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How to apply Bio principles in an Industrial application?




How to unlock the True Potential of Additive Manufacturing?

‘ Conventional Design

Design for Additive Manufacturing




Software + Services
$290M

Services
| | $80M
‘14

Our vision is to help our clients to design
exciting products by delivering innovation
through our software technology &

International engineering expertise.

85




HyperWorks

Industry’s broadest integrated
Simulation Software Suite
(Model Builders, Solvers,
Optimisers Visualization)

O Altair

Business Units

solidThinking

solidThinking Inspire enables
Product Designers to quickly create
and investigate structurally efficient
concepts

ProductDesign

A global engineering and design
business delivering innovation to our
clients



Who iIs Altair - solver technology

W

Structural Crash, Safety, Thermal Fluid Dvnamics Manufacturing Electro-
Analysis Impact & Blast Analysis y Simulation Magnetics

Multiphysics Analysis and Optimization




Intelligent Software Technology:
“Free Form Optimization”




Free Form Optimization History



Radiator Bracket

Original Bracket Failed

Redesign with Improved Performance / Weight




Radiator Bracket
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Radiator Bracket
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Significantly Increased Performance Characteristics




Airbus A380 Wing Rib
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Traditional Design Delivered a Weight Challenge




Airbus A380 Wing Rib

Free Form Optimization

" Free Form Optimiza

Free Form Optimization Material Layout

Package Space Definition

‘W) :

Geometry Extracti

Size & Shape Optimization 'Size & Shape Optimization

Solid Geometry Extraction Buckling and Stress Geometry Extraction




Airbus A380 Wing Rib

—

x:;;(,. Engineering

"Through collahdre \Q Fships with Altair,
an innovative rib design resulted In
over 500kg saving per aircraft"

AV ERN A ) Press Release




AM Product Development
Complimentary Technologies
Product Industrialization

AM Design Challanges
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Differenciated View — ,,What is Additive Manufaccturing?“ 4 ) Alta ||’

« Stereolithography
« Digital Light Processing

 Fused Deposition Modeling - Thermoplastic extrusion (filament)
* Inkjetted photopolymers
« wax deposition modeling

» Selective Laser Sintering plastics / metals

« Selective Laser Melting of plastics / metals
« Electronic Beam Melting

* Blown metal powder Welding

e Sand binding

« Binder jetted into metal powder (by ExOne)

« Smooth Curvature Printing (by Solidscape)

« Selective Deposition Lamination (by Mcor Technologies)
« Laminated Object Manufacturing
 Hybrid CNC
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How to get an added value from 3D printing . ,\ Alta If

Complexity for free!

How to convert the freedom into performance?
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When does a part qualify for Additive Manufacturing?

Laser Additive Manufacturing is only interesting when

minimum one of the following criteria is fulfilled:

manufacture performance by utilizing the design

[ Conventionally hard to } Improvement of the product
freedom
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Quelle: autoneticind.com; forgingmanufacturer.com; masscustomization.blogscom; honeybuild.com; renishaw.com; os-gmbh.com; hrsflow.eu

content & pictures by courtesy of Laser Zentrum Nord LZ&


http://www.ciclib.de/bornmann/prodpic/Ritchey-Road-Curve-Wet-Black-A5480_b_0.JPG
http://www.ciclib.de/bornmann/prodpic/Ritchey-Road-Curve-Wet-Black-A5480_b_0.JPG

Complementary Technologies

Topology

Optimization

Geometric Freedom

Injects Innovation

Design Individuality

Accelerated Product
Development




Product Industrialisation - Manufacturing
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The Additive Manufacturing Design Challenge ,\ Alta |r

3

challenges when designing for AM
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The Additive Manufacturing Design Challenge ,\ Alta If

1
How can a designer come up with the
best possible shape?

picture by courtesy of Laser Zentrum Nord LZ&
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The Additive Manufacturing Design Challenge ,\ Alta I[

Solution #1:

Topology Optimization
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Technology symbiosis 4 y A | ta | [

Topology optimization provides the most efficient structure for a given load situation, but for traditional manufacturing
designers always have to trade performance for manufacturability!

Unconstrained

Symmetry

Draw Direction

Member Size
Cyclic Repetition

Performance

Manufacturing
Constraints
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Technology symbiosis [ ) Alta”

Topology optimization provides the most efficient structure for a given load situation, with added
manufacturing designers no more have to trade performance for manufacturability

Unconstrained

Symmetry
Draw Direction

Member Size

Cyclic Repetition

Performance

Manufacturing
Constraints

N
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“Industrialization” of Topology Optimization .._’\ Al’[ai[
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The Additive Manufacturing Design Challenge | ,\ Alta If

2
How can the engineer draw it in a CAD system?
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The Additive Manufacturing Design Challenge | 4 ) Alta If

Problem:
Conventional CAD systems rely on boolean
operations of simple geometric entities
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The Additive Manufacturing Design Challenge ,\ Alta If

So “drafting” something like this
can take weeks with a conventional system:

pictures by courtesy of Laser Zentrum Nord LZi
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Valve Block Redesign /4 \ Alta ”,

Nurmi / VTT Technical Research Centre of Finland

Topology Optimization Result Interpretation Materialise Analysis of the
with OptiStruct using 0SSmooth 3-matic STL Model Redesign in OptiStruct

Optimal Fluid Flow

67 % Weight Reduction

,,CAD Free“ Realization

Materialise / %
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The Additive Manufacturing Design Challenge [ ) Alta If

Solution #2:

Hybrid Modelling
Direct + Boolean

New
Polynurbs Design Technology
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The Additive Manufacturing Design Challenge

7y Altair

How to consider the NEW
Manufacturing Constraints?
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How to reduce support structures? .,\ Altall'

« We are working on it!

Design and sizing of Kruger flap ADS 1 TION WONKS

DRIVE STRUT LOAD INTRODUCTION
Comparison milling & ALM design

+ Both designs feasible concerning stress and manufacturing
+ Weight benefit of ALM drive strut bracket 14 %

Milling design ALM design ISC 0.85

Wolfgang Machunze, EADS
Topology Design of a Metallic Load Introduction Bracket Manufactured by ALM
Altair Technology conference 2014, Turin
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The Additive Manufacturing Design Challenge

7y Altair

Solution #3.1. : design rule catalogues

Solution #3.2. : manuf. constraint implementation
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AM Overhang Angle constraint

Andrew T. Gaynor and James K. Guest —
“Topology Optimization for Additive Manufacturing: Considering Maximum Overhang Constraint”, 2014



Innovation Examples



A Partnership Delivering Product Innovation

Optimization Workflow
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Weight Savings




Unlock the
lightweight
potential of ALM with
concept
optimization

for EADS IW

“OptiStruct allowed us to maximize
the weight saving benefits of the ALM
process.”

Jon Meyer EADS Innovation Works

O Altair | HyperWorks
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Engineering ability ~ ,v\ Altalf
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Engineering ability -,\ Altalr
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Engineering ability

* Front loading
« Only the right assumptions lead to the desired result

100%

M Origional

50%
M Optimised

0% -
Weight Stiffness Max bolt Max stress
force

Figure 10: Performance comparison of original and new design

A Altair

Topology Optimization of an Additive Layer Manufactured
(ALM) Aerospace Part

i TS o wes EADS

-

Jorathon Meye

Fowpmarehh Tmas Loader £ADY wrwentnm oy EADS
e e T S S )

e R

ADstract

AL 0 of et A0 10 Denatts of ASMee Laver ManAscirmg (AN meniaowng
PPOUANE. B0 ANIIE ASJD Nale Nngs DIk WS OPINTEAM]  NROOOratng 4 NODokgy
OO g The desipn Pasdirn of W ALM process meant 1l & sgeiean
Proportom of weeglt coull e Saved 10 e B AT A0 rOdMONg MUATTUT Sheas
oactarwyg stiess. Cpanesion of snsheuie pats (roserds 3 tege oppomueey Ry
WU ARSI Ty o soomrrreialy viabis F oW are devesopad T mhae e
OO ey Uned I 110 GRS prooees

Papmats e 48—

10 Intreduction

N ARIEYS L WNESCtre (AL Waarawiigy I 0 iy yOumng EIvidogy »
P ary Sages OF g Frgherranied 10 i Sarufacnis of arcr The man Dersde of
180 ALN procmss cormm 1 tewgr Beolity S inanedsl wavin . o CAD 40pant e sl
Lo OF prodantyg Pts o Pand mataeiais el e olherwne SIRCUR 0 suchee ALM »
TUTR & PO BDetee DICES Dad 1N pnear B ALCRIRNIR 11 PO viee
FOCALAEEY WhEn A CARAN) VUM R U] i WP B CLTIITV TR 3 CORTRes
b

Placaame o P emagn Nmariont svinsion wilhh ALM 2 i o perfc] gt catan W foposogy
pAeRTation  Where Usealy B lopology POBTRZAN 18 1 B rtertreied andd sacifiies
190 dungn Nave 0 Do e B maeniachranety A ALM D pInopa B Nt D
gy PN Pe L Do manlaned andd e Dn st and srUOMTE gropertes
L 0 OOt W 0 of T OpIT GRS e

Fatuomg wesght o raarny o the Do mrarvetachien ooty leen As ALM w % st
IYOOMNE TN DON S0 I8 [YODONIIUM 1 e worane of INe DN The IMose Matertyl (aed. e
O mpenave Tor Dt vl b TS & Qpomed 10 Do frary (s e DurTesly Made
BAERAChn VUGS (8 I drw et aaed B ecte Ml Pess o @ Vade et
Dhamart GOt vl st 1hes s ted D o ALMO

o - bg— 01|







2y Altair



Copyright © 2015 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

From the Printer into Space ,\ Altalf

3D Printed Antenna Bracket for
Sentinel-1 Satellite:

« 43% weight reduction
(from 1.626 kg to 0.936 kQ)

* Increased Eigen frequency
(70Hz - 90 Hz)

« Improved static behaviour, strength,
stiffness, stabllity

Together
ahead. RUAG

/5
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From the Printer into Space ---‘,.\ Alta |r

Baseline CAD Conceptual Optimiza
Design Interpretation

Design Process for AM

Image courtesy of RUAG Space

,Q':

Geometry validation Evaluation of design Together

Manufactu riné ahead. RUAG e%s
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Model preparation

Conceptual Concept
Optimization Interpretation

Model Preparation

7y Altair

Concept Detailed
Design Optimization

Understand design requirements
» Generation of Design Space
« (Generate Optimization setup

Proper mesh
« Proper BCs
*  Proper Optimization definition

| g A 2k

RL T 75 T

Baseline

Design Space Envelope

Original Design Specification

* Eigenfrequency >T70Hz

= Boundary condition Hard Mounted

* Dimensions 385 x 345 x 115 mm3
» Static Load (QL) 20g (X.Y) ! 25g (Z)
* S-Band Antenna 0.783kg
» CoG Position X =438.2mm \
¥ = -1091,8mm
Z = 3330.6mm

Hexahedral Elements
Total Elements = 236004

Design Space
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Conceptual Optimization »,\ A|ta|f

Conceptual Concept Concept Detailed e

Model Preparation Optimization Interpretation Design Optimization

Optimization problem formulation:
* Objective: Minimize Mass or Compliance
« Constraints: Volfrac 20%, 10%, 7.5% / Stress (110MPa) / 15t mode > 70 Hz

« Variables: Element densities
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Slagt Ay’ G4V St s Ioy e Sioghs Avenige B S e ot foan i fhddan g Antvags s S Ty s Goals of multi p|e runs:
[L' u(u l:v'; 'O_Ld l:“‘ '0.(. n
e B Dot S
B b B 1. Understand tendency of the optimization
F:‘::ﬁi Efﬁiﬁﬂi ’[:ﬁ“:-::i:
120ED! 1 20060 1 200601 . .
ey 2. Which are the primary
Max = 1 000F §x Max = 1 I00E X e 1 000E «X
Gends £22960 Gnds 522964 ds S22961
M= 1 08 M= 1 0202 " 1 ooE a2
Gerdx 420068 Gode 504051 de S84
\ ‘ and secondary load paths
X ’- z 2:':‘::;:;”“‘ “ {r‘ L 1~r
;E:::::li::r. tos(Danerty) :ﬂ‘c&uht—ﬁn .E'::‘v:‘l’l;[::ﬂwu[wnm; :’:’Lﬂl— ) E:::‘v‘ti:‘m dws(Danety) :':':‘-k_ | | 3 ° N u m e ri Ca | n O i Se ?
S SR S SR S T T
[::"A’l'f 0 [j .'l'l‘.f.'ll? [ WOl . .
= Lo et 4. Explore different designs
: srpoou
-3 ANED . . o, .
= 5. Observe similarities
fOeELD
Mas = 1 J00E «00
Gods 422004
Mn = 1 I0EX
Gnls 523008

1t Frequency - 12.2 Hz | - [tt Fraquency - 1131z
Mass - 0950 Ny | - | Mens = 1065 Ky
{




Copyright © 2015 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved

Conceptual Design 7 Altair

Model Preparation Conceptual Concept Concept Detailed

Optimization Interpretation Design Optimization

Goal = Obtain easily the right information from the optimization result to make the right decisions for realizing a design

Structural behavior:

* Understanding results of optimization
* Primary and secondary load paths
* Local vs Global optima
* Discrete results
* Cross section behavior
* Tension-Compression-Shear members
e Stress distribution after optimization
e Uniform stress

Cross Section




Copyright © 2015 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Conceptual Design 7y Altair

Model Preparation Conceptual Concept Concept Detailed

Optimization Interpretation Design Optimization

Concept A

freeze

* Evolve helps to realize the process of
creating the CAD model 3x-4x faster than traditional CAD tools

* Parametric modeling & Traditional surface modelling techniques (loft, sweep, etc...).

Standard
formats:
= Parasolid
= STEP
= |GES

solidThinking
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RUAG Space — Sentinel 1 Satellite Antenna Support | 4 ) Alta “—

One more word on the topic
support structures
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From the Printer into Space -.,v\ Alta If

Conceptual Concept Concept Detailed Stress Additive

el PR Optimization Interpretation Design Optimization Verification Manufacturing

« Sentinel-1 AM Bracket successfully
completed its qualification test campaign!

* Results exceed requirements:
« 1st Eigenfrequency:

Requirement: > 70 Hz
Simulation (OptiStruct) 91.44 Hz
Test: 90.9 Hz

« 2" Ejgenfrequency:

Simulation (OptiStruct)  106.9 Hz /ué e

Test: 107.6 Hz | it ¥
o / "e cOlBSYof RUAG Space




Key Aspects in Design for Additive Manufacturing

Additive Manufacturing requires new Designs to benefit from the design freedom!

« Topology Optimization is the best way to inject innovation in structural designs!
new concept generation, part consolidation projects, biomimicry adaption

« The geometry complexity of ideal Designs for AM overexerts conventional CAD environments!

« Confidence in the Design is vital in all stages of the design process!

« Simulation Driven Design is the best way to convert the

Design Freedom into Product Performance

Meet us in Hall 7 Booth B32

pictures by courtesy
of Laser Zentrum Nord LZa




