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Class Overview

= Past

= |nventor Optimization (2007)
= SiIm360 (2013)

= Present

= Sim CFD (2002, 2009)
= Sim Mechanical (2013)
= Moldflow DOE (1990)

= Future
= Topology Optimization (2014)
= Demos
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Key learning objectives

= Learn about Optimization in products including
Inventor Simulation, SIm360, Sim CFD, Sim
Mechanical

= Performing Design of Experiments with Moldflow

= Learn about Topology Optimization in SimStudio
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Optimization: Past



Past:
Inventor Optimization

Type: Safety Factor
Unet: U
2011-08-06, 958:17 AM
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Project Charter

= Common customer need:
Reduce weight while
Improving safety

= Simulate and Design
Simultaneously

= Realize orders of magnitude
better performance

M AUTODESK UNIVERSITY 2014 i\ AUTODESK.



Early Cloud Adoption

All processing happens

Lightweight In the cloud

Inventor Add-in
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Past:
Sim 360

AUTODESK UNIVERSITY 2014 A AUTODESK.




]
, A
P r h r r & Autodesk Sim 360 [
My Home kml  Bike Frame v2 b A
NEW MATERIALS IDEALIZATIONS CONSTRAINTS LOADS CONTACTS 0 MANAGE DECISION CENTE

= Bring focus to Objectives, == W
not optimization setup B

= Arrive at results efficiently . -2

= Make reasonable o
assumptions =

¢-EOEQq o8

ctor
Above/equal Threshold: 2

= Encourage exploring far Fpr—

8— | Shell thickness

more alternatives than =
manually possible

m AUTODESK UNIVERSITY 2014 ‘\ AUTODESK.



Exploring Options

Goal_ 1 {unit_g1} / Geal_2 {unit_g2}

®.. .
v
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Optimization: Present



Present:
Simulation CFD (Fluids)

Image courtesy Oklahoma FSAE
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Simulation CFD Workflow

Boundary

@ AUTODESK UNIVERSITY 2014 A AUTODESK.



esign Study Environment

Design 1\Scenario 1 - KEUmage 3

Design Review Center

« dl i | » P | <

Design 1::Scenario 1 - KE Design 2::Scenario 1
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Design Study Environment
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Present:
Simulation Mechanical

\

) vamm

Ve ‘ R
i & > N %
) - = S
\ ¥ .4 B
‘ B ' y [ 2.
- / .4 /s A ’E }- l..
'y \
F. A =
4 .
\\ . | o
® {1 Jox
\ 3
‘ .

Image courtesy Oklahoma FSAE

!}/Y AUTODESK UNIVERSITY 2014 A AUTODESK.



Parametric Studies

= Access to CAD parameters
= Explore many shape options in batch

»  Vary major and
7~ minor radius
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Parametric Studies

= Review all
responses

* Find optimal
- or -

= Determine critical
parameters

* Repeat process with
targeted values
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Present:
Simulation Moldflow

Image courtesy Oklahoma FSAE
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Moldflow Optimization Agenda

= Brief History of how Moldflow was used

* The Development of Workflows

= Traditional Problem Solving
= Legacy Process Optimization
= Design of Experiments

= The Future???
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Introduction to Moldflow Optimization

= Moldflow development started In
1978

= Primarily an analytical tool

= Targeted at replicating problems and
simulating alternatives

= Moldflow has been steadily moving -

more toward influencing design manufac

part design mold design ' part oduct

pr
! manufacture’ shipping

= |t's easier to effect change before e
physical tools or parts exist
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Traditional
Problem Solving
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Manual Optimization
= Add Gates

* Run Simulation

* View Results

= Diagnose Problem

= Make Modification

= Launch additional Analysis
* Repeat as needed

ke ) 4 y.
N
£.0000 N . ’
|
i
1
4 4 x Scale L in

M AUTODESK UNIVERSITY 2014 A AUTODESK.



Legacy
Optimizations
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Process Optimization

= Optimize the Injection Molding

Process

= Optimize Filling to maintain
constant melt front velocity

= Optimize Packing to Minimize

Shrinkage
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Interactive
Optimization
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Design or Experiments (DOE)

= Design of Experiments

= Single Variable

= Variab
= Variab
= Variab

e Influence (Taguchi)
e Responses (Factorial)
e Influence then Responses

= Specified Influence Variables
= Define Variables

= Specify Input Variables
= Define Quality Criteria

= Options
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Design of Experiments (DOE) — cont’d

= XY Plots

= Surface Response

* Graphical Results Response

@ AUTODESK UNIVERSITY 2014
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Design of Experiments (DOE) — cont’d

= |nteractive User
Optimization

= Direct Interactive Tools
= Direct Responses

= Results Comparison
Explorer

= XY Plots
= Response Surfaces

= Graphic Plot
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Optimization: Future
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Autodesk SIMSTUDIO Platform

= Next generation Unified platform (Fusion)
= Geometry: Autodesk Shape Manager

= Optimization (Built-in)
= Intuitive Multiphysics
= Cloud-connected

= Automation Tools
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Common Simulation Inputs

=Geometry

= Loads: Force, Pressure

= Constraints: Fixed, Frictionless
= Materials

= Settings

{\ AUTODESK.



Parametric Optimization

= Concept: Given a set of goals and constraints,
vary parameters to find the variation/s that meets a set
of performance targets.

= Also known as Size/Shape optimization

= Stage: Parametric Design

Small Large
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SimStudio Platform — Parametric Opt

" Inputs
= Goal: Objective
= eg Minimize Displacement E fodbes
= eg Minimize Mass Displacement
= Constraint: il
_ _ Mass
= Specify boundaries Minimize
= Algebraic Formula .
= eg Safety Factor > 2 Safety Factor
Above/equal
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SimStudio Platform — Parametric Opt

= Parameters n
= Continuous: i‘ Add Parameter
= Shell thickness [0.2 — 0.8, 0.1} — [T
= Force/Pressure o— | Min: 0.1 cm
= Extrusion length E_:' Materials
= Discrete: = JliaRear

= Material [Aluminum, Steel]
= Number of ribs In a pattern

= Qutput: Optimized shape/s
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Optimization plots

e Pareto : Mass vs.
. o Displacement
* Vilfredo Pareto, P
Economist - :
« 80-20 rule = e
* Trade-off ;
analysis 2
Y Se n S i t i V i ty 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
* Progress s e i

e Scatter
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Parallel Coordinates

[ 0 | 16 || 1 || 32 | & Hide Extra Axes £ Start Dynamic Rendering
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SimStudio Platform: Topology Optimization (TO)

= Concept: Given a set of goals and constraints,
find optimal mass distribution that meets a set of
performance targets.

eg. Varies topology, I.e. position and # of holes.
= Stage: Concept design

.

...........

Opt adds/removes elements Optimized result
(Remove)

Cantilever (Keep)
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Topology Optimization

" Inputs
= Goal: Minimize compliance

= Constraint:

= Mass Target (%): The target mass in the model after the optimization
= "Keep Out” regions: Do not optimize away these regions
= Tolerances

= QOutput: Optimized mesh model/Solid
= Uses Nastran technology

(Solid Isotropic Material Penalization (SIMP) with sensitivity filter)
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Topology v/s Parametric Optimization

Topology Optimization Parametric Optimization

Design Stage Concept Parametric

Output Mesh/Solid Solid

Analysis & Solving Desktop Cloud

Technology Autodesk Nastran Solver Autodesk cloud-based
optimization

= Gains: Reduce time, cost + Improve performance
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TO: Settings

L Settings

Study Type  |Static Stress

General

fWesh

Solve

Adaptive Mesh Refinement

Solve

Solver Selection

Topology optimization mass target (%)

Topology optimization iteration tolerance

 Create a Linear Static Stress(LSS) Study
* Right Mouse Button (RMB) on Study, Settings, Solve
« Setting: Select Quadratic tets

 Goal: Mass target (30%): Defines how much mass Is remaining In

the model
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Mastran (Quadratic Tetrahen -

a0

0.005
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TO: Pre-Processing

= Specify Common Inputs

= Specify TO goal

= Mass target

= Specify TO constraints

= Preserve Boundary

= Gripper Arm Design Challenge
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https://grabcad.com/challenges/autodesk-robot-gripper-arm-design-challenge

TO: Pre-Processing - Preserve boundary

@ FPREZERYE BOUMDARY

Centraid Lacation b4

Box

Boundary Shape
¥ Centroid Offset
F-AXIS
Y-Axis
L-Axis
¥ Boundary Size
FeAMIS
Y-Axis
L-AXIs

= Boundary volumes like box, sphere, cylinder/faces can be specified
= Regions of the model where loads, constraints and contacts applied are
automatically kept (Keep-Out regions)

= Preserve Boundary Command

= Boundary volume Center can be moved
= Manipulators for sizing

!}/'{ AUTODESK UNIVERSITY 2014
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TO: Solve

= Solve, Optimize Topology SOLVE
= Presented as a different type 382
of solve e
= Linear Solve @ Precheck
= Normal Modes & Linear =) Adaptive Mesh Refinemen

buckling in wish list

3 Solve
e Solve
Ei? Optimize Topology o I

(i) Saolve Details

(i) Solve Log
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TO Post-processing: Results

Element Densitys {5 4

Non-Design
Region 1.000 Max.
s 0.800
i i Slider to control 0.600
olor scheme MY 0 add/remove Target
B :cnove 7 B elements
I Keep : 0.400
Other colors: Gradient
0.200
0.000 Min.
Design Mass Ratio: 52.00%
Region Approx Mass 71124 kg
Mass Ratio for a given slider

position
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TO Demo

=)
TopOptmp4 Topological Optimization With Angled Load.mp4
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Nastran optimization capabilities

 All load and constraint types + Nastran
SUBCASE structure for defining multiple
load and constraint cases

» Use of linear contact, bolt preload,
composite elements, other element types,
features, etc.

 All shell and solid element types for design
space

» All element types for non-design space

* Detailed status information gives progress
of solution and each optimization iteration

Iteration 2
W AUTODESK UNIVERSITY 2014 i\ AUTODESK.



Summary

= Optimization is a must in today’s age

= Autodesk is committed to solutions covering a host of
disciplines and needs
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“Autodesk customers have unfilled, high-paying
positions due to the lack of qualified high school and
university graduates. As part of our ongoing commitment
to training and equipping the next generation of
designers, engineers, architects, and digital artists, we
are providing free access to our software for
students, educators, and institutions around the
world.”

Carl Bass | Autodesk President & CEO

www.studentexpert.net/en/job-postings/manufacturing
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Voice of Customer
Be Heard and Win!

Help shape the future Autodesk experience.

IPad Mini Raffle!

BAYSIDE B BAYSIDE A
Exhibit Hall Registration

BAYSIDE C @
Exhibit Hall

JOIN US!
Bayside Foyer

ESC

Stop by and register to participate

autode.sk/AU2014VOC
?am - 6 pm, Dec. 2-4
#AU20714VOC
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