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Vehicle Passive Safety Systems To Date

Driver airbag

Inflatable curtain, Seatbelt systems

Passenger airbag

—
1 Pedestrian
protection

On-call-system

Thorax bag

Steering wheel
Anti-whiplash system
Knee airbag

Electronic control module and sensors
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Market Introduction
Airbags and
Seat Belt Systems

2005

Night vision system
Pedestrian hood

2004 Steering Wheel
Asymmetric airbag

2002 Anti-sliding bag
Adaptive load limiter

2000 Telematics

1998 curtain airbag
Anti-whiplash seat

1997 side airbags for head
protection, ITS

1995 knee airbag and load limiter
1994 side thorax bag

1992 Steering wheel integrated sensor
1989 seat belt buckle pretensioner

1986 Belt grabber

1980 Airbag production -
1956 seat belt production k

v
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Increasing Vehicle Safety Content

Global average installation rates of airbags

Driver AB
Passenger AB

Side AB Chest
e Side AB Head

//

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
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Disease or Injury
2020
Infections 1. Ischaemic Heart Disease
2. Unipolar Major Depression
onditions 3. Road Traffic Accidents = 2,300,000
R epression 4. Cerebrovascular Disease
I Dlseasgs 5. Obstructive Pulmonary Disease
IR Sisease 6. Respiratory Infeﬁ't_?gns '
cular Disease .ITu _él’cu10_§i$' 4 & =
e BT —
9. Road Traffic Accidents = 1,170,694 9. Diarrhoeal Diseases il
e Pulmonary Disease - 10. HIV/AIDS |
-
"". -
o
3 = —
Source: Prof. M. Mackay based on data from WHO' = A . e o
o "
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Airbag Products

D) @w P

Driver Airbag Steering Wheels Passenger
Airbag

Side Airbag ITS IC Knee
(Thorax) Side Airbag Side Airbag Airbag
(Head) (Head)

AuLoliv
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Products in Focus
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Pricing Trends

Average selling price
Frontal Airbag (normalized)

* Requires optimized
products and
processes

e Strong pressure to
reduce development
costs

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

- Continuous push for
virtual development
and CAE tools

.:ﬂv
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Development Process of Restraint

Systems
equlrement
2B
Feasibility
Studies
\
COS”; CAE / Simulation
Pr t
Target: Function & Robustness >
-Syr -3yr -2yr -lyr J1
.’:av
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CAE Process Chains

System Level

Material Level

AuLwliv
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CAE Process Chains

Function

3% A

Process (Manufacturing)

Raw Material

AuLoliv
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CAE Process Chains

« Velocities
« Distances vs. time
« Timing

Simulation
HiTest

OEM

-
« Acceleration

« Bag pressure

Restraint Supplier

AuLoliv
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CAE Process Chains

« Velocities
« Distances vs. time
« Timing

simutation | Vi o} simulation b |
crash [ b  HiTest - i 1
e Validated % ek ol
Airbag Model

v,
Alrbag Chamber Design "
CA E « Head protection area L

« Acceleration

« Volume and pressure distribution Aalidation
« Loads on fabric and seam T e S t
‘ « Bag pressure 1
« Remaining depth

~ Test a :

AuLbliv
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CAE Process Chains

Gournay
Pont-de-Bui
Cergy -Pontgis

Spain
Barcelona

Elmshorn
Dachau

Global organisations require global processes

New CAE processes must be capable for worldwide application

® CAE processes must integrate ‘parts & pieces’ from different locations
* OEM global standards and diversity must be considered

* Cultural aspects, local history and acceptance must be considered _,

AuLoliv
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CAE Process Chains

Computational Process

—— Communication * épplication
nd User — office Applications  pobile esource
Desktops 1 Workstation Management
ciTRIX
MetaFrame ® User Management
W2k Server ° Projects
] l 1 | L * Data Management
| * Databases
A — T T
=== - - -
* File Storage
Linux Compute Cluster ° Archiving
File Server ® Load Sharing
* Accounting
.’:av
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CAE Process Chains
Business Process
\_/—\—‘ Tea
—— >
>
PDM eAPDS Test Central
PLM Database
L
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Occupant Simulation

Frontal Impact Side Impact

Multi-Body Simulation (MBS) Finite-Element-Method (FEM)

AuLoliv
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Occupant Simulation Frontal Impact

* Analysis

Master Modell for frontal
simulation (,Best practice")
« Design ! *modular
* Assessment *parametric
* Optimization *suitable for all In-Position load cases
* Verifikation
li-..._.“.rn]].ll.ll

Model validation on -
«Material level = ) *Design of Experiments (DoE)
«Componentlevel «Optimization
*System level *Stochastic Methods
*Parameter Study
F Shoulder belt force

AuLoliv
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Occupant Simulation Frontal Impact

Source: Audi AG, M. van den Hoove, Dr. B. Mlekusch, 2005

Trends

® More details for geometry and deformable structures
* More FE content, gap MBS to FE becomes smaller

® Angular impacts require combination of front and side impact
methods "
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Occupant Simulation Side Impact

Occupant Protection
In-Position

Occupant Protection
OoP-Position
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Occupant Simulation Out-of-Position

Important parameters

« Vehicle package IP,
windscreen

* Module position

« Door design
« Airbag folding
« Inflator characteristics

Tools for Airbag Modeling

« joefold: Software for
geometry based
airbag folding

* S-Mesh: Automatic Mesher

« joeform: Positioning of the
folded meshin
the package

Load Cases
Driver side 5%-Dummy

Passenger side 3yr/6yr child
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Gas Flow Dynamics

Simulation with gas flow Test Simulation without gas flow
- ,&,
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CAE-Toolbox Passenger Airbag Module

* CAE application

« Description of model set-up and standards
* Required input / delivered output

e Timing in process

* Expense and lead time

(ECE-R 21, FMVSS 201)
fel mit Einbauten und PAB Modul | Beispiel: CAE Toolbox fiir PAB Module

Bereich [System Level | Sub-System Sub-Sysiem
Level

i P N I P N T 23T
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Other Tools

* Airbag modeling and
folding

Specific to airbag
applications

Mesh, scale, fold, form,
position

¢ Result evaluation
Commercial software

e Management of In-house software
complexity for DoE 'J'[C)’e'Tloo'S
and stochastics atalyser ‘i
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Validation
Total time for Total time for
validated model validated model
Unfolded (scaled) Airbag Folded Airbag

N n

& Model Set-
O Model Set-u
=]

) Validation is the relevant factor for process..
lead times and simulation efficiency

AuLoliv
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Simulation Driver Airbag Cover Opening

FE Model
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Simulation Driver Airbag Cover Opening

Basic Design
Improved Design
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Passenger Airbag Integrity Problem

Lower Limit
- Ok.

Design State
> Ok.

Upper Limit
- Problem !

Integrity problem on PAB solved by use of CAE tools

- CAE model could reproduce non-failure / failure

-> Identification of significant effects for proper function

-> Definition of necessary changes in folding process -

-> Physical part verification ok.!

AuLoliv
PRIVATE/PROPRIETARY —




Pelvis Pusher Airbag

High pressurized airbag
in pelvis area

Rib deflection reduced by
>20% for IIHS Load Case
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Active Structures

L L e AT
- -
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New Methods: Increase Model Predictivity

Vent Modeling Red uce Val I d ation Autoliv-Master-

L — Models

Container Influence
Dummy Model
Improvement

Fabric Leakagef

Benefit

«less impactor tests for component
validation

+save validation work

sincrease quality of simulation predictions
«improved mutual model exchangg A,

-> reduced system testing (&.
-> reduced total development cos'

> i phis liv
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Trends and Outlook

Increasing importance of Multi-Physics
® CFD / ALE / Particle methods
* Material thermo-loading
* Material aging
Switch Explicit — Implicit
® Use same model
Critical factor: Material data
* Dynamic, temperature band
* Availability on time
From project engineers strong request for
prediction of material failure
¢ Difficult to handle

AUTOLIV-ASG/KF/ed/061012 - 37 PRIVATE/PROPRIETARY

AuLbliv

Trends and Outlook

Key success factors

° Process integration of tools and methods

° Efficient processes
° Process and data management
° Stability of new methods

° Methods ease of use
(cross-user, cross-site, cross-cultural)

° Suitability of tools for standardisation
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Trends and Outlook

* New safety regulations (legal and consumer)
drive system complexity

* Optimisation of adaptive systems requires
huge number of (quick) simulations

* Accurate / detailed methods required to
explore closeoptimisation margin

* DOE and stochastics

* Human body models beyond dummy
responses ...

AuLoliv
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Human Body Models
THUMBS

AuLoliv
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Status Human Model Frontal Impact
Evaluation

What Consumers Want
on Their Next Vehicle ...
Have a
Safe Journey !
=




