Workshop - Parameter
Study of a Twenty-Five
Bar Truss

AN MSC NASTRAN SOL 200 TUTORIAL




Before Starting

This example is a continuation of a previous example titled: Workshop - Optimizing for Buckling -
Twenty-Five Bar Truss

This example requires MSC Nastran 2018 or newer.

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

"' Technology Partner



Design Objective

Optimization Problem

Design Constraints

f ta t e m e n t rl: Axial stress of elements related to PROD 1

r8: Axial stress of elements related to PROD 8

-40,000<r1, ... r8 < 40,000

N Node/GRID 1 Node/GRID 2
. . r9: x, y component of displacement at nodes 1
Design Variables mes PROD 1 - Truss_Member-Type-l | .
12 B PROD 2 - Truss_Member-Type-2
yi o > A, = ny of PROD 1 PROD 3 - Truss_Member-Type-3 -35<r9<.35
10 B PROD 4 - Truss_Member-Type-4
B PROD 5 - Truss_Member-Type-5 . . .
PROD 6 - Truss_Member-Type-6 Design Constraints, Equation
BN PROD 7 - Truss_Member-Type-7
—7.69 - ri - Li?
== pROD 8 - Truss_Member-Type-8 Ri=F—— ™ <10
m y8? TSR0 2 S
y8 > Ag = of PROD 8 CETTY
1 rl 75. yl
1.0<yi<8.
2 r2 130.5 y2
3 3 106.8 3
Allowed values for design variables: .1, .5, 1.0, ' !
2.0, ... 100. 4 r4 75. va4
5 r5 75. y5
6 r6 181.14  y6
g 7 r7 181.14 y7
8 r8 133.46 vy8
- J - J

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
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Tutorial Overview

1. Start with a .bdf or .dat file

2. Use the SOL 200 Web App to:
° Configure Parameter Study

° Perform parameter study with Nastran SOL
200

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



The Post-processor Web App and HDF5 Explorer
are free to MSC Nastran users.

SOL 200 Web App Capabilities

Compatibility Benefits

* Google Chrome, Mozilla Firefox or Microsoft Edge ¢ Installable on a company laptop, workstation or * REAL TIME error detection. 200+  * Web browser accessible

* Windows and Red Hat Linux server. All data remains within your company.

D

error validations. * Free Post-processor web apps

e REALT TIME creation of bulk data ¢ +80 tutorials

Web Apps

entries.

PSHELL 1 - Plate
mmmmm PBARL 3- Hat_Stiffener

Web Apps for MSC Nastran SOL 200 Ply Shape Optimization Web App

Pre/post for MSC Nastran SOL 200.
Support for size, topology, topometry,

topography, multi-model optimization.

i S
LI5S
REE T e

SEIX

Shape Optimization Web App
Use a web application to configure
and perform shape optimization.

Questions? Email

Machine Learning Web App
Bayesian Optimization for nonlinear
response optimization (SOL 400)

Input Files
(BOF. DAT, etc.}

Local System
Windows
et eromser)

Result Files
(LOG, F06, OP2, etc.)

Remote System

Remote Execution Web App

Run MSC Nastran jobs on remote
Linux or Windows systems available
on the local network

: christian@ the-engineering-lab.com

PBMSECT Web App

Generate PBMSECT and PBRSECT

entries graphically

P(f)/A

Dynamic Loads Web App
Generate RLOAD1, RLOAD2 and
DLOAD entries graphically

L{; HEXAGON

Optimize composite ply drop-off
locations, and generate new
PCOMPG entries

Stacking Sequence Web App
Optimize the stacking sequence of
composite laminate plies

Post-processor Web App
View MSC Nastran results in a web
browser on Windows and Linux

M- Pasbcpaton Factor - mogrtde part

ME_FREQ_EGR - Trme, it of egen vave

HDF5 Explorer Web App
Create graphs (XY plots) using data
from the H5 file




%*ﬂj b albatross » Downloads » - | 4 | | Search Downloads L |

Organize « Include in library - Share with - Mew folder ==« i a

~

Mame Date modified Type

-

‘i':r Favaorites
Bl Desktop

Before Starting R

Ensure the Downloads directory is ‘2l Recent Places @
empty in order to prevent confusion f& OneDrive
with other files

This folder is empty.

- Libraries
Documents
JF Music | o
[ Pictures
‘ Videos

Throughout this workshop, you will be
working with multiple file types and

directories such as: 0 items
* .bdf/.dat h
* nastran_working_directory
* .f06, .log, .pch, .h5, etc.

To minimize confusion with files and

folders, it is encouraged to start with a
clean directory.

*d Homegroup [ e m b

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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Go to the User’s
Guide

1. Click on the indicated link

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

The Engineering Lab

SOL 200 Web App

Select a web app to begin

< -
< =
< =
= =
- = .

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF5 Explorer
Study

o Tutorials and User's Guide

Full list of web apps

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

Find the indicated example

Click Link

The starting file has been downloaded

* When starting the procedure, all the
necessary BDF files must be collected
together.

. @ Parameter Study

:'_ T This tutorial details the use of MSC Nastran SOL 200 to perform a
' "parameter study.”

_ |- What is a parameter study?

A common engineering technique is to try different structural
configurations, for example, changing structural dimensions, and review
the impact on structural resposnes such as displacements and stresses.
Dozens, possibly hundreds of structural configurations would ideally be
evaluated. This is termed "parameter study.” MSC Nastran SOL 200
includes a capability to automatically generate multiple structural
configurations and perform static or dynamic analyses. The outcome are
results from multiple structural configurations that can be compared.

Starting BDF Files: Llnk
Solution BDF F||5-5 @

v|j. » albatross » Downloads » - | g | | Search Downloads P |

Organize * Include in library « Share with + Slide show MNew folder ==« O 0

-y
*  Name Date

T} Favorites /-\
B Desktop | LiIJ solution_dsougB.zip @ 1/29/2018 3:37 PM
. Downloads
"Ll Recent Places
f& OneDrive

[ Libraries

@ Documents

J' Music

[&5] Pictures

i Videos
I 1 item

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

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

[E=mE=n

@vLﬂ v albatross » Downloads » - | +y | | Search Downloads Fel |
Organize * = Open ~ Share with + Mew folder =~ [ 9
'i:’ Bt MName . Date modified

Bl Desktop . solution_dsougs . 2/25/2018 2:59 F
@ Downloads |1 solution_dsoug8.zip ( 1\ EETe——
?_:-7'_ Recent Places &= [ |
B OniDie Open in new window
Extract All...
il Libraries 2 Edit with Notepad-++
@ Dacuments Open with...
J’ Music
] Pictures Share with 3
‘ Vidooe Restore previous versions
Send to *
+&) Homegroup o
. Computer Copy
Create shortcut
f! Network Delete
< 10, Rename
solution_dsougg.zip Date modified: 2/25/2018 2: .
i » Compressed (zipped) Folder Size: 2.70 KB PropiE=

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

(jOvl Ju « Dow... » solution... - | 4 | |V
Organize = Include in library =  » Bz
‘]','}( Favorites | Name

Bl Desktop || design_model.bdf
_i, Downloads @ model bdf

"5l Recent Places El model.f& @
f& OneDrive

m

3 Libraries
@ Documents
JF Music
[ Pictures
i Videos

m

@ 1) Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

C:\Users\special-sunshine\Downloads\solution_dsoug8

Show extracted files when complete

Browse...

O ——

.4 HEXAGON
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The Engineering Lab

Open the SOL 200 Web App
CorreCt Page Select a web app to begin

1. Click on the indicated link

< -
< =
< =
= =
- = .

Sy

-~~ ’—-
*  MSC Nastran can perform many
optimization types. The SOL 200 Web
App includes dedicated web apps for the
following:

*  Optimization for SOL 200 (Size,
Topology, Topometry,
Topography, Local Optimization,
Sensitivity Analysis and Global
Optimization) Full list of web apps

*  Multi Model Optimization

* Machine Learning

* The web app also features the HDF5
Explorer, a web application to extract
results from the H5 file type.

Optimization for SOL 200 Multi Model Optimization Machine Learning | Parameter HDF5 Explorer Viewer
Study

Tutorials and User's Guide

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

@ RN 2 files selected

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
model.bdf and design_model.bdf

(O List of Selected Files
Click Upload Files

The process starts by uploading all the
necessary BDF files. The BDF files can
be files of your own or files found in
the Tutorials section of the User’s
Guide.

Technology Partner

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



S0L 200 Web App - Optimization Upload Variables Objective Constraints Subcases Exporter Results Settings Match Other User's Guide Home

Gy .

Optimization Settings BDF Qutput - Design Model
Parameter - Description = Configure - s i et e
Search Search Search i”r ) S
APRCOD Approximation method to be used O | 2-Mixed Method A4 ;mm Ll = = 2 o
CONVA Relative criterion to detect convergence O | Enter a positive real number
. CONV2 Absolute criterion to detect convergence O | Enter a positive real number
C O n fl g u re DELX Fractional change allowed in each design variable during any optimization cycle [ | Enter a positive real number
. DESMAX Maximum number of design cycles to be performed 1
S ett I n g S DISBEG Design cycle number for discrete variable processing initiation O | Enter a positive integer
GMAX Maximum constraint violation allowed at the converged optimum O | Entera positive real number
Click Settin gs P Print items, e g_ objective, design variables, at every n-th design cycle to the 06 file 1
P2 Items to be printed fo the .fOE file 15 - Print objective, desion varish
Mark the checkbox for “Perform Parameter TCHECK  Topology Checkerboarding Sl R
Study”
TDMIN Minimum diameter of members in topology optimization O | Enter a positive real number
TREGION Trust Region O 1 - Trust Region On )
Global Optimization involves 3 steps: 5[w]=]=]o 5]
* Create multiple Samples. Each Optimization Type
sample has different initial values
for design variables. () Perform Local Optimization
A local optimization is performed SE::Z: zi:;:'g':t::j;
for each sample. D) Perform Global Optimization Type 2
The global optimum is the best out Perorm Pafame“-"swdv@ Optimization Type
of all the local optimizations.
Parameter Study involves 2 steps:
* Create multiple Samples. Each () Perform Local Optimization
sample has different initial values () Perform Sensitivity Analysis
for design variables. () Perform Global Optimization
An analysis is performed for each (J Perform Global Optimization Type 2
sample. The goal is to just @ Perform Parameter Study
determine the objective and
constraints. A local optimization is
not performed. Questions? Email: christian@ the-engineering-lab.com u HEXAGON 14
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SOL 200 Web App - Optimization Upload  Varables  Objective  Constraints  Subcases Exporter  Results

Size Topology Topometry ~ Topography C

@Step 4 - Adjust design variables

+ Options
p = Create Variable

Lower Upper
U d t D . Label = Status Initial Value Bound Bound Allowed Discrete Values
p a e e S I g n Search Search
Va rl a b | eS u ¥ (] 252 (10 8. Y | 1 510, THRU, 100, BY, 1.0
Go to the Variables section B » © 22 o = 1. 5,1.0,THRU, 100, BY, 1.0
. 9 3
scroll to section Step 4 - Adjust B8 () 252 1.0 8. 1, 5,1.0, THRU, 100., BY, 1.0
Variables
8 - () 252 10 8. 1, 5,1.0, THRU, 100., BY, 1.0
Click 10 on the bar to show 10 rows g - o - . . iy i sy s
¥ . . - Q| ey, 5 .. BY, 1.
Set the lower bound to 1.0. Set the g - o - . . o TiRU 0 BV 1o
upper bound to 8.0 : : SR [ — R
B8 () 252 10 8 4, 5.1.0, THRU, 100., BY, 1.0
The bounds on the design variables B8 - © 252 L 10 8. J | | 510, THRU, 100, BY, 1.0

must be updated. When performing a

Parameter Study; it is best to specify @ 5 20 | 30 40 50

bounds that are close to the initial

values. For example, before, the
bounds were .01 < y1 < 100. The new
bounds are 1.0 < y1 < 8.0.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 15
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SOL 200 Web App - Optimization ~ Upload  Variables  Objective  Constrainis  Subcases  Exporter  Resulis Settings ~ Match ~ Other  User's Guide  Home

< >

BDF Output - Model BDF QOutput - Design Model

3
ID MSC DSOUGS § v2eed ehj 25-Jun-2ee3 $* :
TIME 1e 5% Design Model =
soL 288 5= =

CEND
$
TITLE = OPTIMAL SIZING OF A 25-BAR TRUSS - DSOUGE $ Design varisbles - Type 1
SUBTITLE = EIGHT INDEPENDENT ROD DIAMETERS .

ECHO = NONE $
O OLOAD = ALL 5
DISP = ALL $
SPCFORCE = ALL
ELFORCE = ALL -3
STRESS = ALL $
RO = 108
DESOBI(MIN) = Seeeses $
$ DESGLE Slot 5
Click on Expo rter § DSAPRT(FORMATTED, EXPORT, END=SENS) = ALL
SUBCASE 1 5 Design Variables - Type 2
ANALYSTS = STATICS Cresssssoscsssccmmsssosssssssssssscccscossssssssssssscscssecsssossssssssssmees
DESSUB = 42000201 5
Q Q $ DRSPAN slot $
C||Ck on Download BDF F| Ies LABEL = LOAD CONDITION 1 DVPREL2 2008001 PROD 1 A .01 seel
LOAD = 308 DESVAR 200201
SUBCASE 2 DVPREL2 2000002 PROD 2 A .01 seaz
ANALYSTS = STATICS DESVAR 200802
DESSUE = 48928801 DVPREL2 2006083 PROD 3 A .01 EECE]
$ DRSPAN slot DESVAR 280003
LABEL = LOAD CONDITION 2 h DVPREL2 2008084 PROD 4 A .01 sees
DESVAR 200204
DVPREL2 2008005 PROD 5 A .01 sees
Download BDF Files pesizJooneas
DVPREL2 2006085 PROD & A .01 sees
DESVAR 200006

DVPREL2 2000007 PROD 7 A .82l see7

" DESVAR 200087
& Download BDF Files @ DVPREL2 2000882 PROD & A 881 sees

DESVAR 200088
3

3
DEQATN 5eel
B(y1) =
3.14 * v1*%2 [ 10.8

When the download button is clicked T
a new file named

“nastran_working_directory” is

downloaded. If the file already exists

in your local folder, the folder name is

appended with a number, e.g.

“nastran_working_directory (1).zip”

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 16
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%vL‘ » albatross » Downloads » - | 4y | | Search Downloads R |
Organize » = Open ~ Share with New folder =~ 0 @
¥ Favorites Mame & Date modified Type
B Desktop ILiIJ nastran_working_directory.zi| ress
i. Downloads Open
(?;9: Recent Places Open in new window
e r O r I I I e #& OneDrive Extract All...
Edit with Notepad++
L) L) L] e "
(7 Libraries Open with...
plimization 5 oocumens
J’ Musi Share with »
usic
o &) Pictures Restore previous versions
with Nastran SOL 8 v :
Cut
& Homegroup
Copy
1M Computer Create shorbcut
. . Delete
A new .zip file has been downloaded G Network Rename
< | I 3
> 3 5 o 4 Properties
; ; : nastran_working_directory.zip Date modified: 2/25/2 q
nght CIICk el the flle i-- Compressed (zipped) Folder Size: 114 bytes

@ 1, Extract Compressed (Zipped) Folders

Click Extract All
Select a Destination and Extract Files

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

special-sunshine' Downloads\nastran_working_dire Browse...

Show extracted files when complete

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

@[ Bdract | [ Cancel

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 17
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Perform the ==l

OO = | .. « Downl.. » nastran_waorking_directory » - | L | | Search nastran_working_dir.. 2 |
O ptl I I l Izatl O n Wlth Organize » Include in library » Share with = Mew folder B= = [l @ 'DPEI': File - SECIII_I‘I}I' Waming
N aSt ra n SO I_ ZOO X Favarites * Name Date modified Type . -
M Deskiop . app 2/24/20018 15T PM File folder Do you want to open this file?
& Downloads = design_medel.bdf 2/24/2018 1:57 PM BDF File . .
Inside of the new folder, double click on %] Recent Places 2] model.bdf 2/24/20181:57PM  BDF File e TR T T T T L [T TS
Start MSC Nastran % OneDrive 0] Start MSC Nastran @ 2/24/2018 155TPM  Shortcut - Fublisher: Unknown Publisher
Type: Shortcut
. . . . .
Clle Open, Run or A”OW ACCGSS on any ﬁng::j:nents I Fram: Ch\Users\special-sunshing\Downloads\nastran_...
subsequent windows : i
(o] ) I'V-Iusm @ [ Open ] [ Cancel ]
[ Pictures
H Vid
MSC Nastran will now start B Videos [7] Always ask before opening this file
*@) Homegroup
o . 2 While files from the Intemet can be useful, this file type can
After a successful optimization, the results will B Computer I\_ﬁ potentially harm your computer. Fyou da not trust the source, do not
- -

be automatically displayed as long as the
following files are present: BDF, FO6 and LOG.
One can run the Nastran job on a remote
machine as follows: _
1) Copy the BDF files and the INCLUDE files to .

a remote machine. 2) Run the MSC Nastran i

job on the remote machine. 3) After EX MSC Mastran V2018.2 (model] E
completion, copy the BDF, FO6, LOG, H5 files
to the local machine. 4) Click “Start MSC
Nastran” to display the results.

. open this software. What's the risk?

€ Network 2| < 1L [

) 4 items

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

Thizs keyword iz not available on thiz platform.
MEC Hastran U2818.2 <(Intel Windows 7 Professional 6.1 7661> Sun Jul 18 14:38:37
2821

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

Using Linux?

Follow these instructions:

1) Open Terminal

2) Navigate to the nastran_working_directory
cd ./nastran_working_directory

3) Use this command to start the process
./Start_MSC_Nastran.sh

xxx USER IMFORMATION MESSAGE {pgm: nastran. fn: estimate_job_requirementsl

Eztimated memory=2048 .5MB
Estimated bpool=512.1MB
MS5C Mastran beginning job model.
MEC Nastran started c:wmsc.softwaresmsc_nastran~Z28182 msc2Bl82*winb4iB~mzcdate

In some instances, execute permission must be
granted to the directory. Use this command. This
command assumes you are one folder level up.

sudo chmod -R u+x ./nastran_working_directory Questions? Email: christian@ the-engineering-lab.com (4 J HEXAGON 18
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SOL 200 Web App - Status

* Python & |\|SC Nastran

Stat usS Status

While MSC Nastran is running, a status

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

maodel bdf Running None

The status of the MSC Nastran job is
reported on the Status page. Note that
Windows 7 users will experience a
delay in the status updates. All other
users of Windows 10 and Red Hat
Linux will see immediate status
updates.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 19
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Review O ptl mization SOL 200 Web App - Parameter Study Results Home
Results

Obijective for Each Sample

After MSC Nastran is successfully complete, B Feasivle
the results will be automatically uploaded. M infeasible
. . . Max
For each sample the‘ obJect.lve, normalized 4000 —_—"
constraints, and design variables are
displayed in a bar chart and table. oo~ o
3000 0001
i oooz2
The select box can be used to display 2 @ gﬁ
specific samples. £ 2000 e @
[] 0oos
. . 0oo7
Bars that are colored gray indicate the - o008 .
design is infeasible (Not all design 0009 é
constraints are satisfied)
+ Options

0

0000 0001 0002 0003 OO0O4 0005 OOO6 OOO7 OQOOB 0009 Q010 0O11 0QO12 0OO13 0014 Q015> 0016 0017

Bars that are green indicate the design

is feasible (All design constraints are sample
satisfied) Data for Each Sample
Item Sample 0000 Sample 0001 Sample 0002 Sample 0003 Sample 0004 Sample 0005 Sample 0006 Sample 0007 Sample 0008
Recall Parameter Study involves 2 steps: Extrema (Max/Min) Max
y Create mUItIple Samples' EaCh Objective 6.594656E+02 | 4.056496E+03 @ 1.872572E+03 | 1.958464E+03 | 2.937953E+03 | 2.2408382E+03 | 2.3843099E+03 1.872921E+03 @ 2.178409E+03
sample has different initial values
Of values MNormalized Constraint 1.827233E+00 | N/A 9. 484511E-01 1.126303E+00  -1.867295E-02 | 9.358214E-04 2 847197E-01 G 2616586E-01 3.244243E-01
An analysis is performed fOI’ each Y1 2 5200E+00 6.2500E+00 2.7500E+00 6.2500E+00 2 T500E+00 6.2500E+00 2. 7500E+0D 6.2500E+00 2.7500E+00
sample. The goal is to just
. . . Y2 2.5200E+00 65.2500E+00 6.2500E+00 2.7500E+00 2.7500E+00 65.2500E+00 6.2500E+00 2.7500E+00 2.7500E+00
determine the objective and
constraints. A local optimization Y3 25200E+00 | 6.2500E+00 | 6.2500E+0D  6.2500E+00  62500E+00 | 2.7500E+00 | 2.7500E<00  27500E+00  2.7500E+00

is not performed.
Some of the samples yield designs with
satisfied constraints (green bars) and
other designs with violated constraints

(gray bars).
Questions? Email: christian@ the-engineering-lab.com u HEXAGON 20

Technology Partner




End of Tutorial

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



