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Goal: Use Nastran SOL 200 Optimization
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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
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Details of the structural model

PSHELL 1 - Section_1
PSHELL 2 - Section_2
PSHELL 3 - Section_3

|
|
Dynamic Response Optimization .
y P P B PSHELL 4 - Section_4
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
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 [
|

(and hence, weight) to be equal to that of the initial design. A pressure loading with an amplitude of
10 ll:_,/in2 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.

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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Figure 8-21 Pressure-Loaded Flat Plate
MSC Nastran Design Sensitivity and Optimization User’s Guide

Chapter 8 - Example Problems - Dynamic Response
Optimization
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Optimization
Problem Statement

Design Variables

x1: T of PSHELL 1
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

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

Design Objective, Equation

RO: Minimize
b1 —2.8384,, b2 - 0.2613.5 , b3 —0.2182,,
( 2.8384 ) ( 0.2613 ) + ( 0.2182 )

Design Constraints

rl: Volume

7.99<r1<8.01

Design Constraints, Equation

SUBCASE 1

R1 = (b4—0.488338)2 R1< .01
0.488338

R2 = (W)Z R2<.01
.018219

_ b6 -0.1845,,

R3 = (—0.1845 ) R3<.01

R4 = (b7—0.022128)2 R4 < .01
0.022128

RS = (W)Z R5 < .01
0.279055

b4: RM - T3 component of displacement
at grid 605 at frequency 50. Hz

b5: RM - T3 component of displacement
at grid 605 at frequency 84. Hz

b6: RM - T3 component of displacement
at grid 605 at frequency 171. Hz

b7: RM - T3 component of displacement
at grid 1105 at frequency 97. Hz

b8: RM - T3 component of displacement
at grid 1105 at frequency 173. Hz

L{‘ HEXAGON

SUBCASE 1

* bl: RM-T3 component of displacement at grid 1110 at frequency 50. Hz
* b2: RM-T3 component of displacement at grid 1110 at frequency 100. Hz
*  b3:RM-T3 component of displacement at grid 1110 at frequency 164. Hz

SUBCASE 2
_ b9 —1.58019, 5
R6 = (oo R6 < .01
R7 = (b10 —0.140642)2 R7<.01
0.140642
RS = (bll —0.124—761)2 RS <.01

0.124761

*  b9: RM - T3 component of displacement
at grid 1110 at frequency 50. Hz

* b10: RM - T3 component of displacement
at grid 1110 at frequency 100. Hz

* bll: RM-T3 component of displacement
at grid 1110 at frequency 164. Hz

SUBCASE 3

b12 —0.522618

— 2
RO = (o) R9 < .01
_ b13 —0.048008 2
R10 = (o) R10<.01
_ b14 —0.042346 2
R11 = (oo ) R11<.01

* bl2: RM-T3 component of displacement
at grid 1110 at frequency 50. Hz

* bl13: RM-T3 component of displacement
at grid 1110 at frequency 100. Hz

* bl4: RM - T3 component of displacement
at grid 1110 at frequency 164. Hz



Optimization Problem Statement
Continued
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More Information Available in the Appendix

" The Appendix includes information regarding the following:
Manually Creating Responses

How is error defined in this tutorial?

Manually
Creating

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

PART A

Questions? Email: christian@ the-engineering-lab.com 4 HEXAGON
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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: P P
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
; Design Variables a capability to automatically create and configure hundreds of design

0 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 Constraints

° Perform optimization with Nastran SOL 200

Model Matching - The SOL 200 Web App features a single table where the
model matching problem can be defined. In the background, the

3. Plot the Optlm ization Results necessary objective and constraints are automatically generated. In
addition, plots comparing the initial, final and target values are auto
4. Update the original model with optimized generated.

para meters Multi Subcase - Model matching is to be performed across multiple
subcases. The necessary steps and configuration is outlined in this tutorial
to perform model matching across multiple subcases.

Questions? Email: christian@ the-engineering-lab.com 7 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 12
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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.

Model Matching, Frequency Response Analysis

;
“ = S A frequency response analysis has been performed, but the results do not match
i it Su, - S S experimental results.

PR This tutorial discusses the model matching procedure in order to correlate Finite
Element Analysis and test results.

Starting BDF Files: o
Solution BOF Files: Link

(= =][=]

vai ¢ albatross » Downloads - | +3 || Search Downla... O |
Organize « Include in library - * =+ [ 9
Y Favorites *  Mame Date m

Bl Desktop | dsoug?_multi_subcase.bdf @ 11/19/2
j Downloads
"5l Recent Places
@ OneDlrive
* d {11 2

Technology Partner

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 14



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

@ dsoug7_multi_subcase.bdf

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
dsoug7_multi_subcase.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 t e 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
AW I{ {[I: 8 + 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 17
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Step 2 - Adjust design variables

® Delete Visible Rows

+ Options
. Initial Value
( re a t e D e S I g n Label = Status = Property = Property Description 2 Entry = Entry ID = N Lower Bound Upper Bound Allowed Discrete Values
V . b | Search Search Search Search Search Search Search Search Search Search
a rl a e S n ®1 ° T Thickness PSHELL 1 02 K| 1.0 Examples: -2.0, 1.0, THRU, 10.0,
Click 10 on the pagination bar n x2 (] T Thickness PSHELL 2 08 01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
10 design variables (Xl - XlO) have been n ®3 o T Thickness PSHELL 3 o8 K| 1.0 Examples: -2.0, 1.0, THRU, 10.0,
created and correspond to the 10
. . P n x4 o T Thickness PSHELL 4 .0a 01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
different thicknesses
n x5 @ o T Thickness PSHELL 5 .0a 01 1.0 Examples: -2.0, 1.0, THRU, 10.0,
u 6 (] T Thickness PSHELL B i o1 10 Examples: 2.0, 1.0, THRU, 10.0,
u *7 (/] T Thickness PSHELL 7 08 o1 10 Examples: 2.0, 1.0, THRU, 10.0,
. .. q u i) o T Thickness PSHELL a2 02 K| 1.0 Examples: -2.0, 1.0, THRU, 10.0,
In some instances, the optimizer will vary
. p05|-t|ve deSIgn V_arlable and make it n ] ° T Thickness PSHELL 9 02 K| 1.0 Examples: -2.0, 1.0, THRU, 10.0,
negative, e.g. a thickness of .08 becomes -
.01 in a weight minimization optimization. B o (o) T Thickness PSHELL 10 08 0 1.0 Examples: -2.0, 1.0, THRU, 10.0,
Certain properties, such as thickness or
beam cross sections should never be
negative. The lower bound in this 7 m 20 | 30| 40| 50
example is set to .01 to avoid a negative o

variable during the optimization.

Technology Partner
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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.

SOL 200 Web App - Optimization

Upload Variables Objective Co

Constraints Equation Constraints

Step 1 - Select constraints

ints Subcases

Exporter

Results

Select an analysis type

S0OL 111 - Modal Frequency Response

Select a response

Response Description =
Search

Weight

Volume

Fatigue, random vibration fatigue analysis
Displacement

Acoustic Pressure

Step 2 - Adjust constraints

+ Options

Label Status Response Property Type

Type ATTA =
S Seal Search

Search Search

& VOLUME

B

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

ATTB =

Search

!.4

HEXAGON

Technology Partner

Response Type =

Search

WEIGHT
VOLUME
FRFTG
FRDISP

PRES

l 92 | 10 | 20 | 30 | 40 | 50

Lower Upper
Allowed Allowed
ATTI = Limit Limit

Search

19



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

Constraints Equation Constraints @

Create
Responses

Step 1 - Create equation constraints

. . . . . = Add Equation Constraint
Click Equation Constraints. This will

make the Equation Constraints section

+ Options
visible and accessible

Label = Status = Equation = Lower Allowed Limit Upper Allowed Limit

Search Search Search Search Search

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 turning on
the Equation Constraint section by
marking the checkbox “Step 3 ....”

Technology Partner

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



Step A - Optional - Create additional responses @

Select an analysis type

SOL 111 - Modal Freguency Respanse v

Select a response

Response Description = Response Type =
Search Search
Create e -
R Volume WVOLUME
e S p O n S e S Fatigue, random vibration fatigue anatysis FRFTG
Scroll to section: Step A - Optional - Pisplacement FROISE
Acoustic Pressure PRES

Create additional responses

Click 1 time on the Displacement
response to create responses: bl

3 2.3 4 5  » | 5 | 10 | 20 | 30 | 40 | 30

Configure the responses as shown to
the right
Example: Configure the following for bl
ATTA: 3—RM -T3

Step B - Optional - Adjust responses

ATTB: 50. (50 Hz) + Options
ATTi: 1110 (grid/node 1110) Label Status Response Property Type
N N Type ~ N ATTA = ATTB = ATTi =
Se Seal Search Search Search Search Search
In this example, there are 14 responses to % Y ® FRDISP 3-RM-T3 (Rectangular z, Cylindr  ~| 38 | 50. 110 %
match. One response, bl, is created here.
On the next page, CSV and Excel is used to @

create the other 13 responses. Refer to
the Appendix on how to create the 13

responses manually.
Questions? Email: christian@ the-engineering-lab.com u HEXAGON 21
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CSV Change of
Responses

Click +Options

Click Export

Once Export is clicked, a CSV file is
downloaded.

When using the CSV Export capability, it is
best to first create and configure one
response that serves as an example for
other responses that will be created.

Step B - Optional - Adjust responses

+ Options @

() Overwrite PTYPE Property Type (] Element Type [ Overwrite ATTA ATTA

C3V Export C3V Import

@ K Select files Select a CSV File

Label Status Response Froperty Type
- - Type ~ - ATTA =

Se Seal Search Search Search

B o © FROISP

3 - RM -T3 (Rectangular z, Cylindr

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

ATTB =
Search
v > | 50
u HEXAGON

Technology Partner

Search

1110

ATTI =

22



b-responses-for-equation-constraints.csv

File Home Insert Page Layout Formulas Data Review View Help £ Tell me 14 Share
T3 -~ Fe 2
Al A | B | C | D | E | F | G |H I | J | K | L
1 |Label Response Type PropertyType ATTA ATTB ATTi
2 |bl FRDISP - 3 50 1110
el
4
2 s
(@] 6
@ 7
0 8 |
9|
CSV Change o = -
b-responses-for-equation-constr | ® 4] | [v]
Responses -
p b-resp or-equation-constraints.csv Sign in
In the following Steps thIS W|“ be done. Insert Page Layout Formulas Data Q Tellme hat you want to do
D a
'n'D E& Calibri == g- = General - Conditional Formatting = %“Inser‘t < E - %Tv
o . =@ - - - i - - -
Open the downloaded file in Excel Paste © B I u - I N 0 B Format as Table ErDeiete - | [~ 2
T u E=E===E7 99 [ cell Styles - [ Format~ & -
Clipboard Font [ Alignment w! MNumber Styles Cells Editing ~
Create 13 new rows and make the
. . N19 - - v
indicated changes f'
Al A | B | C | D | E | F | G | H | I | J | K | L z
. 1 |Label ResponseType Property Type ATTA ATIB ATTi
Save the flle Z_bl FRDISP 3 S50 1110
3/b2  FRDISP 3 100 1110
4]|b3 FRDISP 3 164 1110
S 5]/ b4 FRDISP 3 50 605
6||b5 FRDISP 3 84 605
(V]
d: 7]|b6 FRDISP 3 171 605
< 8]|b7 FRDISP 3 97 1105
9|lbs  FRDISP @ 3 173 1105
b9 FRDISP 3 50 1110
11}|b10  FRDISP 3 100 1110 ||
12|b11 FRDISP 3 164 1110
bl2 FRDISP 3 50 1110
14]|b13 FRDISP 3 100 1110
bl4  FRDISP 3 164 1110) -
—
| b-responses-for-equation-constr | [©)] P[] | D]
Ready B H -—F—+ 100%

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

Technology Partner




Step B - Optional - Adjust responses

+ Options

[ Overwrite PTYPE ¥ Property Type [ Element Type [ Overwrite ATTA (@ ATTA

CS3V Export C3V Import
m @ b-responses-for-equation-constraints.csv W © C58Vimparted

@ Summary of successful updates. All other data untouched.

Label Field Previous Value New Value
CSV Ch f Created b2
ange o e =
Created b4
Created b5
Responses e

Created b7
Created b8

Select the .csv file that was modified on WirEiE T
the previous slide.

Created hif
4 \-;-:":N,.-c-.'éﬁ.’!.»_'.'-"

s )
5 3

Click Import.
Label Status Response Property Type
- N Type ~ - ATTA = ATTB = ATTI =
A summary of changes are shown.
S Seal Search Search Search Search Search
B o © FRDISP 3-RM-T3 (Rectangularz, Cylindr v| & | 50, 110
u b2 (] FRDISP 3- RM -T3 (Rectangular z, Cylindr >2 100 1110
The necessary 14 responses are now
available in the web app. n b3 (v] FRDISF 3-RM -T3 (Rectangular z, Cylindr >3 | 164 1110
MSC.Nastran has strict formatting B o4 © FRDISP 3-RM-T3 (Rectangularz, Cylindr v| 3@ | 50. 605
requirements. For example, characters
such as |, @, # are not valid for input B o5 & FRDISP 3-RM-T3 (Reclangular z, Cylindr v | 38 | &4 505
fields on bulk data entries. Excel has no
formatting rules for MSC Nastran, so care '
) « KM 2 3 > ‘510 20 | 30 | 40
must be taken to ensure the formatting

is MSC Nastran friendly. On CSV import, a
summary is reported indicating all the

changes or errors encountered.
HEXAGON 24
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Step B - Optional - Adjust responses

+ Options @

§ ¥ 8 8 ¥ 8 8 8 8 & 8 8 8 8

Technology Partner

Label Status Response Property Type
- - Type ~ - ATTA = ATTE = ATTi =
S Seal Search Search Search Search Search
B v © FROISP 3-RM - T3 (Rectangular z, Cylindr % 50 1110
( SV ( : h a n ge Of B © FROISP 3-RM - T2 (Rectangular z, Cylindr = | 100 1110
B o © FROISP 3-RM - T3 (Rectangular z, Cylindr %3 | 164 1110
R e S p O n S e S B o © FROISP 3-RM - T2 (Rectangular z, Cylindr % 0. 505
B o5 © FROISP 3-RM - T2 (Rectangular z, Cylindr = | 84 05
Click +Options
B os © FROISP 3-RM - T2 (Rectangular z, Cylindr = 17 05
Click 20 to list at most 20 rows.
B v © FROISP 3-RM - T3 (Rectangular z, Cylindr %3 o 1108
B o © FROISP 3-RM - T3 (Rectangular z, Cylindr %3 17 1108
B o © FROISP 3-RM - T3 (Rectangular z, Cylindr % 50 1110
B oo © FROISP 3-RM - T2 (Rectangular z, Cylindr = | 100 4110
B o © FROISP 3-RM - T2 (Rectangular z, Cylindr L= MIRT7Y 4110
B o © FROISP 3-RM - T2 (Rectangular z, Cylindr % =0 4110
Since this example.has only 14 responses, B o © FRDISP 3 - RM - T3 (Rectangular z, Cylindr % 100, 1110
only 14 rows are displayed.
B o4 © FROISP 3-RM - T2 (Rectangular z, Cylindr L= MIRT7Y 4110
5 | 10 30 | 40
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 25



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

Technology Partner

<
Step 1 - Configure model matching
+ Options@
[CJ Show All Labels
CSV Export C3V Import
L]
( Onflgu re Model @ P scectacsvrie m
L]
I\/I a tC h | n g Single Include in Max Allowed
Status - Label = Scalar? = Description - Target Value = Objective ~ Error ~
Click Match Search Search Search Search Search Search Search
. . b1 Yes RM - T3 component of displacement at grid 1110 at frequency 50. Hz Example: -100.1 ] Example: -100.1
Click + Options
b2 Yes RM - T3 component of displacement at grid 1110 at freguency 100. Hz Example: -100.1 O Example: -100.1
Click Export . _
b3 Yes RM - T3 component of displacement at grid 1110 at freguency 164. Hz Example: -100.1 0 Example: -100.1
A new CSV file is downloaded. Open the file b4 Yes RM - T3 component of displacement at grid 605 at frequency 50. Hz Example: -100.1 O Example: -100.1
in Excel.
bs Yes RM - T3 compenent of displacement at grid 605 at frequency 84. Hz Example: -100.1 0O Example: -100.1
b6 Yes RM - T3 component of displacement at grid 605 at frequency 171. Hz Example: -100.1 O Example: -100.1
There ?re 2 methods to speufy m(_)del b7 Yes RM - T3 component of displacement at grid 1105 at frequency 97. Hz Example: -100.1 O Example: -100.1
matching data, e.g. target values, include
in objective, allowed errors. b8 Yes RM - T3 component of displacement at grid 1105 at frequency 173. Hz Example: -100.1 (] Example: -100.1
e Method 1 - Supply the data , )
. . bg Yes RM - T3 component of displacement at grid 1110 at frequency 50. Hz Example: -100.1 [ Example: -100.1
directly in the web app
Method 2 — Use Excel and CSV to b10 Yes RM - T3 component of displacement at grid 1110 at frequency 100. Hz Example: -100.1 O Example: -100.1
supply the data.
This example will use Method 2. 5 5 |z - o | B | o =
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 26



Configure Model
Matching

H - model-matching.csv - Excel

File Home Insert Page Layo 5 levie ew elp O Tell me what you want to do

120 M I
Add the indicated Target Values A4 A | B | C \ D | E | F |
1 Label Single Scalar? Description Target Value Include in Objective Max Allowed Error
Set the value to TRUE for the indicated 2: b1l TRUE RM - T3 component of displacement at grid 1110 at frequency 50. Hz ( 2.8384 ) TRUE
cells 3 b2 TRUE RM - T3 component of displacement at grid 1110 at frequency 100. Hz 0.2613 TRUE
4 b3 TRUE RM - T3 component of displacement at grid 1110 at frequency 164. Hz 0.2182 TRUE
Click Save 5 b TRUE RM - T3 component of displacement at grid 605 at frequency 50. Hz 0.488338
(Z b5 TRUE RM - T3 component of displacement at grid 605 at frequency 84. Hz 0.018219 @
7 b6 TRUE RM - T3 component of displacement at grid 605 at frequency 171. Hz 0.1845
Excel is used to modify the CSV file and 8 b7 TRUE RM - T3 component of displacement at grid 1105 at frequency 97. Hz 0.022128
supply information for the target values, 9 b8 TRUE RM - T3 component of displacement at grid 1105 at frequency 173. Hz 0.279055
include in objective and allowed errors. 10 b9 TRUE RM - T3 component of displacement at grid 1110 at frequency 50. Hz 1.58019
If a label has TRUE for “Include in 11 b10 TRUE RM - T3 component of displacement at grid 1110 at frequency 100. Hz 0.140642
Ot.)jgct.ive,".then the' err'or will be 12 bl1 TRUE RM - T3 component of displacement at grid 1110 at frequency 164. Hz 0.124761
iitllalEse 0 S elgjsetie. 13 b12 TRUE RM - T3 component of displacement at grid 1110 at frequency 50. Hz 0.522618
If a label has a value for “Max Allowed = . :
S i ks ey il e aeniEineg 14 b13 TRUE RM - T3 component of displacement at grid 1110 at frequency 100. Hz 0.048008
to be less than the max allowed error. 15 bl4 TRUE RM - T3 component of displacement at grid 1110 at frequency 164. Hz 0.042346

If the Target Value is provided, but both
the “Include in Objective” and “Max @
Allowed Error” cells are both blank,

upon import to the web app, a default

value of .01 will be used for “Max

Allowed Error.”

A label can be set for both “Include in

Objective” and “Max Allowed Error.”

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

Step 1 - Configure model matching

Configure Model
Matching

C3V Export C3V Import @

Select the CSV file that has been

Technology Partner

updated and Saved S y of ful upd All other data untouched.
Label Field Previous Value New Value ‘A»
bl Target Value 2.8384
C||Ck |mp0rt bl Include in Objectiv... true
b2 Target Value 9.2613
b2 Include in Objectiv... true
. b3 Target Value @.2182
A summary of changes is shown b3 Include in Objectiv... e
b4 Target Value 9.488338
ba Max Allowed Error .81 (Auto inserted)
The table has been updated to match = s i e -
the data in the CSV file
Single Include in Max Allowed
Status = Label = Scalar? ~ Description = Target Value = Objective ~ Error ~
Search Search Search Search Search Search Search
If ata rget value is Speciﬂed, then one of © b1 Yes RM - T3 compenent of displacement at grid 1110 at frequency 50. Hz d 23384 Example:-ma)
the fOHOWIng must be set: InCIUde In (] b2 Yes RM - T3 component of displacement at grid 1110 at frequency 100. Hz 0.2613 Example: -100.1
Objective or Max Allowed Error. When a - -
o q a b3 Yes RM - T3 compenent of displacement at grid 1110 at frequency 164. Hz 0.2182 | Example: -100.1
CSV is uploaded, if neither of these
options are set, the Max A”OWEd Error is [~] b4 Yes RM - T3 component of displacement at grid 605 at frequency 50. Hz 0.423338 O lij|
aUtomatica”y set to .01. This value can (] b5 Yes RM - T3 component of displacement at grid 605 at frequency 84. Hz 0.018213 0 0
be modified. _ @
. q q q © b& Yes RM - T3 component of displacement at grid 605 at frequency 171. Hz 0.1845 O 0
Labels configured for Include in Objective
are added to the Equation Objective (] b7 Yes RM - T3 component of displacement at grid 1105 at frequency 97. Hz D.022128 O 01
Labels COﬂfigU red with Max Allowed (] bé Yes RM - T3 component of displacement at grid 1105 at frequency 173. Hz 0.279055 =] 01
Error ha.ve correspondlng Equa:“on [~] b9 Yes RM - T3 component of displacement at grid 1110 at frequency 50. Hz 158019 O 01
Constraints. Refer to the Equation
. . . . ] p10 Yes RM - T3 component of displacement at grid 1110 at frequency 100. Hz D.1408642 O 01
Objective and Equation Constraint \_ )
sections. A label can be set for both 5 s ey ) ey
. . . « »
Include in Objective and Max Allowed
Error.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 28



Assign
Constraints to
Load Cases
(SUBCASES)

Click Subcases

Select all the Subcases to display the

corresponding columns in the table

* This example involves multiple subcases.
Model matching will be performed across
different subcases.

SOL 200 Web App - Optimization  Upload  Vvariables  Objective  Consiraints

Step 1 - Assign constraints to subcases

Subcases Exporter

O

Resulis

Display Columns

Global Constraints
SUBCASE 1

SUBCASE 2
SUBCASE 3

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

!.4
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O Uncheck visible boxes = (& Check visible boxes
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+ Options

Status Response
. - Label ~ Type ~ Description Global Constraints & SUBCASE1 ¢ SUBCASEZ = SUBCASE 3 =
/ ‘ S | g n Search Search Search

Constraints to

Technology Partner

E o r VOLUME ‘olume of entire modsal | l @
. . )
Load Cases B o ~ Suaton [ smers arnce betven s et O, o o
(SUBCASES) B 0 © o Do 5 5
. The least diff: betwee by =i It
Click 20 on the pagination bar 8 o = BQUAON et tagetvae 0B, = =
Assign r1 as a Global Constraint B o =~ Eauatin L e e oz e 0 0
This tutorial performs model matching for B o = Equation The e A A e Anssis et O @ O
multiple subcases. The constraints must be sremREEE )
assigned to the subcases accordingly. . . —
: = B 0 ® o eeecdecucnmin 0 0
Model matching for labels b4, b5, b6, b7 _ _
and b8 belong to SUBCASE 1. Mark the B o «~ Eauaton e e b e O O
indicated checkboxes.
E o RE Equation The least square difference between analyzis result [:] [:]
Model matching for labels b9, b10, b11 o1t andtarget velue B IR4TEL ; ) @
belong to SUBCASE 2. Mark the indicated . . )
ey ey B o = o s 0 D
Model matching for labels b12, b13, b14 B o -ro Bauation e e e st e O O
belong to SUBCASE 3. Mark the indicated
FCCKROKES B © = mume e o o
———
Note that the labels R1, R2, ...., may not 5 | 10 30 | 40 | so
necessarily be identical to the image on e
this page. Refer to the labels b4, b5, b6, ...,
in the Description column to assign the
constraints. . . .. . .
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 30



SOL 200 Web App - Optimization Upload  Variables Objective Consiraints Subcases Exporter Results

Assign

®

CO n St ra I ntS to U Step B - Optional - Configure DRSPAN for equation objective and constraints

Load Cases
(SUBCASES)

Label = Status = Configure SUBCASEs of Equation Inputs

Scroll to section: Step B - Optional - Search Search

Cohflgyre DRSPAN for. equation RO © RE[( b1 syscass 1 -b2 syscase 1 -D3 suscaset ) ]
objective and constraints

Configure DRSPAN such that labels b1, @
b2, b3 are sourced form SUBCASE 1

Each subcase will yield different RO o
displacement frequency responses. The

RO ( b1[SUBCASE 1, PLSUBCASE 1, POSUBCASE 1 ])

equation objective RO is dependent on
labels b1, b2 and b3, any of which can
come from subcase 1, 2 or 3. The DRPSAN
option is used to specify the subcase in
which each label is sourced from.

In this example, the equation objective is
dependent on b1 from subcase 1, b2
from subcase 1 and b3 from subcase 1.

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

BDF Output - Model BDF Output - Design Model

Export New BDF

assign userfile = ‘optimization_results.csv', status = unknown, = $ =
form = formatted, unit = 52 ;] =
ID MSC DSOUGT § v2004 ehj 25-Jun-2083 5= Design Medel =
o TIME 200 5= 3
soL 208 5
Files s
H Design variables - Type 1
SET 30081 - 7800021, 72000E1, 7999883 fimeezcesccccocconcecomeonssosscesceocemosomasenssesszas semceo
TITLE - Synthesis of Responses across Different Frequencies: DSOUGT 5
ECHO = NONE H
. SET 18 = 1118 $
C|ICk on EXpO rter H ANALYSIS AS WELL AS SENSITIVITY ANALYSIS
DESOBI(MIN) - 3@eeeee DVPRELL 1008091 PSHELL 1 T
DESGLE - 42002000 100001 1.2
4§ DSAPRT(FORMATTED, EXFORT, END=SENS) = ALL DUPRELL 1808002 PSHELL 2 T
Click on Download BDF Files s - e meres o3 s 3 T
DESSUB = 48088881 leeea2 1.e
DRSPAN = 32081 DVPRELL 1008094 PSHELL 4 T
spc - 100 100004 1.2
DLOAD - 7ee DUPRELL 1808005 PSHELL S T
FREQ - 740 100005 1.2
METHOD - see DVPRELL 1008005 PSHELL & T
sdamping = 28@8 1000085 1.8
output DVPRELL 1008007 PSHELL 7 T
disp(plot,phase) = ALL 100007 1.2
subcase 2 DVPREL1 1888888 PSHELL & T
ANALYSTS = MFREQ 100008 1.2
DESSUB = 48888882 - DVPREL1 1888883 PSHELL 9 T
leeeas 1.e
DVPRELL 1000018 PSHELL 18 T
Download BDF Files , e
5
DESVAR 1088881 x1 .88 .81 1.
DESVAR 1e@ee Xz .88 .1 1L
DESVAR 120203 13 .8 .e1 1.
When the download button is clicked fooiosso
DESVAR 100005 5 .8 .e1 1.
g DESVAR 100905 x5 .8 .e1 1.
a hew f||e na med DESVAR 100007 x7 S o1 1.
DESVAR 100008 X8 .8 .e1 1.
“” H H ” DESVAR 100005 x3 .e8 a1 1.
nastran_working_directory” is oo -

downloaded. If the file already exists Developed by The Engineering Lab
in your local folder, the folder name is

appended with a number, e.g.

“nastran_working_directory (1).zip”

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 32
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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 33
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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 34
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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 35
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Review Optimization Results

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

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

*  When performing model matching, the
final message in the FO6 file may be one of
the following messages:

* RUN TERMINATED DUE TO HARD
CONVERGENCE TO AN OPTIMUM
RUN TERMINATED DUE TO
MAXIMUM NUMBER OF DESIGN
CYCLES
RUN TERMINATED DUE TO HARD
CONVERGENCE TO A BEST
COMPROMISE INFEASIBLE DESIGN
AT CYCLE NUMBER

* Itisimportant to carefully interpret the
final results to determine if the model
matching was a success. For this example,
the model matching was a success for the
following reasons:

* The objective, which is the error, is
minimized as desired
The max normalized constraint is
close to or less than 0.0
The Model Matching bar charts on
the next page show good
correlation
The Response vs. Frequency plots
on later pages show good
correlation

If this optimization were repeated, setting
the DESMAX, or maximum number of
cycles, to a value of 10 will allow the
optimizer to terminate sooner.

SOL 200 Web App - Local Optimization Results

Final Message in .f06

Technology Partner

@ A RUN TERMINATED DUE TO HARD COMVERGENCE TO A BEST COMPROMISE INFEASIBLE DESIGM AT CYCLE NUMBER = 11.
Objective
0.4
o 03
=
g
2 02
(]
0.1
[} -
INITIAL 1 5 5] 7 a2 @ 10 11
Design Cycle
Normalized Constraints
+ Info
2500
[
g
' 2000
7
[ =
o 1500
w
=
& 1000
=
g 500
=]
=
o \—
INITIAL 1 5 7] 7 a2 9 10 "
Design Cycle
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 36
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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

(1) Model Matching Bar Charts

Home

Select a response

Technology Partner

b1
b2
b3
3 b4
B NTIAL
b5
B FAnaL-14
2.5 b6
' W Targetvalue b7
B % Error- INITIAL be
2 % Error - FINAL- 14 b9
b10 a
5 o y
'_:U- 1.5
1
0.5
0 b1 b2 b3 ba b5 b6 b7 b8 b9 b10 b11 b12 b13 b14
Label
Design Cycle b1 b2 b3 b4 b5
@ RM - T3 component of displacement  RM - T3 component of displacement  RM - T3 component of displacement  RM - T3 component of displacement  RM -~
at gnd 1110 at frequency 50. Hz at gnd 1110 at frequency 100. Hz at gnd 1110 at frequency 164. Hz at gnd 605 at frequency 50. Hz at gric
INITIAL 2.2289E+00 4 2585E-01 2.2228E-01 Not reported in FO&™ 1.100
FINAL - 14 2 5691E+0D 2.6287E-01 2.2075E-01 5.37T17E-01 Not re
Target Value 2.5384E+D 2.6130E-1 2.1820E-1 4.8534E-1 1.821
% Error - INITIAL -21.47 62.97 1.87 z04.0
% Error - FINAL - 14 1.08 0.60 117 10.00
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 37



SOL 200 Web App - Responses - Model Matching Home

Model Matching Bar Charts

Review

. - - Select a response
Optimization . A
Results :

b2
b3
™ b4
B AnaL-14 i
2.5
Some error values are not reported. W Targetvalue b7
B % Error- INITIAL ba
2 % Error - FINAL - 14 b9
The error value is dependent on the b10 M
. v cas %
response values that are reported in the 2 s
FO6 file. Due to design constraint =
screening, some responses are not 1
reported in the FO6 file, so their errors
cannot be determined. 05 a - _ -
**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 . e the dect e hiohi catichicd e it _ . oalie but d _ i eaticfied _
“« : *x%k ” 15 occurs when the design constraint is highly satisfied, 1.e. the rezsponse is matching its targeted value, but due to constraint screening, highly satisfied constraints are not
message \[o] reporte_d in FO6**.” More 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 Design Cycle b1 b2 b3 ba b5
bulk data entry to report more _ _ _ _ :
in the FO6 RM - T3 component of displacement  RM - T3 component of displacement  RM - T3 component of displacement  RM - T3 component of displacement  RM -
responses in € . at gnd 1110 at frequency 50. Hz at gnd 1110 at frequency 100. Hz at gnd 1110 at frequency 164. Hz at gnd 605 at frequency 50. Hz at gric
INITIAL 2.2289E+00 4.2585E-01 2.2228E-01 @ Mot reported in FOE™ 1.100
DSCREEN,EQUA,-1000.,100
FINAL - 14 2.8691E+00 2.6287E-01 2.2075E-01 5.3T17E-M Not re
.. . Target Val 2.8384E+0 2.6130E1 2.1820E-1 4.8834E-1 1.821
This is read as follows: “keep normalized o
constraints greater than a value of -1000. % Error - INITIAL 2147 6257 1.87 @ 5040
and keep up to 100 normalized % Error - FINAL - 14 1.08 0.60 117 10.00

constraints.” This will force the optimization
procedure to report additional response
values to the FO6 file.

Technology Partner
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SOL 200 Web App - Responses - Model Matching Home

Model Matching Bar Charts

Review
Optimization

Select a response

Technology Partner

Results : :
b2
b3
L . . . b4
The optimization is repeated, but with this W INTIAL b5
entry. 25 W FINAL-20 - @
b7
b3
DSCREEN,EQUA,-1000.,100 2 b9
) b10 '/
After the optimization is complete and 2 s o
the results are displayed, note that -
additional responses are reported and 1
their respective errors are now
calculated. 0.5
The _Ch.a.nge of response b1 is inspected. Sy b2 b3 b4 b5 b& b7 be b9 b1o  bi1 b12 b1z b14
The initial error was -21.47%, but was
reduced to 0.00% during the Label
optimization. Note the actual percent
error is 3.5E-5, but was rounded to two Design Cycle b b2 b3 bd b5
decimal places. Similar results are : : : : :
b d for th th Thi RM - T3 component of displacement  RM - T3 component of displacement  RM - T3 component of displacement  RM - T3 component of displacement | RM -
opserved ror € other err.ors. IS was at gnd 1110 at frequency 50. Hz at grid 1110 at frequency 100. Hz at grid 1110 at frequency 164. Hz at grid 605 at frequency 50. Hz at gric
a successful model matching.
INITIAL 2.2289E+00 4.2585E-01 2.2228E-01 4.8972E-01 1.100
Bars for the error values may be FINAL - 20 2.8385E+00 2.6130E-01 2.1820E-01 5.0333E-01 1.830
displayed by clicking on the indicated Target Value 2.8384E+0 2 6130E-1 2 1820E-1 4 8834E-1 @ 1821
entries in the legend. % Error - INITIAL @ 2147 62.97 1.87 0.28 £04.0
o % Error - FINAL - 20 0.00 0.00 0.00 307 0.49
Bars for specific responses may be
displayed with the indicated select box.
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 39



Review Dynamic
Results

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

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

@ SOL 200 Web App - HDF5 Explorer  Acquire Dataset  Plots Browser ~ Combine Plots  Last Plot Added

Plots Browser @

Connection Home

NODAL/DISPLACEMENT_CPLX

Plot # 1 - 1D: 1110 | SAMPLE:
model | SUBCASE: 1 |
DESIGN_CYCLE: 0, 11 | ZM vs.
| TIME_FREQ EIGR )

Plot # 5 - ID: 1110 | SAMPLE:
model | SUBCASE: 3 |
DESIGN_CYCLE: 0, 11 | ZM vs.
TIME_FREQ_EIGR

\\ pd
\d

Plot#: 2 - ID: 605 | SAMPLE: model

| SUBCASE: 1| DESIGN_CYCLE:

0, 11| ZM vs. TIME_FREQ_EIGR

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

.,
RN £

Plot# 3 - ID: 1105 | SAMPLE:
model | SUBCASE: 1 |

DESIGN_CYCLE: 0, 11| ZM vs.
TIME_FREQ_EIGR

.4 HEXAGON

Technology Partner

& Download C8V

Plot# 4 - ID: 1110 | SAMPLE:
model | SUBCASE: 2 |
DESIGN_CYCLE: 0, 11 | ZM vs.
TIME_FREQ_EIGR

40



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

P|Ot - NODAUD'SPLACEM ENT_C PLX - Plot#: 1 -1D: 1110 | SAMPLE: model | SUBCASE: 1 | DESIGN_CYCLE: 0, 11 | ZM vs. TIME_FREQ_EIGR n
Display N = Display All
Vertical Axis h O Dispiay None | & Display
NODAL/DISPLACEMENT_CPLX ;
- Display Color Name
ZM - Z magnitude compr W
0-IC: 1110 | SAMPLE: model |
. . @ — SUUBCASE: 1 | DESIGN_CYCLE:
Review Dyna MiIC renaonal X ‘ :
TIME_FREQ_EIGR-TiIr w 3 1-10: 1110 | SAMPLE: model |
| m— | SUBCASE: 1 | DESIGN_CYCLE:
R s .
e S u + Options : " 1D: 1110 | SUBCASE: 1 | Target
@ A “alues

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

The target values are shown by triangle
markers. It is shown that the final
displacement curve correlates to the
target values.

ZM - Z magnitude component **
=

©)

-

The HDF5 Explorer is useful for o
creating plots of frequency response

analysis results and can be used in

non-optimization scenarios.
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Results
Subcase

s |[NITIAL FEA Results
s FINAL FEA Results
A Experiment/ Target Values

Transverse displacement at grid 605 Transverse displacement at grid 1105 Transverse displacement at grid 1110
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Results
Subcase 2

Transverse displacement at grid 1110
s |NITIAL FEA Results

s FINAL FEA Results
NODAL/DISPLACEMENT_CPLX A Experiment/ Target Values

) For this subcase, model matching is
only performed for Node 1110,
hence, only one plot has been

L created for Subcase 2.
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Results
Subcase 3

Transverse displacement at grid 1110
s |NITIAL FEA Results

s FINAL FEA Results
NODAL/DISPLACEMENT_CPLX A Experiment/ Target Values

a8 . . .
7 For this subcase, model matching is
: only performed for Node 1110,
5 hence, only one plot has been
: created for Subcase 3.
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%vLﬁ, « nastran_working_directory » workspace_b - | 4 | | Search workspoce... 0 |
Organize Include in library = Share with = Mew folder =« 0 @
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 \Vilelel=] Original Input Files Updated BDF File (model_final.bdf)

) )
The original input ﬁles e.g DAT. BDF etc PSHELL 1 150 .08 4] PSHELL 1 15 .11s840%9 50 1.0 0 .8B33333
7 O 7 7 *
g 2 g 1]
contains the orlglpal values fo_r 'Fhe PSHELL 2 150 o= 150
designed properties. These original values PSHELL 2 1s5q .07019 150 1.0 0 .833333
must be updated to use the new and ESHELL 3 150 .08 150 o
OptlleEd Values' FSHELL 4 150 .08 150 PSHELL 3 154 .040908 150 1.0 0 .8B33333
1]
A new BDF file has been created in ESHELL 3 130 -08 150
PSHELL 4 159 .058417 150 1.0 0 .8B33333

nastran_working_directory/workspace_b/ R 150 o8 150 5
model_final.bdf.

PSHELL 7 150 .08 150 PSHELL 5 159 .047482 150 1.0 0 .8B33333
1]
The file model_final.bdf is a copy of the PSHELL & 150 .08 150
original input files but the original values PSHELL & 15q .077489 150 1.0 0 .833333
for the designed properties have been FSHELL ¢ 150 -08 50 o
updated to use the optimized values. PSHELL 10 150 .08 150 PSHELL 7 15q .098516 150 1.0 0 .833333
RLCAD1 700 T30 M’ 800 L]
RLCAD1 701 740 801
. a o RLCORD1 702 750 g0z PSHELL 8 1594 .120287 150 1.0 0 .833333
lf yOU were USIng mUItIpIe INCLUDE flles’ S5PC1 100 246 1101 1102 1103 1104 1105 1106 L]
model_final.bdf is a combination of all 1107 1108 1109
. . . 5PC1 100 246 1110 PSHELL 9 154 .167569 150 1.0 0 .833333
INCLUDE fll.es.The next few.slldes discuss spe1 100 123456 100 101 102 103 104 105 .
an alternative method of using the PCH to 1086 107 108 109 110 200 300 400
BDF web app to update the values for the 500 &00 700 800 go0 1000 1100 PSHELL 10 15 .234747 150 1.0 0 .B833333
. . . . TAEDMP1 2000 0
designed properties while preserving —
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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 @
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SOL 200 Web App - PCH to BDF Home

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

@ | RN model pch @ | ESEMe Tl dsoug7_multi_subcase.bdf

O List of Selected Files

[ List of Selected Files

PCH Entries BDF Entries
PSHELL 1 150 .118483 150 1.8 ® .833333 0.0 -> PSHELL 1 150 .es 150
U p d a te t h e PSHELL 2 150 .malgﬂ 158 1.8 ® .833333 0.0 -> PSHELL 2 150 .es 150
. - PSHELL 3 150 040903 158 1.0 0 .833333 0.0 PSHELL 3 150 .28 150
Original Model ﬂ ”
PSHELL 4 150 058417 158 1.0 0 .833333 0.0 PSHELL 4 150 .8 150
3 =»
The 0r|g|na| 'bdf/'dat flle has OId PSHELL 5 150 047482 158 1.0 @ .833333 0.0 PSHELL 5 150 .8 150
information about the properties. The C -
propert'es W|” be updated. PSHELL 6 150 877489 158 1.0 @ .833333 0.0 -> PSHELL 6 158 .8 150
[
Select the model.pch flle PSHELL 7 150 .39551: 158 1.0 @ .833333 0.0 -> PSHELL 7 15@ .e8 150
Select the original file: e ' ' ' -> :
dsoug7_mUItl_Schasebdf PSHELL 9 150 .167569 150 1.8 o .833333 0.0 PSHELL 9 150 .es 150
° =
A summa ry Of updates that W|“ be PSHELL 10 150 .234747 158 1.8 @ .833333 a.0 -> PSHELL 10 150 - 158

performed are shown

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.

s oo WO
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Update the
Original Model

Note the entries have been updated
with the optimized properties

Edsoug? mutti_subcase bdf E3 |

! [=] dsoug7 mutti_subcase bdf E3 |

298
AL
300
301
302
303
304
305
306
307
308
308
310
311
312
313
314
315
3le
317
318
315
320
321
322
SR
334
S
326
ST

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

238 rs
PSHELL 1 150 .08 150 299 PSHELL 1 150 .118409 150 .833333
300 5]
PSHELL 2 150 .08 150 301
302 PSHELL 2 150 .0701%9 150 .833333
PSHELL 3 150 .08 150 303 5]
04
PSHELL 4 150 .08 150 05 PSHELL 3 150 .040%908 150 .833333
306 5]
PSHELL 5 150 .08 150 307
308 PSHELL 4 150 .058417 150 .833333
PSHELL & 150 .08 150 309 5]
310
PSHELL 7 150 .08 150 311 PSHELL 5 150 .047482 150 .833333
312 5]
PSHELL &8 150 .08 150 313
314 PSHELL 13 150 .077489 150 .833333
PSHELL 9 150 .08 150 315 5]
316
PSHELL 10 150 .08 150 317 PSHELL T 150 .098516 150 .833333
RLOAD1 700 730 800 318 5]
RLOAD1 701 740 801 319
RLOAD1 702 750 802 320 PSHELL 8 150 .120287 150 .833333
SEC1 100 246 1101 1102 1103 1104 1105 1106 321 5]
1107 1108 1109 322
SPC1 100 248 1110 323 PSHELL 9 150 .1675&% 150 .833333
SEC1 100 123456 100 101 102 103 104 105 324 5]
106 107 108 109 110 200 300 400 325
500 600 700 800 900 1000 1100 326 PSHELL 10 150 .234747 150 833333 .
\ TABDMP1 2000 327 5] D
Original BDF/DAT File Downloaded BDF/DAT File
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End of Tutorial
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Appendix Contents

© Manually Creating Responses

o How is error defined in this tutorial?
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@ Step A - Optional - Create additional responses

Select an analysis type

SOL 111 - Modal Frequency Response

Select a response

IvI | | Response Description Response Type +
a I I u a y Search Search
. Weight WEIGHT
‘ re at I | I g Volume VOLUME
Fatigue, random vibration fatigue analysis FRFTG
Responses OF
p Acoustic Pressure FRES

Step B - Optional - Adjust responses

Scroll to section: Step A - Optional -
Create additional responses

+ Options

Click 14 times on the Displacement Lapet| Stus | Resporse | Property Tree

response to create responses: b1, b2, Type ATTA ¢ ATTB < ATTI =
) b14 st ||| sea ||| searcn Search == Teareh Teareh
Configure the responses as ShOWﬂ to n b1 & FRDISP 3-RM-T3 (Rectangular z, Cylindr ~| 2@ | 50 1110 BZ 3
the right B8 o © FrOISP 3-RM-T3 (Rectanguiarz, Cyindr ~ 38 100 1110 %
Example: Configure the following B o row 3-RM -T2 Rertanguir 2 Cyinat v || [381] 1o+ o -
for bl n b4 © FRDISP 3-RM-T3 (Rectangular z, Cylindr v >4 | 50. 805 ¢
ATTA: 3—RM -T3 B8 ©  FrOISP 3-RM-T3 (Rectangularz, Cylindi ~| 38 | 24. 505 =
ATTB: 50. B o ©  FrODISP 3-RM-T3 (Rectangular z, Cylindr v 38 | 171 405 =
(50 HZ) B8 v © FRDISP 3-RM -T3 (Rectanguiar z, Cylindr ~ 38 | o7 1105 %
ATTi: 1110 u b8 © FRDISP 3-RM-T3 (Rectangular z, Cylindr  ~ = 3@ | 173 1105 »
(grid/node 1110) B8 © FROISP 3-AM-T3(Rectanguiarz, Cyingr » 34 | 5D 110 =
Repeat the same for b2 through B oo © rrose @ 3-RM-T3 (Rectanguiar z, Cylndi v 38 | 100 1110 %
b14 but note that each row will be _
different B o © FrOISP 3-RM-T3 (Rettanguiarz, Cylnar v 8 | 164 1110 %
B2 © Frrose 3-RM-T3 (Rettanguiar z, Cylnai v 38 | &0. 1110 =
This tutorial used the CSV and Excel B v @ FrODISP 3-RM-T3 (Rectanguiarz, Cylindr ~ >3 | 100 1110 £
method to create all 14 responses. This B o4 & rrose  3-RM T3 (Rectanguarz, Cyinar | 38 | 164 110 £

page shows the process to manually create
the 14 responses. 5 1w 30 | 40
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How IS error
defined in this
tutorial?

There are 2 methods to define the error.

Method A requires the use of both the
lower and upper bound.

Method B requires only the use of the
upper bound.

Method A and Method B are equivalent.
Method A requires both the upper and
lower bound to specified, but Method B
requires only the specification of an upper
bound. Method B is used in this tutorial.

Let

bl —-Target
Error = ———9%
Target
Method A
Lower Bound < b1 ~Target Upper Bound
Target

* b1 :Response from FEA
* Target: Value from experiment
* Lower Bound: -.1 or -10%
* Upper Bound: +.1 or +10%
* The error is allowed to be between -.1 and +.1
(Equivalently between -10% and +10%)

Method B

bl —-Target
(Tga)z < Upper Bound
* b1l :Response from FEA
* Target: Value from experiment
* Upper Bound: .12=.01
* In this method, the expression is now the error squared.
The max allowed error is +/-.1 but can be expressed with
one bound, i.e. error?<.12=.01.
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