Workshop - Structural
Optimization of a 3 Bar
Truss

AN MSC NASTRAN SOL 200 TUTORIAL




Goal: Use Nastran SOL 200 Optimization

Before Optimization After Optimization
© Weight: 4.82 Ibs. > Weight: 2.70 Ibs.

Al =.837in? A2 = .328 in? A3 =.837 in2
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Details of the Structural Model

Three-Bar Truss
Y

A common task in design optimization is to reduce the mass of a structure subjected to several load
conditions. Figure 8-1 shows a simple three-bar truss that must be built to withstand two separate loading
conditions. Note that these two loads subject the outer truss members to both compressive as well as l

tensile loads. Due to the loading symmetry, we expect the design to be symmetric as well. As an
exercise, we'll show how to enforce this symmetry using design variable linking.

A - 107 —P -—— 10" —p
1 2 Y3 -X
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{Subcase 2) (Subcase 1) 1 0"

Figure 8-1 Three-Bar Truss

An important, but often overlooked consideration is that the optimization capability in MSC Nastran is
multidisciplinary. That is, the final optimal design is the result of a simultaneous consideration of all
analysis disciplines across all subcases. In this case, the optimal three-bar truss design will satisfy the

)

load requirements for both statics sub which is to be expected. (If, for example, a normal modes
or buckling subcase were to be added, the resultant design would have to not only satisfy the static
strength requi . but also co ints on eigenvalues. As an exercise you may wish to try adding

an eigenvalue constraint.)

MSC Nastran Design Sensitivity and Optimization User’s Guide
Chapter 8 - Example Problems - Three Bar Truss

20,000 1bs 20,000 Ibs
(Subcase 2) (Subcase 1)
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Optimization Problem Statement

4 . . ) [ PROD 11 - Truss_Member-Type-11 / . . . )
Design Variables mmmm PROD 12 - Truss_Member-Type-12 Design Obijective
mmms PROD 13 - Truss_Member-Type-13
x1: A of PROD 11 Y r0: Minimize weight
x2: A of PROD 12 A
X3: A of PROD 13 Design Constraints
.1<x1, x2,x3<100.
rl: Axial stress of elements related to
PROD 11, 12,13
Variable Link X
? -15000 < r1 < 20000
x3 =x1
. r2: x and y component of displacement for
10 node 4
-.2<r2<.2
20,000 1bs 20,000 Ibs
(Subcase 2) (Subcase 1)
Node/GRID
- J 4 o J
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More Information Available in the Appendix

" The Appendix includes information regarding the following:
Frequently Asked Questions

What does this line mean, INCLUDE './design_model.bdf’ ?
Can design_model.bdf be renamed?

Appendix

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



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. Sta rt With d .bdf or .dat file Special Topics Covered
2. Use the SOL 200 Web App to: Automatic Plots - After an optimization is complete and result files are
. . created, the change during the optimization process for design variables
Convert the .bdf file to SOL 200 and objective may be automatically plotted by the Nastran Web App. This

o Design Variables tutorial describes how to create these plots. The plotting capability may
also be used to plot design sensitivities.

o Design Objective

Design Variables

o Design Constraints

° Perform optimization with Nastran SOL 200

3. Plot the Optimization Results

4. Update the original model with optimized
parameters

Questions? Email: christian@ the-engineering-lab.com 44 HEXAGON
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The Post-processor Web App and HDF5 Explorer
are free to MSC Nastran users.

SOL 200 Web App Capabilities

Compatibility Benefits

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

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

D

error validations. * Free Post-processor web apps

e REALT TIME creation of bulk data ¢ +80 tutorials

Web Apps

entries.

PSHELL 1 - Plate
mmmmm PBARL 3- Hat_Stiffener

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

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

topography, multi-model optimization.

i S
LI5S
REE T e

SEIX

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

Questions? Email

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

Input Files
(BOF. DAT, etc.}

Local System
Windows
et eromser)

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

Remote System

Remote Execution Web App

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

: christian@ the-engineering-lab.com

PBMSECT Web App

Generate PBMSECT and PBRSECT

entries graphically

P(f)/A

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

L{; HEXAGON

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

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

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

M- Pasbcpaton Factor - mogrtde part

ME_FREQ_EGR - Trme, it of egen vave

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




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

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

~

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 10
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Go to the User’s
Guide

1. Click on the indicated link

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

The Engineering Lab

SOL 200 Web App

Select a web app to begin

< -
< =
< =
= =
- = .

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

o Tutorials and User's Guide

Full list of web apps

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

Lecture
Title and Description Notes

@Structural Optimization of a 3 Bar Truss - MSC Nastran Optimization Link
A truss structure is optimized with MSC Nastran. The design variables are

. . the cross sectional areas of the rod elements. The objective is to minimize

O bta I n Sta rt | n g the weight of the structure while ensuring the stress and displacements

are within specified constraints.

F | | e S Starting BDF Files@

Solution BDOF Files: Lin

Find the indicated example

Click Link
(===
The starting file has been downloaded @©-| 18 » albat.. » Downl... » ~ | 3 || Search Downloads o
Organize = Include in library - Share with - Mew folder B= = [l 9
e * MName = Date modified
esktop | dsougl.dat /28y, :
B Deskt dsougl.d @ 1/29/2018 6:52 PM
_ﬂ. Downloads
*  When starting the procedure, all the ‘&l Recent Places
necessary BDF files must be collected & OneDrive
together.
E Libraries v 4 (g 1. a 3

l 2 items

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 12
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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

© I o

Inspecting: 100%

Upload BDF Files o

Click L. Select Files and select
dsougl.dat

(O List of Selected Files
Click Upload Files

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

Technology Partner
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Step 1 - Select design properties

+ Options
Create DVXREL1 Property = Property Description & Entry = Entry ID = Current Value 2
Search Search Search Search Search
+ A Area of the rod PROD 11 1.0
@ + A Area of the rod PROD 12 20
L[]
‘ reate DESIgn + A Area of the rod PROD 13 10
. + E Young's modulus MAT1 1 1.0E+7

Va rl a b | e S NU Poisson’s ratio MAT1 1 033

Click on the plus (+) icons to set the 3
areas as design variables

Step 2 - Adjust design variables

Specify the lower bound as .01 for
design variables x1, x2, and x3

X Delete Visible Rows

Specify the upper bound as 100. for

design variables x1, x2, and x3 + Options
Initial Value

Label = Status = Property = Property Description = Entry % Entry ID = - Lower Bound Upper Bound Allowed Discrete Values

Search Search Search Search Search Search Search Se@ @ Search
Each step has hidden functionality for
advanced users. The visibility is controlled n %1 (] A Area of the rod PROD 11 10 .01 100. Examples: -2.0, 1.0, THRU, 10.0
WAE T '{[af-8 + Options &
If the property entry, e.g. PSHELL, was ﬂ 2 [v] A Area of the rod PROD 12 20 .01 100. Examples: -2.0, 1.0, THRU, 10.0
given a name in Patran, e.g. Car Door, the : o

n x3 O A Area of the rod PROD 13 1.0 01 100. Examples: -2.0, 1.0, THRU, 10.0

name can be shown by marking the
checkbox titled Entry Name.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 15
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Step 3 - Create variable links

_ @] +ccacouc |
Create Design

Variables

Status < Dependent Design Variables < Equation (Independent Design Variables) < Value of Equation <

Search Search Search Search

Click Create DLINK B o =0 < (3) 1

Set the Dependent Design Variable as

x3

Set the Equation as x1 .
DLINK Entries

DLINK entries are used to create linear relationships
between variables.

The SOL 200 Web App allows multiple variations of

It is important to verify the Equation is inputting the linear relationships.

configured properly. For example, the
variable x3 is initially equal to 1.0. When
the Equation is configured, it should also
produce an initial value of 1.0. The
resulting value of the Equation is
displayed on the column titled Value of
Equation and can be used to validate the
Equation is configured properly.

UItlmatgly, the relatlons-hlps res-ult in one .specn‘-lc format. x3=00+x1 * 1.0
To the right are the equivalent linear relationships for the
image shown above.

The right of the expression can also have additional
variables. For example, x2 =1.5+x1 * 1.0 +y2 * -3.5 + ...

Technology Partner

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



Create Design
Objective

Click Objective

Select the plus (+) icon for weight

The objective has been set to minimize
the weight, no further modification is
necessary

The objective must always be a single
and global response. A response such
as weight and volume are single
responses, are independent of load
case, and can be used as an objective.
Other responses require special care
when set as an objective. For
example, if the objective is stress,
only the stress of a single component,
e.g. von Mises, of a single element, of
a single load case may be used.

SOL 200 Web App - Optimization Upload  Variables Objective Constraints Subcases Exporter Results
Objective Equation Objective @
Step 1 - Select an objective
Select an analysis type
30L 103 - Normal Modes -
Select a response
Response Description = Response Type =
Search Search

@ [+ | wWeight WEIGHT
[+ | Volume VOLUME
(+ | Eigenvalue EIGN
u Frequency FREQ
n Displacement DISP

« - 2 3 » ‘E| 10 20 30 40 a0
Step 2 - Adjust objective
+ Options
Response  Maximize
Label Status Type or Minimize Property Type ATTA ATTB ATTI
B o ©  WEIGHT MIN v @ 3 vl 3 v
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 17
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Create Design
Constraints

Click Constraints
In the search box, type ‘s’
Select the plus(+) icon for Displacement
to create a displacement constraint
Select the plus(+) icon for Stress to
create a stress constraint
Configure the following for rl
ATTA: 12-T1, T2
ATTi: 4
(node 4)
Lower Allowed Limit: -.2
Upper Allowed Limit: .2
Configure the following for r2
Property Type: PROD
ATTA: 2 - Axial Stress

ATTi: 11, 12, 13 (PID 11,
12, 13)

Lower Allowed Limit: -15000.
Upper Allowed Limit: 20000.

The rl label is configured as follows: T1,
T2 (x, y) component(s) of displacement at
grid 4. The label r1 corresponds to 2
displacement responses, so 2 values are
constrained.

The r2 label is configured as follows: The
axial stress of elements associated with
PROD 11, 12, 13. PROD 11, 12 and 13
have a total of 3 elements associated, so
3 stress quantities are constrained.

Constraints Equation Constraints

Step 1 - Select constraints

SOL 200 Web App - Optimization ~ Upload  Variables  Objective

Constraints Subcases Exporter Results

— O

Select an analysis type

SOL 101 - Statics

Select a response

Response Description =

- @

Response Type

Search

Questions? Email: christian@ the-engineering-lab.com u HEXAGON
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@ n Displacement DISP
£3  stan STRAIN
(7]  Element strain Eneray ESE
@ [0 stress STRESS
(7] Fatigue, pseudo-static fatigue analysis FATIGUE
«-2349 ‘510 20 30 | 40 &0
Step 2 - Adjust constraints
+ Options
Lower Upper
Label Status Response Property Type Allowed Allowed
- - Type = - ATTA = ATTB - ATTi = Limit Limit
S Seal Search Search Search Search Search Search Search
B~ © DIsP e 12-T1,72 - 4 2 2
B - © STRESS G PROD v||| 2-Adalstress v 1,12, 13 -15000. 20000.
18



Assign
Constraints to
Load Cases
(SUBCASES)

Click Subcases

Click Check visible boxes

The rl1 and r2 constraints have been
assigned to SUBCASE 1 and SUBCASE 2
When hundreds of SUBCASEs must be
configured, the following options
expedite the process:

Uncheck visible boxes

Check visible boxes

®

SOL 200 Web App - Optimization  Upload  Variables ~ Objective  Constraints  Subcases  Exporter  Resulis

Step 1 - Assign constraints to subcases

Display Columns

Global Constraints
SUBCASE 1
SUBCASE 2

O Uncheck visible boxes | (& Check visible boxes
+ Options e
Status Response
- Label = Type ~ Description Global Constraints & SUBCASE1 + SUBCASE 2 =

Search Search Search

B o - ISP

T1, T2 component(s) of displacement at grid 4
Stress, item code 2, of elements associated with
' ! L L
E o 2 STRESS PROD 11,12, 13 g g

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 19
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O

SOL 200 Web App - Optimization  Upload  Variables ~ Objective  Consfraints ~ Subcases  Exporfer  Resulis Settings ~ Match  Other  User's Guide  Home

. < >
Result Files @
. BDF Ou
‘ O n fl g u re HS Output Option
l Create the H5 file with HDF50UT (supported in MSC Nastran 2022.2 or newer) w
O [ slacian Ootion ] =
S ett I n S Create the H5 file with MDLPRM (supportad in MSC Nastran 2016.1 or newer) &
Create the HS file with HOFS0UT (supported in MSC Nastran 20222 or newer) : """"""
$
Click Settings e
Scroll to section Result Files R |t FI $ Parameter t
Esu I es HDFSOUT INPUT

Select one of the following H5 output
options

Create the H5 file with MDLPRM
Create the H5 file with HDF50UT

H5 Output Option
Create the H5 file with HDF50OUT {supported in MSC Nastran 2022.2 or newer]
=Splact an {}pt'ﬂn e
Create the HE file with MDLPEM (supported in M3C MNastran 2016.1 or newer)
Create the HS file with HDFEOUT (supported in MSC Nastran 20222 or newer)

The H5 file is used by the Post-
processor web app to display MSC
Nastran results.

The H5 file is used by the HDF5
Explorer to create graphs (XY Plots) of
MSC Nastran results.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 20

Technology Partner



®

SOL 200 Web App - Optimization ~ Upload  Variables ~ Objective  Constrainis ~ Subcases  Exporter  Resulis

BDF OQutput - Model

Settings Match Other

BDF Qutput - Design Model

User's Guide

assign userfile = 'optimization_results.csv', status = unknown,

form = formatted, unit = 52

$_a Jl_2 J1_3 & |5 ll_e [l_7_|ll_8 |l_3_|l_1e_|
ID MSC DSOUGL § w2824 ehj 25-Jun-2083

Export New BDF =

TITLE = SYMMETRIC THREE BAR TRUSS DESIGN OPTIMIZATION - DSOUGL
SUBTITLE = BASELINE - 2 CROSS SECTIONAL AREAS AS DESIGN VARIABLES

L]
$ Result output
ECHO = NONE
sPC = 180

DISPLACEMENT(SORT1,REAL)=ALL
SPCFORCES (SORT1,REAL)=ALL
STRESS(SORT1, REAL, VONMISES, BILIN)=ALL
$ Subcases

DESOBI(MIN) = E0@806@

$ DESGLB slot

§ DSAPRT(FORMATTED, EXPORT, END=SENS) = ALL
SUBCASE 1
. . ANALYSIS = STATICS
Click on Download BDF Files pessun - soonaons

$ DRSPAN slot

LABEL = LOAD CONDITION 1

LoD = 320
SUBCASE 2

ANALYSIS = STATICS

DESSUB = 40020201

Click on Exporter

Download BDF Files

2 Download BDF Files @

When the download button is clicked
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

g+ *
$* Design Model *
5= =
3
$
s Design variables - Type 1
S
$
$
$
DVPREL1 18@@e1 PROD 11 A

1eeeel 1.a
DVPREL1 188862 PROD 12 A
1eee02 1.8
DVPRELL 1eeeee3 PROD 13 A
1eeee3 1.8
$
$
DESVAR 182881 x1 1.8 o1 100.
DESVAR 18882 X2 2.8 o1 160
DESVAR 18883 X3 1.8 o1 1600.
$
-
$
-

i DLINK 1 160003 1eeeel 1.9
H Design Variables - Type 2
e e e e e e e
s
-
$
3 Design Objective
e e e e e
$
$
DAESP1 2826208 ra WETGHT c) z

Developed by The Engineering Lab

u HEXAGON 21

Technology Partner

Home



%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 22
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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 23
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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 24
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Review
Optimization
Results

After MSC Nastran is finished, the results
will be automatically uploaded.

Ensure the messages shown have green
checkmarks. This is indication of
success. Any red icons indicate
challenges.

The final value of objective, normalized
constraints (not shown) and design
variables can be reviewed.

After an optimization, the results will be
automatically displayed as long as the
following files are present: BDF, FO6 and
LOG.

This optimization involved 3 design
variables, but the plot to the right
appears to show only 2 variables. Recall
that variable x3 was linked to variable x1,
so both x3 and x1 change as one variable.
The plot shown does show all 3 variables,
but the x3 curve is overlapping the x1
curve.

SOL 200 Web App - Local Optimization Results

Final Message in .f06

Home

@ [+] RUN TERMINATED DUE TO HARD CONVERGENCE TO AN OPTIMUM AT CYCLE NUMBER = 7.

Objective

45

QObjective

35

INITIAL 1 2

@ Design Variables

w

4 5

Design Cycle

Value of Design Variable

0.2
0.6
0.4

INITIAL 1 2 3 4

Design Cycle

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

O Display None | & Display Al

Label

x1

2

x3

Label Comments

A, Area of the rod, of PROD 11
(Truss_Member-Type-11)

A, Area of the rod, of PROD
12 (Truss_Member-Type-12)

A, Area of the red, of PROD
13 (Truss_Member-Type-13)

25



Results

Before Optimization After Optimization
© Weight: 4.82 Ibs. > Weight: 2.70 Ibs.

Al =.837in? A2 = .328 in? A3 =.837 in2

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

The original input files, e.g. DAT, BDF, etc.,
contains the original values for the
designed properties. These original values
must be updated to use the new and
optimized values.

A new BDF file has been created in
nastran_working_directory/workspace_b/
model_final.bdf.

The file model_final.bdf is a copy of the
original input files but the original values
for the designed properties have been
updated to use the optimized values.

If you were using multiple INCLUDE files,
model_final.bdf is a combination of all
INCLUDE files. The next few slides discuss
an alternative method of using the PCH to
BDF web app to update the values for the
designed properties while preserving
separate INCLUDE files.

%'L‘b « nastran_working_directory » workspace_b

- | *3 | | Search workspace... 0 |

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

';} e Mame . Date modified Ty
Bl Desktop ||3r medel_final. bdf (2) 12072022 232 PM Ng
_H, Downloads
“El Recent Places

= Libraries I m r

Original Input Figjs

$ PRCPERTY DATA

%2 Elements and Element 2 »== for region : Truss_Member-Type-11
PRCD 11 1

£ Elements and Element [Propertifs for region : Truss_ Member-Type-12
FRCD 12 1

$ Elements and Element [Propertifs for region : Truss Member-Type-13
PRCD 13 1

$ Material Record : Aluminum

$ Description of Material : Date: 17-Apr-18 Time: 17:36:49
MATI1 1 1.0E+7 0.33 0.1

£ EXTERNWAL LOADS DATA

FORCE 300 4 20000. 0.8 -0.6

FCORCE 310 4 20000. -0.8 -0.6

ENDDATA

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

Updated BDF File (model_final.bdf)

£ PROPERTY DATZ

%2 Elements and Element Pyo for region : Truss_Member-Type-11
FRCD 11 1].837243 0.0 0.0 0.0

£ Elementz and Element Pfopertied for region : Truss Member-Type-12
PRCD 1z 1 0.0 0.0 0.0

%2 Elements and Element Pfopertiedj for region : Truss Member-Type-13
FRCD 13 1L 0.0 0.0 0.0

$ Material Record : Aluminum

£ Description of Material : Date: 17-Apr-18 Time: 17:36:49
MAT1 1 1.0E+7 0.33 0.1

$ EXTERNAL LOADS DATA

FCRCE 300 4 20000. 0.8 -0.86

FCRCE 310 4 20000. -0.8 -0.86

ENDDATA

7.4 HEXAGON 27
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®

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

Select a Results App

i ;.:I e l:m -II wi

Global Optimization Type 2 (.f06) Local Optimization (.06) Parameter Study (.f06)

iy

Responses (.108) Sensitivities (.csv) Topology Viewer (.des)

Update the
Original Model

Click Results

Click PCH to BDF

Miscellaneous Apps

Converter PCH to BDF @

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 28
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Update the
Original Model

The original .bdf/.dat file has old
information about the properties. The
properties will be updated.

Select the model.pch file

Select the original file: dsougl.dat

A summary of updates that will be
performed are shown

Click Download and a new updated BDF
file is downloaded

SOL 200 Web App - PCH to BDF Home

Step 1 - Select PCH File Step 2 - Select BDF Files

K Selectfiles ERAIGER @ K Select files ENTEIGED @

Inspecting: 100% Inspecting: 100%
[ List of Selected Files [0 List of Selected Files
PCH Entries BDF Entries
PROD 11 1 .837243 2.6 8.8 2.8 * PROD 11 513 1.8
PROD 12 1 .328299 2.8 8.e 2.e * PROD 12 1 2.8
PROD 13 1 .837243 e.e 2.8 2.e * PROD 13 1k 1.8

Questions? Email

Step 3 - Download New BDF Files

©On download, the PCH entries will replace older BDF entries.

X Download @

Technology Partner

: christian@ the-engineering-lab.com u HEXAGON 29



pdate the
riginal Model

Note the entries have been updated
with the optimized properties

=
=] deoug1.dzt E3 I

2. [=l deoug1.dat E3

14
15
16
B Ed
is
fhr)
20
21
22
23
24
25
26
27
28
29
30
3T
S
33

STRESS(SORTL,REAL , VONMISES,BILIN)=ALL 14 STRESS(SORTL,REAL , VONMISES,BILIN)=ALL
143
1s ¢ Subcases
SUBCASE 1 17 SUBCASE 1
LABEL = LOAD CONDITION 1 is LABEL = LOAD CONDITION 1
LOAD = 300 35 LOoAD = 300
SUBCASE 2 20 SUBCASE 2
LABEL = LOAD CONDITION 2 21 LABEL = LOAD CONDITION 2
LOAD = 310 22 LOoAD = 310
BEGIN BULK 23 EEGIN BULK
param, post, 1 24 param, post, 1
25 3
26
27
28
29
30
31 s 9
GRID 1 -10.0 0.0 0.0 32 GRID i -i0.0 0.0 0.0
GRID 2 0.0 0.0 0.0 25 GRID 2 0.0 0.0 0.0
GRID 3 10.0 0.0 0.0 S GRID 3 i0.0 0.0 0.0
GRID 4 0.0 -10.0 0.0 i 4 0.0 -10.0 0.0
36 D
SPC1 100 123456 1 THRU 3 i 100 123456 1 THRU 3
% ELEMENT DAT 38 s LEME D
CROD 1 1.1 1 4 St CROD b i bl 1 4
CROD 2 iz 2 4 40 CROD 2 12 2 4
CROD 3 13 3 4 41 3 13 ) 4
22 5
11 1 1.0 a1 PROD 41 1 .837243 0.0 0.0 0.0
=nts E i T 45 d Element Properties fo T 55
12 -0 46 PROD 12 1 .32829% 0.0 0.0 0.0
ents a ropel i T 223% 5 Eleme d Element F =rties fo T s=_Membe
13 -0 48 PROD 13 1 .837243 0.0 0.0 0.0
By Sy 49 g =i 3 .
£ Descri 50 & Descriptio £ ateri L
MAT1 1 0.33 0.1 51 MATL 3 1.0E+7 0.1
FORCE 300 4 20000, 0.8 -0.6 Y FORCE 300 4 20000. 0.8 -0.6
FORCE 310 4 20000. -0.8 -0.6 il FORCE 310 4 20000. -o.8 -0.6
ENDDATA S ENDDATA
56
[ ¢ | T

4]

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

Original BDF/DAT File

!4

Downloaded BDF/DAT File

HEXAGON
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Inspection of MSC Nastran
Results with the Post-processor
Web App




Normalized
Constraints

All constraints are normalized. For each
design cycle, the maximum normalized
constraint (NC) is reported in the
Normalized Constraints plot.

The Responses web app is used to inspect
the corresponding response for each
maximum normalized constraint value.

For the initial design, the maximum
NC is -.3235 and corresponds to an
axial stress of 13,530.

For the final design, the maximum
NC is -.001626 and corresponds to
an axial stress of 20,033.

Normalized Constraints

+Info

-0

-0.2

MNormalized Constraints

-0.3

]
-

Design Cycle

SOL 200 Web App - Responses

FIFINAL)

Home

@ Violated constraints

Upper Bound

Search

& LO00E a0
<

Normalized
Constraint

Search

Shpw Mone

Informatign designCycleNumber

Responses
& Reset view
Normalized Lower
Design Subcase Label Response Constraint Bound
Cycle = - - Type ~ Value =
Search Searcr Sel Search Search Sear Search
INITIAL 1 r2 STRESS MN/A 1.3530E+04
1 1 2 STRESS NIA 1.9883E+04
2 1 r2 STRESS MNIA 1.9640E+04
3 1 r2 STRESS MNIA 1.9934E+04
4 1 r2 STRESS MN/A 2.0001E+04
2 1 r2 STRESS MNIA 2.0009E+0D4
FINAL-T(FI 1 r2 STRESS MNIA 2.0033E+04

2.0000E+04 A

2.0000E+D4 A

2.0000E+D4 A

2.0000E+D4 A

2.0000E+04 A

-3.2350E-01™

A

-5.8502E-03™

-1.7978E-02**

-3.2965E-03"

5.1684E-05™

4.2618E-04"

donnc Lo n
<4

1.6263E-03"

:

@ Activg constiints @ Maximum constraint for each design cycle

ELEMENT COMPONENT

Questions? Email: christian@ the-engineering-lab.com
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Main Panel - Post-processor <> Main Panel - Post-processor <>

Spectrum

Spectrum

13530 09668 20032 52539

Post-processor -

2216.38818

Web A pp -

11586.87109

9897.74023
8208.60938
£6519.47852
4830.34766
3141.21680

inspect the MSC Nastran results.

-2026.25250 1452.08594
-3440 46606 -237.04492
a X -—
The Post-processor web app is used to =131 4854 67963 O x = 2.00e+4 189647578
Oy = 9 . 1ee+3 -6268.89319 o) axial _ 361530664
X

-7683.10675
-9097.32031
No Data

-5304 43750
-6993.56836

Consider subcase 1. No Data

For the initial design, for element 1,
the axial stress is 13,530.

For the final design, for element 1,
the axial stress is 20,033.

SOL 200 Web App SOL 200 Web App
Developed by The Engineering Lab Developed by The Engineering Lab

Refer to the Post-processor web app
tutorials to learn more about MSC
Nastran results.

Initial Design Final Design

Technology Partner
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Main Panel

Post-processor
Web App

The CROD cross sections of the initial and
final design are compared.

» Refer to the Post-processor web app
tutorials to learn more about MSC Nastran
results.

Cross section of CROD elements

Main Panel -

SOL 200 Web App SOL 200 Web App
Developed by The Engineering Lab Developed by The Engineering Lab

Initial Design Final Design

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 34
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End of Tutorial

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



AppendiX
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Appendix Contents

> Frequently Asked Questions
> What does this line mean, INCLUDE './design_model.bdf’ ?
© Can design_model.bdf be renamed?

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

Question: LOAD = 310

- : . , BEGIN BULK
> What does this line mean, INCLUDE './design_model.bdf’ ? (INCLUDE *./design_model.bdf
Answer: param, post, 1

> This is contained in the file model.bdf.
° When you perform the optimization, you first select model.bdf.

> Nastran will read each line in the model.bdf file. Once Nastran reads the line with INCLUDE, Nastran will
also take all the text contained in design_model.bdf and make it part of the optimization.

Question:
© Can design_model.bdf be renamed?

Answer:

> Yes. 1) Rename the file. Before: design_model.bdf After: renamed_file.bdf . 2) Update the INCLUDE
statement. Before: INCLUDE './design_model.bdf’ After: INCLUDE *./renamed_file.bdf’

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