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Safe Harbor Statement

We may make forward-looking statements regarding planned or future development efforts for our existing or new products and services and statements
regarding our strategic priorities. These statements are not intended to be a promise or guarantee of business results, future availability of products,
services or features but merely reflect our current plans and are based on factors currently known to us. These planned and future development efforts
may change without notice. Purchasing and investment decisions should not be made based upon reliance on these statements.

A discussion of factors that may affect future results is contained in our most recent Form 10-K and Form 10-Q filings available at www.sec.gov, including
descriptions of the risk factors that may impact us and the forward-looking statements made in these presentations. Autodesk assumes no obligation to
update these forward-looking statements to reflect events that occur or circumstances that exist or change after the date on which they were made. If this
presentation is reviewed after the date the statements are made, these statements may no longer contain current or accurate information.

This presentation also contains information, opinions and data supplied by third parties and Autodesk assumes no responsibility for the accuracy or
completeness of such information, opinions or data, and shall not be liable for any decisions made based upon reliance on any such information, opinions
or data.

Autodesk’s partners frequently compete against each other in the marketplace, and it is critically important that all participants in this meeting observe all
requirements of antitrust laws and other laws regarding unfair competition. Autodesk’s long insistence upon full compliance with all legal requirements in
the antitrust field has not been based solely on the desire to stay within the bounds of the law, but also on the conviction that the preservation of a free
and vigorous competitive economy is essential to the welfare of our business and that of our partners, the markets they serve, and the countries in which
they operate. It is against the policy of Autodesk to sponsor, encourage or tolerate any discussion or communication among any of its partners concerning
past, present or future prices, pricing policies, bids, discounts, promotions, terms or conditions of sale, choice of customers, territorial markets, quotas,
inventory, allocation of markets, products or services, boycotts and refusals to deal, or any proprietary or confidential information. Communication of this
type should not occur, whether written, oral, formal, informal, or “off the record.” All discussion at this meeting should be strictly limited to presentation
topics.

PLEASE NOTE: AU content is proprietary. Do Not Copy, Post or Distribute without expressed permission.
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Learning Objectives

e |Learn how to mid-surface and mesh solid geometry to generate a shell mesh.

e |Learn how to lightweight an existing shell meshed design using Autodesk Nastran SIMP
Topology Optimization.

e |earn how to define nonlinear materials and large displacement effects and perform a
nonlinear analysis.

e |Learn how to connect shell meshed parts in an assembly using contact.
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3-Point Tube
Bending Example

Solid Elements




Steel Tube Model

1,000 lbs

e Tube: AISC Steel:
o 4Xx4x24inches
o 5/16inches thick
o Yield point 30ksi
e Blocks: Steel

e Constrained at the base of pads
and side of pusher block

F

Constrained on one
face in x-z direction,
free movementiny

Fully constrained at
base of pads
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Steel Tube Material Definition
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Steel Supports and Pusher Material Definition
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Model Mesh Size Definition
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Presenter Notes
Presentation Notes
We will start with a fairly coarse mesh to reduce the run times.  Since the tube is 5/16 thick 0.3 will mean only one element through the thickness which is not ideal with contact.
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+Z Support Constraint Definition
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-Z Support Constraint Definition
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Pusher Constraint Definition
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Running Linear Statics
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Fatal Error! Why?
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Getting Help
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Presenter Notes
Presentation Notes
This parameter will force a normal modes (frequency) solution type and remove all single point constraints.  All contact will be treated as welds.
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Rigid Body Modes Results
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Mode 3 — Rigid Body Mode 6 — Rigid Body Mode 8 — Rigid Body — Flexible Expected



























Modes 7 and On Should be Flexible Modes

.. rl] MODE 11, FREQ=0.0178305
* Modes 1-6 are rigid body modes =@ Results
as expected {8 von Mises
o @ Displacement
* Modes 7-11 are also rigid body - Safety Factor
which means there is a lack of - £ Deformed >)
constraint in the assembly D[MODE 12, FREQ-14700
=i fesults Mode 11 - Rigid Body
e If the frequency is near zero, g----gvon Mises
1+ 7 ; s~ {3 Displacement
then it is most likely a rigid body B Satety Factor
mode . Deformed

)

Mode 12 — Flexible
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Setting Up Solver Based Contact
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Presenter Notes
Presentation Notes
ASCG is Automated Surface Contact Generation and is solver based.  Leave the Max Activation Distance blank unless you expect significant sliding.  Blank will use the AUTO setting which will allow approximately for sliding past one element face. 



Running with Linear Statics — Linear Contact
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Presenter Notes
Presentation Notes
Linear contact is displacement based and is the default in linear statics when separation or rough contact is defined.   Also, note we had warning messages which we should investigate.
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Presenter Notes
Presentation Notes
In this case we had some initial penetration and protrusion which caused the solver to reposition secondary nodes which is to be expected. 
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Presenter Notes
Presentation Notes
Use actual deformations to make sure the parts are not penetrating excessively.
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Setting Up Nonlinear Statics
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Setting Up Nonlinear Statics

_I O-2H - LA By - % @ ~ @ Appearance  ~ @ @& fr = Autodesk Inventor Professional 2023 3-point bending.iam » Search Help & Commands. 8 150380 W ®- =

Assemble  Design 3D Model  Sketch  Annotate Inspect Tools Manage View Environments Collaborate  Fusion 360  Electromechanical [EMGHEILENGIGNER L] -
- = B3 {E -~ % gk Auto Be B8 Table e ] [] [i ]
=) 51 e . -4 iy I , Vv

Manual S Generate Mesh
Default New Edit Import from Materials Idealizations Connectors Offset Surfaces Structural ~ Constraints Loads = Mesh Settings i Run  Load Results Object ity ~Help Tutorials Finish
Settings Stress Analysis M Members M O Solver B Mesh Control T 2% Autodesk Inventor Nastran
System Analysis Prepare Setup Contacts Mesh Solve Results Display Nastran Support + Exit
Model Nastran Model Tree X Nastran Output Nastran File + = -EX
=i Assembly
=-@ all solid [Nonlinear Static]

L —

[ [ Nonlinear Setup 7 X

& Nonlinear Settings:

| Mame: [ Nonlinear Setup 1

o Number of Increments:

: 1 5
e ™ |
= Intermediate Output:
off v
Arc Length
& off .
b
= Advanced Settings

£ +Z side constraint
&5 -Z side constraint
25 Pusher free in ¥

% Results
&
E Model

P Parameters
12, Coordinate Systems

A

ﬁ Home 3-point bending.iam X

4

For Help, press F1 4

»#42 AUTODESK UNIVERSITY


Presenter Notes
Presentation Notes
Generally 3-5 increments is fine for simple nonlinear contact like here and when the SLINESLIDETYPE parameter is set to DYNAMIC (default).  When its set to STATIC you may want to use 5-10 increments to allow the contact to adjust the stiffness.   If this field is left blank then the adaptive load incrementation will be enabled which starts at a small load and gradually increases the load increment based on convergence. 


Nonlinear Statics Fails?

AR AR

Design 3D Model  Sketch Inspect

Appear

@

Tools

JD'BB N

e ~@ @& fr -
Assemble Environments

Annotate

Autodesk Inventor Professional 2023 3-point bending.iam »

Collaborate  Fusion 360  Electromechanical ENGI L VG gNEL )]

Search Help & Commands. & 150380 W @ F X

=

Manage View
x> 4

%S %

Constraints  Loads

2 1T E y — T Aut
4 s uto
B B & & /£ = : k
Default New Edit Importfrom Materials Idealizations Connectors Offset Surfaces Structural
Settings Stress Analysis x Members

m Manual
¥ Solver

System Analysis Prepare Setup Contacts

Mesh Settings

B Table

5—;’? Generate Mesh

@0

Help Tutorials Finish
&% Autodesk Inventor Nastran

Nastran Support ~

v

fla f

;/- [€4
Stop Load Results  Object Visibility
& Mesh Control b

Mesh Solve Results Display

Model Mastran Model ... Nastran Ou... X Nastran File +

REORDERING METHOD REQUESTED
RECRDERTNG METHOD USED

[FACTORED SPARSE MATRIX SIZE
ADDITIONAL MEMORY ALLOCATED

AUTO
VRM7

135062856 WC
200523776 UC

VARNING E5049: SINGULARITY DETECTED AT GRID 18¢

FACTORIZATION TIME FOR 135062856 WORDS = 4.34 €
VARNING E5077: DIFFERENTIAL STIFFNESS MATRIX IG

ASSEMBLING GLOBAL STIFFNESS MATRIX FOR INCREMEK
IPERCENT COMPLETE 100

GLOBAL STIFFNESS MATRIX ASSEMBLV STATISTICS

SPARSE MATRIX SIZE 11931352 WORDS
MEMORY ALLOCATED 17897028 WORDS

91
136

Autodesk Inventor Nastran

o Nastran Selution Failed.

Subcase. 1

MAXIMUM GLOBAL STIFFNESS MATRIX TERM ZEROED =
MINTMUM GLOBAL STIFFNESS MATRIX TERNM ZEROED =
REDUCTION IN GLOBAL STIFFNESS MATRIX SIZE =

Increment; 1
Iteration
3.09 SECONDS Displacement
Load

ok

ASSEMBLY TIME FOR 62911 ELEMENTS =

AVAILABLE VIRTUAL MEMORY
AVATLABLE PHYSICAT MEHORY

DRIVE C: DISK SPACE =

FACTORIZING GLOBAL STIFFNESS HATRIX FOR INCREME
PERCENT COMPLETE: 100

4352390656 WORDS
9154347008 WORDS

18570971136 WORDS 1

GLOBAL STIFFNESS MATRIX FACTORIZATION STATISTIC
NUMBER OF NEGATIVE TERMS ON FACTOR DIAGONAL = C

REORDERING METHOD REQUESTED
RECRDERING METHOD USED

[FACTORED SPARSE MATRIX SIZE
ADDITIONAL MEMORY ALLOCATED

AUTO
VRH7

135062856 WC
200523776 UC

[FATAL ERROR ES000: SINGULARITY DETECTED AT GRIL

FACTORIZATION TIME FOR 135062856 WORDS = 4. 46 €
DELETING FILE: wukc?k7jpe.ECD
MODEL ANALYSIS TIME SUMMARY

TOTAL CEU TIME
WALLCLOCK TIME

EXECUTION TERMINATED DUE TO DISPLAYED ERRCR(S)

TOTAL VARNINGS 131
TOTAL FATAL ERRORS = 1

233.72 SECONDS
121.21 SECONDS

A

Q Home

. > 3-point bending.dam X

For Help, press F1

4 4

»#42 AUTODESK UNIVERSITY



Nonlinear Statics Fails?
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See Autodesk Nastran Reference Guide, Section 5, Parameters, for more information on the KEROT, SHELLRNODE,
and SOLUTIONERROR parameters.
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Presenter Notes
Presentation Notes
The reason linear contact runs and nonlinear does not is because linear contact adds a small stiffness in the sliding direction of the contact which prevents singularities.  This is not feasible for nonlinear as it is much more sensitive to this.  There are other options like the CONTACTSTAB and SLINESTABKSFACT parameters we could explore but the best thing is to stabilize the contact.


Setting Up Rough Contact to Prevent Sliding
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Nonlinear Statics with Rough Contact
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Setting Up Manual Contact — Delete Solver Contact
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Presenter Notes
Presentation Notes
Manual contact will allow us to specify different types of contact in different areas of the model.  First we must delete the solver contact we specified previously.


Setting Up +Z Support Manvual Contact
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Setting Up -Z Support Manual Contact
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Presenter Notes
Presentation Notes
By checking the Max Activation Distance and not specifying any value the default will be unlimited sliding.  


Setting Up Pusher Manual Contact
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Nonlinear Solution with No Sliding on +Z Support
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Welding Pusher to Tube
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Nonlinear Solution with Welded Pusher
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Enhanced Contact
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Presenter Notes
Presentation Notes
Model will take an excessive amount of time to run after doing this due to the unlimited maximum activation distance and the large contact surface area selected.




Enhanced Contact

e Enhanced contact is abled with the
ENHCCONTACTRSLT parameter

e Enabling this will improve accuracy for
models with thin parts and only one or two
TET elements through the thickness

e The big disadvantage is that performance
will be much slower for larger models

e We are currently working on an improved
enhanced contact which will provide better
results and only a moderate degradation in
performance
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Enhanced Contact Results in a More Accurate Stress
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Presenter Notes
Presentation Notes
Using a maximum activation distance reduced the contact from 16M to 0.5M elements.



Using a Finer Mesh for Improved Results
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Presenter Notes
Presentation Notes
If we increase the number of elements by reducing the element size from 0.3 to 0.1 inches we get 3 elements through the thickness which will improve results.


Solution Fails Due to Model Size
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Enhanced Contact/Max Activation Distance/Fine Mesh
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Cause:
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The stiffness matrix profile (non-zero terms) exceeded 2,147,483,647 words.

Set the DECOMPMETHOD Model Initialization directive to PCGLSS and the SPARSEITERMODE model parameter to 3. If
this does not correct the issue you must reduce the number of grid points in your model.

None.
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Fixing a G3004 Error Message
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Fixing a G3004 Error Message
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Reduce the Maximum Activation Distance
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Presenter Notes
Presentation Notes
Using the AUTO maximum activation distance reduced the contact from 32M to 0.5M elements.  The default is unlimited sliding and since that is not needed here we will use the AUTO setting by unchecking the Max Activation Distance box.  



Another Option...1/4 Symmetric Model

e If the loading and boundary conditions are
symmetric this option makes the most sense

e The model will be cut down by /4 improving
performance and allowing a much finer
mesh

e The boundary conditions will allow all
surfaces to slide with no friction required

e Topology optimization can easily be
performed

e Other more complicated nonlinear analyses
like material nonlinear can be performed
much faster
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Presenter Notes
Presentation Notes
The model, loading, and constraints are symmetric and we can take advantage of this. 



1/4 Symmetric Steel Tube Model

2501lbs (1/4 x 1,000 Lbs)

e Tube: AISC Steel:
o 4 X 4 X 241inches
o 5/16 inches thick
o Yield point 30ksi
e Blocks: Steel

e Constrained at the base of
pads and side of pusher
block

Symmetry boundary conditions
on x and z planes

Fully constrained at base of pad *»
£
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Presenter Notes
Presentation Notes
The model, loading, and constraints are symmetric and we can take advantage of this. 



Z-Symmetry Boundary Condition
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Presenter Notes
Presentation Notes
If we increase the number of elements by reducing the element size from 0.3 to 0.1 inches we get 3 elements through the thickness which will improve results.


X-Symmetry Boundary Condition
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Presenter Notes
Presentation Notes
If we increase the number of elements by reducing the element size from 0.3 to 0.1 inches we get 3 elements through the thickness which will improve results.


1/4-Symmetry Load Definition
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Presenter Notes
Presentation Notes
If we increase the number of elements by reducing the element size from 0.3 to 0.1 inches we get 3 elements through the thickness which will improve results.


>
Solid Mesh Convergence Study

e Enhanced contactis OFF Affect of Element Size on Solution Time and Peak VM Stress

o Mesh element size is varied \
from 1.0 to 0.08

1000

® The peak stress will
continue to increase due to
a singularity at the edge of
the support block

e Solution time goes up
exponentially with model
size or with the inverse of !
element size

100

10

0 0.2 0.4 0.6 0.8 1 12

Solution Time (Sec) Peak VM Stress (PSI)
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Presenter Notes
Presentation Notes
The model, loading, and constraints are symmetric and we can take advantage of this. 
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Presenter Notes
Presentation Notes
If we increase the number of elements by reducing the element size from 0.3 to 0.1 inches we get 3 elements through the thickness which will improve results.
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Mesh Convergence — Element Size = 0.3in — 34Sec
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Mesh Convergence — Element Size = 0.2in — 112Sec
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Mesh Convergence — Element Size = 0.151n — 328Sec
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Mesh Convergence — Element Size = 0.1in — 1205Sec
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Mesh Convergence — Element Size = 0.081in — 2154Sec
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Stress Will Continue to Increase as Mesh is Refine
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Midsurfacing the Steel Tube
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Midsurfacing the Steel Tube
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Midsurfacing the Steel Tube — Shell Idealization
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Midsurfacing the Steel Tube — Specify Thickness

ce  ~@ @& fr = 3-paint bending.iam (quarter sym) » Search Help & Commands... £ 150380 W @ - - = X

anc

JD'E’B - A 'H:)'Q_.@ Material ~ @ Appe
Assemble  Design 3D Model Sketch  Annotate Inspect  Tools Manage View  Environments Collaborate  Fusion 360  Electromechanical UGl Tl EREL] -~

B EE B o0 pe Py | E ofs & Ao & Table . @ [] 3 [ i ]
EE 3 - g =& 4 ; L, I ST | i’ ~h 5 v
& anual . & enerate Mes| o N (0] B
Default  New Edit Importfrom Material} Idealizations |Connectors Midsurfaces Structural = Constraints Loads o Mesh Settings Run Load Results Object Visibility =~ Help Tutorials e Finish
Settings Stress Analysis. i Members b ¥ Solver & Mesh Control 7 A% Autodesk Inventor Nastran
System Analysis Prepare Setup Contacts Mesh Solve Results Display Nastran Support v Exit

Model Nastran Model Tree X Nastran Output Nastran File + =
blv
5 Idealizations ? X

(@ Standard

Name: [ shell 2
0.3129

i
o
4l TYPE [shell Elements ikone N
-5 O Laminate
285! Bar =
= New Laminate =
Sl [1Add To Analysis
Material:
Steel, Mild v

o [ Assaciated Geometry

@ @ Quadrilaterals
-t Mod{ (O Triangles
P Paral

-1, Coory

e

-f_‘l—{ome 3-point bending.iam X

4 4

»#42 AUTODESK UNIVERSITY

For Help, press F1



Using the Mesh Table to Define Different Meshes
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Presenter Notes
Presentation Notes
We use the mesh table to specify a coarse mesh for the solids and a finer mesh for the shell tube.



Add Shell Edge Constraints — X-Sym
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Add Shell Edge Constraints — Z-Sym
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Modify Contact Definition to Account for Shell Offse
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Modify Contact Definition to Account for Shell Offset
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Switch Default Solid VM Stress to Shell Max VM Top/Bottom
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Switch Default Solid VM Stress to Shell Max VM Top/Bottom
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>
Shell Mesh Convergence Study

e Enhanced contact is OFF Affect of Element Size on Solution Time and Peak VM Stress

* Mesh element size is varied "%
from 0.1 to 0.02

® The peak stress does not
increase with the same rate
as it did with solids
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Presenter Notes
Presentation Notes
The model, loading, and constraints are symmetric and we can take advantage of this. 



Mesh Convergence — Element Size = 0.1in — 54Sec
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Mesh Convergence — Element Size = 0.05in — 208Sec
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Mesh Convergence — Element Size = 0.03in — 912Sec
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Mesh Convergence — Element Size = 0.02in — 2983Sec
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Increase the Load 10x So the Tube Will Yield
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Enable a Nonlinear Material for Tube Only
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Enable a Nonlinear Material
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Plastic Strain Due to Yielding
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10x Stress is Effectively Less Due to Plastic Strain
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Increase Load Further to See More Plastic Strain

Bo GH = 0fh & %@

Search Help & Commands...

@~

8 150380

9@ -

~ @ A R @& fr s 3-point bending.iam (guarter sym) 3
Assemble  Design 3D Model Sketch  Annotate Inspect Tools Manage View Environments Collaborate  Fusion 360  Electromechanical [EWelEIRIENGIENERIED]
H = _ e
;, :- B2 @% 450 F =] &f & 4 e Hoe@ @ ‘jﬂ
=| Ely e 4 3 ada . ’ 477 73 > % o = ¢ [\ 1

Default New Edit Importfrom Materials Idealizations Connectors Offset Surfaces Structural — Constraints Loads o Mesh Settings Run  Load Results Contour Deformed
Settings Stress Analysis b Members i == o]

System Analysis Prepare Setup Contacts Mesh Solve Results
Model Nastran Model Tree X Nastran Output Nastran File + = gl
=i Assembly fel

shell tube - symmetry [Nonlinear Static]
& Load ? X
Load Definition
Name
orector:

Type: |Force X

Total Force
7| Selected Entities:

Magnitude (Ibf):

@ [face<s>@pusher:1

Coordinate System:

3-point bending.i -

g
i

&F Id| Subcases: = o
]

Display Options

Size 1
Density: [
oo [N
=
2| | Advanced options >>
&
< [point bending.dam X
Ready

-

Stress Linearization

Object Visibility

Display

@59

Help Tutorials

4

4

»#42 AUTODESK UNIVERSITY



Duplicate Subcase 1 and Delete Load to See Unload
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Select the Last Load Case to See Residual Effective Strain
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Select the Last Load Case to See Residual Effective Stress
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Shell Element and Solid Element Topology
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Definitions

= Objective — The goal of the design analysis

= Design Constraint — Specific limits on results such as displacement at
point, temperature, stress, etc.

= Manufacturing Constraint — Specifies how a design region will be
manufactured such as extruded along and axis or symmetric about a plane

= Compliance — The inverse of stiffness

= Volume Fraction — The ratio of full volume to reduced volume (effectively
the same as mass fraction when density is constant in a design region)

= Design Sensitivity - The gradient (change) of the objective (or constraint)
with respect to the design variable (element density)
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Change Solution Type Back to Linear Statics
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Enable Topology Optimization Using the TOPGEN Parameter
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Presenter Notes
Presentation Notes
Since we are specifying COMPVF we are minimizing compliance (inverse of stiffness) with a fixed VF constraint.  
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Min Mass with a Stress and Compliance Index Constraint
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Presenter Notes
Presentation Notes
Since we are specifying VFSTRESS we are minimizing volume/mass with a stress and compliance index constraint.
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More On Inventor
Optimization




Topology Optimization

= Shape optimization: Maintain the topology, change dimensions

= Topology optimization: Determine layouts

A GBS

Shape Optimization Topology Optimization

= Method with Finite EIement Analysis

= |nitial method.. .truss - ' l_ﬂ_ % — /

x\\\\\\\\\\\\\\\\\\\\‘

= Change member area and remove when area goes to zero

= Discrete variables, predetermined nodal locations



Topology Optimization with FEA

= Determination of optimal principal material distribution for a given problem

= A powerful tool for concept design stage

. _-| Conventlonal I:low welght] demgn

-

' . Optimization History Plot .

Mormalized Cnrﬁph’nnne
o o
®
it

.0 10 . 20 0. 40 50

Iteration Mumber

" Design Evolution
© material may be T N
-added or removed
' fram any location

50% mass rEductron D |
22% increase in stlffness




Topology Optimization Using SIMP - Nastran

= For fixed mesh, determine density (x,.) of each element

X = 0: void } : .
X, = 1: material Design variable
NE
" Structural volume V(X) =D XV,  Vorvolumeofanelement
o= N
» Element stiffness [k.]=(x.) k] Ko

= SIMP = Solid Isotropic Material Penalization

(Not limited to isotropic materials)

= Exponent p: €

» Reduce grey area, force zero or one

= Typically, p =3



Global Versus Local Minimum

Ll

O Local optimum

= Optimization algorithm  Objectivé
searches for local ®  Global optimum
minimum...global
minimum is not

guaranteed m
= Starting with different S
initial volume fractions <
and different mesh 5
densities will result in Global Design

optimum

different designs solution



Gradient-based Methods

* We do not know the function before optimization

» We can only evaluate the function and gradient at a given design

/ (Sensitivity)

7

Objective

Check —) Stop

Gradient =0
Opt]mum Des'ign

solution



How Constraints Play in Optimization?

Most cases, constraints determine optimal design

Objective Constraint Constraint
satisfied violated

Z
é

~

Optimum Design
solution

Single constraint example

Design 2

Constr

SV - "

N _m_—m_—-

Constraint
violated

Constraint
violated

Optimum
solution

Two constraints example

Design 1



Nastran Topology Optimization Objectives

Multiple Load Solution

Objective it Eey Cases Sequence

Compliance i s
Volume Fraction (Mass Fraction) of a specific TOPVAR Region  Hin s
[Normal Modes Eigenvalue | Max Yes NM

LS = Linear Statics, LSSHT = Linear Steady-State Heat Transfer, NM= Normal Modes, LB = Linear Buckling



Nastran Topology Optimization Design Constraints

Multiple Load | Individual Solution

Design Constraints
9 Cases Load Cases Sequence

Compliance
< Upper Yes Yes LS
< Upper Yes Yes LS

Specific Grid Point Displacement Component

< Upper Yes Yes LS
Specific Constraint Force Component

< Upper Yes Yes LS
Stress of all TOPVAR Regions

< Upper Yes Yes LS
Volume Fraction (Mass Fraction) of all TOPVAR Regions

Thermal Energy of a Specific TOPVAR Region

Thermal Energy of all TOPVAR Regions

Average Temperature of a Specific Set of Nodes

Delta Temperature of a Specific Set of Nodes

Global Temperature of a Specific Set of Nodes

> Lower No No NM

Normal Modes Eigenvalue

Buckling Modes Eigenvalue (load factor)

LS = Linear Statics, LSSHT = Linear Steady-State Heat Transfer, NM= Normal Modes, LB = Linear Buckling



Nastran Topology Optimization Manufacturing Constraints

Manufacturing Constraints Combinable With

All

All
Min Member Size
Min Member Size
Min Member Size
Min Member Size



Minimum Member Size Manufacturing Const

e ey

Fixed at one end and edge loaded at the
other end

Objective is minimize mass

Constraint is maximum vertical
displacement at loaded edge
Manufacturing constraint: minimum
member size (prevents non-designable
feature generation)

raint

vy

Min member size = 4.0
47.2% mass reduction

Min member size =
40.4% mass reduction




Example #1 Model Definition

Non-Design Region\ v

Boundary Condition: Fixed at
bottom corners
Loading:

» Point load in vertical and

shear directions

Design constraints:

» Desired volume fraction

» Stress limit

» Displacement limit

» Lowest frequency
Objectives:

* Minimize compliance

* Minimize mass/volume
Manufacturing constraints:

« No symmetry

« With symmetry

Design Regio

~a

pd

Non-Design Region



Topology Optimization Example #1
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Topology Optimization Example #1
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Inventor Nastran Optimization Parameters - TOPTGEN
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Inventor Nastran Optimization Parameters -

TOPTDESIGNCONSTR
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Color:
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Transient Res P P: et -4 Idealizations
ransient Response Processor Parameters TOPTMANCONSTR. DISABLE - B soids ]
I I - Shels Selected Triangles:
Fi Re: Proce P: ete & i i
Nonlinear Solution Processor Parameters
TOPTMANDIR I XY vI
Results Processor Parameters £ Concentrated Masses
& Composite Layups
) S TOPTMAXACTDIST AUTO - 6, Laminates
Design Optimization Processor Parameters € Global s
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- . cp .
et o W e | Note: Specifying the wrong ID may result in an 2299 or 5125 fatal
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Inventor Nastran Optimization Parameters -
TOPTMANCONSTR

Parameters
D File Management Directives
D Output Control Directives
[ Memory Management Directives
[ Program Control Directives
/P Model Translator Parameters
|P Geometry Processor Parameters
P Solution Processor Parameters
JP Eigenvalue Processor Parameters
P Transient Response Processor Parameters
Frequency Response Processor Parameters
Nonlinear Solution Processor Parameters
Results Processor Parameters

Design Optimization Processor Parameters

Eigenvalue Processor Parameters
Transient Response Processor Parameters
Frequency Response Processor Parameters
Nonlinear Solution Processor Parameters

Results Processor Parameters

W U DUV TDODUOUETUTUTUO

Design Optimization Processor Parameters

Find I [ Advariced settinigs

Reset

MAXTOPTITER

NTOPTSTRESSDIV

TOPTBTHRESHOLD

TOPTCOMPINDEX

TOPTDATABASE

TOPTDESIGNCONSTR |5,
TOPTDESIGNREGION I 3

TOPTDESIGNTOL

TOPTELEMEXTTOL

TOPTELEMSYMTOL

TOPTGEN

TOPTITERTOL

2|x|

200

10

ID.S

1.0E+10

IDELI:—FE 'I

1.0E-13
|1.0E72
1.0E-2

TOPTMANCONSTR

TOPTMANCORD

TOPTMANDIR

TOPTMAXACTDIST

TOPTMAXBETA

Description

Defines the type of manufacturing constraint to be used in
Automated Topology Optimization Generation (ATOG). There
are three options:

0 - No manufacturing constraint is specified.

1 - Symmetry using either 1, 2, or 3 planes of symmetry is
specified.

2 - Extrude design constraint is specified.

3 - Additive layer manufacturing design constraint is specified.

4 - 3-axis milling manufacturing design constraint is specified.

The character variables: DISABLE, SYM, EXT, and ALM may be
used in place of the numerical options 0 through 3. See also
TOPTMANDIR and TOPTMANCORD.

Type Default
0< 0
Integer <

3

DISABLE/

SYM/

EXT/

ALM/

MILL



Inventor Nastran Optimization Parameters -
TOPTMANCORD

Description Type Default
P . Specifies the topology design optimization manufacturing constraint Integer O
=t - coordinate system corresponding to TOPTMANCONSTR. See also =0
D File Management Directives TOPTMANDIR.

D Output Control Directives
[D mMemory Management Directives
D Program Control Directives
TOPTCOMPINDEX I 1.0E+10
/P Model Translator Parameters
TOPTDATABASE ETE
[P Geometry Processor Parameters bE _
=69 XY Plot
P Solution Processor Parameters UEAESETT TN |5- = Model
/P Eigenvalue Processor Parameters TOPTDESIGNREGION |3 @ Generic A\
L@ -origin————————— ~Paint on XZ Plas
B ﬁ%e;;:;::;ﬂ Name: | coordinate System inten ne
P Transient Response Processor Paramieters TOPTDESIGNTOL I LoE13 i | [
=88 Shels Defined: Defined:
Frequency Response Processor Parameters . )
P TOPTELEMEXTTOL I 10E2 : DesignRegiol - [Cartesian 7] [Global =] [aiobal 4|
Top B
/P Nonlinear Solution Processor Parameters & Boaom g | ReferenceTol x [0 x [0
TOPTELEMSYMTOL I 1.0E-2 (4 Beams Fart 1 -
[P Resuits Processor Parameters 3 Concentrated M = oispiy ¥: |47.5 v In
TOPTGEN Im -I ) Composite Layups z o z [o
P Design Optimization Processor Parameters 8, Laminates
&, Global Pies N
P Eigenvalue Processor Parameters TOPTITERTOL I 5.0E-3 & Constraints [PointonZ Axis
& Constraint 1
i £ Loads
TOPTMANCON:
P Transient Response Processor Parameters ISTR. IDLSABLE vI HP road B
—— ¥ [ooba =]
P Frequency Response Processor Parameters H v-Load Global
TOPTMANCORD I 1 & Connectors .
i § # Connector 1 C|
/P Nonlinear Solution Processor Parameters — @ Dampings 5
TOPTMANDIR | XY j £ Tabls v
P Results Processor Parameters R Surface Contacts = lil
TOPTMAXACTDIST AUTO - & [M] Surface Cor I —
[P Design Optimization Processor Parameters B [M] surface Cor
& Pot Templates
TOPTMAXBETA AUTO - Deformed
hd &) Contour
%) Contour On Deformed
Reset 0K | Cancel | &) Criterion Contour
TH Groups
P Parameters
A, Coordinate Systems
A Part 1




Inventor Nastran Optimization Parameters -
TOPTMANDIR

Parameters

[D File Management Directives

[D output Control Directives

D Memory Management Directives

[D Program Control Directives

[P Model Translator Parameters

P Geometry Processor Parameters

JP Solution Processor Parameters

P Eigenvalue Processor Parameters

P Transient Response Processor Parameters
P Frequency Response Processor Parameters
P Nonlinear Solution Processor Parameters
[P Resuits Processor Parameters

[P Design Optimization Processor Parameters

Find I ¥ Advanced Settings Reset |

TOPTDESIGNCONSTR I 50,
TOPTDESIGNREGION I 5
TOPTDESIGNTOL |1,[]E-13
TOPTELEMSYMTOL l(wf
TOPTGEN

TOPTITERTOL

TOPTMANCONSTR

TOPTMANCORD

TOPTMANDIR.

2lx]

B

TOPTMAXACTDIST

TOPTMAXBETA

Description Type Default

Specifies the topology design optimization manufacturing constraint
symmetry plane(s), extrude direction, or print direction depending
on the TOPTMAMNCONSTR value specified.

FXIYIHZ] XY
XIX1Z/
XYNZIZX/

XYYZINZIX/

| Keyword | TOPTMANDIR Definition

No manufacturing constraints specified

Symmetry plane or planes specified in the TOPTMANCORD system
Extrude direction axis specified in the TOPTMANCORD system
Print direction axis specified in the TOPTMANCORD system

Mill direction axis specified in the TOPTMANCORD system



Inventor Nastran Optimization Parameters -
TOPTELEMSYMTOL

Description Type Default
ParImelET 2| Near tolerance used to identify elements which are Real 1.0E-2
File Ma it Directi MAXTOPTITER = . . .
D Fie Managemen: Direcives 200 symmetric with respect to the specified TOPVAR Bulk
Output Control Direct p
D ouput controlDirecives wropTsTRESSDV. |10 Data entry mirror symmetry plane. The actual tolerance
Me Ma 1t Directy : : :
() CEmE = R ToPTBTHRESHOLD [0 is derived using TOPTELEMSYMTOL and an element
Program Centrol Directives = .
D proa - Ii1 Py reference dimension.
/P Model Translator Parameters
P Geometry Processor Parameters i DELETE 2
P Solution Processor Parameters UEAESETT TN |5-
P Eigenvalue Processor Parameters TOPTDESIGNREGION |3 YZ Sy mm et ry
P Transient Response Processor Parameters TOPTDESIGNTOL I 1.0E-13 .
= & Constraints
P Frequency Response rocessor Parameters rormeemo. [y I3
1.08-2 w83 D File Management Directives NTOPTSTRESSDV. | 19 ]
/P Nonlinear Solution Processor Parameters 12 Model
TOPTELEMSYMTOL ILUE’Z ECE&H" D output Control Directives TorTcomeoex 5T Independ Depend
Results Processor Parameters ) Memory Mar It Directives ent ent
F TOPTGEN Im j EE% o WTT":,;‘ CFIDESIGNCONSTR.|s0. Element Element
D Design Optimization Processor Parameters Eff D Frogram contro Dvecves TOPTOESIGNREGION [T
2| /P Model Translator Parameters
[P Eigenvalue Processor Parameters TOPTITERTOL |5.0E73 24 b ceometyn e TOPTELEMEXTTOL | 1.08-2
ocessor Parameters
e
P Transient Response Processor Parameters TOPTMANCONSTR IDLSABLE vI g: P Solution Processor Parameters TOPTELEMSYMTOL |09
=6 Corl o eigenvalue Processor Parameters TOPTGEN VFFREQ vI
F Re: Proce Paramets 8,
|P Frequency Response essor Parameters TOPTMANCORD IO J;%( [P Transient Response Processor Parameters TS lm =
=& Cor|
P Nonlinear Solution Processor Parameters & 1| P Frequency Response Processor Parameters
TOPTMANDIR Ix‘( vI & Lo OFTMANCORD °
4| P Nonlinear Solution Processor Parameters
P Results Processor Parameters ey TOPTMANDIR vz |
P Toi CTDIST o = ¢ Cor| [P Results Processor Parameters
Design Optimization Processor Parameters
TOPTMAXBETA AUTO -
find | nced Setings | Reset o« | oma | e : ‘

5 Contour On Deformed

) Criterion Contour
1 Groups I—bx

—

A




Inventor Nastran Optimization Parameters -

TORTMAXAGTRIST

Parameters
D File Management Directives
D output Control Directives
[D mMemory Management Directives
[ Program Control Directives
/P Model Translator Parameters
[P Geometry Processor Parameters
P Solution Processor Parameters
/P Eigenvalue Processor Parameters
P Transient Response Processor Parameters
P Frequency Response Processor Parameters
/P Nonlinear Solution Processor Parameters
[P Resuits Processor Parameters

2 Design Optimization Processor Parameters

P Eigenvalue Processor Parameters

P Transient Response Processor Parameters
P Frequency Response Processor Parameters
/P Nonlinear Solution Processor Parameters
JP Reslts Processor Parameters

P Design Optimization Processor Parameters

2|x|

MAXTOPTITER 200

NTOPTSTRESSDIV ll(l—
TOPTBTHRESHOLD |0.5
TOPTCOMPINDEX | 1.OE+10
TOPTDATABASE DELETE ~
TOPTDESIGNCONSTR I bt
TOPTDESIGNREGION I 3

TOPTDESIGNTOL | 1.0E-13
TOPTELEMSYMTOL I 1.0E-2

TOPTGEN I VFSTRESS hd I
TOPTITERTOL |5.0E73
TOPTMANCONSTR. I DISABLE . I
TOPTMANCORD Ili
TOPTMANDIR | XY . I

TOPTMAXACTDIST AUTO -

TOPTMAXBETA I AUTO

|

Description Type Default

Topology design optimization maximum distance for Real AUTO
identifying adjacent elements. Elements within distance

TOPTMAXACTDIST are used for sensitivity filtering. The = AUTO

default AUTO setting is recommended since large values

may result in slower performance and undesired results.

TOPTMAXACTDIST is /2 minimum member size
= To specify a minimum member size of 1 use 0.5.




Inventor Nastran Optimization Parameters -
TOPTMAXBETA

meters

D File Management Directives

D output Control Directives

[D mMemory Management Directives

[ Program Control Directives

Model Translator Parameters

Geometry Processor Parameters

Solution Processor Parameters
Eigenvalue Processor Parameters
Transient Response Processor Parameters
Frequency Response Processor Parameters
Nonlinear Solution Processor Parameters

Results Processor Parameters

U U U UTUTUTUTUD

Design Optimization Processor Parameters

Eigenvalue Processor Parameters

o

P Transient Response Processor Parameters
P Frequency Response Processor Parameters
/P Nonlinear Solution Processor Parameters
P Resuilts Processor Parameters

[P Design Optimization Processor Parameters

Find I

Anced Seftings

Reset

Il

MAXTOPTITER 200

NTOPTSTRESSDIV I 10
TOPTBTHRESHOLD I 0.5
TOPTCOMPINDEX I 1.0E+10

I DELETE - I
TOPTDESIGNCONSTR I 5.
TOPTDESIGNREGION |3
TOPTDESIGNTOL I 1.0E-13
TOPTELEMEXTTOL IF
TOPTELEMSYMTOL I 1.0E-2

TOPTGEN I VFSTRESS hd I
TOPTITERTOL I 5.0E-3
TOPTMANCONSTR I DISABLE - I
TOPTMANCORD Ili
TOPTMANDIR I XY - I
TOPTMAXACTDIST | AUTO - I

TOPTDATABASE

TOPTMAXBETA I AUTO L
-

Description Type Default
Specifies the penalty value for enforcing minimum Real AUTO
member size manufacturing constraints. A value
between 1.0 and 16.0 is recommended. The default AUTO

AUTO value selects the best value depending on
what other constraints are specified.
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MAXTOPTITER

Parameters

D

D
D
D
P
P
P
P
P
P
P
P
p
P
P
P
P
P
P

File Management Directives

Output Control Directives

Memory Management Directives

Program Control Directives

Model Translator Parameters

Geometry Processor Parameters

Solution Processor Parameters

Eigenvalue Processor Parameters
Transient Response Processor Parameters
Frequency Response Processor Parameters
Nonlinear Solution Processor Parameters
Results Processor Parameters

Design Optimization Processor Parameters

Eigenvalue Processor Parameters
Transient Response Processor Parameters
Frequency Response Processor Parameters
Nonlinear Solution Processor Parameters
Results Processor Parameters

Design Optimization Processor Parameters

I DELETE 'I
TOPTDESIGNCONSTR |5,
TOPTDESIGNREGION I 3

TOPTDESIGNTOL 1.0E-13
TOPTELEMEXTTOL IF
TOPTELEMSYMTOL 1.0E-2

TOPTGEN I VFSTRESS hd I
TOPTITERTOL 5.0E-3
TOPTMANCONSTR I DISABLE 'I
TOPTMANCORD 0

TOPTMANDIR I XY - I
TOPTMAXACTDIST I AUTO - I
TOPTMAXBETA

2|x
-
MAXTOPTITER 200 =
L

NTOPTSTRESSDV | 10
TOPTBTHRESHOLD I 05
TOPTCOMPINDEX 1.0E+10
TOPTDATABASE

Description

Type

Default

Topology design optimization maximum number of

convergence iterations permitted. The solver will iterate

until the convergence factor set by TOPTITERTOL is
reached or MAXOPTITER iterations have been
performed. A zero setting will result in iteration until

convergence is reached.

Integer = 0

DESIGN OBJECTIVE

CURRENT VALUE

DREZP 1 3.706E-01
DEZIGN CONSTRAINT CURRENT VALUE
DRESP 3_1 1.081E+00
DEESP 2_1_1 4.443E+00
DRESP 2_1_2 4.030E+00
DEEZP 2_1_3 4.890E+00
DRESP 2_1_4 5.003E+00
DREESP 2_1 5 5.034E+00
DRESP 2_1_6& 4.B35E+00
DRESP 2_1_7 4.595E+00
DRESP 2_1_8 4.247E+00
DRESP 2_1_89 4.121E+00
DREZP 2_1_10 2.583E+00
DEZIGN ITERATION COMVERGENCE = 100.0
DEMSITY MASS REDUCTION = G&.8

ESTIMATED REMATNING DESIGN ITERATIONS
ESTIMATED REMAINING SOLUTION TIME

DESIGN OPTIMIZATION ITERATION &7

LIMIT VALUE

[LELNLET, L ET, NLNT, NL N1, e

LO00E+10
.O00E+00
.000E+00
.O00E+00
.000E+00
.O00E+00
ODDE+00
O00E+00
.O00E+00
.O00E+00
.OO0E+00

i]
0.0 SECOWNDZ

STATUS
PASS
PASE
PASS
PASE
PASS
PAZE
PASS
PASE
PASS
PASS
PASE

200



Inventor Nastran Optimization Parameters -
TOPTITERTOL

Description Type Default
21x
File M: it Directn MAXTOPTITER = . P . .
D e Management Directives 200 Topology design optimization Iterative solver Real 5.0E-3
Output Control Directi P .
D outpus control pirectives NTOPTSTRESSDIV |10 convergence factor. The topology optimization solver
Memory Management Directives = z =
D PUEEL TOPTBTHRESHOLD |0_5 will iterate until the convergence factor set by
P Control Directi B B =
D Program Gontro Directives ToPTCONPINOEX  [1ogr0 TOPTITERTOL is reached or MAXTOPTITER iterations
1.0E+10
P Model Translator Parameters h
ave been performed.
P ceomeny paramens TOPTDATABASE IDELFrE vI P
eometry Processor Parameters
P Solution Processor Parameters TEAESETLER |
JP Eigenvalue Processor Parameters TOPTDESIGNREGION |3
P Transient Response Processor Parameters TOPTDESIGNTOL 1.0E-13
Frequency Response Processor Parameters
[P Frequency Respo TOPTELEMEXTTOL |1.0E—2 B
/P Nonlinear Solution Processor Parameters DESIGN OBJECTIVE CURRENT VALUE
TR ST sl ]71.052 DRESP 1 3.706E-01
Results Pr P: L
e e S— I—_I DESIGN CONSTRAINT  CURRENT VALUE  LIMIT VALUE  STATUS
) ) VFSTRESS ~ ~ DRESP 3_1 1.081E+00 1. 000E+10 PASS
el o T e el e DRESP 2_1 1 4.443E+00 5. 000E+00 PASE
P Eigenvalue Processor Parameters TOPTITERTOL 5.0E-3 ggggg 37 17§ 3 gggg*gg g . ggg?gg gigg
_ 1 . + . +
) = DRESP 2_1_4 5. 003E+00 5. 000E+00 PASS
P Transient Response Processcr Parameters TOPTMANCONSTR DISABLE = DRESP 2 15 5 034E+00 5. 000E+00 PaEe
. . o paramets DRESP 2_1_6 4.B3SE+00 5. 000E+00 PASS
[P Frequency Response Processor Parameters TOPTMANCORD o DRESP 2_1_7 4.595E+00 5.000E+00 PASS
DRESP 2_1_8 4.247E+00 5. 000E+00 PASS
/P Nonlinear Solution Processor Parameters DRESP 2_1_9 4.121E+00 5. 000E+00 PASS
p | TOPTMANDIR IXY 'I DRESF 2_1_10 2.583E+00 5. 000E+00 PASS
Results Processor Parameters
TOPTMAXACTDIST IAUTO .I DESIGN ITERATION CONVERGENCE = 100.0 I
[P Design Optimization Processor Parameters T —
TR EET IAUTO — ESTIMATED REMATHING DESTGN TTERATIONS = 00
d ESTIMATED REMAINING SOLUTION TIME = 0.0 SECONDS
Reset 0K | Cancel |
DESIGN OPTIMIZATION ITERATION 87
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TOPTDATABASE

Parameters
D File Management Directives
D output Control Directives
[D mMemory Management Directives
[ Program Control Directives
/P Model Translator Parameters
|P Geometry Processor Parameters
P Solution Processor Parameters
JP Eigenvalue Processor Parameters
P Transient Response Processor Parameters
P Frequency Response Processor Parameters
/P Nonlinear Solution Processor Parameters
P Resits Processor Parameters

/2 Design Optimization Processor Parameters

P Eigenvalue Processor Parameters

P Transient Response Processor Parameters
P Frequency Response Processor Parameters
/P Nonlinear Solution Processor Parameters
P Resuilts Processor Parameters

[P Design Optimization Processor Parameters

Find I [ Advariced settinigs

Reset

MAXTOPTITER 200

NTOPTSTRESSDIV 10
TOPTBTHRESHOLD I 05
1OE+10

TOPTCOMPINDEX

2|x|

Description

Type Default

TOPTDATABASE

IDELI:—FE 'I

TOPTDESIGNCONSTR | 5.

TOPTDESIGNREGION |37
TOPTELEMEXTTOL Iﬁ
TOPTELEMSYMTOL lﬁ
TOPTGEN IVFSTRESE—LI
5063

TOPTMANCONSTR I DISABLE vl

TOPTDESIGNTOL

TOPTITERTOL

TOPTMANCORD 0
TOPTMANDIR I XY - I

TOPTMAXACTDIST I AUTO vI

TOPTMAXBETA

Controls the storage and retrieval of topology design optimization
density data. The default value DELETE purges all element density data
when the program terminates normally. When set to STORE, the
converged optimized design is stored in a single file with the same base
name as the Model Results Output File and a . ODB file extension. When
set to FETCH, the optimized design specified by the TOPTDATFILE
directive is retrieved and used as the starting point for the subsequent
topology design optimization solution sequence. When set to UPDATE,
the optimized design data will be retrieved and stored.

DELETE DELETE
FETCH
STORE

UPDATE
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3
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Verify Stress Constraint Using Equivalent Stress
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Verify Stress Constraint Using Equivalent Stress

Autodesk Inventor Professional 2018 Cube_2d.ipt » | Search Help & Commands...
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[RESULTS PROCESSOR MODULE

CALCULATING RESULTS FOR SUBCASE 1
RITING GRID POINT DISPLACEMENTS FOR SUBCASE 1 TO FILE: h%bojleyy.DIS
RITING GRID POINT FORCES FOR SUBCASE 1 TO FILE: b9ojleyy.GPF o

IGENERATING RESULTS NEUTRAL FILE
[PERCENT COMPLETE: 100

RITING RESULTS NEUTRAL FILE TO: h960jleyy0030.FNO0

IGENERATING TOPOLOGICAL DESIGN
[PERCENT COMPLETE: 100

[SOLUTION TIME FOR 4750 DESIGN VARIABLES = 3.4 SECONDS

[NUMEER OF COMVERGENCE ITERATIONS =

597
FINAL CONVERGENCE FACTOR 8.947E-14

DESIGN ITERATION CONVERGENCE - 37.9
DENSITY MASS REDUCTION = 79.0
DESIGH OBJECTIVE CURRENT VALUE
DRESP 1 1.600E-01
DESIGN CONSTRAINT — CURRENT VALUE  LIMIT VALUE  STATUS
RESP 3_1 5.012E+00 5.000E+0D PASS
DRESP 2_1_1 6.869E+00 1.D0DE+01 PASS
DRESP 2_1_2 5.992E+00 1.000E+01 PASS
DRESP 2_1_3 5.345E+00 1.D00E+01 PASS
DRESP 2_1_4 5.380E+00 1.D0DE+01 PASS
DRESP 2_1_5 5.338E+00 1.D0DE+01 PASS
DRESP 2_1_6 5.223E+00 1.000E+01 PASS
DRESP 2_1_7 4.717E+00 1.D00E+01 PASS
DRESP 216 2.901E+00 1.D0DE+01 PASS
DRESP 219 1.629E+00 1.D0DE+01 PASS
DRESP 2_1_10 8.471E-01 1.000E+01 PASS
B W a8 7 |
DESTGN OPTIMIZATION ITERATION 31 ?
[TOPOLOGY DESIGN OPTIMIZATION ASSEMBLY PROCESSOR MODULE -
“ O & 55 S [ a | Mytome [NEUSIAEEEN t  cubeiam

For Help, press F1 ’1_’?



Import Generated Geometry to Build New Design

[

ol oo |

Autodesk Inventor Profe:

5 spit

a Chamfer % Thread

@ Poadis - (F20d Gofl & Face [E] sttch @ Ruked Surface ' Replace Face Q p ® -
| o

i ’ ’ S 9 . o

e Shel () Combine ({# pirect ity < pont - & oy & Convert B patch 2 Trim [@) Repair Bodies sl || st

Open (@ oraft €2 Thicken/ Offset €, DeleteFace Generator T [ ucs  E&f 5 & scupt [ extend EE Fit Mesh Face  Analyss  Sheet Metal

‘Open an Inventor fie or other types of

CAD flles. Modify + Explore Work Features Pattern  Create Freeform Surface Smulation  Convert

Open DWG

Open an AutoCAD DWG fie directly in

Inventor,

‘Open from Content Center
Open a file from the Content Center.

Import DWG

Import data from an AutoCAD DWG file
into a new Inventor fie.

Import CAD Files

Imports other CAD formats into a new
Inventor file.

‘Open Samples
Open Autodesk Sample Fies

Exit Autodesk Inventor Professional

1
For Help, press F1

o2



Import Generated Geometry to Build New Desi

Autodesk Inventor Pi

u @ ﬁ = i 5 %@Mm,‘m [ abee % Ig !@ [B) Avout v

& el
New Edt Importfrom  Materals idealzaons Offset Surfaces Structural Constraints Loads ™= "™ | esh Settings (B cenerate tesn RUN  Load Resuts ObjectVisbity — Help Tutorials @ read e Finish
‘Stress Analysis d Members B Mesh Control T @ Forum  Autodesk Nastran
Analysis Prepare Contacts Mesh Sove  Results Display Nastran Support Ext

=-E Analysis 1 [Linear Static]
8§ units : CAD Mode!
Nodes 0
% Eements 0
1 cube.iam
= Idealzations
4 Mesh Model
=y Subcases
=-® Subcase 1
7% Loads
& Constraints
i Resuits

= Model
P Parameters
A, Coordinate Systems

For Help, press F1



Import Generated Geometry to Build New Design

Seatch Help'&

g @ ﬁ gl g % lg @ ﬁ DESIGN ITERATIONS=33, M2 ~ ({| Probes

L

Probe - Read M
Defaut MNew Edt Importfrom Materials Idealzations Offset Surfaces Structural Run  Load Results |Contour| Deformed = Object Visbiity ~ Help Tutorials @ & Finish
Settings Stress Analysis i Members @ Options e 4 @ Forum  Autodesk Nastran
© System Analysis Prepare Results + Display Nastran Support Exit
(%S todesk Nastran Model ... x [IRSSRERIEY Autode

Name: [ shell Equivalent Stre Contour ek D
[V Options
Stress -
Deform

B @ [ Options I SHELL EQUIVALENT § ¥

[~ Plot:

Display  Animate Create AVI Sedion Vien [l
Data Min:
[~ Display Op!
Rendering : Part View Data Max:
= 1=
Continuous —
Levels:  [24 Vector [average ~|
i || Options Data Type:
- Joihacieriee I Centroidal >
( Glaal Vales Animation
o @ Recl € Tmeginzry
@ Visible View valuss
Contour Type:
J= Too-Surfaces Visibility Nodal ~
Options
™ Ho Averaging,
2 M
P Pe
A G

oK Cancel

0 Cube_2d.ipt X
Ready




Obj: Min. VF (mass), Constraint: Stress &€ Comp. Index

Autodesk Inventor Professional 2018 Cube_2d.ipt »  Search Help & Commands.

Sketch Manage % Eny Get Started

g B ‘g @ % DESIGN ITERATIONS=112, M ~ (§} Probes

-
=1

EO [@) About

Defaut New Edt Importfrom Materals Idealzatons Offset Surfaces Structural Run  Load Resuits |Contour| Deformed Object Visbity ~ Help Tutorials @ read e Finsh

_ 2| % Settings Stress Analysis - Members @ options M (@ Forum  Autodesk Nastran
i I System Analysis Prepare solve Resuts + Display Nastran Support ~ Extt

NTOPTSTRESSDIV I 10 LGN Autodesk Nastran Model Tree  x  [EWGLENRIEEERoTGN

B vt 2]x|
TOPTCOMPINDEX  [5. e |
[ Options
1 Other ~
TOPTDESIGNCONSTR || 6, Flot rooorm IS

| E @ ["]| Options SHELL STATUS -

TOPTDESIGNREGION Il Display ~ Animate Create AVI Sectio
r

TOPTELEMEXTTOL Il.UE-2 [ Fertvie | | Datame [T
r

contnuoss ] Data Conversion:
TOPTELEMSYMTOL  |p.9 ovets: [20 Vecor [rveroge =]
" [ | options Data Type:

[ Min/Max Markers l—_,&"trmdﬁ‘ =
 Glokal Vallies, Animation
TOPTGEN IVFSTRESS vI Gptions @ Real C Imzgiary

@ Yisible Vi Valles
Contour Type:

[ 1s0-Surfaces Visibil dal =
TOPTMANCONSTR I I e o

™ Mo Averaging,

Specify Min/Max

Data Min:

4.44718-9

TOPTMANCORD

TOPTMANDIR.

S T

= B8 S [I1 & myrome [ el ESEEY

For Help, press F1




j: Min. VF (mass), Constraint: Stress £ Comp. Index

NTOPTSTRESSDIV

TOPTCOMPINDEX

TOPTDESIGNCONSTR || &,

TOPTDESIGNREGION I 1

TOPTELEMEXTTOL IT
TOPTELEMSYMTOL |09

TOPTGEN Im
TOPTMANCONSTR Im—;,
TOPTMANCORD Ioi
TOPTMANDIR

—

- e

-
=1

Defaut MNew Edt Importfrom Materials Idealzations Offset Surfaces  Structural

Settings Stress Analysis e Members
£ System Analysis Prepare

[EEEl Autodesk Nastran Model Tree [ I e

‘PEm 2%
Name: [ Shell Status Contour Result Data:
[ Options
Stress |
[ Plot Deform Type:
I~| options SHELL EQUIVALENT 5™~

v Specify Min/Max

Display ~ Animate Create AVI
Data Min: 0
~Display Opt
e : [0
Rendering : - Fort View Data Max
Contnuoss —+] Data Conversion:
Levels: |24 Vector [average =
[ | options Data Type:
¥ Min/Max Markers Centroidal =
€ Glotia] Vales Animation
Options @ Redl ( Imaginary,
@izl iz Values
Contour Type:
[ 150-Surfaces Visibility Hodal -
Options
™ |Ho Averaging,
F
A

¥ E

Run

Solve
+

Autodesk Inventor Professional 2018 Cube_2d.ipt » | Search Help & Commands...

Started

4 |0

Autodesk Nastran

DESIGN ITERATIONS=112, ¥ ~ (§} Probes

a @ B Avout

Hep Tutorias O Read Me

E

v

Load Results |Contour| Deformed Object Visbiity Finish
ﬂ‘-y Options v Forum  Autodesk Nastran
Results + Display Nastran Support v Exit H

fosseceven o rore =ff o =l

TEESO A

My Home  [NOICIPLEVSEN GIK-

For Help, press F1

[l



Obj: Min. VF (mass), Constraint: Disp. £ Comp. Index

NTOPTSTRESSDIV I 10
TOPTCOMPINDEX I 5.
TOPTDESIGNCONSTR || 0.01

TOPTDESIGNREGION I 1

TOPTELEMEXTTOL IF
TOPTELEMSYMTOL Io_g—
TOPTGEN m
TOPTMANCONSTR Ism—L,
TOPTMANCORD |0—
TOPTMANDIR

C—

21x

]

[I -5 5 -~-/A=

Fle N 3DModel Sketch Annotate  Inspect

.-T{.'

2 4 ) =1
Bz 2! -
Default  New Edt Importfrom Materials Idealizations Offset Surfaces  Structural
Settings Stress Analysis M Members
* System Analysis Prepare
L ORIl Autodesk Nastran Output  Autodesl
I 2lx)
Name: @ Contour Result Data:
v Options
Other ~
T Deform Type:
@ E [ Options SHELL STATUS -
Display  Animate Create AVI Section View Se=chisind
3.00644e7
- Display Option:
Rendering : c
Contrwous ] Data Conversion:
Levels: |24 Vector [Average =]
[ Options Data Type:
¥ Min/Max Markers ,m
¢ Global allues. Animation
Options @ Real € imaginary
@ visiole View Values
Contour Type:
J=teo-Gurfaces Visibility Nodal -
Options
[¥ o Averaging
=
F
&

oK Cancel

Run

Solve

Autodesk Inventor Profes nal 2018 Cube_2d.ipt } | Search Help & Commands...

GetStarted  Auty Autodesk Nastran

lg @ % DESIGN ITERATIONS=39, M# ~ (I} Probes

Load Results |Contour| Deformed

EO @ About

Help Tutorials O Readlite

Forum

v

Finish

Object Visibiity
T Autodesk Nastran

@ optons

Results + Display Nastran Support + Exit

Displacement | 5| | TOTAL =||f miv

BB S0 4 whome RIS GNi

For Help, press F1




Obj: Min. VF (mass), Constraint: Disp. £ Comp. Index

NTOPTSTRESSDIV
TOPTCOMPINDEX I 5,
TOPTDESIGNCONSTR || 0.01

TOPTDESIGNREGION | 1
I 1.0E-2

TOPTELEMSYMTOL 0.9

TOPTELEMEXTTOL

TOPTGEN VFDISP -
TOPTMANCONSTR ISY”—L,
TOPTMANCORD I 0

TOPTMANDIR

New Edt Importfrom Materials Idealzatons Offset Surfaces Structural  Run
Stress Analysis © Members

Analysis Prepare Solve
Autodesk Nastran Model Tree X ran Qutput  Autodesk Nastran File

{2 part
=-EE Analysis 1 [Linear Static]
[ units : CAD Model
© Nodes 10434
£} Elements 10100
Drart1
= Idealzations
-85 Shels
B2 DesignRegion [l
% Topll
& Bottom [
2 Mesh Model Ay
B, Subcases
= Subcase 1
&3 Loads
H X-Load
H y-Load
B4 Constraints
- & Constraint 1
® Resutts
- DESIGN ITERATIONS=33, MASS REDUCTION=70.6, OBJECTIVE=2.497725E-01
& (% Results
{25 von Mises
{# Displacement
{5 Safety Factor
(% Deformed
B shel status
£ ¥ Plot
= Model
P Parameters
\ate

Load Results |Contour||Deformed

Professional 2018
Autodesk Nastran o -

DESIGN ITERATIONS=39, M# ~ (§j Probes

SEESM A

For Help, press F1

& options B’ Animate
Results

Displacement | | ToTAL ]| mm n“l

1.084E.

1.049E-02
1.003E-02
9.574E-03
9.118E-03
8.662E-03
8.206E-03

[CLCUCM Cube_odipt X

Object Visibilty

Display

Cube_2d.ipt » Search Help & Commands...

i © [B) Avour

Hep Tutoras @ Read Me
Forum

Nastran Support v

v

Finish
Autodesk Nastran

Exit



Obj: Min. VF (mass), Constraint: Frequency

Cube_2d. » Search Help

Autodesk Inventor Professional 2018

En : Gl Autodesi Nastran
1 3 €5 Automatic Table options [@ About

Z =l P~ s ] & & L 8
" BS GenerateMesh | oad Resuts Contour Deformed B ARE b iy e Tutoras © Red e Finsh

Offset Surfaces ~ Structural Constraints Loads
b Autodesk Nastran

L3
5 Mantal e settings
Forum

Default  New Edit Import from  Materials Idealzations
[ Mesh control

Settings Stress Analysis Members
£ System Analysis Prepare Setup Mesh Solve Reslts Display Nastran Support ~
Autodesk Nastran Model Tree X an Qutput A a
@ Part SHELL STATUS
R 21

[—(® Standard
Name: [Top O

t 5
m: |2 |

NSM: |5&5
Type: [shel Elements
Line Element Tpe: Advanced Options

Bar e

Material:

| Aluminum -
oo

[ Associated Geometry

Selected Quadrilaterals:

[~ Include Driling DOF
(CQUADR/CTRIAR)

s

& Composite Layups
8, Laminates
£, Global Pies

& Constraints

& Constraint 1
# Loads -
H x-Load o
For Help, press F1 ’_1 ’_24




Obj: Min. VF (mass), Constraint: Frequency

Autodesk Inventor Profe

Autodesk Nastran

@ % MODE 1, FREQ=114.7306  ~ (1 Probes
Default New Edit Importfrom Materials Ideaizations Offset Surfaces Structural Run  Load Results|Contour| Deformed = Hext L Object Visbiity =~ Help Tutorials
Settings Stress Analysis - Members @ Options ‘-“‘ Animate -

Prepare Solve Resuts ~ Display Nastran Support Exit 1
Autodesk Nastran Ouiput

@ Read Me s
@ Forum  Autodesk Nastran

Analysis
tran Model Tree

System
Model  Autode

&)

[REAL EIGENVALUE EXTRACTION STATISTICS

INUMBER OF ITERATION VECTORS USED =
INUMBER OF LANCZOS ITERATIONS
LANCZOS BLOCK SIZE

INUMEER OF PCG ITERATIONS
[NUMBER OF ROOTS FOUND

N
[EESyEy
i

=gt

PPLIED SHIFT SCALE = 2.227E+D7

[EMORY ALLOCATED
IDISE SPACE ACCESSED

15789981 WORDS 120.5 MEGABYTES
15527837 WORDS 118.5 MEGABYTES

FETCHING GLOBAL MASS AND STIFFNESS MATRIXES
[PERCENT COMPLETE: 100 1133

107.725
(CHECKING EIGENVECTOR ORTHOGONALITY FOR SUBCASE 1 A
[PERCENT COMPLETE: 100 102.055

(CALCULATING EIGENVECTOR ERROR MEASURES FOR SUBCASE 1
[PERCENT COMPLETE: 100

[EXTRACTION TIME FOR 10 MODES = 2.1 SECONDS

CALCULATING MODAL PARTICIPATION FACTORS FOR SUBCASE 1
[PERCENT COMPLETE: 100

B e T PR P T e |
r,,INIMUM EIGENVALUE = 5.196588E+05, CYCLES = 1.147306E+02 FOR MODE 1

[FIRST FLEXIBLE EIGENVALUE = 5.196588E+05, CYCLES = 1.147306E+02 AT MO

MAXIMUM EIGEMVECTOR ORTHOGONALITY LOSS = 1.413918E-10 FOR MODE 4
MINIMUM EIGENVECTOR ORTHOGONWALITY LOSS = 1.444503E-15 FOR MODE 5

IMAXIMUM EIGENVECTOR ERROR MEASURE
MINIMUM EIGENVECTOR ERROR MEASURE =

.156776E-07 FOR MODE 1
.295864E-10 FOR MODE 9

W

RITING OUT EIGENVALUES FOR SUBCASE 1
IPAGES WRITTEN: 1

RITING OUT MODAL PARTICIPATION FACTORS FOR SUBCASE 1
IPAGES WRITTEN: 1

RITING OUT MODAL EFFECTIVE MASS FOR SUBCASE 1
[PRGES WRITTEN:

EIGENVECTOR MUMBER 1
< B My Cube_2d.ipt X

Bsen| J|@ @ oimlEe|r ¢ elle| w1 kL] v




Obj: Min. VF (mass), Constraint: Frequency > 10Hz

Search Help & Commands...

NTOPTSTRESSDIV I 10
TOPTCOMPINDEX I 5.
TOPTDESIGNCONSTR || 20,

TOPTDESIGNREGION I 1

TOPTELEMEXTTOL IF
TOPTELEMSYMTOL  [o.0

TOPTGEN -
TOPTMANCONSTR IM—LI
TOPTMANCORD Ioi
TOPTMANDIR

4

Sketch

=1
=

Default  New Edt Importfrom Materials Idealizations Offset Surfaces Structural  Run
Settings Stress Analysis M Members
® System Analysis Prepare Solve
Autodesk Nastran Model Tree  x  [JEECREEIEE Ty Fo oS utodesk Nastran File
18 Shells
e 2lx
Subcases:
Contour 8
DESIGN ITERATIONS=35, MAS | | (57 options e
Other -
(e Deform Type:
["| Options SHELL STATUS -

Specify Min/Max

Display  Animate Create AVI on View
Data Min: [ 5.98491e7
- Display Option:
Rendering - Part View DEBIEC g
Continuous jv Data Conversion:
Levels:  [24 Vector [average =]
["| Options Data Type:
v Min/Max Marke
[© Min/Max Markers [omr =
€ Globa] Yalues Animation
options @ Rez € Iiragiary
@ visible View Yalues
Contour Type:
J= teo-Surfaces Visibility Nodal ~
Options
I~ Mo Averaging

R2 Effective Mass Versus Mode Number
R3 Effective Mass Versus Mode Number
requency Versus Mode Number

T1 Effective Mass Versus Mode Number
2 Effective Mass Versus Mode Number
T3 Effective Mass Versus Mode Number
1 Effective Mass Versus Mode Number
R2 Effective Mass Versus Mode Number

Autodesk Inventor Professional 2018 Cube_2d.ipt 4

Get Started

lg @ % DESIGN ITERATIONS=35, M# ~ (I} Probes

Load Results |Contour| Deformed

Autodesk Nastran -

)

Object Visibiity

O EO @ About J

Help Tutorials @ read e Fnish
© Forum  Autodesk Nastran

Nastran Support +

@ optons

Results + Display Exit

BB S0 & whome [EICERIEEY

For Help, press F1




Obj: Min. VF (mass), Constraint: Frequency > 12Hz

Autodesk Inventor Professional 2018 Cube_2d.ipt 4

NTOPTSTRESSDIV

I 10
| 3
TOPTDESIGNCONSTR Ilz—
TOPTDESIGNREGION Ii

TOPTCOMPINDEX

TOPTELEMEXTTOL Ir
TOPTELEMSYMTOL IO'Q—
TOPTGEN Im
TOPTMANCONSTR ISYM—LI
TOPTMANCORD ID—
TOPTMANDIR

2l x|

B

Default
Settings

* System
Model

New  Edit
Stress Analysis
Analysis
Autodesk Nastran Model Tree  x
Bl Loads

Import from  Materials Idealizations

ran Output

Offset Surfaces ~ Structural  Run

Members

Prepare
Autodesk

T Groups
P Parameters
A Coordinate Systems

Subcases:
Contour q
DESIGN ITERATIONS=20, MAS | | 7 Options Result Data:
Other -
e[ 7 Deform Type:
@ IE| @ [7]| Options SHELL STATUS -
Display ~ Animate Create AVI Section View Specify Min/Max
= r Data Min:  [7.29767e-9
- Display Options.
Rendering Part View Data Max: |1
i ==
Continuous Data Conversion:
Levels:  [24 Vector [average |
[T Options Data Type:
¥ Min/Max Markers ,m
& € Global Yalues Animation
options @ Real € Tmaginary
@ visible View Yalues
Contour Type:
& | [T TsoSurfaces Visiiliy T
Options
& I~ Mo Averaging
&
T
|
=]
cos
Deformed
ontour
Contour On Deformed
riterion Contour

GetStarted A

lg @ % DESIGN ITERATIONS=20, M# ~ (I} Probes

Load Results |Contour| Deformed

Search Help & Commands...

Autodesk Nastran

@ optons

O EO @ About J

Help Tutorials @ read e Fnish
© Forum  Autodesk Nastran

Nastran Support + Exit

Object Visibiity

Display

sHELL sTatus =||( mpa ~ |1

Min:7.208E-9

DEEM 4

For Help,

press F1

My Home

[ s



Commonly Used Topology Optimization Parameters

Parameter Description Suggested |Remarks
Range

MAXTOPTITER Limits the number of design 100 - 300 Increase when iteration limit exceeded
1terat1ons

OISR IVVANOINE Tolerance for symmetry 10E-02 <10 Increase if elements are not linked
manufacturing constraint

TOPTITERTOL Tolerance for overall design 5.0E-03 < 1.0E-02 Reduce for better accuracy/increase for
iteration tolerance better performance




Generative Design Versus Topology Optimization

Topology Optimization (TO) is a subset of Generative Design

TO is a tool based on B-Rep geometries and the Finite Element Method that is used primarily to remove
unnecessary material from an engineer’s best guess at one initial design shape of a product

Generative Design (GD) is a design exploratory process that is based on specified constraints such as design
space, materials, cost, operational requirements, strength, and proposed manufacturing methods and is based
on generative Al algorithms that perform DOE analyses to synthesize combinations of discrete values of the
input variables within the user-specified ranges of possible values

GD does not require an initial design but establishes a design domain for each set of design variables and
creates the geometry associated with the specified boundary conditions such as locations of applied loads,
supports, and interfaces with other parts and selected regions within a design domain can be restricted from
being modified

Benefits of using GD:

— Reduced weight and amount of materials

— Reduced product development time

— Reduced costs

— Affords very complex geometrical designs amenable to AM processes
— Creates an array of novel, yet feasible, design concepts for consideration by the design engineer
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Autodesk Fusion 360 Generative Design

The user defines preserve geometry and obstacles

o Preserve geometry is any geometry not in the design space (e.g.,
attachment and load points)

o Obstacles are empty spaces where material is not placed (e.g., allows
access for attachments and tools)

A design space is created either using starting geometry or a
bounding box if no starting geometry is provided

The user defines loads and boundary conditions on the preserve
geometry

Better support for manufacturing constraints and the ability to use
multiple design constraints such as stress, displacements,
frequency, and buckling all in one compliant design

Multiple outcomes with advanced ways to sort designs based on
weight and cost

Seamless design verification

Currently solid models only

.'M

Preserve Geometry

Obstacle Geometry

Preserve, Obstacle, and Design Space
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Fusion 360 Generative Design Outcomes
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