Workshop - Dynamic
Response Optimization
with Nastran Optimization

AN MSC NASTRAN SOL 200 TUTORIAL




Goal: Use Nastran SOL 200 Optimization

Minimize the RSS displacement while maintaining a constant volume

Before Optimization After Optimization
> RSS displacement at node 1110: 15.2 in. > RSS displacement at node 1110: 11.3 in.
> Volume: 8.00 in"3 > Volume: 7.99 in"3

MSC Nastran Design Sensitivity and Optimization User’s Guide
Chapter 8 - Example Problems - Dynamic Response Optimization

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



Details of the structural model

Dynamic Response Optimization

This example demonstrates structural optimization when the structural loads are frequency dependent.
The system considered is a flat rectangular plate clamped on three edges and free along the fourth, as Sy m m et ry

shown in Figure 8-21. The problem investigates minimization of the mean square response of the
transverse displacement at the midpoint of the free edge, while constraining the volume of the structure C t . t

(and hence, weight) to be equal to that of the initial design. A pressure loading with an amplitude of C I a m e d
10 Il:_,/in2 is applied across a frequency range of 20.0 to 200.0 Hz. A small amount of frequency- p
dependent modal damping has also been included.
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Figure 8-21 Pressure-Loaded Flat Plate

MSC Nastran Design Sensitivity and Optimization User’s Guide
Chapter 8 - Example Problems - Dynamic Response F ree
Optimization

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

4 ) ) N
Design Variables

PSHELL 1 - Section_1 Ve ~N
PSHELL 2 - Section_2 Design Objective
PSHELL 3 - Section_3

|
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] s PSHELL 4 - Section_4
x1: T of PSHELL 1 —
I
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x2: T of PSHELL 2
x3: T of PSHELL 3
x4: T of PSHELL 4
x5: T of PSHELL 5
x6: T of PSHELL 6
x7: T of PSHELL 7
x8: T of PSHELL 8

x9: T of PSHELL 9
x10 : T of PSHELL 10 |:>

.01<xi<1.0

SO: Minimize the root sum of squares for
displacement magnitudes at node 1110 for
forcing frequencies 20Hz - 200 Hz

PSHELL 5 - Section_5
PSHELL 6 - Section_6
PSHELL 7 - Section_7
PSHELL 8 - Section_8
PSHELL 9 - Section_9
PSHELL 10 - Section_10
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Design Constraints

r1: Volume

'
Q' 7.99 <r1<8.01
Node/GRID

1110

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

" Technology Partner




More Information Available in the Appendix

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

What are global constraints?

Appendix

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



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: Special Topics Covered

o Convert the .bdf file to SOL 200 Automatically Creating Hundreds of Design Variables - It may be the case
that hundreds of design variables must be created. The Web App features

a capability to automatically create and configure hundreds of design

o Design Objective variables. Design variable lower and upper limits and discrete values can
also be automatically set. This tutorial discusses the process of
automatically creating multiple design variables.

° Design Variables

o Design Constraints

° Perform optimization with Nastran SOL 200

Design Variables

3. Plot the Optimization Results S

4. Update the original model with optimized
parameters

Value of Design Variable

Questions? Email: christian@ the-engineering-lab.com {7 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 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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@ Dynamic Response Optimization with MSC Nastran Optimization Link

This example is from the MSC Nastran Design Sensitivity and
Optimization User's Guide.

"This example demonstrates structural optimization when the
structural loads are frequency dependent. The system considered
is a flat rectangular plate clamped on three edges and free along
the Tourth, as shown in Figure §-21 . The problem investigates
minimization of the mean square response of the transverse

b q S 7 displacement at the midpoint of the free edge, while constraining
O ta I n ta rt | n g the volume of the structure (and hence, weight) to be equal to that
. of the initial design. A pressure loading with an amplitude of 1.0 Ibf
F | | e S /in"2 is applied across a frequency range of 20.0 to 200.0 Hz. A

small amount of frequency- dependent modal damping has also
been included.”

Find the indicated example — MSC Nastran 2016 Design Sensitivity and Optimization User's
Guide. Chapter 8: Example Problems. Dynamic Response
Click Link Optimization.
The starting file has been downloaded Starting BOF File
Solution BDF Files: Link
e =@]E=]
%vLﬂ » albat... » Downl.. » - |"1-| | Search Downloads e |
Organize » Include in library « Share with » Mew folder =~ 0 @
. A . *  MName N Date modified
e When starting the procedure, all the T ennde @
. Deskt : f29/. }
necessary BDF files must be collected B Deskiop ] dsoug.baf HENA T
t th & Downloads
2SN "5l Recent Places
¢& OneDrive
= Libraries -4 . 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

@] -

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
dsoug7.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



Step 1 - Select design properties

@ + Options
% Lower % Upper

Display Type Bound Bound Lower Bound Upper Bound Allowed Discrete Values or Equation Bulk Create

L]
C re a te D e S I g n DVXREL1 Lower Upper 01 @ 1.0 @ Allowed discrete values, example: -2.0, 1.0, THRU, 10.0, BY, 1.0 @ 4 Create
L]
Va r | a b | e S ) DVXREL1 Unity Lower Upper M 10 Allowed discrete values, example: -2.0, 1.0, THRU, 10.0, BY, 1.0 4 Create

) [C) DVXREL2 Lower Upper M 1.0 Type equation here, example: y1**2 + x2 + k3
In the search box, type ‘t

Click 10 on the pagination bar Display Columns
Create DVXREL1 [ Create Unity DVXREL1 (] Create DVXREL2 ([ Entry Name

Click on + Options

Settings for row filtering in tables

@ Contai ) Starts with O End ith
Set the Lower Bound to .01 e A e

Create DVXREL1 Property = Property Description < Entry < Entry ID = Current Value =
Set the Upper Bound to 1.0 @
t Search Search Search Search
Click Create T Thickness PSHELL 1 08
[+ | T Thickness PSHELL 2 08
T Thickness PSHELL 3 08
There are 2 methods to create the 10 - Thickness PSHELL 4 s
design variables: Click each blue plus _
) i . ' T Thickness PSHELL 5 08
icon, which requires 10 mouse clicks, OR
click the yellow Create icon, which (+] T Thickness PSHELL 5 02
requires 1 mouse click. T Thickness PSHELL 7 08
Each step has hidden functionality for ; Thickness —_—— 2 02
advanced users. The visibility is controlled
o . T Thickness PSHELL 9 08
YAl I{ {18 + Options |
[+ | T Thickness PSHELL 10

If the property entry, e.g. PSHELL, was

given a name in Patran, e.g. Car Door, the
name can be shown by marking the 5
checkbox titled Entry Name. u

HEXAGON 15

Technology Partner
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Step 2 - Adjust design variables

® Delete Visible Rows

+ Options
Initial Value
C re a te D e S i n Label = Status = Property = Property Description 2 Entry % Entry ID 2 N Lower Bound Upper Bound Allowed Discrete Values
g Search Search Search Search Search Search Search Search Search Search
L]
Va rl a b | e S n %1 G T Thickness PSHELL 1 .08 .01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
: : : X2 T Thick PSHELL 2 .08 .01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
Click 10 on the pagination bar (%] © rness s e -
. . ®x3 O T Thickness PSHELL 3 .08 M 10 Examples: -2.0, 1.0, THRU, 10.0,
10 design variables (x1 - x10) have been n
cTeated and_ correspond to the 10 B8 - () T Thickness PSHELL 4 .08 01 10 Examples: -2.0, 1.0, THRU, 10.0,
different thicknesses
n x5 @ G T Thickness PSHELL 5 .08 .01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
n *6 (] T Thickness PSHELL [ .08 .0 1.0 Examples: -2.0, 1.0, THRU, 10.0,
n xT (] T Thickness PSHELL T .08 .01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
n %8 (] T Thickness PSHELL a .08 .M 1.0 Examples: -2.0, 1.0, THRU, 10.0,
In some instances, the optimizer will vary
a positive design variable and make it n ] (] T Thickness PSHELL g .08 .01 1.0 Examples: -2.0, 1.0, THRU, 10.0.
negative, e.g. a thickness of .08 becomes -
0lina weight minimization optimization. n *®10 ° T Thickness PSHELL 10 .0g .01 1.0 Examples: -2.0, 1.0, THRU, 10.0,

Certain properties, such as thickness or

beam.cross sections should.neV(.ar be 5 M o0 | 30 | a0 | s0
negative. The lower bound in this example 0

is set to .01 to avoid a negative variable

during the optimization.

Technology Partner

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



SOL 200 Web App - Optimization ~ Upload  Variables  Objective  Consiraints  Subcases  Exporfer  Resulis

Objective Equation Objective C

Step 1 - Select an objective

Create Design
Objective

Select an analysis type

SOL 111 - Modal Frequency Response w
Click Objective Select a response
. . Response Description = Response Type =
Select the plus (+) icon for displacement
Search Search
Configure the following for SO
EY  weignt WEIGHT
ATTA:3-RM -T3
Volume VOLUME
ATTB: RSS - Root Sum of Squares u
ATTi: 1110 (no e u Fatigue, random vibration fatigue analysis FRFTG
1110) @ [+ | Displacement FRDISP
u Acoustic Pressure FRES
Suppose the frequency response -
displacement is given as follows. “ 2|3]|4|5]"® | 2] 10| 20[30 4050

* Freq: 10Hz, Displacement: .3

* Freq: 50Hz, Displacement: 1.

*  Freq: 100Hz, Displacement: .7 Step 2 - Adjust objective
If ATTB="All Frequencies,” then the 3
displacement values above are
referenced, yielding 3 responses for r0. + Options
If ATTB=RSS, then the Root Sum of
Squares of the 3 values is referenced, Response  Maximize

o . Label Status or Minimize Prope e ATTA ATTB ATTI
yielding 1 response for SO. For this Type perty Typ @ @ @
example, n S0 (v] FRDISP MIN w 3- RM - T3 (Rectanguld=Cylindr + RSS - Root Su 1110 >

SO = RSS =+/.324+124+.72=1.26

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 17
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Create Design
Constraints

Click Constraints

Click the plus (+) icon for Volume

Configure the following for constraint rl1
Lower Allowed Limit: 7.99
Upper Allowed Limit: 8.01

It may be desired to keep a certain
response constant during the
optimization. For example, the goal may
be to preserve the volume of the original
design. This is best addressed by creating
a constraint where the lower and upper
bound are slightly less and greater than
the original response. In this example,
you may be tempted to use a lower
bound of 8 and an upper bound of 8, but
this is not advisable. The better option is
to use 7.99 and 8.01 for the lower and
upper bound, respectively.

Technology Partner

SOL 200 Web App - Optimization ~ Upload  Variables ~ Objective  Constraints ~ Subcases  Exporfer  Resulis
Constraints Equation Constraints
Step 1 - Select constraints
Select an analysis type
S0L 111 - Modal Frequency Response v
Select a response
Response Description = Response Type =
Search Search
) weight WEIGHT
@ﬂ Volume VOLUME
Fatigue, random vibration fatigue analysis FRFTG
3 Displacement FRDISP
Acoustic Pressure PRES
«2345» I51020304050
Step 2 - Adjust constraints
+ Options
Lower Upper
Label Status Response Property Type Allowed Allowed
N N Type ~ N ATTA = ATTB = ATTI = Limit Limit
S Seal Search Search Search Search Search @ S@
B © VOLUME 7.99 801
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 18



®

SOL 200 Web App - Optimization  Upload  Variables  Objective  Consfraints ~ Subcases  Exporfer  Resulis

Assign
CO n St ra | ntS tO Step 1 - Assign constraints to subcases

Load Cases
(SUBCASES) —

Click Subcases y
Mark the checkbox O Uncheck visible boxes = & Check visible boxes
rl or the Volume is applied as a Global + Options
Constraint
StaAtus Respollse
- Label = Type ~ Description Global Constraints < SUBCASE1 =
There are 2 types of responses: Global Search Search Search
and Subcase Dependent responses.
Global responses are the :c,ame regardless E e - VOLUME ol of entire modl @
of subcase and examples include volume,

weight, etc. Subcase Dependent
responses vary across subcases. For
example, stress or strain will vary from
subcase to subcase.

In this example, Volume is a global
response, therefore, the volume
constraint is assigned as a Global
Constraint.

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
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®

SOL 200 Web App - Optimization ~ Upload  Varables  Objeclive  Conslrainls  Subcases  Exporter  Resulls Seilings ~ Maich ~ Other  Users Guide  Home

BDF Output - Model BDF Output - Design Model

assign userfile - ‘optimization_results.csv', status = unknown, - S =
form = formatted, unit = 52 3* *
ID MSC DSOUG? $ v2@e4 ehj 25-Jun-2803

5+ Design model *
TIME 288 * *
SOL 288 3
o CEND 3
3 pesign variables - Type 1
TITLE = synthesis of Responses across Different Frequenciss: DSOUGT B .
ECHO = NONE 3
SET 12 = 1112 5
ANALYSIS AS WELL AS SENSITIVITY AMALYSIS 3
DESOBI(MIN) = £@@@e8a
. DESGLE = 42200008 DVPREL1 1022221 PSHELL 1 T
CIle on Exporter $ DSAPRT(FORMATTED, EXPORT, END=SENS) = ALL 12222l 1.8
subcase 1 DVPREL1 1022222 PSHELL 2 T
AMALYSIS = MFREQ l2eee2 1.8
$ DESSUB Slot DVPREL1 1022223 PSHELL 3 T
Click on Download BDF Files ;o st e
SPC = 10@ DVPREL1 1202224 PSHELL 4 T
DLOAD = 700 12284 1.8
FREQ = 748 DVPREL1 1022225 PSHELL 5 T
METHOD = 500 l22ees 1.8
sdamping = 2009 DVFREL1 1808806 FSHELL & T
nutuut 1e2ees 1.8
disp(plot,phase) = ALL DVPREL1 1082227 PSHELL 7 T
output(xyout) 1e2ee7 1.8
cscale 2.8 DVPREL1 1828888 PSHELL 8 T
ymax=4.8 12288 1.8
plotter = nastran - DVFREL1 18088883 FSHELL 9 T
122223 1.8
DVPREL1 1828818 PSHELL 18 T
Download BDF Files . 0018 Lo
3
DESVAR 182821 x1 .88 .e1 1.8
iD load BDF Fil DESVAR 120882 X2 .88 .21 1.8
AL = DESVAR 122223 x3 .28 .21 1.@
DESVAR 122822 x4 .88 .e1 1.8
DESVAR 122225 x5 .28 .21 1.@
When the download button is clicked g e e
DESVAR 122227 X7 .28 .21 1.@
. DESVAR 102228 x& .28 .21 1.@
a new file named o Ton s 4 an
DESVAR 120218 xl@ .28 .21 1.8 v
“" t k' d' t ”
nastran_working_directory” is

Developed by The Engineering Lab

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”

Technology Partner
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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 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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SOL 200 Web App - Local Optimization Results Home

Final Message in .f06

@ o RUN TERMINATED DUE TO HARD CONVERGEMCE TO AN OPTIMUM AT CYCLE NUMBER = 11.

Objective

Review
Optimization
Results —- L

Objective

IS

5 6 7 a 9 10 "

Design Cycle

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

O Display None | & Display Al
Ensure the messages shown have green 0z PO PO P B ——
checkmarks. This is indication of
success. Any red icons indicate

T, Thickness, of PSHELL 1

a
%

challenges. 02 (Sestor 1
— (T.STh‘itknezs]s. of PSHELL 2
The final value of objective, normalized = o [T arses
constraints (not shown) and design £ ois . T iokness orpsHELLe
. . o0 ection_
variables can be reviewed. g (St
e —_ss (T,S;'::izl;nessjs. of PSHELL S
% 0.1 —_— T, Thickness, of PSHELL 6
= (Section_6)
e a7 (T.STt;i.tkne;]s. of PSHELL 7
After an optimization, the results will . T s
be automatically displayed as long as 00 s
. o . T, Thickness, of PSHELL 8
the following files are present: BDF, (Sestion_5)
—— 0 T Thi.cknsss. of PSHELL 10
FO6 and LOG. NTIAL 12 3 4 5 & 7 8 3 10 1 (Seetion_10)

Design Cycle
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®

SOL 200 Web App - HDFS Explorer  Acquire Dataset  Plots Browser  Combine Plots  Last Plot Added Connection  Home

Plots Browser@

Review Dynamic
Results

If “Start MSC Nastran” is used and MSC
Nastran 2016 or newer is used, the ' @

NODAL/DISPLACEMENT_CPLX

HDF5 Explorer will be opened and a
plot will automatically be created.

The Plots Browser contains a list of the
plots that have been created

Click the indicated image Plot # 1 -1D: 1110 | SAMPLE:
model | SUBCASE: 1 |
DESIGN_CYCLE: 0, 11 | ZM vs.
TIME_FREQ_EIGR

. v,

Use the navigation bar at the top of
the web app to navigate between the
following sections

* Acquire Dataset

* Plots Browser

* Combine Plots

* Last Plot Added

Technology Partner
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SOL 200 Web App - HDF5 Explorer  Acquire Dataset Plots Browser Combine Plots Last Plot Added Connection Home

P|0t = NODAUDISPLACEM ENT_C PLX - Plot # 1-1D: 1110 | SAMPLE: model | SUBCASE: 1 | DESIGM_CYCLE: 0, 11 | ZM vs. TIME_FREQ_EIGR n

. . O Display None | & Display Al
Vertical Axis h pay pay

NODAL/DISPLACEMENT_CPLX

Display Color Name
ZM - Z magnitude compo  w
0-10: 1110 | SAMPLE: miodel |
SUBCASE: 1 | DESIGN_CYCLE: O
Horizontal Axis 4
1-10: 1110 | SAMPLE: model |

TIME_FREQ_EIGR-Tim SUBCASE: 1 | DESIGN_CYCLE: 11

Review Dynamic
Results

+ Options 2

The plot contains the INITIAL and FINAL
values of the dynamic response

ZM - Z magnitude component **

The objective of this exercise was to
minimize the RSS value of the
displacement response across all
forcing frequencies. A reduction in
the RSS value is confirmed by
inspecting the plot of the new
response. By comparing the initial 2 g it
response (blue) with the new TIME_FREQ_EIGR - Time, frequency or real part of eigen value
response (orange) it is shown that the

new response (orange) has been + View Filters and Plotted Values

minimized.

Technology Partner
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Results

Before Optimization After Optimization
© RSS displacement at node 1110: 15.2 in. > RSS displacement at node 1110: 11.3 in.
° Volume: 8.00 in"3 ° Volume: 7.99 in?3

MSC Nastran Design Sensitivity and Optimization User’s Guide
Chapter 8 - Example Problems - Dynamic Response Optimization

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



%vLﬁ, « nastran_working_directory » workspace_b - | 4 | | Search workspoce... 0 |
Organize » Include in library - Share with = Mew folder =« O ﬂ
1} e Mame . Date modified Ty

Bl Desktop ([ model final.bdf 2) 7/20/2022 232 PM N
4 Downloads

“El Recent Places

Update the Wl _| ;

Original Model Original Input Files Updated BDF File (model_final.bdf)

RO, ©)
The original input files, e.g. DAT, BDF, etc., PSHELL 1 150 $02 1 PSHELL 1 150f .037151 1.0 0 .833333
g 0o 1}
contains the original values for the PSHELL 2 150 o8 150
designed properties. These original values PSHELL 2 150| .08035 150 1.0 0 .833333
must be updated to use the new and PSHELL 3 150 08 =0 °
optimized values. PSHELL 4 150 .08 150 PSHELL 3 150| .06248 150 1.0 0 .833333
0
. . PSHELL 5 150 .08 150
A new BDF file has been created in PSHELL 4 150 03119 150 1.0 0 .833333
nastran_working_directory/workspace_b/ PSHELL & 150 .08 150 0
mOdel—flnaI'bdf' PSHELL 7 150 .08 150 PSHELL 5 150] .081859 150 1.0 0 833333
o}
PSHELL & 150 .08 150

The file model_final.bdf is a copy of the
original input files but the original values PSHELL @ 150 .08 150 o

PSHELL @ 150] .081547 150 1.0 0 .833333

- . ~—
for the designed properties have been
f PSHELL 7 150] .098685 150 1.0 0 .833333
updated to use the optimized values. ;
PSHELL 8 150) .122625 150 1.0 0 .833333
o q o 1}
If you were using multiple INCLUDE files,
model_final.bdf is a combination of all PSHELL 9 150 -153273 150 1.0 0 .833333
INCLUDE files. The next few slides discuss
an alternative method of using the PCH to PSHELL 10 1501 .237017 150 1.0 D 833333
S R

BDF web app to update the values for the
designed properties while preserving

separate INCLUDE files.
HEXAGON 29
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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 30
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Home

SOL 200 Web App - PCH to BDF

Step 1 - Select PCH File Step 2 - Select BDF Files
wosszen (1) ==T I €)

Inspecting: 100% Inspecting: 100%

[ List of Selected Files [ List of Selected Files

PCH Entries BDF Entries

U d ate | | PSHELL i 150 .897151 156 1.8 @ .833333 0.0 PSHELL 1 150 o8 150
@ ) ’ P | 3

PSHELL 2 158 .88 158

4

L] L]
O r | gl I I a IVI O e PSHELL 2 158 .98@35 150 1.8 P .833333 0.0
@

PSHELL 5 158 .86248 156 1.8 @ .833333 e.e

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

PSHELL 3 15e .88 158

4

PSHELL a 150 .83119 158 1.9 8 .833333 8.0

Select the model.pch file

Select the original file: dsoug7.bdf

A Summary Of updates that WI” be PSHELL 9 158 .163274 15@ 1.a @ .833333 0.8 PSHELL 9 158 .88 15@

performed are shown e -»> 7 ,
. PSHELL 1@ 158 .237017 158 1.6 @ .B33333 e.e PSHELL 1@ 158 .88 158

Click Download and a new updated BDF ° -> . ,

file is downloaded
Step 3 - Download New BDF Files

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

E=m O

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 31
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—
=] dsoug7.betf E3 [l csoug7bef £ |
253 PLOADZ 730 1.0 901 THRU 910 == PLOADZ 730 1.0 901 THRU 810 =
254 PLOAD2 730 1.0 201 THRU 210 254 PLOAD2 730 1.0 201 THRU 210
255 PLOAD2 730 1.0 101 THRU 110 255 PLOAD2 730 1.0 101 THRU 110
256 PLOAD2 730 1.0 401 THRU 210 256 PLOAD2 730 1.0 201 THRU 410
257 PLOAD2 730 1.0 501 THRU 510 257 PLOAD2 730 1.0 501 THRU 510
258 PLOAD2 730 1.0 601 THRU 610 258 PLOAD2 730 1.0 €01 THRU 610
259 PLOAD2 730 1.0 701 THRU 710 259 PLOAD2 730 1.0 701 THRU 710
260 PLOAD2 730 1.0 801 THRU 210 260 PLOAD2 730 1.0 801 THRU 210
261 PLOAD2 730 1.0 301 THRU 310 1 >251 PLOAD2 730 1.0 301 THRU 310
262 PLOAD2 730 1.0 1001 THRU 1010 262 PLOAD2 730 1.0 1001 THRU 1010
i RS ) SRS e ML oo SO BETTED s O T o S .
- - 264 ﬂsm;u_ 1 150 .08 150 264 PSHELL 1 150 .097151 150 1.0 0 .833333 0.0 \
rl |na O e 265 265 A R
266 PSHELL 2 .08 150 266 : Elements Element Propercies for regi -ction
267 $ Elemsnts 267 PSHELL 2 150 .08035 150 1.0 0 .833333 0.0
268 PSHELL 3 .08 150 268 . o
. 269 269 t Propercies for regi -ction
Note the entries have been updated 270 PSHELL 4 .08 150 270 PSHELL 150 .06248 150 1.0 "0 .833333 0.0
) . . 271 271 . o
with the optimized properties 272 | eswELL s 08 150 295" s Eleme ¢ Propecties for regi
273 § Elemsnts -ment Propertiss fo 273 PSHELL 150 .03119 150 1.0 0 .833333 0.0
274 PSHELL & 150 .08 150 274 0
275 275
278 PSHELL 7 150 .08 150 278 PSHELL 5 150 .08185%3 150 1.0 0 .833333 0.0
277 277 1]
278 PSHELL & 150 .08 150 278
279 279 PSHELL 13 150 .081547 150 1.0 0 .833333 0.0
280 PSHELL @ 150 .08 150 280 4]
281 281
282 PSHELL 10 150 .08 150 282 PSHELL 7 150 .098685 150 1.0 0 .833333 0.0
283 RLOADL 700 730 800 283 0
284 spcl 100 245 1101 1102 1103 1104 1105 1106  ++0000 284
c2s | 410000041107 1108 11089 +0000 285 PSHELL 8 150 .122625 150 1.0 0 .s33333 0.0
286 sPcl 100 245 1110 286 0
287 sPcl 100 123456 100 101 102 103 104 105 ++0000 287
z22 | ++000001106 107 108 109 110 200 300 200 ++0000 288 PSHELL 9 150 .163274 150 1.0 0 .833333 0.0
289 ++000002500 600 T00 800 00 1000 1100 +0000 289 a
290 TABDMPL 2000 +0000 290
291 ++0000080.0 0.20 1000.0 0.20 ENDT +0000 291 PSHELL 10 150 .237017 150 1.0 0 .833333 0.0
282 N\ TABLED1 800 ++0000 292 1] )
293 ++0000060.0 1.0 1.0E3 1.0 ENDT +0000 293 RLOAD1 700 T30 800
294 ENDDATA U 294 s5PC1 100 248 1101 1102 1103 1104 1105 1106 ++000
295 L 295 ++0000041107 1108 1109 +000 i
< | T ] 1 L - T o o 1l ] 3
Original BDF/DAT File Downloaded BDF/DAT File

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 32
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Inspection of MSC Nastran
Results with the Post-processor
Web App




NODAL/DISPLACEMENT_CPLX

1-1D: 1110..
e X0Lrgd 0 - 1D- 1110
2 \
POSt-pI’OCGSSOF 3
- 1
5 3
Web App c
]
(= 7
E e
Consider the z component, magnitude, of o 5
displacement at grid 1110 at 51 Hz. E .
[=
o0
e s
=]
= 2
0.1
9
i3
&
30 40 m &0 0 100 120 140 160 180

TIME_FREQ_EIGR - Time, frequency or real part of eigen value

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 34
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Displacements, z component, magnitude

Main Panel - Post-processor < > Main Panel - Post-processar <3
Spectrum Spectrum
240288 2.87308
225270 269351
210252 251394

195234 233438
1.80216 215481
197524
1.79567
16161
1.43654
1.25687
1.07740
0.89784

165198
150180
1.35162
120144
105126
0.90108
0.75090

Post-processor
Web App

The Post-processor web app is used to
inspect the MSC Nastran results.

U.17957

0.00000
No Data

U.15018

0.00000
No Data

The displacements are displayed for the z
component, magnitude, at 51 Hz. Note the
displacements at grid 1110 match the
values from the graph (XY plot) on the
previous page.

2.8730775361158664
Grid 1110

2.402876584925385
Grid 1110

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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Thicknesses of PSHELL entries

I Main Panel - I Iain Panel -

Post-processor
Web App

The thicknesses of the PSHELL entries of
the initial and final design are compared.

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

Questions? Email: christian@ the-engineering-lab.com * HEXAGON 36
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End of Tutorial
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Appendix Contents

> Frequently Asked Questions

° What are global constraints?
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Frequently Asked Questions

Qu e St i on: SOL 200 Web App - Size  Varables  Objective Constraints ~ Subcases  Exporter  Results

o i ?
What are gIObaI constraints: Step 1 - Assign constraints to subcases

Display Columns

Global Constraints -
SUBCASE 1

O Uncheck visible boxes | (& Check visible boxes

+ Options
Sta‘tus Respoqse
N Label = Type ~ Description Global Constraints = SUBCASE1 =
Search Search Search
)
E [v] r VOLUME ‘elume of entire model

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

‘, Technology Partner




Frequently Asked Questions

A .
n Swe r . SOL 200 Web App - Size Variables Objective Constraints Subcases Exporter Results Settings Match Other User's Guide Home

< 2>

; A structu ral mOdel Wi ” Step 1 - Assign constraints to subcases BDF Output - Model
only have one value for P -
Display Columns form = formatted, unit = 52 ! - ’

weight or volume o consas R T e
regardless of subcase .

CEND

TITLE = Synthesis of Responses across Different Frequencies: DSOUST
- ECHO = HOHE
SET 18 = 1118

> These quantities are T T T T pe——

known as global responses

=SENS) = ALL

£
ANALYSIS = MFREQ

and requires a special step - i
to define as a constraint e W G conas - svpcse E

Search Search Search output

> Such global constraints are I— i )
applied using the DESGLB - °© e [reem— BDF Oytput - Design Model

command in the Case d  EIEICICIN -
. s
Control Section , _ ‘ L T
Constraint Groyip Classic A
DCONADD Constraint
D" Constraints in Group + Group Type
A
40000000 ( r1 “\ Mark this checkbox to

‘EI I R R Developed by The Engineering Lab d|sp|ay the additional

sections
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