Workshop — Composite Coupon —
Phase C — Data Preparation for Ply
Shape Optimization

AN MSC NASTRAN SOL 200 TUTORIAL
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Composite Workshop

This workshop is phase C of a 5-phase workshop.

/Phase A \ KPhase B \

Workshop — Composite Coupon — Phase A — Determination of the optimal Workshop — Composite Coupon — Phase B — Baseline Ply Number

0° direction of a composite Optimization

* Perform an optimization on the angle of ply 1 to maximize stiffness * Perform a ply number optimization with full and continuous ply shapes
* Tools Used: MSC Nastran and SOL 200 Web App * Tools Used: SOL 200 Web App (Viewer and Optimization web apps) and

MSC Nastran

0° Direction Optimization

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

This workshop is phase C of a 5-phase workshop.

/Phase A

0° /

=

\ /Phase B \

0° Direction Optimization Baseline Ply Number Optimization

- N
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Composite Workshop

This workshop is phase C of a 5-phase workshop.

fPhase C

Workshop — Composite
Coupon — Phase C — Data
Preparation for Ply Shape
Optimization

* Manually create
PLYOOOi Files

* Tools Used: Patran,
MSC Nastran and SOL
200 Web App

\

/Phase D \

Workshop — Composite Coupon — Phase D — Ply Shape and Ply Number
Optimization

* Input BDF and PLY0OOQi Files

* Create Ply Shapes

*  Perform Ply Number Optimization
* Inspect Plies

* Tools Used: SOL 200 Web App (Viewer and Optimization web apps) and
MSC Nastran

/Phase E \

Workshop — Composite Coupon — Phase E -
Stacking Sequence Optimization

* Input BDF

*  Perform Stacking Sequence Optimization
* Validate Performance

* Inspect Plies

*  Tools Used: SOL 200 Web App (Stacking
Sequence and Viewer web apps) and MSC

Ply Shape Optimization

Nastran

Stacking Sequence
Optimization

Questions? Email: christian@ the-engineering-lab.com 44 HEXAGON
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Composite Workshop

This workshop is phase C of a 5-phase workshop.

[Phase C A /Phase D \ Phase E \

. - Stacking Sequence
Ply Shape Optimization Ply Number Optimization
\_ >z

N ~

(

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



Ply Shapes
Part 1 of this tutorial Y P

Goal: Prepare
Data for Ply
Shape Creation

The goal is to construct ply shapes that
produce a lightweight composite but satisfy
failure index constraints.

BDF File —
with TOMVAR
Entries

Viewer Web App

The Viewer web app will be used to
construct new ply shapes, but first, BDF and
PLYOO0Oi files must be prepared.

\_4
0

PLYOOOi
Files

This tutorial discusses how to prepare the
BDF and PLY0OOi files. A separate tutorial
discusses how to upload these files to the
Viewer web app and how to construct new
ply shapes.

o
o=

Part 2 of this tutorial

Questions? Email: christian@ the-engineering-lab.com * HEXAGON 6
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Summary of
Optimized
Designs

This tutorial is part of a 5-phase tutorial. Phase
D and E yield optimized composites.

A comparison is made between the starting and
final composite designs from phase D and E.
Observe the following:

~21% mass savings. The mass of the plies
was reduced from 2.229851E-05 to 1.76E-
05.

For the final composite, after stacking
sequence optimization, the maximum
failure index is .838 and is well under the
upper allowed limit of .95.

Total Mass

Mass of Non-design
Region (Core)

Mass of Design Region
(Plies)

Max Failure Index,
Subcase 1

Max Failure Index,
Subcase 2

Starting Design

Tutorial Phase B

2.825148E-05

5.952966E-06

2.229851E-05

.905 (OK)

.934 (OK)

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

Design After Ply Shape
and Ply Number

Optimization

Tutorial Phase D

2.356787E-05

5.952966E-06
1.76E-05
.838 (OK)

.856 (OK)

.4 HEXAGON

Technology Partner

Design After Stacking
Sequence Optimization

Tutorial Phase E

2.356787E-05

5.952966E-06

1.76E-05

.838 (OK)

.654 (OK)



Details of the structural model

+z_element Radius: 3.175mm

Edge is ==
Clamped
L—>
Subcase 2 — Transverse Load
|

[90/+45/-45/0/90/+45/-45/0/ 0

core]s

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



Layer 1 45°

e e e e, Layer 2
_ Layer 3 -45°
. Layer 4
Details of the Layer 5 o
. Layer 6
Composite Layers Layer 7 0"
Layer 8
This composite consists of 18 layers. 0% (Core)
The PCOMP entry defines only 9 layers, but the Layer 9
LAM=SYM option indicates that the composite Layer 10
is symmetric. Internally, layers 10, 11, ..., 18 are
generated and stored.
Layers 9 and 10 correspond to the core. t:z:: E
These layers are NOT optimized. Layer 13
. Layer 14
Layers 1 and 18 correspond to 90° Layer 15
Layers 2 and 17 correspond to 45° Layer 17
layers. Layer 18
Layers 3 and 16 correspond to -45°
layers. +z_element
:.:J/:r;s 4 and 15 correspond 0 PCOMP 1 90 . HILL SYM
101 .125 90. YES Layer 1
These layers are optimized. 101 .125 45, YES Layer 2
Layers 5 and 14 correspond to 90 ° 101 .125 -45. YES Layer 3
R 101 .125 0. YES Layer 4
Layers 6 and 13 correspond to 45° 101 25 90 YES Layer 5
layers. : )
101 .25 45. YES Layer 6
Layers 7 and 12 correspond to -45°
layers. 101 .25 -45. YES Layer 7
Layers 8 and 11 correspond 0° 101 .25 0. YES Layer 8
layers. 501 3.175 0. YES Layer 9

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 9
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More Information Available in the Appendix

" The Appendix includes information regarding the following:
Comments on bulk data entries compatible with ply shape optimization

Why is a topometry optimization skipped?
Methods to Create PLYOOQi Files

Appendix

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



Contact me

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

Nastran SOL 200 questions

Structural or mechanical optimization
questions

Access to the SOL 200 Web App

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

Questions? Email: christian@ the-engineering-lab.com 44 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: PLY0O0Oi Files - The PLY0OOi files contain information that is used to
. construct ply shapes. This tutorial discusses how to manually create PLYOOOi
o Convert the .bdf file to SOL 200 G,

° Design Variables

o Design Objective

3. Manually create PLYOOOi files

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



The Post-processor Web App and HDF5 Explorer
are free to MSC Nastran users.

SOL 200 Web App Capabilities

Compatibility Benefits

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

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

D

error validations. * Free Post-processor web apps

e REALT TIME creation of bulk data ¢ +80 tutorials

Web Apps

entries.

PSHELL 1 - Plate
mmmmm PBARL 3- Hat_Stiffener

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

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

topography, multi-model optimization.

i S
LI5S
REE T e

SEIX

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

Questions? Email

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

Input Files
(BOF. DAT, etc.}

Local System
Windows
et eromser)

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

Remote System

Remote Execution Web App

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

: christian@ the-engineering-lab.com

PBMSECT Web App

Generate PBMSECT and PBRSECT

entries graphically

P(f)/A

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

L{; HEXAGON

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

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

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

M- Pasbcpaton Factor - mogrtde part

ME_FREQ_EGR - Trme, it of egen vave

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




Part 1 - BDF File
with TOMVAR Entries




%*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 ﬂ HEXAGON 16

Technology Partner



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

Technology Partner
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©

Composite Coupon — Phase C — Data Preparation for Ply Shape Optimization

This tutonal Is a guide to preparing data for ply shape optimization in a subsequent tutorial. The maximum failure
index values of the outer plies of the composite are determined and saved to specially formatted PLY000i files. The
PLY 000 files will be used to construct optimal ply shapes in a subsequent tutorial.

Obtain Starting
Files

Find the indicated example

This is the third phase in a 5-phase tutorial series.

starting BDF Files:@

Solution BDF Files: Link

Click Link
%vlj b capa.. » Downloads » - |~‘1~|| Search Do... j:l|

The starting file has been downloaded

Organize - Includein library v = 0 @
¢ Favorites MET
Ml Desktop 1, 1_starting_files.zip @
* When starting the procedure, all the 8 Downloads
necessary BDF files must be collected “Zl Recent Places
together.
 Librares IR F—T— »

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 18
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Obtain Starting
Files

Right click on the zip file
Select Extract All...

Click Extract

The starting files are now available in
a folder

This workflow works best when the
BDF has the following configuration:
*  PCOMP entries are used
* TheTifields on the 2D element
entries, e.g. CQUAD4 and
CTRIA3, are NOT used
See the appendix for more
information

%v|j » caparici » Downloads » - | &f| | Search Do.. 0 |
O0v| 1. <« Downloads » 1_starting_files - |~‘1~| |_
Organize » =l Open Share with v Mew folder = 0 @ ) —
S Favorites = Mame B Organize « Include in library = b f=ss
. - A~
B Desktop . 1_starting_files ﬁ = = |= Marne
& Downloads 1 [ 1, 1_starting_files.zip SIS
Tl Recent Places  \C Opm_ ) Bl Desktop [ model_coupon.bdf
Open in new window ¥
4 Downloads
Libraries Extract All... :
= - ‘?ﬂ Recent Places @
@ Documents [Zf  Edit with Notepad++
J Music 2 Open with... 3
[&] Pictures ) [ Libraries
! e Share with 3
ideos
Restore previous versions @ Documents
Music
Ll Computer Send to 3 J' ]
&, Local Disk (C) =] Pictures B
Cut ’
5# Screenshets (WY c i Videos
o
5® Downloads (\\WVB g
— Create shortcut
1% Computer
?'! Metwork I o o Delete o )
-- — e &, Local Disk (C:)  ~ « T
i 1_starting_files.zip Date modifig )
» Compressed (zipped) Folder Si Properties l 1 item
¥

q

@ 1) Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

C:\Users\caparici\Downloads\l_starting_files| Browse...

Show extracted files when complete

‘—

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

@ model_coupon.bdf

Inspecting: 100%

Upload BDF Files o

Click 1. Select Files and select
model_coupon.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 ﬂ HEXAGON



Variables

Click Topometry
In the search box, search for: thickness
Click 10 on the pagination bar

Click the indicated plus (+) icons to create a
TOMVAR entry for layers 5, 6, 7 and 8

Four new TOMVAR entries have been
created

Each ply shape that will be optimized
requires a TOMVAR entry. In this
example, optimal ply shapes will be
created for the 90°, +45° and 0° layers,
i.e. T5, T6, T7 and T8, so a total of 4
TOMVAR entries are created.
Additional TOMVAR entries may be
defined for other layers in different
PCOMP entries.

SOL 200 Web App - Optimization ~ Upload  Variables  Objective

Size Topology Topometry Topography

Step 1 - Select design;roperties

Constraints

Subcases Exporter Results

+ Options
Create TOMVAR Property = Property Description & Entry & Entry ID % Current Value =
Search thickness @ Search Search Search
u T Thickness of layer 1 (90%) PCOMP 1 125
u T2 Thickness of layer 2 (457) PCOMP 1 125
u T3 Thickness of layer 3 (-457) PCOMP 1 125
u T4 Thickness of layer 4 (0%) PCOMP 1 125
u 5 Thickness of layer 5 (90%) PCOMP 1 25
@ u TS Thickness of layer 6 (457) PCOMP 1 25
u 7 Thickness of layer 7 (-457) PCOMP 1 25
u TS Thickness of layer 8 (0%) PCOMP 1 25
u To Thickness of layer 9 (0%) PCOMP 1 3475
5] n 20 30 40 a0
Step 2 - Adjust TOMVAR Entries e
+ Options ¥ Delete Visible Rows
Initial Value
Label &+ Status & Property = Property Description & Entry % Entry ID 2 N Lower Bound Upper Bound Allowed Discrete Values
Search Search Search Search Search Search Search Search Search Search
s N
n z1 ° T5 Thickness of layer 5 (307) PCOMP 25 oM Upper Examples: -2.0, 1.0, THRU, 10.0, B
n z2 ° TG Thickness of layer 6 (45%) PCOMP 25 om Upper Examples: -2.0, 1.0, THRU, 10.0, B
: n z3 ° T7 Thickness of layer 7 (-457) PCOMP 25 0, Upper Examples: -2.0, 1.0, THRU, 10.0, B
n z4 ° T8 Thickness of layer 8 (0%) PCOMP .25 001 Upper Examples: -2.0, 1.0, THRU, 10.0, B
\ Y,
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 22



TOMVAR Entries

The indicated TOMVAR entries have been
created for the thicknesses of layers 5, 6, 7
and 8

It is expected that files model.ply0005,
model.ply0006, model.ply0007 and
model.ply0008 are available to construct
optimal ply shapes. The creation of the PLYOOOi
files is covered in part 2 of this tutorial.

®

STOMVAR
TOMVAR
TOMVAR
TOMVAR
TOMVAR

ID

3000001
3000002
3000003
3000004

TYPE

PCOMP
PCOMP
PCOMP
PCOMP

PID

e

PNAME
TS5
T6
T7
T8

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

XINIT XLB

.25
.25
.25
.25

!.4

.001
.001
.001
.001

HEXAGON

Technology Partner
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Objective

Click Objective

Click the plus (+) icon for Weight

An objective to minimize weight has been
created

SOL 200 Web App - Optimization ~ Upload  Variables  Objective ~ Constraints ~ Subcases  Exporter  Results Seftings ~ Match ~ Other  User's Guide  Home
Objective Equation Objective _@_ <
Step 1 - Select an objective BDF Output - Design Model
Select an analysis type s
5 Design Objective
SOL 101 - Statics v
s
s
Select a response DRESPL 8000000 £ WEIGHT
Response Description + Response Type +
Search Search
@ Weight WEIGHT
[+ | Volume VOLUME
n Displacement DISP
[+ | Strain STRAIN
n Element Strain Energy ESE
« Bl 2 3 4 5 » | 5|10 20 30 40 | 50
Step 2 - Adjust objective
+ Options
Response  Maximize
Label Status Type or Minimize Property Type ATTA ATTB ATTI
[ x B ©  WEIGHT MN v 3 v s v

®

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

5 10 20 2 4 50

.4 HEXAGON

Technology Partner
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SOL 200 Web App - Optimization  Upload  Variables  Objective  Consfraints  Subcases  Exporter  Resulis

Bea

BDF Output - Model

assign userfile = 'optimizaticon_reswlts.csv', status = unkmown,

form = formatted, unit = 52

£ MsC.Mastran imput file created om March @3, 2023 at 12:46:53 by
§ Patran 2822.2

% Direct Text Input for Mastran System Cell section

% Direct Text Imput for File Management Section
EX O rt N eW B D F % Direct Text Input for Executive Control
% Linear sStatic amalysis, Database

S0L 2e2

Files

% Direct Text Input for Global Case Control Data
ECHD = NONE

q DESOBI{MIN} = S@ccaeea
Click on Exporter e e -

§ DSAPRT(FORMATTED, EXPORT, EMD=SENS) = ALL
SUBCASE 1

AMALYSIS = STATICS

$ DESsuB slot

$ DRSPAN slot

SUBTITLE=Load Case 1

SPC = 2

LOAD = 2

DISPLACEMENT(FLOT,SORT1,REAL }=ALL

SPCFORCES(PLOT,SORTL, REAL)=ALL

STRESS(PLOT,S0RT1,REAL , VONMISES ,BILTN)=ALL
% Direct Text Imput for this Subcase
SUBCASE 2

AMALYSIS = STATICS

Click on Download BDF Files

When the download button is clicked Download BDF Files
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”

Technology Partner

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



%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
#& OneDrive Extract All...
Edit with Notepad++
(7 Libraries Open with...
X ra C ( @ Documents
J’ Musi Share with »
usic
&) Pictures Restore previous versions
Contents of the B v :
Cut
. & Homegroup
e =
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 ﬂ HEXAGON 26
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Extract the

Contents of the
/IP File

Rename directory
nastran_working_directory as
2_topometry_optimization

Delete the indicated ZIP file

A topometry optimization is NOT performed in
this exercise. Do NOT perform a topometry
optimization. The BDF files with TOMVAR
entries are required by the Viewer web app in
order to construct ply shapes.

This tutorial only discusses the creation of the
BDF file, with TOMVAR entries, and the PLY0OOi
files.

» Refer to the appendix to answer this
guestion: Why is a topometry
optimization skipped?

(= =E]=]

@vlj b capa.. b Dow.. »

(= =E]=]

- |-‘1-|| Search Downloads F| 6(:)'|j v capa.. b Dow.. »

- |~$1- | | Learch Downloads O |

Organize = Include in library = == = [ @ Organize = Include in library = = ~ [ @
r Favorites Mame 0 Favorites Mame

Bl Desktop | 1_starting_files @ Ml Desktop 1 1_starting_files

8 Downloads [ . nastran_working_directory } & E_topometrj,r_optimization]

“Zl Recent Places

3 Libraries

@ Documents
A ..

I 3 items

Questions? Email

[ | 1) nastra n_working_director}r.zip]

©)

MlfR [ F—T—

: christian@ the-engineering-lab.com

“Zl Recent Places

(= Libraries

@ Documents
Ao -

I 2 items

Technology Partner
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Part 2 - PLYOOO:I Files

Questions? Email: christian@ the-engineering-lab.com \‘ HEXAGON
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Create the H5
File

Double click the MSC Nastran desktop
shortcut

Click File

Navigate to directory 1_starting_files
Select file model_coupon.bdf

Click Open

Click Run

The file model_coupon.h5 is now available

The results of the statics analysis are
contained in the H5, including the ply
failure indices. The failure indices are
required in the following steps, so the H5
file is generated.

®
Na

MSC Mastran
20222

7\

@@q 1. « Downloads » 1 starting files ( 3 )

- | 4y | | Search 1_starting_files Fel |

N’

Organize =

Mew folder

=- 1 @

5 Favarites

B Desktop
i Downloads
%ﬂ Recent Places

|- Libraries
@ Documents

J' Music

[E5] Pictures

‘ Videos

M Camouter

Mame

Q’ model_coupon.bdf @

-

Date medified Type

4/3/2023 T:46 AM Motepad+

LA

i | 3

File name: model_coupon.bdf

+ [ Input Files (*.bdf".dat) -

@ Open |+ [ cancel ]

@@'| | <« Downloads » 1 starting files

- | 4 | | Search 1_starting_... 0 |

| MSC/NASTRAN Commend Information [

MSCAMHASTRAN Input File

IE:\Users'\caparici'\Downlnads'\'l_starting_files\model_coupon.bdl File...! : ’

Optional keywards

coes_|

Clear |

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

Technology Partner

Organize - Include in library - Share with = = == » [ a
¥ Favorites Mame Date modifi
Bl Desktop [& model_coupon.bdf 4/3/2023 74
& Downloads [&f model_coupon.f04 4/3/2023 8:1
‘5] Recent Places [2f model_coupon.fi6 4/3/2023 8:1
model_coupon.h5 4,/3/2023 8:1,
[ Libraries @’ model_coupon.log 4/3/2023 8:1
@ Documents
Bovn - 4 i | r
l 5 items
.4 HEXAGON 29



Ply Shape
Strategy for
Failure Indices

A strategy is necessary to create ply shapes for
failure index responses.

1. To the right, a plot created by Patran is
displayed of failure indices for layer 1 of
subcase 1. Notice that the highest failure
index values are at the hole.

Failure index of layer 1, subcase 1

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

{.ﬂ HEXAGON
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Ply Shape
Strategy for
Failure Indices

An effective strategy is to build ply shapes that
follow the contours of the failure index fringe

plot.

Fringe Plot: Failure indices of layer 1 for Overlapped ply shape candidates

subcase 1

ofiy -
o an

Ply Shape Candidate 1 Ply Shape Cand

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

idate 2

.4 HEXAGON
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Ply Shape
Strategy for
Failure Indices

This analysis model involves two subcases
and multiple layers.

A procedure is necessary to build ply
shapes for each layer and for each subcase.

Layers 5 and 6 are purposely ignored
during this optimization exercise and
are not listed in this table. Layers 5 and
6 correspond to the core of the
composite and the core is not modified
during this optimization procedure.

15

16

17

18

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

90

45

45

90

.4 HEXAGON

Technology Partner

32



Open Patran

Create a new directory named
0_patran_model in your Downloads
directory

Open Patran

Click New

Navigate to the directory 0_patran_model
Set File name to model

Click OK

Click the indicated icon 2 times to change
the background to white

®

(Dpesma

ALY

Defaults

Geometry
g
& e

Transforms

Properties

Loads/BCs

D Eae

Viewport

@-ﬂh b capa.. b Dow.. »

Meshing Analysis

Results

Bl |1 B | 2
B e @5\ R
Display Orientation

¢ File Group~ Viewportr Viewing= Display= Preferences~ Tools~ Insight Control- Help~ Utilities=

I O

Misc.

1]

Web

| | Template Database MName

iC:‘ngrarn Files\MSC. Software\Patran_x6420222 ftemplate. db |

- |~‘1~ | | Search Do...

Organize =

Include in library =

>

= =

b0l @

Questions? Email

‘i:r Favorites
B Desktop

& Downloads
“El Recent Places

= Libraries

ir Mame

. O_patran_model @

. 1_starting_files

A ]

Model [

Change Template ...

MNew Model Preferenc

Model Preference for
model,db

Approximate Maximu
Model Dimension:

Era—

Analysis Code:

E
E

Analysis Type:

i

|| Modify Preferences...
|| set Working Directory to Database Location

Look in:

| . C:\Users\capa..._patran_model '| Q9
N\

O RBE

ﬁ My Computer Mame w

k caparidi

- Desktop

[-1 Documents

10 ] J »
7\

File name: |model| @ | I OK (6
Files of type: | Database Files (*.db) -/| Cancel |

: christian@ the-engineering-lab.com

!4

ED% B
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Import the BDF

Right click in the viewport and click Import
Model

Click MSC.Nastran Input

Navigate to directory 1_starting_files
Select the file model_coupon.bdf
Click Apply

The model has been imported

Click OK on the window Nastran Input File
Summary if it is visible (not shown)

Geometry Properties Loads/BCs Meshing Analysis Results & @ Options =
— e | = T _.....:f
IO = | =) @0 w88 % k]l B | [p] tmport ==
TR sEse s@E (3 .
| 1 || M | | Bt | | [L_-IL 11 | M - ect: Nodd -
Look in: | L. C:i\Users\caparid.. \1_starting_flles ~ | 0 Q 0 ﬁ E] ok -
Defaults Transforms Viewpart Dizplay Crientati : : T e ==
3 ™ MName - - i
: Filer Group~ Viewportr Viewing~ Display~ Preferences Tools~ Insight Control~ Help~ Utilities~ Q My Computer
] - model_coupon.bdf,
e s sz o 5 I | R coes [y
|default
- Desktap |default_group
Application 3 - E
E_I e MSC.MNastran Input Options...
Verify 3 -
Viewport Display 3
Model Orientation  »
Plot Erase
l_. Import Model (] ACIS
Fit View Parasolid xmt
Yiew Corners CATIA
=" s
Reset Graphics 1-DEAS T
Refresh Graphics Pro/ENGINEER.
Tile UnigraphicsX 0
H 4 i A~ »
SolidWarks Hilken H 14
Undo HH 5
File name: |".bd1c * dat l -Apply-
Express Neutral
— 6 ) Files of type: | MSC.Nastran Input Files (*.bdf .dat) - [ cancel |
) MSCNastran Input [z H
J MSC.Patran DB ﬁj
Neutal
STEP
STL
VDA
f
LX
X | &% Detach external results file: Z:\20230403_tutorial_ply_shapes_for_failure_index -~
B | §#\2_statics.hS
res_dra_detach_file( 1, 150, 26 )
E |om _visibility WIdgEt{ Node 1954:2793 4821:4840 5373:5392 7121:7499 7512 8005:9140 Element 1429: 21858 7155:7914 8175:89347, FALSE )
2 m_visibili "Mode 1354:2793 4821:4840 5373:5392 7121:74599 7512 8005:9140 Element 1429:2188 7155: 7914 8175:8934", TRUE
=
=
£ | Command Output
=
S res_data_load_dbresult{ 0, "ENodal”, Scalar”, "SC1:LOAD CASE 17, "A1:Static subcase™, "Failure Indices™, "Ply Indices”, "Layer 37, ™, "AsIs", DeriveAverage”, "Element”, "Centroid”, ™, 0.) |

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

Click Analysis
Click HDF5
Click Select Results File

Navigate to 1_starting_files

Select model_coupon.h5

Click OK
Click Apply

The results from the H5 file has been imported
to Patran.

POy M o &~

Patran 2022.2

Meshing Analysis Results

oS Y7s s Py G &y
Qe @ @ & &

Geometry

L=

Properties  Loads/BCs

L—— —

Entie Selected | Analysis | Read Submit | |33 |[[5 HDF5 ) XDB  Read Attach t16/t19 d3plot Jobfview |||
Model  Group(s) e Qutput2 OQutput2 Output | —
Analyze Create Existing Deck Optimize | Toptomize @ Access Results Delete | Monitor Actions

: Filer Group~ Viewport~ Viewing= Display~ Preferences+ Tools™ Insight Control- Help~ Utilities™
--nlthlr Vi _group -Entity X

= = ER

& @l Options ~

( ; ) Action:  |Access Results ~ ]
Look in: | 1. Ci\Users\capa.. tarting_fles ™ ! 0 '3 O ﬁ E] G Object:  |Attach HDF5 ~
Q My Computer Name + Method: |Result Entities ~
h - @ model_coupon.h5 /\
caparic \SJ -
- Desktop B Code: | MSC.Nastran
E_I Documents Type: |Structural
EE T Available Jobs
| 11 2_statics e
M re I El
T = b
— T2
my eE
i Job N =
i |2_statics |
[ L3 ||| 10b Description (TITLE)
L 4 i » 1
File name: imodel_coupon.hﬁ | I Ok ( 6
Files of type: !Files (*.h5) 2 | [ Cancel ]
SUETITLE
¥ | |
L
X | |
- [ select Results File..{ 3
&% Detach external results file: Z:120230403_tutorial_ply_shapes_for_failure_index i
& | $#\2_statics.hs [ Translation Parameters. .. =
res_dra_detach_file( 1, 150, 26)
g am_i ty wld-get\[ MNode 1954:2733 4821:45840 5373:5392 7121:7499 7512 8005:9140 Element 1429:2138 7155:7914 8175:8934", FALSE )
2 "Mode 1954:2793 4321:4340 5373:5392 7121:7439 7512 8005:9140 Element 1429:2188 7155:7914 8175:58934", TRUE E]
£
E z (7)
E Command Output
S res_data_load_dbresult{ 0, "ENodal”, "Scalar”, "SC1:LOAD CASE 17, "A1:Static subcase™, "Failure Indices™, "Ply Indices™, “Layer 37, ™, "Asls”, "DeriveAverage”, "Element”, "Centraid™, ™, 0. ) | =
| 0 % i

h HEXAGON
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b @ Patran 2022.2 = m g

[ Properties Loads/BCs Meshing Analysis Results @ @ Options =

4 & W y Al 4y IS = !
Create a NeW on I%g: \i'e:nr jﬁ; CLFS;{ C%ﬁr Isosurface F:ﬁy Graph An?aion i I:E?ﬂ @ - Iti n

g & Insnght #‘ % a Spectrums Ranges Titles Colors S;eogdngSm
Result Plots | Result Actions | Insight | XV Plots | Imaging
Subcase: Layer 1, -
Application Panel 2 X
Schase 1/ 2 postons FaiIure Index

Click Results

Set Action: Create
Layer 14
Layer 15
Layer 16
Layer 17

Set Object: Results

Layer 4
@ Layer 5 18
Select both subcases e
Layer 8
Layer 9
Set the name to Layer 1
b
=
Set the subcase name to Subcase 1, 2
MNew Result Case Name
. . |Layer 1 ( 6 ‘ |
Select Failure Index, Ply Indices New Subcase NameN—"

taTer

Layer 3

Layer 1, Subcase 1, 2

Set Method: Maximum

s 12 (7) | Layer 1, Subcase 1 and 2

Click Position 5d | . . .
et . Maximum failure index of layers 1 and 10 for subcase 1
Constraint Forces, Rotational -
Select Layer 1 and Layer 18 e ™ and 2

Displacements, Translational
. Failure Indices, Bond Indices
Click Close Failure Indices, Maximum Indices =

Failure Indices, Ply Indices
Stress Tensor,

Click Apply £
-
A new subcase is created and is named y [ Fiter ]- |
Layer 1, Subcase 1, 2 [ Posionlayer 1> -
( i (1) )
| Apply (12 [ Reset ]
Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 36
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Application Panel g X

Application Panel g X
s | R .. | |
S Failure Index
C N Action: Positions |_
T . ayer
reate a New Object: 2 -
Layer 10 N
Subcase: Layer 2 et e 2
v V4 Layer 12
= oD Layer 13
Subcase 1, 2 8 O ® R
) Layer 15
Select Result Cases -
Select both subcases . AL:Static subcase 17
, Al:Static subcase .
Set the name to Layer 2 Layer 1, Subcase 1, 2 -
Y [ Layer 2, Subcase 1, 2 Layer 4
Layer 5
L [+
Set the subcase name to Subcase 1, 2 @ g L:::: -
Layer 8
Select Failure Index, Ply Indices Layer 9
. o - 2
Click Position Layer 2, Subcase 1 and 2
Select Layer 2 and Layer 17 New Result Case Name Maximum failure index of layers 2 and 9 for subcase 1
Layer 2 and 2
Click Close MNew Subcase Mame
Subcase 1, 2 @
Click Apply E—
. . Constraint Forces, Rotational Y
A new subcase is created and is named Constraint Forces, Translational T
Layer 2, Su bcase 1,2 Displacements, Rotational
Displacements, Translational
Failure Indices, Bond Indices
Failure Indices, Maximum Indices =
Failure Indices, Ply Indices
Stress Tensor, e B
u
N
ki
e -
V4
L5
O | I | = (7)
A4

I w?@[ Reset |

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 37
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Application Panel g X

Application Panel g x

Results
RRESIEN seect... | Failure Index
Action: Positions L
ayer
Layer 1
Method: Layer 10

¢ Cate g W o subcasel |swesez
ez N i ¢ RE
Subcase 1, 2 = & & R

| »

Select Result Cases Layer 16
Select both subcases atic subcase Lyer i3 16
5 :Static subcase = = | o
Layer 1, Subcase 1, 2 ayer 3
Set the name to Layer 3 Layer 2, Subcase 1, 2 T
Layer 3, Subcase 1, 2 J Layer 5
Set the subcase name to Subcase 1, 2 @ = t::::g
Layer 3
Select Failure Index, Ply Indices Layer3d
F -
. " —
Click Position Layer 3, Subcase 1 and 2
Sttt e 8 g ey New Result Case Name Maximum failure index of layers 3 and 8 for subcase 1
Layer 3 and 2
Click Close Mew Subcase Name
Subcase 1, 2 @
Click Apply Select Result
Constraint Forces, Rotational FY
A new subcase is created and is named Constraint Forces, Translational

Displacements, Rotational

Displacements, Translational
Failure Indices, Bond Indices
Failure Indices, Maximum Indices =

Layer 3, Subcase 1, 2

Failure Indices, Ply Indices e
Stress Tensor,

B«

B«
I
H

[ Position...(Layer 16> @] [
Close
O =) @

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 38
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Application Panel g X
Results Application Panel g x

Acton NREEN scece... | Failure Index
Create a New bt —

vevos o
Subcase: Layer 4

Layer 11 4
Subcase 1, 2 [

Select Result Cases

| »

Select both subcases » AL:Static subcase Layer 17 15
; Al:5tatic subcase Layer 18 ®
Layer 1, Subcase 1, 2 Lar
Set the name to Layer 4 Layer 2, Subcase 1, 2 [ S
ayer 4
Layer 3, Subcase 1, 2 —
Layer 4, Subcase 1, 2 =
Set the subcase name to Subcase 1, 2 d tawg
ayer
@ Layer 8
Select Failure Index, Ply Indices Layer 3
ki
. o hd -
L
el [Fosiiten = Layer 4, Subcase 1 and 2
Select Layer 4 and Layer 15 New Resuilt Case Name Maximum failure index of layers 4 and 7 for subcase 1
Layer 4 @ and 2
. MNew Subcase Mame
Click Close
Subcase 1, 2 @
. o —
Click Apply Select Result

Constraint Forces, Rotational
A new subcase is created and is named Constraint Forces, Translational

Displacements, Rotational
Layer 4, Subcase 1,2 Displacements, Translational

Failure Indices, Bond Indices
Failure Indices, Maximum Indices =

| »

Failure Indices, Ply Indices
Stress Tensor,

B«

B«

5
7\
[ Position...{Layer 15> @ l

=0 ==—0"

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 39
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Create model.ply0001

Set Action: Create

Set Object: Report

Set Method: Overwrite File
Select Layer 1, Subcase 1, 2
Select Failure Indices, Ply Indices
Select Scalar Value

Click Display Attributes

Set File Name: model.ply0001

Set Report Type: Data Only

Click Format
Set File Width: 18
Top Margin: 1
Set Title Text Format: blank

Unmark the checkbox Display
Column Labels

Select the indicated cell, which
previously reads: %16%

For the indicated input box, type in
this text : %18%

Press Enter on the keyboard to
commit the new text, the indicated
cell should now read: %I18%

Click OK

Click Apply

A new file model.ply0001 has been created

Application Panel

Results | A~

Action: Q)
Obyect:
e €)

SIREERE

Select Result Cases

e

SC1:LOAD CASE 1, Al:Static subcase

Y
SC2:LOAD CASE 2, Al:Static subcase
Layer 1, Subcase 1, 2 0
Layer 2, Subcase 1, 2

=

Layer 3, Subcase 1, 2
Layer 4, Subcase 1, 2

Select Report Result
Failure Indices, Ply Indices

F
MaxAlg, Derived Result
MaxAlg, Layer
MaxAlg, Result Case

b

Select Quantities
Scalar Value
MNSHAPE
Loadcase ID
Subcase ID
Layer ID

¥ Location

Y Location

£ Location

CID

Lom b

= 4

Reset |

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

Application Panel

Results |

-
-
e

5 &

e
.

File Mame

‘model.ply0001 @ |

[ Format.... (10) ]
NS

[ Sorting Optians. .. ]

O

ﬂ@.l&]

E'F_"_rl."'

e vt nesoge

5) | LeftMaran

|| Pagination Page Mumber
Edit: Alignment: @
Title Text Format

|| isplay Column Labels

—Report Columns
Input Value F t
put Value Forma

%8% (10.6)
\VI

Technology Partner

Column Column Label
1 Entity ID
2 El. Pos, ID
3 Scalar Value
v| .« Downloa... » 0_pat - | "f|| Search @ pat ,Cl|
Organize * Include in library = 2 =+ [ @ 4 | L[] J »
<t Favorites JETLE [ Order Columns ]
Bl Desktop model.db -
4l Downloads model.db jou Defaults
o
"5l Recent Places | || model.ph0001 (]_2)
|| patran.ses.01 e
= NI T — »
.4 HEXAGON 40



Create
model.ply0001

The files .ply000i are typically created by a
topometry optimization. This tutorial
manually creates the .ply00Qi files.

Open file model.ply0001 in a text editor.
Note that the format of the manually
created mode.ply0001 is similar to the
format created by a topometry
optimization.

©) model.ply0001 (Topometry Optimization)

' model py0001 £ |

1 |DESIGN CYCLE 14
2 1
5 |Topometry Optimization Mat
4 |Total number of element
5 1429 0
6 10.1002350E-02
7 1430 0
¢ 10.1002253E-02
9 1431 0

10 |0.1002049E-02

11 1432 0

12 10.1002280E-02

13 1433 0

14 |0.1002328E-02

15 1434 0

16 |0.1002254E-02

17 1435 0

18 |0.1002217E-02

19 1436 0

20 10.1002244E-02

21 1437 0

!4

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

(2) model.ply0001

[=] model phyD001 E3
1
2
3 1429 0
4 0.307122
5 1430 0]
6 0.103824
7 1431 0
8 0.123881
9 1432 0
10 0.120130
11 1433 0
12 0.121350
13 1434 0]
14 0.121152
15 1435 0
16 0.121225
17 1436 0
18 0.121206
19 1437 0
20 0.121206
21 14386 0
HEXAGON 41
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Create
model.ply0002

Click Select Results

Select Layer 2, Subcase 1, 2

Select Failure Indices, Ply Indices

Select Scalar Value

Click Display Attributes

Set File Name: model.ply0002
Click Apply

A new file model.ply0002 has been created

Application Panel & X
[ Resuls |

e

Object:

wethos (e i 7

) H B

Select Result Cases

SCL:LOAD CASE 1, Al:Static subcase &
SCZ:LOAD CASE 2, Al:Static subcase

Layer 1, Subcase 1, 2
Layer 3, Subcase 1, 2 :

Layer 4, Subcase 1, 2

B «

Select Report Result

Failure Indices, Ply Indices
Maxalg, Derived Result
Maxala, Layer

Maxalg, Result Case

Application Panel
Results

= R TR

Select Quantities
Scalar Value
MSHAPE
Loadcase ID
Subcase ID
Layer ID

X Location

Y Location

Z Location

CID

Lom b

B «

[ oy J[ Reset |

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

i
obct
veboc: (e )

Ei=

P

le]

File Mame

‘model.plyoo2 (6 )

[ Format... ]
Repart Type: Data Only ~

[ ay (D[ Reser |

%'| . =« Downloa... » 0_pat

- |~$1- | | Search 0 pat P |

Technology Partner

Organize « [f Open v = = - [ @
S Favorites Mame TN
Ml Desktop model.db
& Downloads || medel.db.jou
“El Recent Places || model.phy0001 E
i mode|.p|3.«uuuz
.4 HEXAGON 42



Application Panel g X Application Panel g X
Results | Resulls

Action: Action:

Object:
o Object

@) ] Method: __[Jua‘uwitEHE S

Selectsultl:ases @ |§‘ ‘ | “ ‘%‘

SCL:LOAD CASE 1, Al:Static subcase & [
SC2:LOAD CASE 2, Al:Static subcase
C re a te Layer 1, Subcase 1, 2 File Mame
Layer 2, Subcase 1, 2 .
Lover 5, subcsse 1.2 @) model.plyooos (6) |
mOdel plyOOO3 Layer 4, Subcase 1, 2 N
[ ]

b
L Farmat...

| | )
Click Select Results

Select Report Result [ Sorting Options... |
Select Layer 3, Subcase 1,2 Failure Indices, Ply Indices e

MaxAlg, Derived Result Report Type: Data Only ~
Select Failure Indices, Ply Indices MaxAlg, Layer

Maxalg, Result Case I (7] [ - ]

Apply Rese

Select Scalar Value

%vl . = Downloa... » (_pat - |~‘1~ | | Search 0 pat P |

Click Display Attributes

= R T

Set File Name: model.ply0003 Select Quantities

Organize ~  [f Open = » = 0 @
Click Apply NSHAPE =

Loadcase ID A : *  Name ol

. Subcase ID W Favorites
A new file model.ply0003 has been created ;aLyer IﬁD Ml Desktop model.db
ocaton

¥ Location j, Downloads |_1 maodel.db.jou

Z Locati - : -

£ eanen ‘&l Recent Places || model.phy0001 =

— || model.phy002

| Apply [ Reset | - Libraries || medel.phy0003

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 43
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Application Panel F x Application Panel 3 X
| Resuts | Results

o Acon

Object: Object:

Method:
et (et i
OR @

SEIECtsuItCaseg ‘g‘ ‘@‘ ‘ ‘

SCL:LOAD CASE 1, Al:iStatic subcase
SC2:LOAD CASE 2, Al:Static subcase

Create SCEOMD AT 24

Layer 2, Subcase 1, 2

model.ply0004 ey

File Mame

~N
‘model.plyooos \ 8 ) |

B mw

[ Format... ]
Click Select Results [ ]
Select Report Result L
Select Layer 4, Subcase 1, 2 Failure Indices, Ply Indices Report Type: Data Only =

Maxalg, Derived Result
Maxala, Layer
Maxalg, Result Case

Select Failure Indices, Ply Indices

| ﬁq::plr(i’” Reset ]

%v| . =« Downloa... » 0_pat - |“‘f| | Search 0 pat 2 ‘

Select Scalar Value

B« w

Click Display Attributes

Set File Name: model.ply0004 Select Quantities

Organize - B’Gpen v » = ~ i @
.
Click Appl NSHAPE . : “  Name B
PRy Loadcase ID 0 Favorites
. Subcase ID Deskto del.db
A new file model.ply0004 has been created Layer ID - P mace
% Location j, Downloads u model.db.jou
¥ Location %E R t P| I =
S s 1=l Recent Places u model.phy0001
cID || model.ply0002
=) Libraries || model.plyd003
| Apply J{ Reset | | Documents || model.ply0004 L3

Technology Partner
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Store the
PLYOOQi Files

Navigate to the Downloads directory and
create a new directory named
3 _manual_ply000i_files

Copy the PLYOQOOi files to directory
3_manual_ply000i_files

[=E=]

GO'LH, b capa.. b

Dow... » - |~‘-_p | | Search Do...

Organize =

Include in library -

» =« [ @

¢ Favorites -
Bl Desktop E|
4. Downloads
':i-:l; Recent Places

(= Libraries

-

Mame

. 0_patran_model

. 1 _starting_files

. 2_topometry_optimization
. 3_manual_ply000i_files

« [ r

%-ﬂ . = Downloa.. » 0_pat

- | 44 ‘ | Search O pat 0 |

Organize - [of Open = = =« 0 @

; i Mame ) il
1,}{ Favorites

Bl Desktop model.db

i Downloads || medel.db.jou

E Recent Places

|- Libraries
@ Documents

m

|| model.phy0001
™ model.plyﬂﬂﬂzw @

|| model.ply0004

|| model.ply0003 J

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

(e &@]=]
GOU| 1! =« Downloads » 3_manual_ply000i_files - |~‘1~ | | Search 3 m... P |
Organize « Include in library = Sharewith = 2 = ~ [ @
s Favorites *  Name i Date modifie
B Desktop H || model.ply0001 4/3/2023 8:5.
g Downloads | model.phy0002 4/3/2023 8:5
' . | model.ply0003 4/3/2023 9:11
|| model.ply0004 4/3/2023 9:01
[ Libraries
D‘f Documents ~ e = -
.4 HEXAGON 45
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®

STOMVAR ID TYPE PID PNAME XINIT XLB XUB DELXV

TOMVAR 3000001 PCOMP 1 T5 .25 .001

TOMVAR 3000002 PCOMP 1 T6 .25 .001

TOMVAR 3000003 PCOMP 1 T7 .25 .001

St th TOMVAR 3000004 PCOMP 1 T8 .25 .001
(== =] (== ]==]
Rename the following files esi j= | |1 « Downloads » 3_manual_ply00i_files w | ¢ || Search 3 m... jJ| {S[ | = _‘L « Dow... ¥ 3 manu... - if Search 3 manual.. O
model.ply0001 => model.ply0005 : _ | o _ | _|_| : | - | | | 8 |

model.ply0002 => model.ply0006 Orgenize v Indudeintbory v Shrewitnv » B~ O @ Organize v Includein library v » = 0O @

-

model.ply0003 => model.ply0007 ¢ Favorites Ham: @ i cmrkiy Mame . |

- M Desktop || medel.ph0001 /3/2023 8:5. I Favorites r
TR =2 IR 20 B Downloads [ modeloh0002 | s B Deckzop =T model 70005 .'
These file names align with the layer W Rl IJ Liin s | kit h-Oeuplonss > model p0006 -I
numbers referenced in the TOMVAR - | | model.phy004 I AT T2 o E‘ﬁ:t:l‘rl.‘ﬁh‘cn-_’ u rmodel.ply0007 ]
entries, e.g. T5, T6, T7 and T8. i Libraries | | model.phy0008 ,
Df Documents i | T | b E Libraries

@ Documents

- 4 m 3

Layers 1-4 will remain fixed during the
optimization. Only layers 5, 6, 7 and 8

will be change during this optimization
procedure.

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 46
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Inspect the
PLYOOOQi Files

Open each PLY0OOi file in a text editor and
ensure the values are similar to what is
shown

model.ply0005

model.ply0006

model.ply0007

model.ply0008

[ mode! ply0005 E3 [ model ply0006 X | [ model piy0007 E3 [ model ply0008 £3 |
1 1 1 1
2 2 2 2
3 1429 3 1429 3 1429 3 1429
4 0.307122 4 0.068311 4 0.128537 4 0.008058
5 1430 5 1430 5 1430 5 1430
6 0.103824 © 0.033003 6 0.023576 © 0.003148
7 1431 7 1431 7 1431 7 1431
8 0.123881 8 0.037165 8 0.032193 8 0.003341
9 1432 9 1432 9 1432 9 1432
10 0.120190 10 0.035959 10 0.032717 10 0.003091
11 1433 11 1433 11 1433 11 1433
12 0.121350 12 0.036363 12 0.034264 12 0.003008
13 1434 13 1434 13 1434 13 1434
14 0.121152 14 0.036402 14 0.034998 14 0.002936
15 1435 15 1435 15 1435 15 1435
16 0.121225 16 0.036498 16 0.035578 16 0.002893
17 1436 17 1436 17 1436 17 1436
18 0.121206 18 0.036520 18 0.035959 18 0.002865
19 1437 19 1437 19 1437 19 1437
20 0.121206 20 0.036492 20 0.036224 20 0.002850
21 1438 21 1438 21 1438 21 1438

Questions? Email: christian@ the-engineering-lab.com
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Ply Shapes
Part 1 of this tutorial Y P

BDF File e
with TOMVAR
Entries

Conclusion

A future goal is to construct a lightweight
composite with optimized ply shapes.

Viewer Web App

The Viewer web app may generate new ply
shapes, but first, BDF files, with TOMVAR
entries, and PLYOOOi files must be created. This
tutorial detailed how to create the BDF and
PLYOOOi files.

\_4
0

PLYOOOi
HES

In a separate tutorial, instructions are provided
to upload the BDF files and PLYOQOQOQi files to the
Viewer web app and how to create ply shapes.

T
&=

Part 2 of this tutorial

Questions? Email: christian@ the-engineering-lab.com * HEXAGON 48
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End of Tutorial

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



Appendix
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Appendix Contents

© Comments on bulk data entries compatible with ply shape optimization

° Why is a topometry optimization skipped?
© Methods to Create PLYOOOi Files
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Comments on
bulk data entries
compatible with
ply shape
optimization

Certain configurations of bulk data entries
should be avoided in ply shape optimization or
in general optimization

The TOMVAR entry does NOT support
PCOMPG entries, so use PCOMP entries.

The formatting of PCOMPG and PCOMP
entries are very similar. A text editor may
be used to convert PCOMPG to PCOMP
entries.

The Ti fields corresponding to the
membrane thickness of the element at the
grid points should NOT be used in a weight
optimization. Using these fields will fix the
volume of the element, which will fix the
mass of the model. During the weight
optimization, the mass will remain constant
but the goal is to minimize the mass.

Use 2D element entries that do NOT use
the Ti fields in a weight optimization.

NOT OK
PCOMPG

OK
C) PCOMP

NOT OK
CQUAD4

CQUAD4

OK

@ CQUAD4
CQUAD4

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

g b w NP

101
101
101
101
501

1429

1430

1429
1430

90. HILL
101 .3755 90. YES
101 .3755 45, YES
101 .3755 45, YES
101 .3755 0. YES
501 3.175 0. YES
90. HILL
.3755 90. YES
.3755 45. YES
.3755 45, YES
.3755 0. YES
3.175 0. YES
1 2393 2374 2452 2411
® (1.0 1.0 1.0 1.0 |
1 2411 2452 2453 2410
1.0 1.0 1.0 1.0
1 2393 2374 2452 2411
1 2411 2452 2453 2410
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Topometry Optimization Results

Patran 2022.2 11-Mar-23 17:18:08
Fringe: DESIGN CYCLE: 20, model ply0001, Topology Optimization, Element Density Distribution, , (NON-LAYERED)

Why is a topometry
optimization
skipped?

There are 2 reasons why topometry
optimization is not performed. \_X

Topometry optimization with failure index
constraint does not yield good results. This
is likely due to the many local optimization

solutions that exist. One topometry Best Ap p roach _

optimization may yield a converged

solution but is one solution of many Failure index plot of 0-degree layers for the most critical
solutions. A topometry optimization with
subcase(s)

failure index constraints is not performed.
Instead, the failure index results are used
to construct optimal ply shapes. The failure
index results are stored in PLYOOOi files.

9.34-01

8.72:01 —>
Ply Shapes
7.49-01

5.87-01

5.25-01

564-01

50201 ]
4.40.01

3.78-01 —
316-01
25501
19301
13101
5.92-0]
746-03

If global responses, such as buckling load st P
factors or natural frequencies, are to be e
optimized, a topometry optimization does s
yield good results and should be used to

optimize composites.

While a topometry optimization is not
necessary, the BDF files do require
TOMVAR entries to exist. For each layer
that will have new optimized ply shapes, a
TOMVAR entry must be defined.

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 53
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Methods to
Create PLYOOQOOI

Method to Create PLYOOOi Files Primary Constrained Response

. Manual Method Element Quantities: Ply Stress, Ply
Files Strain, Failure Index or Strength Ratio
PLYOOOi files are required to perform ply shape L. . .
optimization, There are various methods to Topometry Optimization Method Non-element Quantities:
create i files. . .

Displacements, Natural Frequencies

Manual Method — Manually combine fringe .

plots and create PLYOOOQi files. and BUCkIIng Load Factors

Topometry Optimization Method — Use . L.

Topometry optimization to generate Hybrid Method Element AND non-element quantities

PLYOOO files.

Hybrid Method — Combine PLY0OQOi files
from the manual method and topometry
optimization.

This tutorial employs the Manual
Method

Questions? Email: christian@ the-engineering-lab.com ﬂ HEXAGON 54
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