K. in the
figure

.1<x1<10.0

Samples

Batch set 1 — 10 run LHS Design
Batch set 2 — 20 run LHS Design

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

r0: Eigenvalue of Mode 1




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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More Information Available in the Appendix

" The Appendix includes information regarding the following:
How to import and edit previous files

What is Gaussian Process Regression?

Appendix

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



Tutorial
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Tutorial Overview

2. Use the Machine Lea rning web app to: Training Data — The training data consists of the parameter inputs and
. respective output responses for multiple MSC Nastran runs. This tutorial
1. Conflgure the prObIem statement describes how to configure multiple MSC Nastran runs, each with different

2 Configure multiple batch runs parameter inputs, and how to monitor each response.

Gaussian process regression — This tutorial describes the procedure to use

3, Use the Pr‘ediction Analysis Web app to: Gaussian process regression to train a surrogate model and make predictions.
1. Perform DFEdICtIOnS Automatic Response Extraction — Often responses are manually or
automatically extracted from the FO06 file. This becomes challenging when
4. Use the H DF5 Exp|0rer to: extracting responses from multiple FO6 files. This tutorial highlights the web
app’s ability to automatically extract responses from multiple H5 files with
1. Create plOtS minimal user effort.

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




Configuring The
Problem Statement




%*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 12
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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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Prediction Analysis, Buckling @
EA =10"
T Consider a linear buckling analysis. The parameter allowed to vary is a spring constant. The response of interest is

"“”’H’ “==- the buckling load factor.

1r ,
I o B This tutorial describes how to configure multiple MSC Nastran runs to generate training data. Gaussian process

regression is used to train a surrogate model and make predictions. The prediction performance of the surrogate
model is also evaluated.

Starting Files @

Solution BDF Files: Link

Obtain Starting

Files
Find the indicated example

%v| I » albatross » Downloads » - | ﬁ-| | Search Downloads 2 |
Click Link
Organize * = Open = Share with - E-rnail Mew folder = [ 9
The starting file has been downloaded 2 =
r Favorites Heime
Bl Desktop ||_i|_] 1_starting_files.zip @
j, Downloads ~

':i-ﬂ Recent Places

When starting the procedure, all the 4 Libraries
necessary BDF, or DAT, files must be 5| Documents
collected and uploaded together. &) Music
Relevant INCLUDE files must also be [l Pictures - || ] i | 3
collected and uploaded. 1_starting_files.zip Date modified: 3/31/2020 6:19 PM
i " Compressed (zipped) Folder Size: 549 KB

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 14
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@vLﬂ, » albat.. » Downloads »

- | +y | | Search Downloads

Pl %v“, b user ¢ Downloads » 1_starting files

- | 5 | | Search 1 star.. 0 |

Organize + [z Open = Share with + 22 =~ 0 @ Organize Include in library + Share with + MNew folder = 0 @
¢ Favorites @ Mame Type Sil o T —— *  MName Date medified
Bl Desktop |1 1_starting_files File folder Bl Desktop [& nasl03_ws07_with_spring_support.dat 2/20/2021 8:49 AM
8. Downloads || 1) 1_starting files:zip 8 Downloads @
?_-:'; Recent Places & OneDrive

COpen in new window

@Mlacl All...

5] Recent Places

[l Libraries
@ Documents [&f  Edit with Notepad++ [l Libraries
JF Music Open with... @ Documents
. . E:jms Share with » e
e Restore previous versions [l Eaclines
B Videos - ] i
. *& Hemegroup Send to 3 G R
Files . “ )
il Computer Copy
*! Netwaork Create shortcut
Right click on the zip file Delete
Rename
Select Extract All... Properties

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.

m

@ Lil] Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder

C:\Users\albatross\Downloads\1_starting_files

Show extracted files when complete

@

u HEXAGON 15
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A~
. » user » Downloads » 1_starting_files (2 ) - |~‘, || Search 1_starting_files }J|
N

» INa GO+

o

MSC Mastran Organize Mew folder ) =~ 0 @
Y Favorites Mame Date medified Type
P Desktop &\ nas103_ws07_with_spring_support.dat f;gzznfzua 849 AM  Notepad++ D
. Downloads
& OneDrive
5| Recent Places
= Libraries
C t t h @ Documents
re a e e Ji Music M
. . [ Pictures
Starting HS5 Fil
a r I n g I e LR 1 ] 3
File name: nas103_ws07_with_spring_support.dat ~ [lnpul Files (*.bdf;".dat) v]
A starting H5 file must be created. This H5 [(open [ [ conce |

file will be used to configure the responses
later on.

(= =]=]

Double click the MSC Nastran desktop

shortcut m %\‘4 J. « Dow.. » 1_starting_.. - |41~‘ | Search 1_star.. 0 |

Technology Partner

Navigate to the directory named MSC/MASTRAMN Input File Organize « Include in library = g == - Eil 9
1_starting_files II::'\Llsers'\user'\Du:uwnlu:uads'ﬂ_starting_files'mas'l 03 w07 _with_z File... | S Favorites * MName
Select the indicated file B Desktop el nas103_ws07_with_spring_support.dat

Optional keywords & Downloads [ nas103_ws07_with_spring_support.f04
Click Open & OneDrive nas103 ws07 with spring support.f06

I “E-:l_ Recent Places @ nas103_ws07_with_spring_support.h5 @
Click Run @' nas103_ws07_with_spring_support.log

= Cancel | Clear | 4 Libraries || nas103_ws07_with_spring_supportxdb
The starting H5 file is created % Documents A T b
] 6 items
Questions? Email: christian@ the-engineering-lab.com h HEXAGON 16



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

@ ISR O nas103_wsO7_with_spring_support.dat

O

Uploading: 100 %

Select BDF Files

Click Select files

%-| | » albatross » Downloads » 1_starting_files = |&,|| Search 1_starting_files ;:1|

Select the indicated files Organize »  New folder = bl @

s

Click Open Tk Eavontas & Mame Date modified Type Size
B Desktop |@ nas103_ws07_with_spring_support.dat —~ 1/16/2021 11:28 AM  DAT File

. : i Downloads 2
Click Upload files ik Dovelon 2
%—ﬂ. Recent Places
& OneDrive

(= Libraries
@ Documents

JF Music

[ Pictures

B Videos

*d, Homegroup

~ |4 T | 3

File name: nas103_ws07_with_spring_support.dat A lCustom Files (*.bdf;*.dat;*.conf v]

@[ Open | | Cancel ]

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 19
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Select Parameters Configure Parameters

¢ 1 12 13 12 1.5 Il.6_11_.7 Delete Parameter Status Low High Comments

@ﬂ x1 O | 10, Field 3 of P

Parameters e w e e s

FORCE & 2 1 a, -1 a @
Set the following fields as parameters MAT1 1 18.E7

x1: The spring stiffness of PELAS 20 PELAS 20 E @
PROD 1@ -1

Parameters have been created for the
selected fields

For each parameter, use the following
settings:

Low: .1
High: 10.

Bulk data entries will always be
displayed in the small field format.
Only fields that have real or integer
data entries may be selected as
parameters. If the field is blank or
contains only characters, the field may
not be selected.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 20
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download — Resulis
®

Upload .h5 File

@ SRl nas103 ws07_with_spring_support.h5
@ 2. Upload files

Responses
Click Responses I —

Click Select files

@@v| . » albatross » Downloads » 1_starting_files ~ | 42 ||| Search 1_starting_fites o

Organize » New folder B=~ [ 0

Select the indicated file Sk Fauoiites : MName Date modified Type Size

: )
. Bl Desktop | L nes103 ws07_with_spring_supporths (3 )/16/202111:28 AM  H File
Click Open 8 Downloads

‘&l Recent Places

Click Upload files 4 OneDrive

[ Libraries
@ Documents

J’ Music

(=] Pictures

B Videos

#& Homegroup

- 4 T 3

File name:  nasl03 ws07_with_spring_support.h3 ~ [ H5File ("h5) -

@[ Open | | Cancel ]

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 21
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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 22
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Select Responses

Select the following dataset:
SUMMARY/EIGENVALUE

Use the horizontal scroll bar until the
column TIME_FREQ_EIGR is visible

A new response rl is created

SOL 200 Web App - Machine Learning  Parameters

Select Responses to Monitor

Samples  Responses  Download

Session |D: 9465 -
HDF5
Select Dataset = Acquired Dataset 1 Reset Filters
ELEMENTAL/ELEMENT F * SUMMARY/EIGENVALUE - 1
et R I MODE ORDER EIGEN OMEGA

NODAL/DISPLACEMENT

| SUMMARY/EIGENVALUE vI @

Specify Entities
1

-
(MODE}) 1 1
Examples: 1, efc.

Auto Execute

Acquire Dataset

@Acquisition complete and
successful

10.0015003..

3.16251487 ...

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

Technology Partner

Results Connection Settings Home
< >
View Responses to Monitor
Monitored Responses Wl Hide/Show Columns | T Reset Filters
& Download CSV
Monitor the re
Lower Upper of the FINAL
Delete Label Status Objective Bound Bound cycle (SOL 20
@ n Il ° v Lower Upper
5|10 | 20 | 30 | 50 | 100 I
.4 HEXAGON 23



Configuring Multiple
Batch Runs




%vLﬂ v albat.. » Dow.. » - | -‘-p| | Search Downloads O |

Organize - Include in library = = =« [l 9

T} Favorites iy Name Daj
M Desktop Lil.l nastran_working_directory (1).zip 1/1
j Downloads | 1) nastran_working_directory.zip 111
(E-:l'.'. Recent Places | =
¢& OneDrive

[ Libraries

@ Docurnents

J’ Music

|| Pictures
B videos -« mn b

Samples

2 items
In the following slides, we will configure 2
batches to run.

nastran_working_directory.zip The data from these 10 runs is used to train the
surrogate model.

2 nastran_working_directory (1).zip 20 The data from these 20 runs is compared with
the predictions from the surrogate model. The
normalized root mean square error (NRMSE) is
calculated based on these 20 runs.

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

Technology Partner




Samples

Click Samples

Ensure the following design is selected:
Latin Hypercube, Reproducible

Set Number of Samples to 10

The samples have been updated, note that
samples 1, 2, 3, ..., 10 are visible

The indicated controls can be used to
display the other samples

SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulis

—O-

Configure Samples

Design
Latin Hypercube, Reproducible @

+ Info

Number of Samples

B

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

Samples to Run
->

Connection Settings Home

+ Options

@ Sample Number

Parameters

x1

1.208613

5.371329

9.449995

4.353574

6.326213

‘ 5 |10 | 20 | 30 | 40 | 50

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

_®_ < >

Download
Sownload
Click Download
Click Download BDF Files
===
A new ZIP file has been downloaded 6@.|j, ¢ albatross » Downloads » - |$-_p | | Search Downloads 0 |
Organize Include in library « Share with » Mew folder = - 0 @
% Favorites & MName ° Date modified Type Size
Bl Desktop . 1_starting_files 1/16/2021 11:28 AM  File folder
j-. Downloads 1_starting_files.zi 1/16/2021 11:28 AM  Compressed (zipp...
g B P PR
%‘1 Recent Places I | 1, nastran_working_directory.zip I 1/16/2021 9:15 AM Compressed (zipp... 12
p PP
f& OneDrive @
[ Libraries
@ Documents
& Music -« i b

l 3 items

Technology Partner
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Samples

Click Samples

Ensure the following design is selected:
Latin Hypercube, Reproducible

Set Number of Samples to 20

The samples have been updated, note that
samples 1, 2, 3, ..., 20 are visible

The indicated controls can be used to
display the other samples

SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulis

—O-

Configure Samples

Design
Latin Hypercube, Reproducible @

+ Info

Number of Samples

N6

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

Samples to Run
->

Connection Settings Home

+ Options

@ Sample Number

Parameters

x1

6.740013

6.337985

9.193342

4.064234

1611121

‘ 5 |10 | 20 30 | 40 | 50

Technology Partner
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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
=]
A new ZIP file has been downloaded @@v|_ﬂ b albatross b Downloads » - |-‘1- | | Search Downloads 2 |
Organize « Include in library « Share with + MNew folder e 1 0
o Eavontes * | Mame B Date modified Type Size
Bl Desktop . 1_starting_files 1/16/2021 11:28 AM  File folder
& Downloads |1, 1_starting_files.zip 1/16/202111:28 AM  Compressed (zipp...
‘&l Recent Places I | 1) nastran_waorking_directory (1).zip I 1/16/2021 915 AM  Compressed (zipp... 12
f& OneDrive | 11 nastran_working_directory.zip @ 1/16/2021 915 AM  Compressed (zipp... 12
[ Libraries
@ Documents
@' Music ~ 4 i v

I 4 items

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

_®_ < >

Select Parameters Configure Parameters
-»
$ 1 2 J-3 114 1s I1l.6 J0bL7 1.8 IllL.9 |l 18 | Delete Parameter Status Low High Comments
B « O | 10 400 Field 3 of P
EIGE e INV a. 3. 2e 2 2
FORCE & 2 1% Ll L
MAT1 1 18.E7 @
PELAS 20 WxlE

Parameters e » EEE

Click Parameters

For each parameter, use the following

settings:
Low: 1.0
High: 40.0

Technology Partner

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



SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulis Connection  Settings ~ Home
C >
Configure Samples Samples to Run
Design + Options @
Mash Grid @ v
csv
S | +Info Export
p Number of Design Points Per Parameter m :
Click Samples 40 @ @ Parameters
This configuration will generate a design with 40 runs s & Numb ]
. . ample Number X
Set the Design as Mesh Grid P
1 1
Set the Number of Samples as 40 5 5
.
The table now has 40 samples G =[P searcnresusi - [ 43 | ssmples NN s 2
Organize = Save search . 4 4
Click +Options - File H::ur'r|Ir'|ser Page Fu:urrr| Data |
P 57 Favorites = Name Qate 3 3.
. B Desktop £ samples.csv @3_f2( B3 v I 2 v
Click Export & Downloads '
% Recent Places - " 4 2 | v | c | o | ﬁ 5|10 20 30 40 50
. . : | Libraries Homegroup | 1 |[Sample Ni x1 '
@ OneD L
A CSV file has been downlogd and contains neDrive s 5 1 L « 5 3 4 5 & 7 8
the values from the table with 8 samples - 5| 2 2
Libraries =
Documents 4 3 3
Ji Music 3 | 4 4 P b
Later in the tutorial, the 40 sample points [ Pictures . - e > >
. : : = i 7 6 6
in the CSV file will be used to make e e | . 5
predictions. p 9 | 8 8 -
e t [ D

H 0 -——1F——+ 100%

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 31
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®v| @ » albatross » Downloads » - | g | | Search Downloads 0 |
Organize = = Open = Share with = New folder SE. S| 0
¥ Favorites MName @ Date modified Type Size
B Desktop 1. 1_starting_files 1/16/2021 11:28 AM  File folder
], Downloads | 1) 1_starting_files.zip Ol;’lﬁ;’ZUEl 11:28 AM  Compressed (zipp...
&l Recent Places nastran_working_directory (1).zip 1_;'16_:‘2011 9:15AM  Compressed (zipp... 12
‘@ OneDrive ||_i|_] nastran_working_directory.zip 1AA0N 018 Ahd C d (zine, 12
samples.csv @7 Open !
[ Libraries Open in new window
[ Documents (28 Extract All...
o' Music Edit with Motepad++
=] Pictures Open with...
EE Videos
Share with 2

Restore previous versions

Start Desktop App s .

18 Computer

Cut
Right click on the indicated file @ Network Copy

Create shortcut
Click Extract All Delote m

O L Rename @ |1, Extract Compressed (Zipped) Folders
Click Extract on the following window i nastran_working_directory.zip Date modified: 1/16/2021915 Al Properties
. Compressed (zipped) Folder Size: 125 MB Select a Destination and Extract Files

Repeat steps 1-3 for the indicated files 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 32
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. el® =]
@Qv| W <« Dow.. » nastr.. bw - |¢f || Search nastran_working_directory Pl
Open File - Security Warni
Sta rt DeSktOp App Organize * Include in library « Share with - 3 =~ [l ,@, R — @

- Do you want to open this file?
1. Open this folder: & Favor * | MNam Date modified *
s . - Favorntes S e e R e
nastra n_worklng_dlrectory oo - o MName: ..astran_working_directon/\Start Desktop App.Ink
B Desktop |=] model_0004.bdf 171772021 10:44 , Publisher: Unknown Publisher
Inside of the new folder, double click on 4 Downloads 3 2] model_0005.bdf 1/17/2021 10:44 Type: Shorteut
Start Desktop App 15l Recent Places =] model_0006.bdf 1/17/2021 10:44 — From: C:\Users\special-sunshine\Downloadsinastran_...
. & OneDrive | E| model_0007.bdf 1/17/2021 10:44
Click Open, Run or Allow Access on any i | Open || Cancel
subsequent windows - |=] model_0008.bdf 1/17/2021 10:44 3
= Libraries |= model 0009, bdf 1/17/2021 10:44 Always ask before opening this file
MSC Nastran will now start %] Documents |&] model_0010.bdf 1/17/2021 10:44
- P ax == While files from the Intemet can be useful, this file type can
J} e @ Start Desktop App 117720211044 ~ l\-ﬁ potentially ham your computer. f you do not trust the source, do not
One can run the Nastran job on a remote [=| Pictures sl 0 m r - open this software. What's the risk?
machine as follows: 14 items
1) Copy the BDF files and the INCLUDE files to ,

a remote machine. 2) Run the MSC Nastran
job on the remote machine. 3) After .
completion, copy the BDF, FO6, LOG, H5 files @8 MSC Nastran V2018.2 {model) [= | @ |23
to the local machine. 4) Click “Start Desktop
App” to display the results.

13

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

o

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?

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

USER INFORMATION MESSAGE {pgm: nastran. fn: estimate_job_requirementsl

Eztimated memory=2048 .5MB

Estimated bpool=512.1MB

Mastran beginning job model.

Mastran started c:wmsc.softwaresmsc_nastran~28182-msc2B@182~winb4i8mz=cdate

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 33
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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 34
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Review Results

A window appears asking to start the HDF5
Explorer

Click Skip to not open the HDF5 Explorer

Multiple HDF5(.h5) files have been found.

1) Select a file

2) Select similar files

QK - model.h5, model_0000.h5, model_0001.h5

OK - nkD98.h5

NOT OK - nk038.h5, model_0000.h5, model_0001.h5

3] Click Continue to start the HDF5 Explorer or

click Skip to ignore this step

model_0001.h5 -

rmodel_0002.h5
model_0003.h5
model_0004.h5
rodel_0005.h5
model_0006.h5
model_0007.h5
rodel_0008.h5
model_0009.h5
model_0010.h5

Continue | Skip

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

!.4
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Review Results

The Monitored Responses web app is
opened

The value of each response and for each
sample is displayed in a bar chart

A table lists the values for each response
and sample.

A. 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 @

33

30

25

20

value

15

10

12.5631

Monitored Responses

Dataset Name

SUMMARY/EIGENVALUE

®

SUMMARY/EIGENVALUE

37.8339

34.3444
32.4062

26.6563

©

20.6024

23.6291

14.6588

ri

Response

Home

Sample 0001
Sample 0002
Sample 0003
Sample 0004
Sample 0005
Sample 0006
Sample 0007
Sample 0008
Sample 0009
Sample 0010

18.8395

1 Display MAX and MIN | & Download CSY | Jl1 Reset Filters Monitored Responses from Each Sample @

Field 0001 0002
Field Description Current Value
- EIGEN *
12.563078819847316 = 23.62907115939349
EIGEN 10.001500337521877

Technology Partner

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

0003 0004

37.8338533140817 20.60335328534742 266

36



; Q '| . = Dow.. b nastr.. » - | “‘f| | Search nastran_wor.. S |
Organize - | ] Open Share with = = = « i @
. Favorites S D
Bl Desktop H | app
& Downloads | termnp_files_900
':i-:'_', Recent Places | app config
‘& OneDrive app_monitored_responses.csv
Review Results oo :
. Libraries = _—

- 4 i | @ 3
The monitored responses are contained in
the CSV file named

app_monitored_responses.csv

app_rnonitored_responses.csv - Exce Sign in Eal

Home Insert Page Layout Formulas

The responses in this CSV file will be use to
train the surrogate model.

Al B S | Sample v

| H
Sample lrl r2 r3 rd rs re r7 r8 rg
1217.217 7053.424 2584242 5181.517 7655.089 111.5268 121.4934 105.4131 117.6776
1505.006 8540.09 25683.63 43606.002 9054.831 114.3995 121.8412 111.7995 119.8613
1138.427 6955.114 26141.29 3B893.004 B777.485 113.8775 122.2835 107.8186 120.776
1014.942 ©958.814 23340.53 4311.815 6015.679 109.3869 116.1823 108.7163 114.8376
> | 1379.038 8133.175 28819.79 4774.838 B8635.851 113.6273 120.3383 108.8235 117.9242

app_monitored_responses o) : [4] ] [v]
\_ Ready 4 M- i + 100%

Lo W pa

-

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 37
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Close Pages o @

The Status page can be closed

Machine Learning X | Status X Maonitored Responses x

The Monitored Responses page can be

closed < = C A Mot secure| 192.168.56.1:8080/optimization/results-monitored-responses/fresults_10756

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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EEIE=E]
— L~
@Uv| . ¢ Dow.. » nastr.. Q.)v | 4 || Search nastran_working directory (1) Pl

St t D kt A Qpen File - Security Warning @
p p p Organize = Include in library = Share with = = = [ l@l Do you to this file?
1. Open this folder: b | Name Date modified  ~ Name: king_direct Start Desktop App.Ink
nastran_working_directory (1) H e e L e R .EIITIE. wran_working_directory [1)\5tart Desktop App.In
B Desktop | model_0014.bdf 1/17/2021 10:44 : Publisher: - Unknown Publisher
Inside of the new folder, double click on & Downloads =[] model_0015.bdf 1/17/2021 10:44 IT:""pef shortest _
Start Desktop App ::_.'. Recent Places ¥ model 0016.bdf 1/17/2021 10:44 rom: Ch\Users\special-sunshine\Downloads\nastran_...
& OneDrive &' model_0017.bdf 1/17/2021 10:44
Click Open, Run or Allow Access on any - - I_nnla e 1.‘1".‘2021 —_— [ Open | [ Cancel |
subsequent windows T 2y o
il Libraries '] model_0019.bdf 1/17/2021 10:44 | _ TR T
. | 5 D' t ’- ; ', :,‘I_I' : —
MSC Nastran will now start 5