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Numerical Simulation and Experimental Correlation
of Fuel Tank Sled Crash Test

Fabiano Passos
Development Engineer
Aethra Automotive Systems

Crash tests are well known in the automotive industry, and are very important to evaluate the safety and
functional characteristics of a component and/or a car. These tests are classified as highly destructive
experiments, and usually it takes a reasonable number of tests to validate a product completely which
can cause the cost and time of validation to increase considerably.

Lately, with new technologies and high performance computers, the use of numerical simulation in crash
tests increased quite well — achieving faster product validation processes, reducing costs and increasing

its reliability. The main numerical simulation tools available in the market are based on Finite Elements
Method (FEM), using time increment formulation and explicit integration that take into account the material
non-linear behavior, large displacements, large deformation and contact between components.

Fuel tanks are manufactured by stamped steel (sheet metal forming) and they also need to accomplish
certain safety pre-requisites in a full car collision situation. One of the fuel tank validation tests is the sled
crash test. This presentation’s central objective is to simulate the sled crash test using FEM and compare it
with experimental results. HyperWorks non-linear explicit solver solution, RADIOSS, was used to simulate
the test and to evaluate the interaction between the fuel and the air inside the tank during the impact.

A Lagrangean formulation with SPH (Smooth Particles Hydrodynamic) was used for the first simulation.

A control volume (Monitored Volume) formulation was used in the second simulation to verify the variation
of internal pressure caused by the impact. The results obtained in both cases showed very good correlation
with the experiments and the approach and benefits will be discussed in detail during this presentation.

Biography
AETHRA Automotive Systems S.A. - Since 1999

Current Position: Research and Development / CAE Manager

Fabiano Passos is the manager of the product and process research (new technologies), systems
calculations, and sheet forming engineering teams at Aethra Automotive Systems. His product development
responsibilities include tooling, manufacturing processes, CAD and CAE. He shares in the responsibility

of implementing Aethra’s PLM system across all of their facilities as well as defining and approving new
projects involving products and processes using engineering and quality techniques (QFD, FMEA, etc).

Mr. Passos also serves as a Aethra board advisor to address technical and technological issues.

Prior to his current position, Mr. Passos was senior product engineer responsible for the development,
structural calculation and analysis of automotive components and systems.
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Fully Coupled FSI Modeling of an Hydraulic Mount with RADIOSS

Russ Moerland
FEA Engineer

Trelleborg Automotive

This presentation discusses the issues in evaluating RADIOSS to simulate the physics of a hydraulically
damped automotive rubber mount. The analysis leverages RADIOSS’s ability to couple Lagrangian
and Eulerian problems within a single framework to model frequency dependant behavior in a strongly
coupled application.

Trelleborg is a global provider of world leading polymer designs and solutions. The group has a vast
automotive portfolio ranging from antivibration solutions to braking NVH systems, fluid management
to safety critical sealing solutions.

Biography

Russ Moerland is a FEA Engineer with Trelleborg Automotive in South Haven, Ml where he has supported
the engineering of anti-vibration products since 2002. His introduction to structure and fluid analysis
tools began with HyperMesh 2.0 in 1998. Russ has a bachelors degree in Aerospace Engineering from
the University of Michigan, and is pursuing a masters degree in Mechanical Engineering from Western
Michigan University. Working with the U of M Solar Car Team he directed and co-developed the strategy
for the 2001 North American Solar Challenge winning car M-Pulse in addition to aiding in the design,
manufacture, testing, and development of the vehicle.
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New Dummy Models for RADIOSS

Jim Rasico
Program Manager
FTSS

Anthropomorphic Test Devices (ATDs) are critical components of vehicle safety development. Fulfilling the
role of a surrogate for a human occupant, the ATD provides vehicle manufactures, their suppliers, and
consumer advocates insight info how well the vehicle structure and integrated occupant restraint systems
perform in reducing the potential for injury. Mechanical systems and sensors packaged within a humanlike
form provide information such as head accelerations, chest deflection and femur forces which directly
relate to injury potential and safety ratings.

With the significant role finite element analysis plays in all aspects of vehicle structure development,
it is critical for FE engineers to have a reliable and robust tool for predicting and preventing injury
to the vehicle occupant.

Years of experience in physical product development, occupant modeling and cooperative activities
with industry have led to an extensive amount of dummy model knowledge. With the collaboration
between FTSS and Altair, this dummy model expertise is made available to the RADIOSS community.
This presentation will give insight into the methodical, detail-oriented process for development and
validation necessary to develop highly accurate dummy models, guidelines for dummy model handling,
and future trends in dummy model development.

Biography

Jim Rasico has over 14 years in automotive Finite Element Analysis. He has a decade of experience in
structural engineering including the experimental ULSAB (Ultra Light Steel Auto Body) and vehicle programs
such as the Malibu, SSR and HHR. His expertise with FMVSS requirements led to the unique opportunity

to be primary developer of a crash program for light and medium duty trucks at Navistar.

Upon joining FTSS five years ago, Jim has gained deep domain expertise in developing high-fidelity

dummy models for the global safety community. As CAE Product Manager, Jim is responsible for FTSS
dummy models including the new RADIOSS line.
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Trends and Advancements in Crash & Impact Simulation Technology
Using RADIOSS

Jean-Michel Terrier
RADIOSS Team Leader, HyperWorks Technical Support
Altair Engineering

Accurately simulating highly nonlinear problems such as crash and impact events is a very difficult task.
Altair RADIOSS brings a fast, robust and precise solution to this discipline of problems.

RADIOSS is a next-generation implicit and explicit finite-element solver for linear statics and dynamics

as well as complex nonlinear transient dynamics and mechanical systems simulation. This robust,
multidisciplinary solution allows manufacturers to maximize durability, NVH, crash, safety, manufacturability,
and fluid-structure interaction performance in order to bring innovative products to market faster.

This presentation highlights how the RADIOSS technology addresses some of the most complex
and intricate real world crash and impact simulation problems for dynamic loading situations
in various industries from automotive to defense and aerospace, consumer goods, electronics,
shipbuilding and biomedical.

Biography

Mr. Jean-Michel Terrier is the Business Development Director for RADIOSS & Safety Products at

Altair Engineering. He is responsible for technical marketing, packaging and positioning of the software.
Mr. Terrier has over 28 years of experience in the CAE industry. His experience ranges from technical
consulting, research to Vice President of International Sales. He has a civil engineering degree from French
Engineering School ESTP, Masters in Soil Mechanics from Engineering School ECP and EMBA from French
Business School HEC.
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Springback Calculator: The One Step Solution to Accurate Tool Design

Nishad Prabhu
Engineer, Group Lead
Cessna Aircraft Company

"Springback" is a result of the tendency of sheet metal to regain its original shape when it is removed
from the die. Being related to elastic properties, it is inherent fo any material and hence is impossible
to eliminate from any forming process. Therefore, when springback is not taken into account during
the die design, it results in ill fitting parts that deviate excessively from design intent.

Currently, a major impediment sheet metal forming industry is facing is a lack of technology that

can accurately predict springback in metal bladder press forming process. In the era of lean
manufacturing where rapid tool design is a cornerstone of competitiveness, die makers still have to rely
on time-consuming and expensive trial and error method, which means springback is one of the most
troublesome and costly problems for sheet metal forming industry. According to Springback Predictability
Project Collaboration Forum, in the US automotive industry alone, it is estimated that eliminating the soft
tool phase and reducing die tryout time would realize a savings of $3-7 million per new vehicle platform.
Similar cost benefits can be obtained in the aircraft industry too.

Springback Calculator (U.S. Patent 7,130,714) is a Material and Process Engineering developed
next-generation software that allows its users to accurately predict springback during bladder press
forming process. It accurately predicts total compensated springback taking part geometry, part material,
and process factors into consideration. Springback Calculator is available on Cessna intranet. It has
proven to be an efficient and cost effective tool in designing dies for mass production of sheet metal
components at Cessna Tool Engineering department. Since 2003 it has yielded Cessna thousands of
dollars in savings. A license based standalone version of the software is also available which can be
installed on any computer with Windows® platform.

Biography

Nishad holds a Masters Degree in Materials Science and Engineering from Case Western Reserve
University, Cleveland, OH with specialization in the Mechanical behavior of materials and a Bachelors
degree in Mechanical Engineering from University of Pune, India. He has over 6 years experience in
Mechanical Testing and Failure Analyses. He has worked on numerous independent projects for failure
analyses, and has conducted a variety of mechanical tests for generating materials data. For the past
5 years, he has been in the finite element analysis field, concentrating in the sheet metal forming to
look for avenues to improve/reduce process development time. In addition, he has also been involved
with conducting shop trials to validate analytical results. He has performed a key role in the springback
calculator project by conducting shop trials and generating mathematical material models.
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Moldflow Plastics Insight, HyperMesh and Moldflow

Mike Rogers
Consulting Manager
Moldflow

How the Moldflow Plastics Insight, HyperMesh and Moldflow work together.

Biography

Tool and die maker, degree in Business Administration with a primary in marketing and secondary in
accounting. Many years of CAD/CAM programming. Last 25 years, been doing consulting, project and
sales work for Moldflow.
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Advanced Extrusion Simulation with HyperWorks

Pradeep Srinivasan
Application Specialist, Manufacturing Solutions
Altair Engineering

Today the traditional extrusion process includes little or no computer aided engineering, CAE, analysis.

of the common issues facing this industry are high implementation costs since they typically occur

late in the design cycle where it is very challenging to implement any changes. By adopting CAE, and
HyperXtrude, early in the design process manufacturers have the ability to predict problems before they
occur and implement a solution at a point and a cost that is not prohibitive. HyperXtrude brings all of these
capabilities to the manufacturer with accuracy and precision to enable good decision making early in the
design process.

Biography

Pradeep Srinivasan is a technical expert for manufacturing solutions focusing primarily on sheet metal
forming solutions. Pradeep has been with Altair for about 8 years now working for most part on sheet metal
forming simulations. Prior to working at Altair, he worked as an assembly line supervisor for Ashok Leyland
in Hosur managing the production and delivery of the first 600 vehicles for Indian Army (Stallion).
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Customization of MotionView for Automotive Strength
and Durability Analysis

Herndn Mercado-Corujo
Vehicle Research Engineer
Honda R&D Americas, Inc.

Automobile companies devote a lot of time and expense to the analysis of a vehicle's chassis and body
for durability. There are many tools available to address the reliability of components, including hand
calculations, traditional FEA, multi-body dynamics, and actual testing. While full vehicle testing can
consume a lot of resources, multi-body dynamics allows for full-vehicle simulations to be performed
with a good balance of solution time, modeling requirements, and results accuracy.

Multi-body simulation packages are available in the market with a wide range of utilities and capabilities.
With time and cost savings in mind, it is useful to customize and develop a tool that can be reused for
multiple developments without having to recreate all the essential components every single time.

In addition, having this tool allows for the evaluation of multiple designs and countermeasures
throughout the product development process in a way that ultimately adds value to the customer.

This paper describes the customization process of MotionView to make it suitable for re-usable automotive
strength and durability analysis. Changes to the assembly wizard, task wizard, and model libraries, among
others, are explained. The use of flexible components and some correlation work are also presented.

Biography

Herndn Mercado-Corujo is a Vehicle Research Engineer with Honda R&D in Raymond, OH. He is a GEM
fellow with a BS in Mechanical Engineering from MIT and an MS in the same field from Georgia Tech.

He has several publications and over 8 years of experience in the semiconductor and automotive
industries, having worked for Compaq Computers, Eaton Corporation, and Honda R&D. Recent work has
concentrated in the areas of FEA and MBD modeling as applied to strength and durability in automotive
chassis components. At Honda R&D, he has had the chance to work on vehicles ranging from the Civic,
to the TL, o the Ridgeline. He is a member of ASME and is part of the Hispanic Advisory Council for

Big Brother Big Sisters of Central Ohio. Herndn is a registered PE in Ohio and Puerto Rico.
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Advanced Multibody Dynamics Solutions with HyperWorks

Jon Quigley
Director of Systems Modeling
Altair Engineering

Altair invests considerably into the discipline of Multibody Dynamics (MBD) and is continuing to undertake
a substantial development effort to create an automotive vertical for the suspension design and vehicle
dynamics market. This presentation highlights the road map to Altair's MBD offering today and also will
encompass what is planned and how it applies to current and future market requirements.

Biography

Jon Quigley is the Director of Systems Modeling in Altair Engineering. Jon is responsible for the

program direction for the HyperWorks products which apply to modeling complex systems including
MotionView, MotionSolve, HyperStudy and soon to be released ScriptView. Jon has a Bachelors of Science
in Aerospace Engineering and a Masters of Science in Mechanical Engineering from The University

of Michigan.

Mr. Quigley has 19 years of experience in the CAE industry and spent several years developing custom
software for Ford and then applying CAE to the Ford vehicle dynamics domain. Jon rejoined Altair

in 2000 as the Program Manager for MotionView and now oversees several products comprising the
area of systems modeling.
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HyperWorks is a division of 4% Altair

Driving Innovation with Enterprise Simulation

If you enjoyed this year’s conference and would
like to present at our 2009 Americas event,

we are now accepting presentation abstracts.

Presentation topics will include:
*Safety and Crash Performance

* Structural Optimization

*Noise, Vibration and Harshness (NVH)
* Multi-Disciplinary Analysis

* Durability

*Robust Design

*Fluid-Structure Interaction
*Performance Data Management
* Multi-Body Dynamics
*Engineering Process Automation

* Manufacturing Simulation

* CAE Workload Management

For more information and to submit an abstract,
visit our website at www.altair.com/htc2009





