Workshop - Optimizing
for Buckling - Twenty-
Flve Bar Truss

AN MSC NASTRAN SOL 200 TUTORIAL




Goal: Use Nastran SOL 200 Optimization

Optimize the weight of this truss subject to stress and buckling constraints

Before Optimization After Optimization
° Weight: 660 slinch > Weight: 1007 slinch

> Vary member cross section areas
° Stress constraint initially violated ° Stress and Buckling within limits

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



Details of the structural model

Twenty-Five Bar Truss, Superelement and Discrete
Variable Optimization

This problem, often seen in the early design optimization literature, calls for a minimum weight structure
subject to member stress, Euler buckling, and joint displacement constraints. The structure is shown in
Figure 8-25. The formulation of the buckling constraints is a good example of constructing normalized
constraints based on user-defined structural responses.

In addition, this problem will be substructured in order to illustrate superelement optimization and the
final design will be selected from a user specified list of discrete variables.

0 N

>. Superelement 1

> Superelement 0

Figure 8-256  Twenty-Five Bar Truss

MSC Nastran Design Sensitivity and Optimization User’s Guide
Chapter 8 - Example Problems - Twenty-Five Bar Truss, Figu re 8-25 Twenty—Five Bar Truss
Superelement and Discrete
Variable Optimization

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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. . . Design Objective
Optll nization Problem
Design Constraints
f ta te m e n t rl: Axial stress of elements related to PROD 1
r8: Axial stress of elements related to PROD 8
-40,000<r1, ... r8 < 40,000
Node/GRID 1 Node/GRID 2
. . ) r9: x, y component of displacement at nodes 1
Design Variables mes PROD 1 - Truss_Member-Type-l | .
5 B PROD 2 - Truss_Member-Type-2
1
yi o > Al = ny of PROD 1 PROD 3 - Truss_Member-Type-3 -35<r9<.35
10 B PROD 4 - Truss_Member-Type-4
B PROD 5 - Truss_Member-Type-5 . . .
PROD 6 - Truss_Member-Type-6 Design Constraints, Equation
BN PROD 7 - Truss_Member-Type-7 R
I PROD 8 - Truss_Member-Type-8 Ri=F =769 -ni- Li® 1.0
T y8? *m2.1.0E7 - yi?
v8 —> A8 = of PROD 8
1 rl 75. yl
.01 <yi<100.
2 r2 130.5 y2
3 r3 106.8 v3
Allowed values for design variables: .1, .5, 1.0,
2.0, ... 100. 4 r4 75. va4
5 r5 75. y5
6 r6 181.14  y6
g 7 r7 181.14 y7
8 r8 133.46 vy8
- J - J

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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More Information Available in the Appendix

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

What are the different ways of writing Equations for Equation Objective and Equation Constraints?

What does this message mean:
SOFT FEASIBLE DISCRETE DESIGN OBTAINED?

Appendix

Questions? Email: christian@ the-engineering-lab.com j HEXAGON
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Contact me

Nastran SOL 200 training .. . .
christian@ the-engineering-lab.com

Nastran SOL 200 questions

Structural or mechanical optimization
questions

Access to the SOL 200 Web App

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

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

1. Sta rt W|th d .bdf or .dat f||e Special Topics Covered
2 h L 2 W A . Automatically Creating Hundreds of Design Variables - It may be the case that
’ Use t e SO OO eb pp tO ’ hundreds of design variables must be created. The Web App features a capability to
o Convert the .bdf file to SOL 200 automatically create and configure hundreds of design variables. Design variable
lower and upper limits and discrete values can also be automatically set. This
© Design Va riables tutorial discusses the process of automatically creating multiple design variables.

° Design Objective

Creating Hundreds of Equation Driven Parameters - Certain parameters of the

o Design Constraints Finite Element Model may need to be adjusted as certain design variables change.
L . . For example, as the thickness of a plate changes, an attached stiffener’s offset will
© Perform optlm ization with Nastran SOL 200 depend on the thickness. This tutorials describes the process for automatically
generating dozens or hundreds of these equation driven parameters.
3 . PIOt the Optl m |Zat|0n ReSU ItS Discrete Values for Design Variables - This example has a requirement where the
design variables can only take on specific values. Instead of an optimization solution
HP : : : where the values may be 45.23423 or 15.90234, the use of Discrete Values will
4' Update the Orlglnal mOdeI Wlth Optlmlzed allow specific values to be obtained such as 45.0 or 16.0. This tutorial showcases a
pa rameters feature to specify specific values that can be taken by the design variables.

Equation Driven Constraints - MSC Nastran includes a list of quantities that can be
set as objectives or constraints. In addition, custom user defined equations may be
specified and be set as objectives or constraints. This tutorial details the process in
defining custom equations.

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 10
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Go to the User’s
Guide

1. Click on the indicated link

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

The Engineering Lab

SOL 200 Web App

Select a web app to begin

< -
< =
< =
= =
- = .

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

o Tutorials and User's Guide

Full list of web apps

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

Questions? Email

- @ Optimizing for Buckling - Twenty-Five Bar Truss with MSC Nastran Link
M L | Optimization

y4 _—\_, e I This example is from the MSC Nastran Design Sensitivity and
' ' Optimization User's Guide.

"This problem, often seen in the early design optimization
literature, calls for a minimum weight structure subject to member
stress, Euler buckling, and joint displacement constraints. The
structure is shown in Figure 8-25 . The formulation of the buckling
constraints is a good example of constructing normalized
constraints based on user-defined structural responses.”

— MSC Nastran 2016 Design Sensitivity and Optimization User's
Guide. Chapter 8: Example Problems. Twenty-Five Bar Truss,
Superelement and Discrete Variable Optimization

Starting BDF Files:@

Solution BDF Files: Link

= E=]
G@v| I » albat.. » Downl.. » - | 3 | | Search Downloads je |

Organize = Include in library = Share with « Mew folder = = [ 9

—
s

T}{ Fauorites Mame Date modified
B Desktop % @ dsougl.dat @ 1/29/2018 7:18 PM
_i. Downloads

E—:'_ Recent Places
& OneDrive

[ Libraries - 4 m 3

I 2 items

: christian@ the-engineering-lab.com u HEXAGON 12
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The Engineering Lab

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

1. Click on the indicated link

< -
< =
< =
= =
- = .

Sy

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

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

*  Multi Model Optimization

* Machine Learning

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

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

Tutorials and User's Guide

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

© R o

Inspecting: 100%

Upload BDF Files o

Click L. Select Files and select
dsoug8.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



Create Design
Variables

Scroll to section: Step 4 - Adjust design
variables

Click Create Variable 8 times

Click 10 on the pagination bar and this
will display 10 rows

For each variable, use the following
values:

Initial Value: 2.52

Lower Bound: .01
Upper Bound: 100.

Allowed Discrete Values: .1, .5, 1.0,
THRU, 100., BY, 1.0

* 8 DESVAR entries are created and
configured to use the following discrete
values: .1, .5, 1.0, 2.0, 3.0, ...., 99.0, 100.0

Step 4 - Adjust design variables @

+ Options

Label <

¥l

ya

y3

yd

v

is]

'

yB

Search

Status <

Search

©

¢ ¢ 0 0 o o o

Initial Value
252
252
2.52
252
252
2.52
252

2.52

Lower
Bound

Rl

Rl

Rl

L)

Rl

Rl

L)

Rl

Upper
Bound

100.

100.

100.

100.

100.

100.

100.

100.

5, 1.0, THRU, 100,

BLEE A

A,

A,

5. 1.0, THRU, 100,

5. 1.0, THRU, 100.,

5, 1.0, THRU, 100.,

BLEE A

A,

A,

5. 1.0, THRU, 100.

5. 1.0, THRU, 100.

5, 1.0, THRU, 100.,

BLEE A

A,

5. 1.0, THRU, 100,

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

@ = Create Variable

Allowed Discrete Values

BY, 1.0
BY, 1.0
BY, 1.0
BY, 1.0
.BY, 1.0
.BY, 1.0
BY, 1.0

BY, 1.0

HEXAGON 15
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Create Design
Variables

Scroll to the section: Step 1 — Select design
properties

In the search box, type ‘A’
Select 10 in the pagination bar
Click on + Options

Check the DVXREL2 checkbox

Type in this equation: 3.14 * y1**2 /10.0

Click on Create

There are 2 methods to create the 8
DVPREL2 entries: Click each blue plus
icon, which requires 8 mouse clicks, OR
click the yellow Create icon, which
requires 1 mouse click. The second
method has an additional benefit because
the equation defining the relationship can
be configured for all 8 properties.

Step 1 - Select design properties @

@ + Options

% Lower % Upper
Display Type Bound Bound Lower Bound Upper Bound
O
DVXREL1 Lower Upper Lower Upper
() DVXREL1 Unity Lower Upper Lower Upper
@ DVXRELZ Lower Upper Lower Upper

Display Columns
Create DVXREL1 (J) Create Unity DVXREL1 Create DVXREL2 (] Entry Name
Settings for row filtering in tables

@ Contains O Starts with O Ends with

Create DVXREL1 Create DVXREL2 Property = Property Description &

A @ Search

A Arga of the rod
A Area of the rod
A Araa of the rod
A Area of the rod
Area of the rod
A Area of the rod
A Arza of the rod

A Araa of the rod

oA 0
<+
=

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

Allowed Discrete Values or Equation Bulk Create

Allowed discrete values, example: -2.0, 1.0, THRU, 10.0,

Allowed discrete values, example: -2.0, 1.0, THRU, 10.0,

3142 y12/10.0 @

Entry =
Search

PRCD
PRCD
PROD
PROD
PRCD
PRCD
PRCD

PRCD

HEXAGON

Technology Partner

Search

Entry ID &

BY, 1.0 4 Create

BY, 1.0 # Create

Current Value 5

Search

2.0
2.0
20
20
20

20



Step 5 - Adjust DVXREL2 @

® Delete Visible Rows

Technology Partner

+ Options
Initial‘\falue Lower Upper
C re a te D e S i g n Label = Status = Property = Property Description - Entry = Entry ID = N Bound Bound Equation
. Search Search Search Search Search Search Search Search Search Search
Variables -
n Pi (/] A Area of the rod PROD 1 20 001 Maximurm 34+ y1=2 1100
SEITEH () SSEPIE ST 5 A U n P2 (] A Area of the rod PROD 2 20 001 Maxi 314+ y2#2 1100
DVXRELZ rea e ro . N aximum . Y. A
Click 10 on the pagination bar n F3 (] A Area of the rod PROCD 3 20 001 Maximum 3147 y3=2/10.0
For each row, change the y1 to yi. n P4 (+] A Area of the rod FROD 4 20 001 aximum 3147 y4=2710.0
Examples: b—
F5 A Area of the rod FROD 5 20 001 Aaximum 34+ yE=2 1100
yl for P1 n © ¥
y2 for P2 B = o A Area of the rod PRCD 6 2.0 001 Maximum 3.14*y6*2/10.0
y3 for P3
n F7 (] A Area of the rod PROD 7 20 001 Maximurm 34+ yT=27100
y8 for P8 n P3 (] A Area of the rod PROD ] 20 001 Maximurm 2147 y3*2 /1 10.0
—
Each step has hidden functionality for
advanced users. The visibility is controlled 5 n o0 | 30 | 40 | s0
by clicking [ENCTST.
If the property entry, e.g. PSHELL, was e
given a name in Patran, e.g. Car Door, the
name can be shown by marking the
checkbox titled Entry Name. ) ) o ) ) u
Questions? Email: christian@ the-engineering-lab.com HEXAGON 17



Create Design
Objective

Click Objective

Select the plus (+) icon for weight

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

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

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

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

« - 2 3 » ‘E| 10 20 30 40 a0
Step 2 - Adjust objective
+ Options
Response  Maximize
Label Status Type or Minimize Property Type ATTA ATTB ATTI
B o ©  WEIGHT MIN v @ 3 vl 3 v
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 18
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SOL 200 Web App - Optimization Upload Variables Objective Constraints Subcases Exporter Results

Constraints Equation Constraints @

Step 1 - Select constraints

Select an analysis type

SOL 101 - Statics ~

Select a response

Create Design

Response Description = Response Type =
Constraints @
Displacement DISF
Click Constraints Strain STRAIN
(.
In the search box, type ‘s Element Strain Energy ESE
Select the plus(+) icon 8 times for Stress Stress STRESS
to create 8 stress constraints
Fatigue, pseudo-static fatigue analysis FATIGUE

Select the plus(+) icon 1 time for
Displacement to create 1 displacement
constraint

® 2.3 4 » | 5|10 20 | 30 | 40 | 50

* The search box is used to filter the tables
for the Displacement and Stress
responses.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 19
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Create Design
Constraints

Step 2 - Adjust constraints

Click 10 on the pagination bar

Configure the constraints as shown to

the right + Options
Example: Configure the following for rl Lower Upper
Property Type: PROD Label Status Response Property Type Allowed Allowed

. Type ATTA = ATTB = ATTi = Limit Limit
ATTA: 2 - Axial stress

ATTi: 1 (PID 1) S Seal Search Search Search Search Search Search Search

Lower Allowed Limit: -40000. \
B - ® STRESS /PF'.OD v | 2-Ayial stress v 1 ~40000. 40000.
Upper Allowed Limit: 40000.
Example: Configure the following for r9 B - © sTRESs PROD V||| 2-Axialstress o 2 -40000. 40000.
ATTA: 123 -T1,T2, T3 n 3 ® STRESS PROD w ||| 2-Axial stress v 3 -40000. 40000.
ATTi: 1, 2 (Nodes 1 and 2)
LOWEr Allowed lelt _35 n r4 o STRESS PROD w 2 - Axial stress w 4 ~40000. 40000,
Upper Allowed Limit: .35. B s © STRESS PROD v| | 2-Axal stress v @ 5 ~40000. 40000,
Repeat the same for r2, r3, ... r8, but note
that each cell will be different x M © sTrEss PROD ¥ ||| 2-Axalstress v B -40000. 40000.
B -~ ® STRESS PROD v | 2-Ayial stress v 7 ~40000. 40000.
The rl label is configured as follows: A
stress constraint is created for all n rs © sTREss FROD ™| | 2-Axial stress v 8 -40000. 40000.
elements associated with the entry PROD
1, for component 2 (Axial Stress). PROD 1 (% M © oDisp \ T M " - - )

has 1 element associated, so 1 stress

quantity is constrained. 5 m o0 | 30 | 40 | s0
The r9 label is configured as follows: The 0

T1, T2, T3 components (x, y, z) of

displacement at grid 1 and 2 are

constrained. Since there are 3x2

responses, 6 responses are constrained.
HEXAGON 20
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SOL 200 Web App - Optimization  Upload  Vvariables  Objective  Constraints ~ Subcases  Exporter  Resulis

Constraints Equation Constraints @

Create Design
Constraints

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

There are 2 methods of creating a
constraint.

* Method 1 —Select a constraint
from a given list of responses, e.g.
Weight, Volume, etc.

* Method 2 — Create an equation.

This page shows the use of Method 2 to
create an Equation Constraint.

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
Constraints Equation Constraints @ <
Step 1 - Create equation constraints Labels
Label  Description =

—— Design Variables —

= Add Equation Constraint
+ Options @

Pl A, Area of the rod, of PROD 1
P2 A, Area of the rod, of PROD 2
() Frequency Bounds Show All Labels @ o A, Area of the rod, of PROD 3
D Show TABLED1 P4 A, Area of the rod, of PROD 4
PS A, Area of the rod, of PROD 5
. CSV Export €SV Import Pe &, Area of the rod, of PROD 6
re a te e S I n 7 4, Area of the rod, of PROD 7
B Export e, m P8 A, Area of the rod, of PROD 8§
¥l Average diameter of PROD 1 (Truss_Member-Type-1)
O ) o o y2 Average dismeter of PROD 2 (Truss Member-Type-2)
Label = Status Equation + Lower Allowed Limit Upper Allowed Limit v Average dismeter of PROD 3 (Truss_Member-Type-3) .
va Average dismeter of PROD 4 (Truss Member-Type-4) P
Search Search Search Search Search ~ s
BDF Output - Design Model
Click +Options Step A - Optional - Create additional responses E
s
$ Design constraints
. S b
Ma rk the Check Select an analysis type s
s
SOL 101 - Statics ~ DRESP1 3Se@eeedl rl STRESS PROD 2 1
La bels DRESP1 3S@eeeel ri STRESS PROD 2 2z
DRESP1 322@e8@3 r3 STRESS PROD 2 3
Select a response DRESP1 2098084 ra STRESS PROD 2 4
. . . .. DRESF1  £299085 rS STRESS FROD 2 5
This new section lists all the existing Responss Description - Response Type * bRese sooeees e sTRESs shop 2 :
DRESP1 geeeee’ r7 STRESS PROD 2 7
DRESP1 3200228 rs STRESS PROD 2 8
labels in the design model and will be - - SER ST o -
2
used as reference to create the O e - s
eq uation constraints Volume VOLUME s M
DCONSTR 3A8@1 RARAAAT 40000, JAARR. 4
n Displacement DISP Developed by The Engineering Lab
B Strain STRAIN
. . . Element Strain Energy ESE
Multiple labels are created in various
locations throughout the web app. The N - BEEE Sl w w0 w

Labels section is a single location where
all the labels can be viewed.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 22
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Step 1 - Create equation constraints

Create Design

-
Constraints e (D) =

Lower Upper

Click +Options Allowed  Allowed
Label = Status = Equation = Limit Limit
CIICk 8 times on +Add Equation Search Search Search Search Search
Constraint — 1
n R1 (V] 1.25* ((-7.69 * 1 * 75.0*2) [ (3.14**2 * 1.0ET * y1*2)) Lower >4|| 10
Click 10 on the pagination bar B r (o) 7B0%r2% 130572 G2 =3 142 = 1 0ET *y22: G3 =g/ G2* 125 Lower 4| 10
Use Table 1 tO type in the 8 equations fOr n R3 ° 1.25*-7.69 /(3142 * 1.0ET); G1 =g *r3 * 106.8*2 / y3*2 Lower Bx 1.0
each Ri, wherei=1,2,3,..8 B - ) 1267 7.69/ (3.14™2 % 1.0E7) G1 =g~ 14 * 7572/ y4™2 O Loy A | 10
o —————— -
gg3;I32nsDﬁ’1?§§fng\;>le?on:pF;)aSte the n RS o 1.25*-7.60 1 (3.14*2* 1.0E7); G1=g*15* 7552/ y5=2 _@ =4 10
sometimes PowerPoint will Change n R6 (] 1.25*-7.69/(3.14*2* 1.0E7); G1 =016 * 131.1472/ y6*2 Lower 34| 10
the negative symbol from '-' to '-'
Iy e - you copy n R7 (/] 1.25*-7.60 1 (3.14*2 * 1.0E7); G1= g * 17 * 181.14%2 [ y7*2 Lower >d|| 10
and paste. Manually type in the n RS © 1.25* 769/ (31472 * 1.0E7); G1 =0 * 3 * 133.462 / y3=2 Lower >4 | 10
equation instead. Table 1 = -
Specify the upper bound as 1.0 for all 8 e
constraints R1 1.25 * ((-7.69 * r1 * 75.0%*2) / (3.14**2 * 1.0E7 * y1**2))
R2 -7.69 * r2 * 130.5%*2; g2 = 3.14**2 * 1.0E7 * y2**2; g3 =g /g2 * 1.25
The Equation Constraint R2 can be read
L . R3 1.25*-7.69 / (3.14**2 * 1.0E7); g2 =g * r3 * 106.8**2 / y3**2
as follows:
. — * * *%k9.
e R4 1.25 % -7.69 / (3.14**2 * 1.0E7); g2 = g * rd * 75.0%*2 / y4**2
°  g2=3.14*%*2 * 1.0E7 * y2**2;
° g3=g/g2*125 R5 1.25 *-7.69 / (3.14**2 * 1.0E7); g2 = g * r5 * 75.0%*2 / y5**2
The value g3 is the value taken by
the Equation Constraint. R6 1.25 *-7.69 / (3.14**2 * 1.0E7); g2 =g * r6 * 181.14**2 / y6**2
When typing the equation, the beginning
of the equation does NOT need “g =“ This R7 1.25*-7.69/(3.14**2 * 1.0E7); g2 =g * r7 * 181.14**2 [ y7**2
is automatically inserted in the
R8 1.25 *-7.69 / (3.14**2 * 1.0E7); g2 =g * r8 * 133.46**2 / y8**2

background.

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 23
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Assign
Constraints to
Load Cases
(SUBCASES)

Click Subcases
Select only SUBCASE 1 and SUBCASE 2
Click 20 in the pagination bar

Click Check visible boxes

Each checkbox for the columns
should be marked

The following constraints have been
applied to SUBCASE 1 and 2:r1, r2, r3,
rd, r5, r6,r7,r8, r9, R1, R2, R3, R4, R5,
R6, R7, R8

When hundreds of SUBCASEs must be
configured, the following options
expedite the process:

Uncheck visible boxes

Check visible boxes

SOL 200 Web App - Optimization  Upload  Vvariables ~ Objective  Consfrainis  Subcases — Exporier  Resulis

O

Step 1 - Assign constraints to subcases

Display Columns

Global Constraints

SUBCASE 1 e
SUBCASE 2
-
e
D Uncheck visible boxes = (& Check visible boxes
+ Options E
Status Response
- Label « Type = Description SUBCASE1 = SUBCASE 2 =
Search Search Search
Stress, item code 2, of elements associated with
! ! + '
B o -« STRESS i = (/]
E ° 2 STRESS g;;s;, :';tem code 2, of elements associated with
E o a STRESS g;;s;, ;tem code 2, of elements associated with
E (] RB Equation
E [v] R7 Equation

E [v] RE Equation @

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 24
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O

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

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

Select one of the following H5 output
options

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

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

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

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

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 25
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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”

®

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

BDF Output - Model

Settings Match Other User's Guide

BDF Qutput - Design Model

assign userfile - ‘optimization_results.csv’, status = unknown,
form = formatted, unit = 52
ID MSC DSOUGS $ v28e4 ehj 25-Jun-2@e3

TIME 18
soL 208

CEND

TITLE = OPTIMAL SIZING OF A 25-BAR TRUSS - DS0UGE
SUBTITLE = EIGHT INDEPEMDENT ROD DIAMETERS

ECHO = HOME

OLOAD = ALL

DISP = ALL

SPCFORCE = ALL
ELFORCE = ALL
STRESS = ALL
SPC = 109
DESOBI(MIN) = 5800808
$ DESGLB Slot
$ DSAPRT(FORMATTED, EXPORT, END=SENS) = ALL
SUBCASE 1
ANALYSIS = STATICS
DESSUB = 40220021
$ DRSPAN Slot
LABEL = LOAD CONDITION 1
LOAD = 3e@
SUBCASE 2
ANALYSIS = STATICS
DESSUB = 4@@eeesl
$ DRSPAN Slot

Download BDF Files

2 Download BDF Files @

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

= 3
5= =
£ pesign Model +
3 N
s
H
E Design varisbles - Type 1
SO B
s
E
s
H
E
s
s
s
s
& Design variables - Type 2
§emememmmmmmmmmmcmmmmmmemeaeen e
s
H
DVPREL2 2200201 PROD 1 A .ee1 seel
DESVAR 2@eeel
DVPREL2 2000202 PROD 2 A .ee1 see2
DESVAR 229202
T DVPREL2 2200203 PROD 3 A .ee1 sees
DESVAR 2@eee3
DVPREL2Z 20888884 PROD 4 A .881 54
DESVAR 220004
DVPREL2 2000205 PROD 5 A .ee1 sees
DESVAR 2@eee5
DVPREL2Z 20888886 PROD ] A .881 5886
DESVAR 220206
DVPREL2 2000207 PROD 7 A .ee1 see7
DESVAR 288887
DVPRELZ 2800008 PROD g A 281 sees

DESVAR 289028

$
3
DEOATH 5881

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

@ 1, Extract Compressed (Zipped) Folders

Click Extract All
Select a Destination and Extract Files

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

special-sunshine' Downloads\nastran_working_dire Browse...

Show extracted files when complete

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

@[ Bdract | [ Cancel

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 27
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Perform the ==l

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

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

a remote machine. 2) Run the MSC Nastran i

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

. open this software. What's the risk?

€ Network 2| < 1L [

) 4 items

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

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

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

Using Linux?

Follow these instructions:

1) Open Terminal

2) Navigate to the nastran_working_directory
cd ./nastran_working_directory

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

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

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

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

sudo chmod -R u+x ./nastran_working_directory Questions? Email: christian@ the-engineering-lab.com (4 J HEXAGON 28
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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 29
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SOL 200 Web App - Local Optimization Results Home

Review Optimization Results

After MSC Nastran is finished, the results will Final Message in .f06

be automatically uploaded. @

[} RUN TERMINATED DUE TO HARD COWVERGENCE TO AN OPTIMUM AT CYCLE NUMBER = 15.
(/] AND HARD FEASIBLE DISCRETE DESIGN OBTAINED

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

The final value of objective, normalized
constraints (not shown) and design 1000

variables can be reviewed.
800

The reader may realize a sudden g w0

jump/change in the results after the 15D o

design cycle. Recall that the design

variables were Configured to take on INITIAL 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 15D
allowed values. The optimization performs @ Design Cycle

a regular continuous optimization for
design cycles 1-15. Upon convergence, the
variables are not equal to the allowed
values, e.g. the variable might be 1.25, but O Display None | & Display Al

Design Variables

the allowed value is either 1.0 or 2.0. A P Display | Color Label Label Comments
discrete process is performed after the last
design cycle, in this case cycle 15D, to 25 :

—_— Average diameter of PROD 1

v (Truss_Member-Type-1)

force the variables to be an allowed value,

i.e. 1.25 becomes 1.0. As a result of this z 3 . ~— — e e 0
sudden change in variables, both the g / Aversge dismeter of PROD 3
) . . > 25 —4 = " | (Truss_Member-Type-3)

objective and constraints also change. &
o Q o ] — Average diameter of PROD 4
The final message includes a second line. If s (Truss_Member-Type-4)
. . . o
this line appears, the discrete process was 3 — ys e dame orPROD
d success. = 15 — 5 Aversgsdismeim of PRODE

*  AND HARD FEASIBLE DISCRETE (Tross HemeerTyee

1 7 Average diameter of PROD 7

D ES I G N O BTAI N E D ¥ (Truss_Member-Type-7)

If the this line appears, refer to the — g Aversge diameter of PROD S
0.5 (Truss_Member-Type-8)

Appendix - What does this message mean:
SOFT FEASIBLE DlSCRETE DESIGN INITIAL 1 2 3 4 5 6 7 2 g 10 11 12 13 14 15 15D
OBTAINED? Design Cycle

e  AND SOFT FEASIBLE DISCRETE

DESIGN OBTAINED Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON
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Results

Initial Design Optimized Design
° Weight: 660 slinch © Weight: 1007 slinch

> Vary member cross section areas

° Stress constraint initially violated o Stress and Buckling within limits

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



%'L‘b « nastran_working_directory » workspace_b - | 4 | | Search workspoce... 0 |
Organize = Include in library - Share with = Mew folder ==« i a
';} e Mame . Date modified Ty

Bl Desktop ||Er medel_final. bdf (2) /2072022 2:32 PM Mg

Update the e
Original Model % L

- 1, 3
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 Orlglnal |nput Files UpdatEd BDF File (model_flnal.bdf)
optimized values. —— ———
FROD 1 1 2.0 0.0 FPROD 1 .0785 0.0 0.0 0.0
A new BDF file has been created in PROD z 1 2.0 0.0 PROD 2 2.828 0.0 0.0 0.0
nastran_working_directory/workspace_b/
model final.bdf. PROD 3 1 2.0 0.0 PROD 3 2.826 0.0 0.0 0.0
PROD 4 1 2.0 0.0 PROD 4 0785 0.0 0.0 0.0
The file model_final.bdf is a copy of the
PROD 5 1 2.0 0.0 PROD 5 1.258 0.0 0.0 0.0

original input files but the original values
for the designed properties have been PROD & 1 2.0 0.0 PROD & 2.826 0.0 0.0 0.0
updated to use the optimized values.

PROD 7 1 2.0 0.0 PROD 7 5.024 0.0 0.0 0.0
. - . PROD 8 1 2.0 0.0 PROD 8 2.826 0.0 0.0 0.0
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.
!f‘ HEXAGON
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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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SOL 200 Web App - PCH to BDF

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

B Selectfiles IR @ B Selectfiles  EOVERIGEREN

©

Inspecting: 100% Inspecting: 100%
[2) List of Selected Files [ List of Selected Files
PCH Entries BDF Entries
U p d ate th e PROD at 1 .8785 a.e a.e 2.0 * PROD at 3l 2.0 8.0
O r | g | n a | Ivl Od e | PROD & 1 2.826 a.9 a.e 2.0 * PROD 2 L 2.8 B.a
PROD 3 1 2.826 a.e a.a 2.0 * PROD =] al 2.8 2.2
The original .bdf/.dat file has old
information about the properties. The i . b - R - s
properties will be updated.
PROD 5 3 b Ln a.e a.e 8.0 * PROD &l il 2.8 8.9
Select the model.pch file PROD 6 1 2.826 0.0 8.0 2.0 = PROD 6 1 2.0 8.0
Select the original file: dsoug8.dat Free 7 R -»> e : eee
PROD 8 1 2.826 a.e a.e e.e * PROD 8 1l 2.0 6.0

A summary of updates that will be
performed are shown

Step 3 - Download New BDF Files
Click Download and a new updated BDF

file is downloaded

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

mm O

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

Note the entries have been updated
with the optimized properties

[= dsougB.dat E3 |

54
55
=13
57
58
i
60
61
62
63
64
85
66
&7
68
69
70
s
T2
73
Fa
7
T6
T
78
ik,
80
81
82
83
84
85
86
87
88
89
90
91
92
93
=L
95
96

CROD 10 2 3 3 10 2 3 &

CROD 11 2 a s 11 2 a s

CrROD 12 s 3 2 12 s 3 2

CrROD 13 5 5 & 13 5 5 &

CROD 14 6 3 10 14 6 3 10

CROD 15 6 6 7 15 6 6 7

CROD 16 6 2 3 16 6 4 3

CROD 17 6 5 8 17 6 5 8

CROD 18 7 a 7 18 7 4 7

CROD 18 7 3 8 13 7 3 8

CROD 20 7 5 10 20 7 5 10

crROD 21 7 6 9 21 7 5 9

CrROD 22 8 6 10 22 8 6 10

CROD 23 &8 3 7 23 8 3 7

CROD 24 8 5 5 24 8 5 3

CROD 25 8 2 8 25 8 4 8

PROD 1 1 2.0 0.0 0.0 0.0 0.0

PROD 2 2.0 0.0 0.0 0.0 0.0

PROD 1 2.0 0.0 0.0 0.0 0.0

PROD 4 1 2.0 0 0.0 0.0 0

PROD 1 2.0 0.0 0. 0.0 0

PROD & 1 2.0 0.0 1 2.826 0.0 0.0 0.0

PROD 1 2.0 0.0 1 5.024 0.0 0.0 0.0

PROD 8 1 2.0 0.0 1 2.826 0.0 0.0 0.0

FORCE 300 1 0 1000. 10000. -5000. 300 1 1.0 1000. 10000. -5000.
FORCE 300 2 1.0 0. 10000. -5000. 300 2 1.0 0. 10000. -5000.
FORCE 300 3 1.0 500. 0. 0. 300 3 1.0 500. 0. 0.
FORCE 300 & 1.0 500. 0. 0. 300 & 1.0 500. 0. 0.
FORCE 310 1 1.0 0. 20000. -5000. 310 1 1.0 0. 20000. -5000.
FORCE 310 2 1.0 0. -20000. -5000. 310 2 1.0 0. -20000. -5000.

4

Pl

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




Normalized Constraints

+ Info

Normalized
Constraints

All constraints are normalized. For each WTAL12 3456 789 10 1T 12 a3 1d ST
design cycle, the maximum normalized Design Cycle

constraint (NC) is reported in the

Normalized Constraints plot.

MNormalized Constraints

SOL 200 Web App - Responses Home

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

For the initial design, the maximum
NC is 1.8272 and corresponds to a

factor of safety for buckling of
2.8272. @ Reset view =~ ®Violated constraints | @ Active constraints R ENITIER =R R M I =]

For design cycle 14, the maximum

NCis .0011263 and corresponds to a Normalized | Lower

buckling value of 1.0011. Design Cycle  Subcase Label Constraint  Bound Upper Bound  Normalized |Shpw More

=i Tl e, s et i Response Type = Value = Constraint Infgrmation

NC is -.09668 and corresponds to a

buckling value of .90332. The final Search Search Seal Search Search Searc Search Search Search

buckling value is well under the

upper bound of 1.0. This is because INITLAL 2 R¥ RETAINED DRESP2 A 28272E+00 ’Q'Bﬁﬁﬁ&ﬁﬁ‘* 1.8272E+00* E

the final design variables were

adjusted to use the discrete values e e e meTmmennncenn s 4990nc.on 4 AAnac.any o onans nass | |EER)
that were defined on the DDVAL

entry. A variable value such as 3.28

may have been adjusted to 4. The T T T Ty T T T T T T T —— T T T
change in variable values caused the 14 2 R7 RETAINED DRESPZ MIA 1.001ME+00 |eBEeaE+oa2— 1.1263E-03** <—'E
buckling value to change from 1.0,

in the previous design cycle, to 0.90, FINAL - 15D(FI 2 R2 RETAINED DRESPZ MIA 9.0332E-01  |e-BE88E+E0 -9.6680E-02* 4—E—

in the final design cycle.
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Post-processor
Web App

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

The displacements are displayed. Note the
displacements at grids 1 and 2 are within
the bounds specified on the design
constraints.

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

Displacements, Subcase 1

Spectrum
039181

0.36732
034264
031835
029386

0.39085297755391774 026937

Grid 1

024488

0.39181226957516746

Grid 2

‘ll‘
0.3802849941777291
Grid 2

022039
0.19591
017142
0.14693
0.12244
0.09795
007346
0.04898
002449
0.00000
Neo Data

Initial Design

SOL 200 Web App
Developed by The Engineering Lab

Spectrum

038228
0.38839
033450

0.31061
028871
026282
023893
021504
019114
016726
0.14336
011946
009557
007168
0.04779
002389
0.00000
No Data

0.3822849941777291
Grid 1

Initial Design

SOL 200 Web App
Developed by The Engineering Lab

Questions? Email: christian@ the-engineering-lab.com
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0.04781

0.03187

(4 0.01584
( 0.00000
Mm

_—

0.2405687222927401
0.15036

Spectrum

. 025498

0.23904
022310
020717
019123
017530
0.15936
014342
012749
011155
0.09562
0.07968
008374

Final Desi
SOL 200 Web App
Developed by The Engineering Lab
Spectrum

024057
0.22653
021050

0.19546

0.2405687222927401 013043
Grid 1 0.16539

013532
012028
010625
0.09021
007518
0.06014
004511
0.03007
001504
0.00000
No Data

Final Design

SOL 200 Web App
Developed by The Engineering Lab
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Post-processor
Web App

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

The axial stresses are displayed.

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

Axial Stresses, Subcase 1

Spectrum

507326123
432081113
356836102

281591092
2063.46082
1311.01071
55856061
-193.88950
-946.33960
-1698 78970
-245123981
-3203.68991
-3956.14001
-4708 59012
-5461.04022
-6213 49033
-6965 94043
No Data

Initial Design

SOL 200 Web App
Developed by The Engineering Lab

279030930
230241742
181452554
1326 63367
83874179
350.84991
-137.04196
-624 93384
-1112.82571
-1600.71759
-2088.60947
-2576 50134
-3064 39322
-3552.28510
-4040 17697
-4528 06885
No Data

Initial Design

SOL 200 Web App
Developed by The Engineering Lab

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

. 3278.20117

2790.30930
2302.41742
1814.52554
1326.63367
838.74179
350.84991
-137.04196
-624 93384
-1112.82571
-1600.7175%
-2088 60947
-2576 50134
-3084 39322
-355228510
-4040 17697
-4528 06385
No Data

al Design

SOL 200 Web App
Developed by The Engineering Lab

447755872
3711.35376
2945.14880
2178.94385
141273889
646.53394
-119.67102
-885.87598
-1652.08093
-2418.28589
-3184.49084
7.02e+3 -3350 69580
-4716.90076
-5483.10571
-6249.31067
-701551563
No Data

Final Design

SGL 200 Web App
Developed by The Engineering Lab
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Post-processor
Web App

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

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

Cross section of CROD elements

Main Panel - IMain Panel -

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

Initial Design Final Design

Questions? Email: christian@ the-engineering-lab.com u HEXAGON 40
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End of Tutorial

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

> Frequently Asked Questions

> What are the different ways of writing Equations for Equation Objective and Equation Constraints?

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

Question:
° What are the different ways of writing Equations for Equation Objective and Equation Constraints?
> What does this message mean: SOFT FEASIBLE DISCRETE DESIGN OBTAINED?

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

Answer: Single expression Answer: Multiple expression
4[3-7.69 LTS ® 125 | (30472 * 167 * YI*2) -7.69 * 1l * 75.%%2; g2 = 3.14**2 * 1.e7 *y1**2; g3 =g / g2 * 1.25;
Below is the DEQATN entry that is created in the web app Below is the DEQATN entry that is created in the web app
DEQATN 176001 DEQATN 170001

v (yi,ri) =
. giyl, g(y1,r1) =
Itlsnotnecessaryto = A T i ?5_ii2 * 1.25 / (3.14**2 W 1.e7 * yl**2} 7,69 * r1 * 75.%%2: g2 = 3.14%%2 * 1.e7 * yl**zl g3 _ g / gz .
type ‘g =" at the ) :;_‘5_ : G ' ' :

beginning. This is done
automatically for you.

This is how Nastran interprets the input

This is how Nastran interprets the input gliyl, 1) = —7.69 * 12 * 130.5%%2; (eq. 1)

g2 3.14*%*2 * 1.0E7 * y2**2; (eq. 2)
g(yl,rl) = -7.69 * rl * 75.%%2

* 1.25 / (3.14%*2 * 1.e7 * yl**2) (eq. 1)

g3 g/ g2 * 1.25; (eqg. 3)

The last expression is the value used by Nastran.

Questions? Email: christian@ the-engineering-lab.com \.‘ HEXAGON
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Final Message in .f06

O RUN _TERMINATED DUE TO HARD CONVERGENCE TO AN OPTIMUM AT CYCLE NUMBER = 15.
@ I 9 AND 50FT FEASIELE DISCRETE DESIGN OBTAINED

What does this
message mean: SOFT Objective

FEASIBLE DISCRETE
DESIGN OBTAINED?

Qoo
Recall that the discrete process occurs after the

last design cycle. The discrete process causes
an apparent change, sometimes a jump, in the
design variables and, consequently, the
responses (objective and constraints). During
the change, the constraints can remain satisfied INITIAL 1 2 3 s s 6 . s s 10 11 12 13 14 15 1sD
or become violated.

Objective

700

Design Cycle

The discrete process is a success if this message
is reported, this indicates the constraints
remained satisfied after the change: “AND
HARD FEASIBLE DISCRETE DESIGN OBTAINED.”

Normalized Constraints

This example reports “SOFT FEASIBLE + Info
DISCRETE DESIGN OBTAINED” and indicates
that after the variables were adjusted to
allowed values, a constraint became
violated in the process. For example, the
thickness at 1.125 produces a stress of
40,000 and is ok, but once the thickness is
changed to 1.000, the stress becomes
40,010, thus violating the constraint.

1.5

0.3

Mormalized Constraints
—

When re\”erng the Normallzed INITIAL 1 2 3 4 5 6 7 8 =l 10 11 12 13 14 15 15D
Constraints, it is found that for 15D, the
discrete process, the normalized constraint
value is negative, indication of a violated
constraint after the discrete process. ‘

Design Cycle

HEXAGON

Technology Partner

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




What does this VTR ML VAL M ThIz e ML s s @'
message mea n : Final Message in .f06

SOFT FEASIBLE B
© o sour FemeraLt orachere oesten cemaIEs T

DISCRETE DESIGN

OBTAINED?

To address the issue, the following can be

1000
performed to address the issue.
» 900
The idea is to trigger the discrete process 3- z
5 design cycles before the final design 2 oo y
cycle. In this example, design cycle 13 is ©
selected as the cycle to start the discrete 06

process. This option is used in the design

model to start the discrete process at INITIAL 1 2 3 4 5 5 7 8 9 10 11 12| 13 13D 14 14D 15 15D

design cycle 13.
DOPTPRM DISBEG 13

Design Cycle
Normalized Constraints

Before, this example produced cycles 13,

14, 15, 15D. With DISBEG 13, the cycles are +Info
now 13, 13D, 14, 14D, 15, 15D. The

discrete process is performed after each

design cycle starting at 13. 1.5

Since 15D resulted in a SOFT FEASIBLE
DISCRETE DESIGN, the previous cycles 14D @
and 13D can be manually inspected. If 14D 02
or 13D yield designs with satisfied

Normalized Constraints

constraints, i.e. the normalized constraint is
negative, the optimum is chosen from 13D
or 14D. In this example, 14D yields a design Design Cycle
with satisfied constraints and is taken as

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

Technology Partner
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