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Topology Optimization: Formulation
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Educational Design Tool (1)

— TOPOPT ( )

« A 99 line topology optimization code written in Matlab, Struct Multidisc
Optim 21, pp.120-127, 2001

« A web-based topology optimization program, Struct Multidisc Optim 22,
pp.179-187, 2001

« Interactive topology optimization on hand-held devices, Struct Multidisc
Optim 47, pp.1-6, 2013

|

) ?

N
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Educational Design Tool (2)
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99 Lines of Matlab Code (2001)
Struct Multidisc Optim 21, 120-127 @ Springer-Verlag 2001

A 99 line topology optimization code written in Matlab

0. Sigmund

top(nelx,nely,volfrac,penal,rmin)

— nelx and nely: number of elements in the horizontal and vertical
directions

— volfrac: volume fraction
— penal: penalization power (=3)
— rmin: filter size(divided by element size) ?

>>top(60,20,0.5,3.0,1.5)

Vehicle Structure Structural Optimization - 14




Alternative ‘88 line Matlab code’ (2011)
New 99 line Matlab code (2020)

Struct Multidisc Optim (2011) 43:1-16
DOI 10.1007/s00158-010-0394-7

EDUCATIONAL ARTICLE

Efficient topology optimization in MATLAB using 88 lines of code

Erik Andreassen - Anders Clausen - Mattias Schevenels -

Boyan S. Lazarov - Ole Sigmund top88 (nelx,nely,volfrac,penal,rmin, ft)

Structural and Multidisciplinary Optimization
https://doi.org/10.1007/s00158-020-02629-w

EDUCATIONAL PAPER

A new generation 99 line Matlab code for compliance topology
optimization and its extension to 3D

Federico Ferrari' . Ole Sigmund’

Received: 18 February 2020 / Revised: 2 May 2020/ Accepted: 10 May 2020
@© Springer-Verlag GmbH Germany, part of Springer Nature 2020

top99neo (nelx , nely , volfrac , penal ,rmin, ft ,ftBC, eta , beta ,move, maxit)

top3D125{nelx , nely ,nelz , volfrac , penal ,rmin , ft ,ftBC  eta , beta ,move, maxit)
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S H2A: ArM =2 A Arg

Light Weight Body
K cHRYSLER Structural Optimization Process

2008 GDIS

Topology Optimization used to define Major Load Paths

Packaging Volume Topol Results Beam Model BIW Design
Holistic Drivers Spatial load image 87 paths 202 components
« Safety

* NVH Refinement

* Durability
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Chassis: Ferrari F458 ltalia

. 47 =5
EEat

« A H=Z (cascade)
Topology optimization: 2=
Topometry optimization : A& =0|

Size optimization : & 7|

y 03 -9—:I'L—7F—7d

Struct Multidisc Optim (2011) 44:45-56
DOI 10.1007/s00158-010-0578-7

global bending stiffness

global torsional stiffness

Local stiffness of the suspensions, engine and
gearbox

Modal response

Crash linearization

Vehicle Structure

INDUSTRIAL APPLICATION

High performance automotive chassis design:
a topology optimization based approach

Marco Cavazzuti - Andrea Baldini - Enrico Bertocchi -
Dario Costi - Enrico Torricelli - Patrizio Moruzzi
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local stiffness with
clamped sills (32 FEA)

r

bending stiffness (1 FEA) torsional stiffness (1 FEA)

local stiffness with crash linearization (1 FEA)
inertia relief (32 FEA)
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Load Path Analysis Sequence

» Basic Solid

'» FE-Mesh Design Space

Vehicle Structure
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Prof. Schelkle. Porsche AG
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Concept Stage of Vehicle Development

Design space Design Space: FE-Model Load Path Analysis

Virtual Prototype Stochastic-based Parametric-based
Concept Optimization Concept Finding
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Automotive Chassis

Proceedings of the World Congress on Engineering 2011 Vol IIT
WCE 2011, July 6 - 8, 2011, London, UK.

Automotive Chassis Topology Optimization:
a Comparison Between Spider and Coupé Designs

Marco Cavazzuti, Dario Costi, Andrea Baldini. Patrizio Moruzzi

« Comparison Between Spider and Coupe Designs
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Results (1)
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Results (2)
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TIMELINE

History of Steel Industry Innovation

Lo S
- i 03 Voulube

Ultralight Steel
Auto Suspensions

" o) WorldAutoSteel

Q-

Ultral.ight steel # Mass savings up to 34% at no
additional cost

Steel E-Motive, a new steel
industry collaboration, will

Auto Body « Matched aluminium design demonstrate the benefits of
mass, while achieving 30% cost  steel for global mobility as a
benefit service (Maas) challenges,
» Mass savings of 25% over the characterized by fully
benchmark at no cost penalty connected and autonomous
= First demonstration in the electric vehicles.

world of extensive (80%) High-
strength Steel (H55) use

Ultralight Steel
Auto Closures

ULSAB (Advanced
Vehicle Concepts)

+ Up to 46% lighter than the = Fuel Efficient (3.2 to 4.5 L1100 FutureSteelVehicle
average benchmark krm; 52 to 73 MPG) at no cost
penalty

» First demonstration of ultra- .
; Low GHG Emissions
thin (0.6 mm) Dual Phase Demaonstration of HSS and

Class A surface materials Advanced High-Strength Steel
(AHSS)

.

177 kg body structure mass
97% use of H55 and AHSS
Mearly 50% GigaPascal Steels
Low Total Life Cycle Emissions
Mass savings at no cost penalty

Mear-term production
applicable

-
o

® e o8 o oe o
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FutureSteelVehicle

Phase 2 — Report

AE_|7:”E§A_”éO_” 2__||% April 20, 2011

FutureSteelVehicle

UltraLight Steel Nature’s Way to Mobility
Auto Closures
ULSAS ULSAB-AVC
UItranght
Advanced
Steel )
Vehicle
Auto .
Concepts |

Suspensions
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FSV Design Methodology
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Topology Optimization Load Cases
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Linear-Static Topology Optimization
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T2: Topology Optimization

— geometry developed by the topology optimization was
manually interpreted into a CAD (Computer Aided Design)
model usina enaineerina iudament

Topology Results
30% Mass Fraction

Interpreted CAD Geometry
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LF3G Load Path and 3G Optimization
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Sub-Systems 3G Optimization
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Body Structure — Sub-System 3G Optimization
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