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Shape and Topology Optimization for Crash
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Topology Optimization Process
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Educational Design Tool (1)

« TOPOPT (www.topopt.dtu.dk)

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

— D. Techerniak and O. Sigmund, A web-based topology
optimization program, Struct Multidisc Optim 22, pp.179-187,
2001

? ?
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Educational Design Tool (2)
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Linear Static Problem (1)

= Solid Mechanics: Load Path

ey
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Linear Static Problem (2)

= Solid Mechanics: Load Path
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Linear Static Problem (3)

= Solid Mechanics: Load Path

AN
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Test Your Intuition

Example 1: Example 2:

Comparison Bracket:
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Fixed boundary
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Olhoft e al. (1998), Jacobsen &t al
(1998), Beckers (1999)

Olhott er al. (1998),
Jacobsen ef al. (1998)

oo ay

Olhoft et al_ (1998). Jacobsen ef al.
(1998). Beckers (1999)

Diaz and Lipton (1997)

OlhofY ei al. (1998),
Jacobsen ef al. (1998)

Vehicle Structure Optimization

Diaz and Lipton { 1997)
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Optimal Michell Type Structures




Design Tool

Conceptual Design Reinforcement Design
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Bridge Structure
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Floor Panel Reinforcement
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Hood Panel Reinforcement
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Load Cases for Hoods

o Steel
— 12.62 kg
— 8.89 euro
* Aluminum
— 8.10 kg (36% reduction)
— 16.63 euro (87% increase)

Vehicle Structure Optimization

Lateral stiffness:

(test load 481 N)

Transversal stiffness:

(test load 481 N)

Torsional stiffness:

(test load 100 N)

DOF; =0
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Automotive Hood Substructure (Inner Panel)

Ferrari F458 ltalia front hood
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Results

I T ———
s
g
STIFFNESS OF THE MODEL IN EACH LOADCASE
Loadstep Initial Model® Final Model®
= Torsion 100.00% 00 78%
,. ¥ _ Bending 100.00% 102.45%
% Flap's Bending 100.00% 101.21%
Closure hand 5TD 100.00% 101.23%
Closure hand Central 100.00% 105.47%
Closure hand Lateral 100.00% 110.88%
Total Mass 100.00% 87.56%
l‘:?‘.I
\
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Transverse Link of Audi A8

* 45% stress reduction
* 10% weight reduction
« 1st prototype passed all mechanical tests !
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Engine Mounting Bracket (1)

* Minimize mass of engine bracket
— Subject to stiffness/frequency constraint

e (a) Initial mass =950 g
« (b) 20,000 solid elements, 30% material

— Bolted joints: non-design domain

— Loading conditions
 Drive-off forward
 Drive-off backwards
 Driving into a pot hole
 Driving out of a pot hole

.. o
 Transmission loads PR

L X
A s
b

* Assembly
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Engine Mounting Bracket

* (c) 3D features of the optimal configuration

. isodensity surface (density > 0.4)
— Starting point for developing a production-ready engine bracket

. (e) shape optimization, final mass = 730 g (23%-
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Engine Mounting Bracket (3)

Courtesy of Volkswagen AG, Wolfsburg via Altair Engineering
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Vehicle Weight Trend

. VW GTI: 1804 Ib (1976) = 2939 Ib (2004)

« Aluminum casting component: 92.3 Ib (1978) - 240 |b
(2002)

Comparison VW Golf und MCC Smart

5,000
Aluminum 4,500
Content 4.000
onten
3,500 o
3,000 g A 113% Increase...
In North e © and still growing!

American

2,000 AN

Vehicles

s
........

in millions of pounds 0 1891 2000
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Aluminum Front Knuckle Design (1)

I‘-'“‘-. L]
¢! T,

Example of results in a topology optimization zone

Exarﬁple of a shape optimization zone:
shape function allows FE mesh to “morph
between red and blue lines

]
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Aluminum Front Knuckle Design (2)
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Concept Design Environment

v ol

System Level Requirements

Package Space sl

Optimization

Control Arm Development Example

—

Size and Shape
Optimization

Surface Geometry
Generation

Parametric Shape Vectors Finite Element
Modeling
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Integrated Topology and Shape Optimization into Product Development Process

FE-Model

Topology Optimization

Design Space

smoothing, Data o
Reduction, Remeshing,
Femodelling

Transfer to CAD

(STL, IGES) Optionat:

Shape Optimization
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Bending Test

Vehicle Structure Optimization fixing at the axle mounting points of Topology Optimization - 31



Torsional Test

Vehicle Structure Optimizatior Fr fixing at the rear axle mounting points f Topology Optimization - 32



Result of Topology Optimization (1)

« Bending « Torsion

Vehicle Structure Optimization Examples of Topology Optimization - 33




Result of Topology Optimization (2)

« Combination of bending and torsion

Vehicle Structure Optimization Examples of Topology Optimization - 34



Lightweight City Bus (1)

Topology optimization result
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Lightweight City Bus (2)

CAD model interpretation of topology
Optimization design proposal

Results of size optimization
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Lightweight City Bus (3)

Final bus design
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Load Path Analysis Sequence

» Basic Solid

'» FE-Mesh Design Space

Vehicle Structure Optimization
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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

« Comparison Between Spider and Coup’e Designs
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Active Cases

[g*18

Optimization Spider Coup

Constraints | 2 3

Global bending stiffness

Global torsion stiffness

C = Crash seat joints displacement —
2.25 -©— spider o _
Crash engine joints displacement —

2.00 Crash A-pillar displacement —

175 Crash pedal displacement —

Crash flame shield displacement —

1.50 Crash dashboard joints displacement | —

N > N % NN %N |
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NS X NSNS NSNS x[N)SN
NS X X X NN NN S
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1.00
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075 F L ............................ i Local front wheel stiffness along y -
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Optimization Constraints Local rear wheel stiffness along y - | - | -

Local rear wheel stiffness along =z - | - | -
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Local engine joint stiffness along z - | - | -

N
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Results (1)
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Results (2)
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A380 Leading Edge Droop Nose Ribs
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Asrbus/Altair
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Kochvara/Airbus
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Ultra-lightweight Hub-Bearing

Outer ring
Hub shaft

Inner ring

Fig.1 Hub-Bearing original design 1.4 kg > 1.0 kg
(strength, durability, rigidity)
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Topology Optimization Model

Hub ring

Bolt-fastening section:

Inside diameter section:
non-design region

Cutside — non-design ragion
| Inside — design region

Shaft: non-design region |

Inner ring

Wheal spigot joint
outside diameter:
non-design region

Inner side view QOuter side view
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Result of Topology Optimization

Indicates the initial shape. . ——

Wheel spigot joint oufside diameter
{non-design region)
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30% the Initial volume

27.5% the Initial volume

Maximurm stress  MPa
Stress limit value

01

02
Proportion of initial volume

0.2 04

22.5% the initial volume
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Shape Optimization

Height Height: i Width: b
|Foxation &t end point of tangeniialling]

Vi<
whare Y1 is curmant

value of y

(h, b, y1, x2, y2, x3, y3)
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Result of Shape Optimization

/” Nonlinear analysis ™,
software

[ Morphing software |

/’upunizauunl

spftware
Shape base vector setupl

FEM muodel

nml':l‘ﬁacaLil'ﬁ E?ﬁ'aﬁsis

Design parameter setup Wiiie
operation
Analysis result
Optimal solution
B L2 best solution [l Optimization [ initial value B Le7 best solution [ Optimization

Stress point 1 Stress point 2 Stress point 3
(a) Volume (b) Stress value
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Vehicle Structure Optimization

Final Design

Outer ring
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