Workshop - Machine Learning -
Structural Optimization of a 10 Bar Truss
with MSC Nastran SOL 400

AN MSC NASTRAN MACHINE LEARNING WEB APP TUTORIAL
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Goal: Use Machine Learning for Nonlinear
Response Optimization
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Details of the Structural Model

Example 1 10 Bar Truss (test library problem: deslo.dat)

9144 mm Stress-Strain Curve 9 1 44 mm
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Find: l
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o] < 220MPa = 1,..,10) ¥ 44500 N 44500 N
|8, < 100.0mm (both x and y directions of all nodes)

78.5mm’” < X, < 2826.0mm” (i = 1,...,10) —

MSC Nastran Design Sensitivity and Optimization User’s Guide
Chapter 8 — Special Topics - Optimization of Nonlinear
Structural Responses
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Optimization Problem Statement

(. : h (. - R
Design Variables Design Obijective
Minimize rl: Weight

x1: Area of PROD 1
x2: Area of PROD 2 9 l 44 min
x3: Area of PROD 3 : AL 3 A2 | Design Constraints
X:: ﬁrea 0: EESB? : ) ) r2: Stress, axial, of PROD 1
x5: Area o . .
G P T RO G r3: Stress, axial, of PROD 2
x7: Area of PROD 7 .
x8: Area of PROD 8 A7 A8 A9 AlD E ri1l: Stress, axial, of PROD 10
x9: Area of PROD 9 N
x10: Area of PROD 10 AS A6 o r12: Displacement, x component, of grid 1

' ' r13: Displacement, y component, of grid 1
78.5 < xi < 2826.0 =

B -220<r2,r3, .. r11< 220
A3 A Ad ) -100<r12,r13, ..r19< 100
[ 44500 N 44500 N
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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
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Tutorial Overview

1. Start with a .bdf and .h5 f||e Specia| Topics Covered
2. Use the SOL 200 Web App to: Nonlinear Response Optimization - The existing optimization capability in
. . . MSC Nastran SOL 200 is mostly applicable to the linear solution sequences,
: Conflgure d MaChme Learnmg taSk e.g. SOL 101, 103, 105, etc. Optimization of nonlinear responses, such as
o Design Variables those form SOL 400 or 700, pose many optimization challenges. This
. o example demonstrates the use of machine learning to optimize nonlinear
° Design Objective responses.
° Design Constraints
L . Training Data - The machine learning process utilizes regression models of
N Perform Opt|mlzat|0n the objective and constraints to determine likely optimal locations. Before
the machine learning process begins, the regression models are first
3. PIOt the Optlmlzatlon ReSU ItS constructed by using training data. The training data consists of the

objective and constrained responses at various points, or samples,
throughout the design space. This example uses a Latin Hypercube design
of 50 samples to generate the necessary initial training data.

Questions? Email: christian@ the-engineering-lab.com 7 HEXAGON
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SOL 200 Web App Capabilities

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

Capabilities

PSHELL 1 - Plate
mmmmm PBARL 3 - Hat_Stiffener %0

Web Apps for SOL 200 Beams Viewer Web App

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

Technology Partner
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%*ﬂj b albatross » Downloads » - | 4 | | Search Downloads L |
Organize « Include in library - Share with - Mew folder ==« i a
. I = | Name B Date modified Type
B efO re Sta rt | n g B Desktop This folder is empty.

j. Downloads

Ensure the Downloads directory is empty in “Zl Recent Places @
order to prevent confusion with other files

& OneDrive

- Libraries
Documents
JF Music | o
[ Pictures
‘ Videos

*d Homegroup [ e m b

l 0 itemns
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Go to the User’s
Guide

1. Click on the indicated link

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

The Engineering Lab

SOL 200 Web App

Select a web app to begin

‘!i.__-b

WAAAL
AAAL

LR
- &

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF35 Explorer
Study

o Tutorials and User's Guide

Full list of web apps

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

a1 Machine Learning, Structural Optimization of a 10 Bar Truss
mm

] Al ] AL
I\ ' ' IMachine learning methods are used to optimize a truss structure. MSC MNastran is used to evaluate the FE model.
The design variables are the cross-sectional areas of the rod elements. The objective is to minimize the weight of the
structure while constraining the axial stresses and displacements. Most machine learing examples are lower
dimension problems with 1 to 5 parameters. This tutorial demonstrates a higher dimension scenario with 10

[ I ] 4 M 1
I" parameters.

Obtain Starting A T e ©)
Files OILUTon Hes: Lin

Find the indicated example

Click Link
(===
The starting file has been downloaded GO!LH, » 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
8 Downloads
“Zl Recent Places
7@ OneDrive
E Libraries w ([F4 L - b

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 11

Technology Partner




e T EEEE
%v|l » albatross » Downloads » - | 3 | | Search Downloads pel | -
\—/| .« Dow.. » 1_starting_... - | +4 | | Search 1 star.. P |
Organize « = Open ~ Share with + New folder =~ O 9
<X Favorites S~ Mame = Date modified Type Glgﬂl’iiZE > Include in hblﬂl'_"l' b » 4= - Eil a
M Desktop | 1_starting_files 11/26/202010:37 ... Filefs . Mame -
4 Downloads 1_starting_files.zip Eeeee—— ﬁ Favorites
E—-ﬂ'_ Recent Places L -
i T Ml Desktop E’ deslo_sol_200_entries_removed.dat
nelrive
(2)BtactAl. & Downloads @
-ED;b'aries Edit with Notepad++ & Onelrive
Documents = Open with... E
J Music F “Zl Recent Places
L] L]
. Share with 3
ain Starting e
i Restore previous versions
Vid . .
B iens = Libraries
. Send to »
F | eS & Homegroup - @ Documents [ ]
ooy Jl Music
18 Computer pi
Right click on the zip file Create shortcut =] Pictures
€ Network T —— Delete G i Videos
Select Extract All 1_starting_files.zip Date modified Rename * 4 i 3
by Compressed (zipped) Folder Sizg

Properties 1 item
Click Extract T ] l [

@ Li]] Extract Compressed (Zipped) Folders

The starting files are now available in a
folder

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

Gl

u HEXAGON 12
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7\

@ a @v . » user » Downloads » l_starling_ﬁls( 2) - |"'f | | Search 1_starting_files pol |
r N’

MSC Mastran Organize v New folder ) =~ 0 @
% Favorites Name Date maodified Type
Pl Desktop ||§ deslo_sol_200_entries_removed.dat (3\1!20!202. 955 AM  Notepad++ D
. Downloads ) g
& OneDrive

5| Recent Places

[ Libraries
Create the Bowomers {8
Ji Music
. . [&] Pictures
Starting H5 File B
LAl I | 3
File name: deslo_sol_200_entries_removed.dat - ’]nput Files (*.bdf:*.dat) vl
A starting H5 file must be created. This H5
. . . Open  [w Cancel
file will be used to configure the responses [ [ concel ]
later on.
Double click the MSC Nastran desktop EE!!L!
shortcut %v| . « Dow.. » 1_starting_... - | +y | | Search 1_star.. 2 |
Navigate to the directory named tSCMNASTRAM Input File Organize *  Includein library » > =~ 0 @
1_starting_files — . ; Y .
II::"-.LIsers'&user"\Dl:uwnh:uads"fl_startlng_hIes'&deslD_SDI_EDD_entrles File... | <'r Favorites SITE
Select the indicated file Bl Desktop Q’ deslo_sol_200_entries_removed.dat
O ptional keywaords _H, Downloads Q’ deslo_sol_200_entries_removed.fl4
Click Open & OneDrive '
I E Recent Places E deslo_sol_200_entries_removed.h5 @
Click Run deslo_sol_200_entries_removed.log

The starting H5 file is created

Cancel Clear [ Libraries | | desle_sol_200_entries_removed.sts
) _ Cared | _ G | [ Documents  + < [ ] »
l & items

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 13
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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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Open the
Correct Page

1.

Click on the indicated link

MSC Nastran can perform many
optimization types. The SOL 200 Web
App includes dedicated web apps for the

following:
*  Optimization for SOL 200 (Size,
Topology, Topometry,

Topography, Local Optimization,
Sensitivity Analysis and Global
Optimization)
*  Multi Model Optimization
* Machine Learning
The web app also features the HDF5
Explorer, a web application to extract
results from the H5 file type.

The Engineering Lab

SOL 200 Web App

Select a web app to begin

&
” 1
. S

AAAA

!

]

|

/
Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF35 Explorer
Study

Tutorials and User's Guide

Full list of web apps

Questions? Email: christian@ the-engineering-lab.com (4‘ HEXAGON
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SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download  Resulis Connection  Seftings  Home

Select BDF Files

@ 1. Select files deslo_sol_200_entries_removed.dat

® o

L ]
Select BDF Files
Click Select files m
%ﬂ | b albatross » Downloads » 1_starting_files + [ 42 ||| Search 1_starting_fites A
Select the indicated file
Organize = New folder =~ [ 9
Click Open S¥ Favarites : Name = Date modified Type Size
B Desktop | ] deslo_sol_200_entries_removed.dat ( 2 ) 12/26/202012:21 ...  DAT File 3 KB|
Click Upload files 8 Downloads o/
%] Recent Places
f@ OneDrive
[ Libraries 1
@ Documents
. Jl Music
When starting the procedure, all the [ Pictures
necessary BDF, or DAT, files must be B videos
collected and uploaded together. ==
Relevant INCLUDE files must also be & Homegroup
collected and uploaded.
P 18 Computer -
File name: deslo_sol_200_entries_removed.dat - [Clﬂlﬂm Files (*.bdf;*.dat;*.conf 'l

@[ Open v | Cancel ]

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

Technology Partner




SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Results Connection  Settings  Home

Parameters <

Select Parameters Configure Parameters
Set the following fields as parameters =%
x1: Thickness, field 4, of PROD 1 @
X2. Thickness ﬂeld 4 of PROD 2 $ 1 Jl—2 132 1l_a -5 I_—& 117118 Ill_9 |l_18 | Delete Parameter Status Low ngh Comments
. 2 12 f = \ -
x3: Thickness, field 4, of PROD 2 e s is 0o e o B ~ o i sl
x4: Thickness, field 4, of PROD 2 :i:iE im :_ES — ::’;554 ?:255-99_1'9 b8 B O | s 2826.0 Field 4 of PR
o A R MATS1 1 AL 1 1 208a.
x5: Thickness, field 4, of PROD 2 o - s n - ) — m— P —
x6: Thickness, field 4, of PROD 2 PROD 2 1 .28 9.20 2.e0
PROD 3 1 -=a 0.2 0.e B x O |ms 2826.0 Field 4 of PR
x7: Thickness, field 4, of PROD 2 PROD 4 1 -9@-% a.e0
PRCD 5 ak . .ed 3.ed )
x8: Thickness, field 4, of PROD 2 PROD 6 1 led  0.e0 0.0 B s © |75 Ll L
. . PROD 7 at .ed a.ed 3.ed
x9: Thickness, field 4, of PROD 2 PROD & 1 6 0.c0 0.0 B O |ns 2826.0 Field 4 of PR
5 Tl 4 o PREH) 2 PROD 9 1 e 8.e0  @.e0
X1lUo Inickness, tie ) O PROD 1@ 1 Led  9.e8  0.e0 P :
S . i’ B ~ O |ms 2826.0 Field 4 of PR
. SPC 1 [ 123 8.8
Use the following bounds for all . B =« © |7s 2826.0 Field 4 of PR
parameters a.48 2.8 8.881 288. 8126221508, ENDT
Low: 78.5 B - O | 2826.0 Field 4 of PR
High: 2826.0 B xo O |7ms 2826.0 Field 4 of PR
- J

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 17
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses  Download  Resulls Connection  Seftings  Home

Configure Samples Samples to Run
-

Samples pesin
Latin Hypercube, Repraducible @ v

Configure 50 MSC Nastran runs at different

values for the parameters +Info : Parameters
Click Samples Number of Samples Sample
P Number x1 x2 X3 x4
. . 50 o
Set Design as Latin Hypercube, 1 1389.3 19385 20031 1397
Reproducible 2 15407 1572.9 1157.4 14111
3 1488, 1432 8 2627 1 2104.3
Set Number of Samples as 50
4 21461 3805 15356 735.08
The table contains the 50 samples 5 1597 5 2034, 859 95 21919
The number of table rows to display or the '
. . ‘ 5|10 | 20 30 | 40 | 50
page to view can be controlled with the @ .
indicated controls « 2 3 4 5 6 7T .. 10 =

* Before machine learning can be
performed, a regression model must
be constructed. This section
configures the points that will be used
to generate the training data
(monitored responses) that is used to
train the regression model.

For example, the objective response
from each sample is used to create a
regression model for the objective.

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

1
\_/
Upload .h5 File
@ 1. Select files deslo_sol_200_entries_removed.h5
@ 2. Upload files
Click Responses
Click Select files @@v| |+ albatross » Downloads b 1_starting_files ~ | 42 || Search 1_starting_fites )
Organize = Mew folder =« [0 9
Select the indicated file e * Name ) Date modified Type Size
Pl Desktop ||| deslo_sol_200_entries_removed.h5 1/21/2021 8:03PM  H5 File 196 KB@
Click Open i Downloads
“Zl Recent Places
. . 4@ OneDri
Click Upload files e _
[ Libraries 7
@ Documents
q q q J' Music
* On this page, the H5 file is uploaded to ] Pictures
the web app. B Videos
ﬁ Homegroup
1M Computer 57
File name: deslo_sol_200_entries_remowved.hS - [H5 File (".h3) ']
I Open Iv] [ Cancel ]

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 19
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Adjust the
Column Width

Optional - Use at your liking the buttons at
the top right hand corner to adjust the
width of the left and right columns

SOL 200 Web App - Machine Learning  Parameters  Samples  Responses  Download  Resulis Connection  Settings  Home
( ) < >
Select Responses to Monitor on 1D = . -
P Session 1D- 3710 = View Responses to Monitor
HDF5 -
Monitored Responses W Hide/Show Columns | T Reset Filters
Select Dataset = Acquired Dataset 1l Reset Filters & Download CSV
NODAL/ACCELERATION *|  NODAUGRID WEIGHT -0
NODAL/DISPLACEMEN] SAMPLE DOMAIN ID SUBCASE STEP ANA| Monmtor
NODAL/GRID_WEIGHT - Lower Upper of the FIfy
NODAWELO_CITY_CPLZ Delete Label Status Objective Bound Bound cycle (5Q
SUMMARY/EIGENVALUE
n 1 (] v Lower Upper
\ Z
SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses ~ Download  Resulis Connection  Settings  Home
\ 4 < >
( select R to Monit A
elect mesponses 10 vionitor - e . .
P SEEIRE ST =HoFs | View Responses to Monitor
Select Dataset = Acquired Dataset Wl Reset Filters Monitored sl Hide/Show Columns
e e e s Responses Y Reset Filters
NODALIACCELERATION_CPLX = NOP RN WEICH T T————
NODAL/DISPLACEMENT_CPLX £
NODAL/GRID, WEIGHT SAMPLE DOMAIN_ID SUBCASE STEP ANALYSIS TIME_FREQ_EIGR
NODALWELOCITY_CPLX |
SUMMARY/EIGENVALUE - Im L
. Delete Label Status Objective B
Time, frequency  eig
. o lame of H5 Subcase Step Analysis or real part of
L
ApeCH ERIES File* number number type eigen value ap| n i © M -
0
(D) okl B ) g 8 ) g . 5|10 20 30 | 50 | 100 ‘
Examples: 0, efc. ’
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 20
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SOL 200 Web App - Machine Learning  Parameters ~ Samples  Responses ~ Download  Resulis Connection  Seftings  Home

< >
Select Responses to Monitor . - ] .
P Session ID-7231 = HDFS View Responses to Monitor
Select Dataset = Acquired Dataset Wl Reset Fiters Monitored Responses W Hide/Show Columns | T Reset Filters | & Download CSV
o MNODAL/GRID_WEIGHT -0
ELEMENTALSTRESSROD, NL ) Monitor the response Mot
- D mo s MX Lower Upper of the FINAL design r
| MNODAL/GRID WEIGHT I Delete Label Status Objeciive Bound Bound cycle {SOL 200 only:

@ n r [v] MIN Lower Upper v

Szecihf Entities A e T E|
Select Responses [ 0

. Auto Execute
Select the foIIowmg dataset: 0 [0.26306906...  [1.00,0.10,.| = 0.26306906...

NODAL/GRID_WEIGHT

4 »
Acquire Dataset @

OAcquisilion complete and successful

Select the indicated cell

The newly created Response to Monitor
is listed as r1

Set this response to Objective: MIN

Any cell that includes a single decimal
point can be set as a response to
monitor.

For this example, cells in the MX
column can be selected. Cells in the
MO and S column cannot be selected
because the cells contain bracket
characters ([ and ]).

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

Technology Partner

< >
Select Responses to Monitor SERERI = View Responses to Monitor
HDF5
wly
Monitored Responses sh Hide/Show Columns | T Reset Filters | & Download C8V
Select Dataset = Acquired Dataset Wl Reset Filters
- . Monitor the response
ELEMENTAL/STRESS/ROD L EMENTAL/STRESS/ROD -1,2,3,4,5,6,7,8, 8,10 Lower UPPET of the FINAL design
NODAL/DISPLACEMENT EID A MSA i Delete Label Status  Objective Bound Bound cycle (SOL 200 only)
NODAL/GRID_WEIGHT
: B
i 2
Element ! 5
. - identification Axial Safety il -
Specify Entities number Axial stress Margin*® Total stress
elect E€SPOonNses B« | o [ <] [ || o :
Element identification number (EID) ; =
Examples: 1, 2, 3, efc. 3 @ n r2 ° i 220 220. ~
Select the following dataset: : - a - P o .
Auto Execute ) e E
ELEM ENTAL/STRESS/ROD 1 280.427640. . Se-324 0
n 4 (v] ~ 220 220, v
- 2 563053243 5e-324 0
Select the indicated cells Acquire Dataset , e omerns s . o - B =l = - .
o @Acquisition complete and 4 -84.0714028... 5e-324 1] @
The newly created Response to Monitor cuccessiul B = o v | 20 20 v
T 5 535135181 5e-324 0
is listed as r2-r11 8 - ° v | e 0 v
3 56.3599789. . 5e-324 0
Use the following values to specify the 7 201.026683... Se-324 0 a = [ v | 2o 220 v
constraints 8 -196.942249__ 56324 0
B - o - 220 220 -
Lower Bound: -220. g 120.6986885... ge-324 o
Upper Bound: 220 10 -79.7015753... 5e-324 0 a8 © = = Y
: . —
. R n 1 (] v 220 220. “
————
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 22



Select Responses

Select the following dataset:
NODAL/DISPLACEMENT

Select the indicated cells

Select the indicated cells

Adjust the scroll bar to view the new
responses

The newly created Response to Monitor
is listed as r12-r19

Use the following values to specify the
constraints

Lower Bound: -100.
Upper Bound: 100.

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

Select Responses to Monitor

Download

Session 1D 19

Select Dataset = Acquired Dataset
ELEMENTAL/STRESS/ROD - NODAL/DISPLACEMENT - 1,2, 3, 4, 5,6

|NODAL!DISPLACEMENT B I@ b x M

NODALGRID_WEIGHT

~ . Grid
Specify Entities identifier X component ¥ component
1,2 3,456
Grid identifier {ID) 1 =
Examples: 1, 2, 3, etc. g @ @
4 -
Auto Execute
1 39.6085125... -144.562222
2 -43.3556171... -146.762729. ..
Acquire Dataset
3 374657927 . -55. 7117980
©Acquisition complete and successiul 4 -39.0792886___ -57.8381340.
5 0 0
] 0 0

Z component

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

Settings Settings Output
Procedure
SETTINGS QUTPUT =====
[ Machine Learning ] @ - procedure,n_iter,optimize restarts,nsamples,acquisition_function_objective,ste

machineLearning,5@,18,280,pi,incomplete

4 | »
Advanced Settings
Setting Description Configure
S tt . Bayesian Optimization
e | n gS This is the number of machine learning
- iterations. The total number of MSC Nastran 0
. . = runs is the sum of number of samples and
Click Settings n_iter. (Default = 20)
Acquisition Function
Set Procedure to Machine Learnmg e 2 . Acquisition function to use for the objective = @
acquisition_function_objective Probability of Improvement v
(Default = Expected Improvement)
Set n_iter to 50
Set acquisition_function_objective to
Probability of Improvement
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 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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J = e

@vlj + albatross » Downloads » - | 3 | | Search Downloads P |
Organize * & Open ~ Share with + Mew folder = = [ 0
¢ Favorites Mame ‘ Date modified Type

B Desktop 1 1_starting_files 11/26/2020 10:57 ... File fold¢
& Downloads | 1) 1_starting_files.zip 11/26/2020 10:35 ...  Compre:

%ﬂ Recent Places ||_i|] ran_working_directory.zip 11 /IR 1125 £
f& OneDrive i 1 ) Open

Qpen in new window

= Libraries (2 Extract All...
@ Documents

Jﬁ Edit with Motepad++
Music .
Qpen with...
[ Pictures
I Videce Share with b

Restore previous versions

Start MISC Nastran e .

1% Computer e
Copy
A new .zip file has been downloaded €@ Network T,
Delete

Right click on the file a7 = Rename m

i nastran_working_directory.zip Date modified: 11/26/2 Properties @ |1, Extract Compressed (Zipped) Folders
¥

Compressed (zipped) Folder Size: 112 M

Click Extract All
Select a Destination and Extract Files

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

C:\Users\albatrosshDownloads\nastran_working_directory Browse...

Show extracted files when complete

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

@[ Bxtract | [ Cancel

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 26
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=N R =

" N
b |l « Dow.. » nastran_w.. k - | Search nastran_working directory D |
s~ » g_directon
Sta rt DeSktOp App Organize + Include in library = Share with - Mew folder =~ [ @ Open File - Security Warning @
. Favorites = I'\lllalme Date modified . Do you want to open this file?
1. Inside of the new folder, double click on B Desktop =] model 0042.bdf 1/22/202110:06 AM
Start Desktop App Dok ¥ model_0043.bdf 1/22/2021 10:06 AM Mame: ..astran_working_directory\5tart Desktop App.Ink
= B £ Pl - =] model_0044 bdf 1/22/2021 10:06 AM L Publisher: Unknown Publisher
. ;-_" ECEN aCes -
Click Open, Run or Allow Access on any & OneDi |=| model_0045, bdf 1/22/2021 10:06 AM Type: Shortcut
. neLrve . c
subsequent windows |2 model_0046.bdf 1/22/2021 10:06 AM From: Ch\Users\special-sunshine\Downloads\nastran_..,
=2 |ibrari 8 \='| model_D047 bdf 1/22/2021 10:06 AM 2
1 Ld Lioraries
The Desktop App will now start B0 . =] model_0048.bdf 1/22/2021 10:06 AM O Open | [ Camcel |
= oCcuments
J’F i = model_0049.bdf 1/22/2021 10:06 AM j ] Always ask before opening this file
] Pict \='| model_D050.bdf 1/22/2021 10:06 AM  |=
= Pictures o
One can run the Nastran job on a remote B Videos (711 Start Desktop App @ Sre 2t OGP (g Wnie files from the Intemet can be useful,this il type can
machine as follows: - | 4| 1 [ b \-gj patentially ham your computer. F you do not trust the source, do not
o - = this soft . What's the risk?
1) Copy the BDF files and the INCLUDE files to 54 items OREMTIS softwars. SHsl S e ISt
a remote machine. 2) Run the MSC Nastran l
job on the remote machine. 3) After
completion, copy the BDF, FO6, LOG, H5 files
to the local machine. 4) Click “Start Desktop .
App” to display the results. B8 MSC MNastran V2018.2 (model) = R =

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?

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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Machine
Learning Results

During execution of the Desktop App, you
will get a progress update regarding the
best feasible design

SOL 200 Web App - Machine Learning Results

Home

Session 1D: [ In progress
60629
Upload .csv File
CSV Import
Best Valid Value

1.3

1.2
Q
J
S
o

g 11
n
1]
M

1

0.9

1 2 3 4 5 6 7 8 a9 10 11 12 13
Number of Function Evaluations
HEXAGON 29
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Machine
Learning Results

After the process is complete, you will be
asked to start the HDF5 Explorer. You can
click Skip to skip opening the HDF5

Explorer.

# MSC Nastran SOL 200 Web App Alert (o= |[=]

Multiple HDF5(.h5] files have been found.

1] Select a file

2) Select sirmilar files
QK - model.hS, model_0000.h5, model_0001.h5
OK - nk098.h5
MOT OK - nk098.h5, model_0000.h5, model_0001.h5

3) Click Continue to start the HDFS Explorer or
click Skip to ignore this step

i
maodel_0002.h5
maodel_0003.h5
maodel_0004.h5

maodel_0005.h5
maodel_0006.h5
maodel_0007.h5
maodel_0008.h5
maodel_0009.h5
maodel_0010.h5 -

Continue | Skip

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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SOL 200 Web App - Machine Learning Results Home

Machine S —
Learning Results

I1D: 83016 successfully

Upload .csv File

The entire process consists of 2 phases. CSV Import

Phase A — Initial Training Data
Acquisition | JREEMRT = a tmp best valid value.csv m

This phase involves evaluating the

FE model at different sampling .

points and recovering the Best Valid Value
monitored responses for the
objective and constraints. The
recovered monitored responses
are referred to as training data.

This training data is used to train 2

the regression model at the start of
phase B, the machine learning
phase.

1.2

1.1
Phase B — Machine Learning

5 1 Phase B
. . . i3]
This phase involves the machine = Machine Learning
learning process. The regression % 09
models for the objective and §
constraints are used to determine . —
the next sample point to evaluate.
|
After each sample evaluated, the 0.7 . Pha.se' A :
regression models are updated with Initial Training Data :
the latest training data. 0.6 Acquisition i
|
Thi le was initially configured f ’2 |
is example was initially configured for a 0 . 20 0 . . - 20 - 10

50 sample Latin Hypercube design. After
the initial training data was required,
machine learning was executed for 50 runs.
A total of 100 runs were performed. u

Number of Function Evaluations

HEXAGON 31
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SOL 200 Web App - Machine Learning Results Home

Session Completed
I1D: 83016 successfully

Upload .csv File

CSV Import

I\/I a C h | n e a_tmp_best_valid_value csv m
Learning Results EENCIAE

* |mportant! The machine learning
process involves some randomization
of data. A consequence of this
randomization is that the number of

Each drop in the Best Valid Value (BVV)
indicates a better feasible design has been
obtained. For example, the machine

I
|
|
learning process evaluates samples 69, 70 12 : . .
and 71 but the BVV is flat, indicating a : LSS SIS e feie A MU e el
better design has NOT been found. After 2 : may vary. For example, when you
sample 72 is evaluated, a better feasible . ! perform this example, you may obtain
fiesriwgn has been found, indicated by a drop o ! the optimum after a total of 70 runs,
in the BVV. ,—E 1 ! 83 runs, 95 runs, or some other
= I number of runs.
S 09 :
| g 1
0.7 :
|
Refer to the appendix for more e :
explanation of the BVV. :
1
0.5

10 20 30 40 50 60 70 20 El 100

Number of Function Evaluations
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Status

N\

L
THE LATEST OPTIMAL SOLUTION 15! SAMPLE # 92 (MIN),I SAMPLE # 42 (MAX)
OBIECTIVE = 5.1 = T, E+8 (MAX)

MAXIMUM CONSTRAIMT VALUE = -8.1962E-2, -7.9325E-1 (FEASIBLE DESIGNS)

Objective for Each Sample

Machine
Learning Results

A bar chart displays the objective value

1]
after each sample. A green colored bar 2
. . . . . L
indicates the constraints are satisfied for 2
that sample. A gray colored bar indicates (s
the constraints are NOT satisfied for that
sample.
The Status message indicates sample 92 is
different. SEZ2S5EE8222CCC 0SS CCECEFEEREEC5522:225E8252255823225232283¢%
e e T e L e e T e N R R L W I (R e B W R I e e e T I S [ U [ R o R ¥ I B [ [ Cn |
Sample
Click 10 to display 10 rows in the table. Data for Each Sample
Item Sample 0001 Sample 0002 Sample 0003 Sample 0004 Sample 0005 Sample 0006 Sample 0007 Sample 0008 Sample 0009 Sa
Important! The machine learning Extrema (Max/Min)
process involves some randomization Objective 1.3369E+0 1.1688E+0 1.3359E+0 1.0667E+0 1.3968E+0 8.09552E-1 1.3836E+0 1.2501E+0 1.2673E+0 12
Of data' A Consequence Of thls MNormalized Constraint -7.3836E-1 -§.2325E-1 -7.2014E-1 -5.5561E-1 -5.09428E-1 -4 1216E-1 -7.3048E-1 -7.2133E-1 -2.4435E-1 -1.8
randomization is that the number of
. . X1 1.3893E+3 1.5407E+3 1.4530E+3 0.1461E+2 1.5975E+3 1.1944E+3 1.6273E+3 14271E+3 4 1338E+2 73
samples needed to obtain the optimum
x2 1.0335E+3 1.5720E+3 1.4328E+3 0.8050E+2 2.0340E+3 1.14H1E+3 1.9546E+3 §.8583E+2 2.2972E+3 52
may vary. For example, when you
X3 2.0031E+3 1.15T4E+3 2.62T1E+3 1.5356E+3 B.6225E+2 6.396TE+2 21268E+3 @E+3 1.6599E+3 4.4

perform this example, you may obtain

the optimum after a total of 70 runs,
83 runs, 95 runs, or some other ¢ 2|3]>* 10 o 30 40 50

number of runs.
Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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SOL 200 Web App - Machine Learning Results Home

Ohbije

e e [ e N e . = JO e o Y e D O e [ e e Y e Y e B O e [ e e [ e N e S J e R e e [ e s [ e O e Y e O e I = R e [ s e [ e R e B e I e I = O e [ e e Y e O e B O = [ e e [ e
o oo oo o oo oo o oo o o0 oo oo oo oo o0 o000 o0 o000 oo oo oo oo oo oo o0ooooog
o O o0 O 0O = —= = = — P OROR R R WD W W W kR R R [ T I B T T e R T T e S o o e e s N s (O =3 JO = S % S SO s (O s s N Vs
= W N ~ WO = WU~ W = w0 = WU~ D= W~ D= W D= W WO = W W0 = W WD = W~ D
@ Sample
I\/I h . Data for Each Sample
dacnine ( ‘
ltem 091 Sample 0092 Sample 0093 Sample 0094 Sample 0095 Sample 0096 Sample 0097 Sample 0098 Sample 0099 Sample 0100
L]
Learning Results
Objsctive 0 5.1130E-1 1.1649E+0 §.0674E-1 17001E+D 1.0347E+D 1.1627E+D 1.0962E+0 1.1925E+0 1.4213E+0
Use the horizontal bar to locate sample 92 _ _
in the table Normalized Constraint -1 -5.1962E-2 -4 D695E-1 -2.3263E-2 -7 5743E-1 -4 4317E-1 -4 475TE-1 -3.0209E-1 3.2400E-1 -7.2265E-1
X1 3 4.3220E+2 1.6624E+3 26706E+2 2.3264E+3 2.3350E+3 6.7353E+2 3.1907E+2 5.0395E+2 27617E+3
The column displays sample 92’s objective,
max normalized constraint and parameter x2 3 1.0835E+3 2.0306E+3 1.4003E+3 4.4470E+2 1.3272E+3 1.2498E+3 1.5463E+3 2 460TE+3 §.0749E+2
values
X3 3 4.5351E+2 0.2647E+2 1.3330E+3 1.5161E+3 1.8653E+3 2.3104E+3 2.4021E+3 1.4302E+2 2 AOIRE+3
X4 2 10385642 15154E+3 1.0051E+2 2.8034E+3 20713E+2 18135E+3 2. 228TE+3 4 G1B5E+2 2.0007E+3
X5 2 16937E+3 1.2410E+3 4.3725E+2 27434E+3 2EETAE+3 461412 7ATB2E+2 2.4205E+3 2.2135E+3
| . . X6 3 5.2754E+2 27O06E+3 5.7306E+2 1.5325E+3 T0263E+2 2.3077E+3 1.4501E+3 1.0277E+3 26854E+3
Important! The machine learning
process involves some randomization X7 3 6.6536E+2 1.1000E+3 3.HITOE+2 1.0908E+3 7.3025E+2 4.4721E+2 2.2023E+3 12633E+3 2.2140E+3
of data. A consequence of this —
randomization is that the number of
samples needed to obtain the optimum
may vary. For example, when you 1
perform this example, you may obtain . ,

the optimum after a total of 70 runs,
83 runs, 95 runs, or some other

Technology Partner

number of runs.
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Appendix Contents

What is the Best Valid Value?

How to import and edit previous files
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What is the Best
Valid Value
(BVV)?

The Best Valid Value (BVV) is the best objective
value of all previously evaluated feasible
samples.

Consider samples 7-11. Out of samples 7-
11, sample 7 is the best feasible design
because its objective value is the lowest
and the sample is a feasible design.

The BVV plot shows a flat line for
samples 8,9, 10 and 11 because a
better feasible design has NOT been
found.

Now consider samples 7-12. Samples 12 is
now the best feasible design, the objective
value of sample 12 is now less than sample
7.

The BVV plot is updated to reflect
the new best design.

Objective for Each Sample Best Valid Value

Objective for Each Sample

Best Valid Value

4.5

4,5 Max
Max
15 N
4 @
o N 3
3 z :
> > o 2
= o 2, g 35
[5] = 0 =
o S 35 o o
5 7 -
& L
. =
3
0 0007 0008 0009 0010 0011 0012
1] 7 g 9 10 11 12
0007 0008 0009 0010 0011
7 g 9 10 11
Samples 7-11 Samples 7-12
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How to import and edit
orevious files




How to import and edit previous files

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

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

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

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 41
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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

@ 2. Upload files

m

N\
%'|h b albatross » Downloads » nastran_working_directory » (2)
Nt

Import

Click Select Files

- | "fl | Search nastran_working_direct... 2 |

Navigate to the folder named St o @
nastran_working_directory Yt Favorites My Wmmc Dt modkbcd Type T =
B Desktop 1 app 1/22/2021 10:06 AM  File folder H
Select all the BDF files AND the app.config 8 Downloads 1) temp_files 900 1/22/2021 10:29 AM  File folder
file. 5l Recent Places ||| app.config 1/22/2021 10:26 AM  CONFIG File 59 KB|
#@& OneDrive | ] model.bdf 1/22/2021 10:06 AM  BDF File 4KB|
Click Open _| | 2] model 0001.bdf 1/22/2021 10:08 AM  BDF File 1KB|
= Libraries | ] model 0002.bdf 1/22/2021 10:08 AM  BDF File 1KB|
cli : Decuments | || model 0003.bdf 1/22/2021 10:08 AM  EDF File 1KB|
ick Upload files , ;
@ Music | =] model_0004.bdf 1/22/2021 10:08 AM  BDF File 1KB|
[ Pictures | & model_0005.bdf 1/22/2021 10:08 AM  EDF File 1kB|
B2 videos | ] model 0006.bdf 1/22/2021 10:08 AM  BDF File 1KB|
| ] model 0007.bdf 1/22/2021 10:08 AM  BDF File 1KB|
& Homegroup | || model 0008.bdf 1/22/2021 10:08 AM  BDF File 1kB|
All imports require the app.config file to | [#] model 0009.bdf 1/22/2021 10:08 AM _ BDF File 1KB|
be selected. 18 Computer v | |Eﬂ model_0010.bdf 1/22/2021 10:09 AM  BDF File i KBl &7

File name: "model 0100.bdf" "app.config” "model.bdf” "madel 0001 bdf" “model 0002bdf’ "model 01 » | Custom Files (*.bdf;* dat;".conf ~ |

@[ Open [+] | Cancel ]

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

For the Response section, the H5 file will need
to be re-uploaded.

Click Responses

Select the H5 file
Click Upload

Data from the H5 is loaded and ready to
use

SOL 200 Web App - Machine Learning Parameters  Samples  Responses

O

Upload .h5 File

@ AR=TECWRiC deslo sol 200 entries_removed.
@ 2. Upload files

Download Results

Connection Settings Home

< ?
View Responses to Monitor
=
Monitored Responses Wi Hide/Show Columns | T Reset Filters
& Download CSV
Monitor
the

SOL 200 Web App - Machine Learning  Parameiers ~ Samples  Responses
Select Responses to Monitor Session 1D: 2340 =
HDF5

Select Dataset

Acquired Dataset Wl Reset Filters

ELEMENTAL/STRES “ ELEMENTAL/STRESS/ROD - 1,2, 3,4, 5,6,7,8 9,10

ELEMENTAL/STRES

Download Results Connection Settings Home

View Responses to Monitor
=

Wi Hide/Show Columns | ¥ Reset Filters
& Download CSV

Monitored Responses

Technology Partner

EID A MSA
NODAL/DISPLACEM Lower Upper
NODAL/GRID_WEIG Delete  Label  Status Objective  Bound Bound
1 -
Element 12
. o identification Axial Safety r3
Specify Entities number Axial stress Margin® ",
1,2,3,4,5,6,7,8 9,10
0 1 . n r (] MIN  » Lower Upper
Examples: 1, 2, 3, efc. g
4 @ n r2 (] v -220. 220.
Auto Execute
1 280.427640_ 5e-324 n 3 o w| || 220 220,
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 43




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%
2. Upload files
Import
Select Parameters Configure Parameters
After import, any Parameter, Samples or -
Responses can be modified.
$ 1 112 I3 14 1.5 -6 117 118 115 1l_18 | Delete Parameter Status Low High Comments
B « O 75 2826.0 Field 4 of Pl
FORCE 388 2 4.45E4 8.8 -1.8 8.8
FORCE 3ed 4 4.45E4 8.8 -1.8 2.8 n X7 0 785 28780 Field 4 of PI
MATL 1 2.5 8.2 8.3  7.86E-09
MATST 1 1 PLASTIC 1 1 200.
- ql b A Ee B « O | 785 2826.0 Field 4 of Pl
PROD 2 1 8. B.e@ 9.e8
PROD 3 1 e. B.e8  9.e0 B « © | 75 2826.0 Field 4 of Pl
PROD 4 1 8. a.e@ 2.20
PROD 5 1 2. 8.¢0  0.e0 _
oy = ] " oo 5o B O 735 2826.0 Field 4 of P
PROD 7 1 8. B.e@ 9.e8
PROD B 1 0. B.e8  0.e0 B © | 785 2826.0 Field 4 of PI
PROD 9 1 8. B.e@ 9.28
PROD 1a 1 a.e@ 2.20 .
S . e B <« O 735 2826.0 Field 4 of P
SPC 1 ) 123 8.8
AL @ u X8 o 755 28260 Field 4 of PI
2.8 8.8 B8.881 208, .8126221588. ENDT
B « O 75 2826.0 Field 4 of Pl
B xo ¢ | 75 2826.0 Field 4 of Pl
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