Imperia {1 RWTHAACHEN
Fac h h OC h SC h u I e AaC h en AUTOMOTIVE ENGINEERING !f;hﬁ#ﬁt}m! UNNERSITY

Fachbereich Luft- und Raumfahrttechnik

Lehr- und Forschungsgebiet Karosserietechnik

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

“Intelligent Car Body”

A Design Approach for Construction of a Virtual Car Body for Small
Sized Batch Production based on LS-DYNA simulations

M.Sc. Anuja Nagle / FH Aachen
Prof. Dr.-Ing. T. Roeth / Imperia GmbH

11th LS-DYNA Forum 2012
9th — 10th October 2012




Intelligent Car Body

Contents

= |ntroduction
— What is “Intelligent Car Body - ICB”

— Motivation

= Features of ICB
— The “Flexbody”
— Methodology of ICB

— Fields of Intelligence in ICB

= Structural Intelligence
— Attribute Configurator
— Section Configurator

— Virtual Validation
= Final remarks

= Contact

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES

18. Oktober 2012 | 2

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN




Intelligent Car Body

What is “Intelligent Car Body - ICB”

“Intelligent Car Body” is an approach, which aims at:

— Creating a tool which can guide the design engineer through the
car body construction process in the initial design stages

— Constructing a car body which possesses intelligence in the fields
of construction, manufacturing techniques and structural
performance
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Intelligent Car Body

Motivation

Challenges for small sized batch production
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Intelligent Car Body (1CB)
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Intelligent Car Body

The “Flexbody”

= “Flexbody” construction concept
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Topology Profiles Joints Car body

Source: Imperia GmbH

= “Flexbody” is advantageous for small series vehicle production
— Optimizes production cost according to batch size
— Quick adaption to meet individual vehicle specifications
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Intelligent Car Body

Methodology: “Intelligent Car Body”

Vehicle Base Information
Attribute Configurator @

ec2go e-car-sharing
Source: FH Aachen
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Analytical evaluation
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“ICB” employes knowlegdebase at three levels

Intelligent Car Body
Fields of Intelligence in ICB
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Intelligent Car Body

Structural intelligence

= Aim: To predict the structural performance of a car body in early
design stages and hence reduce the optimization time.
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Using knowledge gained
through simulations

Performance
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Vehical Base Information

Intelligent Car Body

Joint Configurator

a. Attribute Configurator: “Safety Model”

Virtual Validation

= Step 1: Creating a “Safety Model” for the target car body
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Vehical Base Information

Intelligent Car Body

a. Attribute Configurator: Benchmark

= Step 2: Generating a benchmark using numerical simulations
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Chrysler Neon

Ford Taurus

Knowledge gained from the numerical simulations

— Typical trends of force-displacement curves

— Energy of deformation

— Distribution of deformation energy in the car body components
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Vehical Base Information

Intelligent Car Body

a. Attribute Configurator: Targets definition

Virtual Validation

= Step 3: Defining performance level for the target car body*
— Distribution of energy during deformation
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Frontal crash against rigid wall Car body

— Targets for individual profiles
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Profiles having high influence

*Example for frontal crash
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Vehical Base Information

Intelligent Car Body

b. Section Configurator: Types of loads

Virtual Validation

= Modes of deformation observed in “Flexbody” profiles
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Components not loaded
Mixture of folding and bending to their full capacity

Source: “ec2go”, FH Aachen

= Basic modes of deformation (-> simple loads)

- Axial failure ’H

-~ Bending failure
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Vehical Base Information

Intelligent Car Body

Joint Configurator

b. Section Configurator: Analytical Basics

Virtual Validation

= Available analytical models for simple loads
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Quasi-static loading

Axial Bending
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Axisymmetric Non-axisymmetric
deformation deformation
\ 4 Q \Z

- Mahmood / - Mahmood / Paluszny _

Paluszny (1981) (1984) y;zrsg?]()d(g_ggq - Kecman (1983)
— Abramowicz / — Abramowicz / Jones _ Abramo)\//vicz /

Jones (1986) (1986)

— Wierzbicki (1992) e )

— Singace (1995, 1999)

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES 18. Oktober 2012 | 13



Vehical Base Information

Intelligent Car Body

b. Section Configurator: Validation

Virtual Validation

= Validation of analytical models for simple loads
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Vehical Base Information

Intelligent Car Body

c. Virtual Validation

Virtual Validation

= Validating the constructed car body for various loadcases

Component based Complete vehicle Vehicle testin
(ICB approach) (CAE) 9
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NVH
— Static stiffness X X no
— Dynamic stiffness
Crash / Crush X X optional
Durability no optional X
Roof
crash
_ Rear
StatIC Crash
stiffness
Side
Frontal crash
crash Pole
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Intelligent Car Body

Final remarks

Advantages of the proposed approach

= Connects various steps in car body development process in a
logical order and hence facilitates transfer of data

= Data is generated from CAD / CAE and is proposed to use as
“knowledgebase” for car body design
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Thank you for your attention!
M.Sc. A. Nagle Prof. Dr.-Ing. T. Roeth
“Automotive Body Engineering” Imperia GmbH
University of Applied Science Aachen University of Applied Science Aachen
Boxgraben 98-100 Soerser Weg 9
52064 Aachen 52070 Aachen
Tel.: 0241/6009-52934 Tel.: 0241/60833-0
E-Mail: nagle@fh-aachen.de E-Mail: roeth@imperia.info
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