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Vehicle Structural Impact

• One of the most complex engineering problems
• Current design trends compound complexity

– smaller, lightweight, energy-efficient vehicles
– reduction of fuel consumption and pollution
– integrated structural design - less structural redundancy

• Computational design optimization requires
accurate, predictive crash models that incorporate
material related effects
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Impact Modeling Problems

• Lack of  experimental data for dynamic loading
conditions

• Lack of comprehensive studies integrating
experiments, material modeling, and  FEM
technology

• Computational requirements for predictive
modeling can quickly become prohibitive
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Aluminum Vehicle Modeling Objective

• Develop  detailed crashworthiness model of
aluminum intensive vehicle using computational
simulations

• Developed model will be used as a simulation
platform for evaluation and prediction of the
effects of advanced manufacturing and materials
processing techniques in automotive impact
conditions
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Related Crash Modeling Projects
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Composite Materials Modeling

• Composite materials modeling technology lags behind
modeling of metallic materials

• Only approximate analysis and modeling of composite
materials is practical

• Industry needs tools that will permit design and evaluation
of crash-critical polymer composite structures

• Tools should satisfy a wide range of applications including
– preliminary design and sizing
– detailed final structural design
– post-production failure analysis
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Material Modeling of Carbon Fiber Composites

• Random carbon fiber architecture

• New Owens-Corning high-volume
P-4A fabrication process

• Constitutive material model based
on micromechanics
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Successful Crash of Composite Vehicle

• Crash test has
satisfied all
NHTSA safety
standards

• Design based on
computational
modeling using
developed
material models
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Development of SUV Model

• The U.S. passenger vehicle fleet is substantially
different today than it was 20 years ago

• Among all new passenger vehicle registrations,
the proportion of cars significantly declined
compared to SUVs and pick-up trucks

• Developed SUV model is used for NHTSA U.S.
car fleet compatibility study
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ULSAB Modeling Study
• Project Objective

– To further pursue the lightweight steel auto body design
– To investigate and document the effects of advanced material processing,

forming and joining techniques on structural performance in high strain
rate deformation conditions

• Project Deliverables and Impact on Industry
– Advance predictive modeling capabilities to aid in accelerated vehicle

design development
– Integrate material processing into structural simulation model
– Evaluate influence of forming conditions of high strength steels on vehicle

impact properties
– Evaluate compatibility of new vehicle design with the existing U.S. car

fleet
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UltraLight Auto Steel Body

• Developed by AISI
and Porsche
Engineering

• Utilizes new steel
processing
technologies and
materials

• Employs holistic
design approach
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ULSAB Components

Front Rails Body Side Outer Spare Tire Tub

Hydroformed  Roof Rail Floorpan
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ULSAB Compatibility Study

• Ford Taurus - ULSAB
frontal impact

• Speed of both vehicles
is 35 mph

• Simulation shows
comparable
deformation and
component stacking
sequence
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Crashworthiness Study of Lightweight 
Aluminum Automotive Structures
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Objective

• Develop detailed crashworthiness model of
aluminum intensive vehicle using computational
simulations

• Developed model will be used as a simulation
platform for evaluation and prediction of the
effects of advanced manufacturing and materials
processing techniques in automotive impact
conditions
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Project Schedule - Phase 1

1. Select existing representative aluminum intensive vehicle (AIV)
2. Procure selected vehicle
3. Develop geometric representation of the vehicle
4. Scan vehicle geometry using coordinate measurement device
5. Develop three-dimensional CAD vehicle model
6. Create finite element model of the AIV using the scanned geometry
7. Develop a modeling environment that will allow for easy generation of

vehicle models for different loading conditions
8. Develop computer environment that will allow for easy design

modifications and material crashworthiness evaluations
9. Perform basic model verification
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Project Schedule - Phase 2

10. Perform computational simulations of collisions
of the developed model for the AIV and various
obstacles and vehicles

11. Experimentally test the AIV crash performance
12. Verify the accuracy of the model against the

experimental data
13. Perform model modifications
14. Document the developments and findings
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Project Status

• Developed CAD model for the vehicle
• Developed WWW interface for the CAD model
• Obtained additional space-frame from Audi for

analysis
• FEM meshing is under way

– expected completion date: 9/1/99
– FEM model for the vehicle front will be used to

develop impact test for the vehicle space-frame

• Crash test has been scheduled
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Vehicle Disassembly and Scanning

Exterior geometry is used
as reference for internal parts

Internal components are
scanned as vehicle is
disassembled
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WWW
interface has
been
developed for
management
of scanned
geometry
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Sub-models
for left side,
right side, and
the entire
vehicle are
available
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Structural
subsystems
can be
modified  and
investigated
separately
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Audi Electronic Service Information System

• Provided by Audi

• Scanned
geometry is
referenced to
physical parts
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Front Lower Rails

• Main energy
absorbers

• Front tube slides
into tube housing

• Design prevents
oscillations in
forces during
impact
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FEM Model of Main Rails
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FEM Model - Energy Absorber Detail 1

• Model uses
parametric
FEM approach

• Model
characteristics
can be quickly
modified
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FEM Model - Energy Absorber Detail 2
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Future Work

• Finalize front FEM model
• Simulate impact conditions for crash test
• Test space-frame (vehicle)
• Develop FEM model for the entire vehicle
• Validate the model against the NHTSA crash data
• Perform vehicle-to-vehicle crash simulations


