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Goal: Use optimization
correlate test data and analysis results
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Details of the structural model

2566 System ldentification

An important area of research is the tuning of finite element models to experimental test
results. This is often called system identification. This example problem illustrates how opti-
mization may be used to address these requirements. It features:

O Normal modes optimization o~
>
O Constraints on EMS error in mode shapes
O Frequency constraints
O Using an analytical response as the objective lY"
Figure 25-13. SYSTEM ID — SIMPLE BEAM MODEL X1 \ : 7
TYPE="ROD”
Cross Section
9 O -~ @
1= 10.00n E = 1.0x10" psi
v=03 d =4.0 in
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A A A
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25-T2 MULTIDISCIPLINARY DESIGN OPTIMIZATION UAI/NASTRAN

UAI/NASTRAN User’s Guide for Version 20.1
Chapter 25 - MULTIDISCIPLINARY DESIGN OPTIMIZATION -
25.6.6 System Identification

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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Details of the structural model
Experimental Results

Node Component Experimental Value
3 z or 3 direction 0.0143
6 z or 3 direction 0.1741
9 z or 3 direction 0.6381

Mode 1 (First Bending Mode)

==@==nitial Design
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Component Experimental Value
x or 1 direction 0.1204
x or 1 direction 0.5431
x or 1 direction 0.9216

Mode 3 (First Extensional Mode)
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e@=Cxperimental Results




Optimization Problem Statement

for mode 1 at grid 3

 a2:3r component of relative displacement
for mode 1 at grid 6

* a3:3r component of relative displacement
for mode 1 at grid 9

Design Constraints, Equation

4 ) _ 4 N
Design Variables PBARL 1 - Section_1 Design Objective, Equation
s PBARL 2 - Section_2 et
RO: Minimize

x1: Radius of cross section (DIM1 of PBARL 1) Node/GRID

3 al-.0143, a2-.1741,5 , ,a3-.6381,,
1<x1<10. i Node/GRID S ) "G V)

1

6
1
i Node/GRID ¢ al: 3" component of relative displacement

1
i
i 9
I
I
1

R1= (“4;—2104)2 R1<.001
_,a5-5431,
R2= (220 R2 < .001
k R3 = (2222182 R3 <.001
9216

* a4: 15t component of relative displacement
for mode 3 at grid 3

* a5: 15t component of relative displacement
for mode 3 at grid 6

e a6: 15t component of relative displacement

- J for mode 3 at grid 9
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More Information Available in the Appendix

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

After performing the example, the solution is different from the tutorial. What happened?

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
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Tutorial Overview

1. Start with a .bdf or .dat file

Special Topics Covered

2. Use the SOL 200 Web App to: _ :
Model Matching - The SOL 200 Web App features a single table where

© Convert the .bdf file to SOL 200 the model matching problem can be defined. In the background, the
necessary objective and constraints are automatically generated. In

addition, plots comparing the final and target values are auto generated.

° Design Variables
° Design Objective

Mode 1 (First Bending Mode)

° Design Constraints

° Perform optimization with Nastran SOL 200

=
N

[ERN

S
[

3. Plot the Optimization Results

©
>

4. Update the original model with optimized
parameters

Z Displacement (Relative)
o o
N (e)]

o

Node

e=Q==|njtial Design  ==@==Final Design Experimental Results
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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 11
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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.

) @ Using MSC Nastran Optimization for Model Matching / System
o Identification
- ‘; _

In this example, the cross section of a rod is designed such that the
analysis modes match experimentally measured data. MSC Nastran
Optimization is used to minimize the root sum of squares for Mode 1.

This example is an adaptation of the example found in the UAI/Nastran
User's Guide for Version 20.1 - 252 6.6 System Identification. The
following is an excerpt from the guide describing this example. Keep in

The design model is simple having a single design variable which
represents the root cross-sectional area.”

— UAlMNastran User's Guide for Version 20.1 - 252.6.6 System
Identification

Starting BOF File{ Link]
Solution BDF Files: Link

Link

(= ll= =]

o

GO'|“' b albat.. » Downl.. » - | ﬂ-|| Search Downloads

Organize = Include in library = Share with = Mew folder

Bz~ [ 9"

—

7 Favorites = il
Bl Desktop il degvtnﬂl.da@
g Downloads
“Zl Recent Places
i@ OneDrive
|= Libraries -4 1

I 2 items

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

@ degvtn01l.dat

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
degvtn01.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

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



Step 1 - Select design properties

+ Options

Create DVXREL1 Property = Property Description = Entry = Entry ID = Current Value

dim @ Search Search Search Search

@ DIM1 ROD - Radius PBARL 1 2.

DIM1 ROD - Radius PBARL 2 2.

Create Design Bl o [n=]o]=
Va riables Number of Visible Rows 5

Type dim into the search bar

Click on the plus (+) icons to set DIM1 Step 2 - Adjust design variables

as a design variable

Specify the lower bound as .1 for design

variables x1
+ Options
Specify the upper bound as 10. for initial Value
design Variables X]_ Label = Status = Property + Property Description & Entry & Entry ID = - Lower Bound Upper Bound Allowed Discrete Values
Search Search Search Search Search Search Search Search Search Search
Each step has h|dden functiona“ty fOI’ n x1 O Din1 ROD - Radius PBARL 1 2 A @ 10. @ Examples: -2.0, 1.0, THRU, 10.0, BY, 1.0

advanced users. The visibility is controlled
by clicking .

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
checkbox titled Entry Name.

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

Click on Objective

Click on Equation Objective

The responses that are used for model
matching must be defined. The response
can be defined in the table titled “Step A —
Optional — Create additional responses.”
This table is accessible by first clicking the
button titled “Switch to Equation
Objective.”

®

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

Objective [ Equation Dbjective]@

Step 1 - Select an objective

Results

Select an analysis type

SCL 101 - Statics

Select a response
Response Description -
Search
Weight
Volume

Displacement

Strain

Element Strain Energy

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

Search

WEIGHT
YOLUME
DISP
STRAIN

ESE

Technology Partner

.4 HEXAGON

Response Type -
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Create
Responses

Scroll down the page until you find
section: Step A - Optional - Create
additional responses

Click 3 times on the Displacement
response to create responses: al, a2
and a3

Configure the constraints as shown to
the right

Example: Configure the following for al
ATTA: 3 - T3 - Rectangular z

ATTB: 1 (mode 1)
ATTi: 3 (grid/node 3)

Repeat the same for a2 and a3 but note
that ATTi will be different for each row

* These 3 responses correspond to the
displacement of mode shape 1 at three
grids in the 3/T3/z direction.

@Step A - Optional - Create additional responses

Select an analysis type

SCL 103 - Normal Modes

Select a response

Response Description =

Response Type =

| 5| 10 | 20

ATTI =

Search Search
[+ | Weight WEIGHT
B Volume VOLUME
n Eigenvalue EIGN
n Frequency FREQ
@ [+ | Displacement DISP
Step B - Optional - Adjust responses
+ Options
Label Status Response Property Type
N N Type ~ N ATTA = ATTB =
S Seal Search Search Search Search Search
n a1 [v] DISP 3 - T3 (Rectangular z, Cylindrical z  w 1 3
n az (v] DISP @ 3 - T3 (Rectangular z, Cylindrical z 1 3]
n a3 [v] DISP 3 - T3 (Rectangular z, Cylindrical z 1 2]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON
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Step A - Optional - Create additional responses

Select an analysis type

SOL 103 - Normal Modes

Select a response

Response Description = Response Type -
Search Search
C re a te [+ | Weight WEIGHT
B Volume VOLUME
Responses O o
B Frequency FREQ
Click 3 times on the Displacement @ Displacement DISP
response to create responses: a4, a5
and a6 « 23 » ‘E 10 | 20
Click 10 on the pagination bar Step B - Optional - Adjust responses
Configure the constraints as shown to
q + Options
the right
Example: Configure the following for a4 Label Status Response Property Type
N N N - ATTA = ATTB = ATTI =
ATTA: 1—T1 - Rectangular x ype
ATTB: 3 (mode 3) S¢ Seal Search Search Search Search Search
ATTi: 3 (grid/node 3) B = © DisP 3-T3 (Rectanguiar z, Cylindrical z ||| 1 3
n a2 ° DISP 3-T3 (Rectangular z, Cylindrical z  w 1 3]
Repeat the same for a5 and a6 but note
that ATTi will be different for each row n al (v] DISP 3-T3 (Rectangular z, Cylindrical z 1 9
n ad Q DISP @ 1-T1 (Rectangular x, Cylindricalr 3 3
B = © DIsP 1-T1 (Rectangular x, Cylindricalr v | | 3 6
* The next 3 responses correspond to the
disp|acement of mode Shape 3 at three n as [v] DISP 1-T1 (Rectangular x, Cylindrical r  » 3 9

grids in the 1/T1/x direction.

Technology Partner
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®

SOL 200 Web App - Optimization ~ Upload  Vvariables ~ Objective  Consfrainis ~ Subcases  Exporter  Resulis Seftings ~ Match ~ Other  Users Guide  Home

Step 1 - Configure model matching

Configure Mode| e

- single _ Include in Max Allowed
a C | n g Status = Label = Scalar? ~ Description = Target Value = Objective ~
Search Search Search Search Search Sﬂar@ @

Click Match r 2

[~} al Yes T3 component(s) of displacement at grid 3 of mode 1 0143 Exampl -100.1
Conﬁgure the ta rget values as shown [~} a2 Yes T3 component(s) of displacement at grid 6 of mode 1 A741 Example: -100.1
Mark the 3 checkboxes (] a3 Yes T3 component(s) of displacement at grid 9 of mode 1 6381 Example: -100.1
Remove any maximum sl errors, [~} ad Yes T1 component(s) of displacement at grid 3 of mode 3 1204 001
the input boxes should be blank (] a5 Yes T1 component(s) of displacement at grid 6 of mode 3 5431 001
Specify the maximum allowed error as (+] a6 Yes T1 component(s) of displacement at grid 9 of mode 3 9216 001

S

ol ®

The necessary objective and constraints
are automatically generated. Refer to the
Equation Objective and Equation
Constraint sections.

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

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

. < 3
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 21
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®

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

<>

BDF Output - Model BDF Qutput - Design Model

Export New BDF
Files

Click on Exporter

Click on 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”

assign userfile = 'optimization_results.csv', status = unknown,
form = formatted, unit = 52

ID MSC, DEGVTN@1 $ NEW FOR V2802 LWOO 2/1/02

$ Mmodified 3-Aug-2ees pavid chou vzees

TIME 1lee

DIAG 6,8

S0L 209

CEND

s
TITLE = EIGENVECTOR SEMSITIVITY AND OFTIMIZATION
SUBTITLE = BEAM FROM UAI USER'S GUIDE PROBLEM 25-6
s
$ INITIAL DESIGN: ARDOT=4.8, ATIP=4.9
$ OBJECTIVE FUNCTION TS TO MINIMIZE THE DIFF. BETWEEN
$ COMPUTED MODES AND ACTUAL MODES
s
$
SFC = 1
$

DESCEI(MIN) = 9808888

$ DESGLB Slot

$ DSAPRT(FORMATTED, EXPORT, END=SENS) = ALL
SUBCASE 1081

ANALYSIS = MODES

DESSUB = 4@881861

3$ DRSPAN Slot

MODTRAK = 800

DISP = ALL

Download BDF Files

5* Design Model =

Design Variables - Type 1

DVPREL1 188@@21 PEARL 1 DIML
1eeeel 1.0

3

3

DESVAR 1e@eel xl1 2. £l 1e.

3

w

Design variables - Type 2

[RERTETY

w

Design Equation Objective

X Download BDF Files @

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

RESPZ 9000000 RO 178eee
DRESP1 E@@E001 502082 G0PPR3

DEQATN 178888
glal,az,a3) =
f(al - .0143) / .@143)%%2 + ((a2 - .1741) / .1741)*%2 + (({a3 - .

Developed by The Engineering Lab

u HEXAGON 22
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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 B
(?;9: Recent Places Open in new window
e r O r I I I t e #& OneDrive Extract All...
. . . Edit with Notepad-++
(7 Libraries Open with...
ptimization e
J’ Minr Share with »
o &) Pictures Restore previous versions
with Nastran SOL B .
2 O O & Homegroup Cut
Copy
1M Computer Create shortcut
. . 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 m
nght CIICk ol 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

ers\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 23
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Inspect the BDF File
for Mode Tracking

The web has automatically inserted the
MODTRAK lines, which triggers mode
tracking when the optimization is
performed by MSC Nastran. Visually inspect
the BDF files to verify the MODTRAK lines
are present.

Open both model.bdf and
design_model.bdf in a text editor

Ensure the MODTRAK command is in
SUBCASE 1001

Ensure the MODTRAK entry is in the
Bulk Data Section

The mode numbers of specific mode
shapes may vary during the optimization.
For example, if mode 3 is a flexural mode
and its natural frequency increases during
the optimization, its mode number may
change to a higher value. To ensure the
optimizer tracks the mode shape of
interest, mode tracking is employed.

cHHE LB smD|Pehp x| BEEIST1TEZEAc® 0ENMB I EEES av =

[ mode! bdf E3 |

:: [=] design_model bdf E3 |

form = formatted, unit = 52
ID MSC, DEGVTNO1

2
3
-
5 TIME 100
&
7
8

DIAG 6,8
SOL 200
CEND

9

10

1= SPC =1

21 DESOBJ (MIN) = 9000000

24 SUBCASE 1001
25 ANALYSIS = MODES
26 DESSUB = 40001001

27
28 (MoDTRAK = 800 ]@
L

29 DISP = AL
30 METHOD = 1

32 BEGIN BULK
33 INCLUDE './design model.bdf'

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

e

1 assign userfile = 'optimization results.csv', status

11 TITLE = EIGENVECTOR SENSITIVITY AND OPTIMIZATION

12 SUBTITLE = BEAM FROM UAI USER'S GUIDE PROBLEM 25-6

!.4

DCONADD 40001001 50000015000002 5000003

DOPTPRM DESMAX 20 Pl 1

PARAM XYUNIT 52

PARAM DESPCH1 -1

[MODTRAK 800 1 100 .9 ] @

P2

HEXAGON
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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 W It h Organize » Include in library » Share with = Mew folder B= = [l @ 'DPEI': File - SECIII_I‘I}I' Waming
N a St ra n SO L 200 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
. . Lo . )
Clle Open, Run or A”OW ACCGSS on any ﬁng::j:nents I Fram: Ch\Users\special-sunshing\Downloads\nastran_...
subsequent windows - i
q J?Mus.c @ e r——
[ Pictures
MSC Nastran will now start B Videos Always ask before opening this file
*@) Homegroup
After a successful optimization, the results will I_PH ;:,T;'ﬁtgﬁ: Lr::nt::ulrrim:{;;nﬁofiuh$ ;ﬂ:ggi:ﬁ;e oot
1% Computer "\ : !

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 (41 HEXAGON 25
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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 26
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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.

In the event the your results do not
match the results documented, refer
to the Appendix. See the Frequently
Asked Questions — “After performing
the example, the solution is different
from the tutorial. What happened?”

SOL 200 Web App - Local Optimization Results

Final Message in .f06

@ ° RUN TERMINATED DUE TO HARD CONVERGENCE TO AN OPTIMUM AT CYCLE NUMBER = 4.

Objective

15

10

Cbjective

INITIAL 1

@ Design Variables

2

Design Cycle

Walue of Design Variable

2.5

INITIAL 1

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

2

Design Cycle

!.4
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Review
Optimization
Results

If “Option 1 — Auto Execute MSC
Nastran” was used, bar charts will
automatically be generated.

These charts can be used to compare
the final values of the responses and
the target values.

The Bar Charts report the following
values for each response/label: The
original/initial value, the final value
after optimization, the target value,
and the percent errors of the initial
and final design.

If the bars for both final and target
values are equally leveled, the
indicates an exact correlation.
Alternatively the percent errors are
listed in the table and may be used to
gauge the success of the model
matching.

SOL 200 Web App - Responses - Model Matching

@ Model Matching Bar Charts

Home

0.2

0.6

Value

0.4

0.2

Design Cycle

®

al

INITIAL

FINAL - 4

Target Value

% Error - INITIAL

% Error - FINAL - 4

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

Select a response

Technology Partner

at
a2
a3
B INITIAL :g
B FINAL-4 a6
B Target Value
B % Error - INITIAL
% Error - FINAL - 4 -
&
ad ab
Labe
al a2 ai ad ah
T3 compenent(s) of displacement at | T3 component(s) of displacement at T3 compeonent(s) of displacement at  T1 component(s) of displacementat  T1co
grid 3 of mode 1 grid & of mode 1 grid 9 of mode 1 grid 3 of mode 3 grid 6
6.56205E-02 34273E-01 T.2T45E-01 3.0902E-01 7.071
1.4209E-02 1. 7412E-01 6.3326E-01 Not reported in FOB™ Mot re
1.4300E-2 1.7410E-1 6.3310E-1 1.2040E-1 5431
36297 9639 14.00 156.66 30.20
-0.01 0.01 0.03
.4 HEXAGON 28



SOL 200 Web App - Responses - Model Matching Home

Model Matching Bar Charts

Review
O ptl m Izatlo n Select a response
Results | gg

W INITIAL a4
W FINAL-4
B Target Value

B % Error - INITIAL
The error value is dependent on the SErer AL S -
q 0.6
response values that are reported in the 4
FO6 file. Due to design constraint
screening, some responses are not 0.
reported in the FO6 file, so their errors
cannot be determined. 02 .

Some error values are not reported. 08

Value

iy

**For the corresponding design cycle, this response was not reported in the FOG file, section: RESPOMNSES IN DESIGM MODEL, 3
Use the mouse cursor to hover over the _ , S S _ o _ - o _
message “Not reported in EO6**” More This occurs when the design constraint is highly satisfied, i.e. the response is matching its targeted value, but due to constraint screening, highly satisfied constraints are not
. o : reported.
details about the missing response
values are disp|ayed_ The To keep and report the missing response values, use this bulk data entry and re-run the optimization: DSCREEN,EQUA, -1000.,100
recommendation is to use the following
bulk data entry to report more Design Cycle o a2 a3 ad 2
responses in the FO6. T3 compenent(s) of displacement at | T3 component(s) of displacement at T3 compeonent(s) of displacement at  T1 component(s) of displacementat  T1co
grid 3 of mode 1 grid & of mode 1 grid @ of mode 1 grid 3 of mode 3 agrid 6
DSCREEN,EQUA,-1000.,100 INITIAL 6.6205E-02 34273E-1 T 2T45E-1 3.0902E-1 T7.071
’ 4 *’
FINAL - 4 1.4209E-02 1.74H12E-1 6.3826E-01 @ Mot reported in FOE™ otre
This is read as follows: ”keep normalized Targst Value 1.4300E-2 1.7410EA1 £.3810E-1 1.2040E-1 5.431
constraints greater than a value of -1000. 3 Error - INITIAL 262.97 06.80 14.00 156.66 30.20
and keep up’)’to '100'normallzed - %t Error - EINAL -4 . 001 003 @
constraints.” This will force the optimization

procedure to report additional response
values to the FO6 file.
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Review
Optimization
Results

The optimization is repeated, but with this
entry.

DSCREEN,EQUA,-1000.,100

After the optimization is complete and
the results are displayed, note that
additional responses are reported and
their respective errors are now
calculated.

The change of response al is inspected.
The initial error was 362.97%, but was
reduced to -0.01% during the
optimization. Similar results are
observed for the other errors. This was
a successful model matching.

Bars for the error values may be
displayed by clicking on the indicated
entries in the legend.

Bars for specific responses may be

displayed with the indicated select box.

SOL 200 Web App - Responses - Model Matching

Model Matching Bar Charts

Home

Value

Design Cycle

INITIAL

FINAL - 4

Target Value

% Error - INITIAL

% Error - FINAL - 4

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

©

Label

al

T3 component(s) of displacement at
grid 3 of mode 1

6.6205E-02
1.4295E-02

1.4300E-2

362.97

-0.01

az

T3 component(s) of displacement at
grid & of mode 1

INITIAL
FINAL - 4

Target Value

Select a response

ail
a2
40
ad
as
afh

% Error

NITIAL
% Error - FINA

aj

T3 component(s) of displacement at
grid & of mode 1

Technology Partner

3.4278E-1 T.2745E-01

1.7412E-1 6.3826E-01

1. 7410E-1 6.3310E-1

26.30 14.00

001 003
.4 HEXAGON

ad

T1 componenti(s) of displacement at
grid 3 of mode 3

3.0902E-01

ab

T1co
grid &

7.071

1.1993E-01

A27

1.2040E-1

156 66 @

5431

30.20

-0.39

0.07
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Results

Before Optimization After Optimization
Radius: 2 in > Radius 3.93 in

— SEE

Mode 1 (First Bending Mode)
Mode 1 (First Bending Mode)

1.2
— 1.2
s 1
= —
© v 1
£ >
g o8 2
= 0.8
g 06 ® =
qE) «=@==|nitial Design 1S . )
S o4 g 0.6 =@==|nitial Design
o 0. a@=Experimental Results
& P § 0.4 ==@==Final Design
2 © 0.
~ 0-2 () & a@==Experimental Results
202
0
1 2 3 4 5 6 7 8 9 10 11 0
Node 1 2 3 4 5 6 7 8 9 10 11

Node
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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
B Desktop ||Er model_final.bdf (2) 7/20/2022 232 PM N
_H, Downloads

“El Recent Places

EHLibra ries I Th

Original Input Files

PBARL 1 1 ROD
PBARL 2 @ ROD

2.

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

Updated BDF File (model_final.bdf)

PEARL 1 1IMSCBMLO ROD
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PEARL 2 ROD
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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 33
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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: degvtn01.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
Inspecting: 100% Inspecting: 100%

[7) List of Selected Files [7) List of Selected Files

PCH Entries BDF Entries

PBARL 1 1MSCBML@ ROD : PBARL 1 1 ROD
3.93164 @.8 *

Step 3 - Download New BDF Files

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

X Download @

Technology Partner
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23 PARAM , SPARSEDR, NO 23 PARAM , SPARSEDR,NO
24 PARAM GRDPNT 0 24 PARAM GRDPNT O
25 CBAR 1 1 1 2 0. 1. 0. 25 CBAR 1 1 1 2 0. 1. 0.
26 CBAR 2 1 2 3 0. 1. 0. 28 CBAR 2 1 2 3 0. 1. 0.
27 CBAR 3 1 3 ES 0. 1. 0. 27 CBAR 3 1 3 4 0. 1. 0.
28 CBAR 4 2 4 5 0. 1. 0. 28 CBAR ES 2 4 5 0. 1. 0.
29 CBAR 5 2 5 & 0. 1. 0. 23 CBAR 5 2 5 & 0. 1. 0.
30 CBAR & 2 € 7 0. 1. 0. 30 CBAR & 2 [ 7 0. 1. 0.
31 CBAR 7 2 7 8 0. 1. 0. 31 CBAR 7 2 7 8 0. 1. 0.
a e e 32 CBAR 8 2 8 ] 0. 1. 0. 32 CBAR 8 2 8 9 0. 1. 0.
& CBAR ] 2 ] 10 0. 1. 0. EiEd CBAR ] 2 ] 10 0. 1. 0.
=L CBAR 10 2 10 11 0. 1. 0. 34 CBAR 10 2 10 11 0. 1. 0.
L4 L4 5 GRID 1 0. 0. 0. 35 GRID 1 0. 0. 0.
36 GRID 2 3. 0. 0. 36 GRID 2 3. 0. 0.
27 GRID 3 6. 0. 0. 37 GRID 3 6. 0. 0.
28 GRID 4 9. 0. 0. 38 GRID 4 9. 0. 0.
ZE) GRID 5 12. 0. 0. HE GRID 5 12. 0. 0.
40 GRID L3 15. 0. 0. 40 GRID L 15. 0. 0.
1 41 GRID 7 18. 0. 0. 41 GRID 7 18. 0. 0.
Note the entries have been updated g o 0 o g w0 o
W|th the Opt|mlzed proper“es 43 GRID E 24. 0. 0. 43 GRID 3 24, 0. a.
44 GRID 10 27. 0. 0. 44 GRID 10 27. 0. 0.
45 GRID 11 30. 0. 0. 45 GRID 11 30. 0. 0.
46 45
47 el
48 PBARL 1 1 ROD 48 PBARL 1 1MSCBMLO ROD
49 2. 49 3.9316¢ 0.0
50 H
i, PBARL 2 1 ROD 51 PBARL 2 1 ROD
52 2. )52 2.
53 3
54 54
5 55
56 MATL 1 1.+7 -3 .01 56 MATL 1 1.+7 .3 .01
L) 57
c8 SPC1 1 123456 1 58 SPCL 1 123456 1
59 SPCL 1 26 1 THRU 11 53 sPCL 1 28 1 THRU 11
80 80
61 EIGR 1 MGIV e 81 ELGR 1 MGIV a
62 MAX. 62 MAX
63 63
64 PARAM  POST 1 64 PARAM  POST 1
&5 ENDDATA &5 ENDDATA
&6 &6

[l degvin01 dat £ |

[= degwin01.dat E3

Original BDF/DAT File

Downloaded BDF/DAT File
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Inspection of MSC Nastran
Results with the Post-processor
Web App




Normalized Constraints

2500 | ;

2000

+ Info

1500

1000

-1.0

500

Normalized Constraints

INITIAL 1 2 3 A{FINAL)

Design Cycle

Normalized
CO n St ra | ntS SOL 200 Web App - Responses Home

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

Normalized Constraints plot.

The Responses web app is used to inspect AT AT RV T R N R T =R Sl < Maximum constraint for each design cycle

the corresponding response for each

maximum normalized constraint value. Design Normalized Lower
For the initial design, the maximum Cycle Sub;:ase Lagel . Constraint Bound . Upper:Bound CNorr:ial_lz:% ISI;l wM:re I DRI:JSPz EQU:DI;HON
. esponse — dlue = onstrain nigrmation esign cleNumber
NC is 2453.2 and corresponds to P Type anty
error value 2.4542. This was
Sean Searck Se. Search Search Seal Search Search Search

response R1 defined by a DRESP2
and DEQATN entry. INITIAL 1001 R1 RETAINED DRESP2 NA | 245428400 |eBeBE-Bav— 2.4532E+03*

For the final design, the maximum
NC is -1.0 but no responses are
listed in the table. This is because
the DSCREEN entry’s TRS field has a
default value of -0.5. Any NCs below
this value are not reported in the
FO6 file and are not listed in the
table.

A

1 1001 R1 RETAINED DRESP2 N/A 2.7253E-01  1.0000E-03V 2.7153E+02* 1 3000001 170001

0 3000001 170001
(=)

Technology Partner
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SOL 200 Web App - Responses Home

FINAL - 4(F1 1001 al EIGENVECTOR DISPLACEMENT NIA 1.4299E-02
FINAL - 4(F1 1001 a2 EIGENVECTOR DISPLACEMENT NIA 1.7412E-01

FINAL - 4(F1 1001 a3 EIGENVECTOR DISPLACEMENT NIA 6.3826E-01

Responses
@ Resetview = @ Violated constraints |~ @ Active constraints | @ Maximum constraint for each design cycle
Normalized Lower Upper Normalized
Design Subcase Label Constraint Bound Bound Constraint Show More GRID COMPONENT
Cycle ~ - - Response Type - Value = Information designCycleNumber ID NO. MODE
P O St_ p rO C e S S O r Search Searc a Search Search Se: Search Se: Search

INITIAL 1001 al EIGENVECTOR DISPLACEMENT MN/A 6.6205E-02 |E 0 3 3 1
\Ne b A p p INITIAL 1001 a2 EIGENVECTOR DISPLACEMENT MN/A 3.4278E-01 E 0 (51 3 1
INITIAL 1001 as EIGENVECTOR DISPLACEMENT MN/A T.2745E-01 E 0 9 3 1
For response Rl, the eigenvector Values fOr INITIAL 1001 ad EIGENVECTOR DISPLACEMENT MNIA 3.0902E-01 N/A E 1] 3 1 3
mode 1 were used. Note the values for INITIAL 1001 a5  EIGENVECTOR DISPLACEMENT N/A  7.0711E-01 N/A B - 6 1 3
responses al’ a2 and CE INITIAL 1001 ab EIGENVECTOR DISPLACEMENT MN/A 9.5106E-01 N/A E 0 9 1 3
The Post—processor web app is used to 1 1001 al EIGENVECTOR DISPLACEMENT MN/A 3.1642E-02 N/A E 1 3 1
confirm the eigenvector values. 1 1001 a2  EIGENVECTOR DISPLACEMENT N/A  22991E-01 NIA B - 3 1
1 1001 as EIGENVECTOR DISPLACEMENT MN/A 6.6797E-01 N/A E 1 3 1
1 1001 ad EIGENVECTOR DISPLACEMENT MN/A 1.8325E-01 N/A E 1 1 3
1 1001 as EIGENVECTOR DISPLACEMENT NiA 5.9866E-01 N/A E 1 1 3
2 1001 al EIGENVECTOR DISPLACEMENT MN/A 1.4086E-02 N/A E 2 3 1
2 1001 a2 EIGENVECTOR DISPLACEMENT MN/A 1.7343E-01 N/A E 2 3 1
2 1001 as EIGENVECTOR DISPLACEMENT MN/A 6.3789E-01 N/A E 2 3 1

(=)

(=)

(=)

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 38



Post-processor
Web App

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

Consider mode 1.

For the initial design, the z-
component of the eigenvector for
grid 3, 6 and 9 correspond to .066,
.343 and .727.

For the final design, the z-
component of the eigenvector for
grid 3, 6 and 9 correspond to .014,
.174, .638.

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

Eigenvector for Mode 1

Main Panel - Post-processor <>

Spectrum
1.00000

083750
0.87500
081250
0.75000
068750
0.62500
0.56250
0.50000
0.43750

0.37500
0.7274546027183533 _—

S 0.25000

0.18750

0.3427790105342865 0.12500
Grid 6 0.06250
0.00000

No Data

0.06620450865240097
Grid 3

L.

SOL 200 Web App
Developed by The Engineering Lab

Initial Design

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

!.4

Main Panel i
0.6382560729980469
Grid 9
\ \ 0.174115315079686903

0.014298995025455952 orid &
Grid 3

.

Final Design

HEXAGON

Technology Partner

Post-processor <>

Spectrum
1.00000

0.93750
0.87500
0.81250
0.75000
0.68750
0.62500
0.56250
0.50000
0.43750
0.37500

0.31250
0.25000
0.18750
0.12500
0.06250
0.00000
No Data

SOL 200 Web App
Developed by The Engineering Lab
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Cross section of CBAR elements

Main Panel - Main Panel -

Post-processor
Web App

The cross section of the CBAR elements of
the initial and final design are compared.

z 4
> J\ ; 3 J\ o
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
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End of Tutorial
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Appendix Contents

> Frequently Asked Questions

o After performing the example, the solution is different from the tutorial. What happened?

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

Question:

> After performing the example,
the solution is different from
the tutorial. What happened?

Answer:

° Remember to enable Mode
Tracking

> See directions to the right

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