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ABSTRACT

Its more rdevant than ever before for practicing automotive engineers to not only
understand how to use smulation tools, but to understand how to use smulation tools
properly for desgn synthess within a digitd or virtud environmet. This is the primary
motivation for the joint effort between Kettering Universty and MSC.Software
Corporation to develop the Vehicle Durability and Simulation Center a Kettering
Universty. The innovative vison for the center is to develop future automotive engineers
with a strong focus on design smulation and andytica vaidation

This paper will not only discuss the very important role of engineering education for the
preparation of desgn smulaion engineers in the automotive indudry, but will aso
discuss the role of the Vehicle Durability and Smulation Center in the credtion,
documentation, and dissemination of design smulation knowledge.

Today’'s industry requires engineers to desgn better products, with improved
performance, in less time, and with less cost. This is a result of incressng worldwide
competition to decrease the time-to-market, which has necessitated the need to reduce the
gap between desgn knowledge and cost commitment. This god often necesstates
incorporating interdisciplinary desgn and manufacturing condraints, which  requires
devdopment of virtud or digitd environments for red-world desgn samulaions. This
god aso requires both the development of sophisticated desgn smulation software and,
of equa importance, engineers able to design and develop products in both the virtud
and red worlds



1.0 INTRODUCTION

We live in a time of ragoid change. The world increesngly relies on technology for
economic growth and job development. At the same time the United States is making the
difficult trangtion of refocusng a dgnificant amount of its technology investment from
national security to international economic competitiveness.

The automotive industry faces sgnificant chalenges induding:

internationa competition,

environment concerns,

an increasingly diverse population, and
rapid growth in information technologies

The automotive product development process must be continualy improved in order to
meet the above chdlenges. Typicdly, the ggnificant portion of a vehice's development
cost and desgn cycle time is related to hardware build, vehicle testing and proving
ground vaidation. This equates to three to five years of effort and hundreds of millions of
dollars. Additiondly, a typicad ca program design cycle, from concept to prototype
build, can only be fruitful if federd safety requirements and proving ground tedts ae
successul.

While severa modding and testing tools have been developed to desgn for safety
requirements such as crashworthiness and occupant protection using finite eement
andyss and its derivatives, the proving ground durability tests are gill governed by the
old dedgn philosophy: “build, test, failure, re-build.” This philosophy, combined with
the pressure of  mesting
production and tooling
schedules,  usudly  results  in
svead iteaions long desgn
cycles, wasted hardware, and
loss of maket share. While
engineers and designers are very
busy trying to meet production
deedlines the knowledge gained FO%

duri ng severd itergtions 10 Develo mz:i/?;ie:::\ogr:islati n Time & $
successfully pass proving

ground requirements is often lost
and sddom caried to the next
car program.
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Finite dement andyss is the cornerstone for the virtud evduation of sructurd
performance under environmenta loading, while multi-body analyss is the cornerstone
for virtual load prediction. Even o, the need to trandate this performance to product
atributes, such as durability, is the key for the devdopment of criticd andytica
vdidation tools As such, a promisng process enhancement is to shift from usng
computer dmulation as an andyss tool soldy, to usng it within a complete anaytica



vehicle design, development, and validation process. This shift accordingly crestes a need
for specidized tools to lead these andyticd vehicle design processes.

1.1 OPPORTUNITY FOR COLLABORATION

Industry, educationd inditutions, engineering providers, and government agencies dl
have important roles in usng smulaion to improving the product development process.
For example, Industry is required to acquire and develop the right tools and expertise to
maintan ther competitiveness. This will often involve sponsoring improvement
prograns where internd
and extena resources
are brought together to
collaborate.  Accordingly,
the automotive
companies (OEMs and
suppliers) have the role
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The education of
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Accordingly, engineering research and education have a centrd role in our increasngy
technologically based society.
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Engineering Providers are organizations tha provide software and/or services to
improve engineering capability, competence and process. They have the role of
responding to the needs of the automotive indusiry by providing the right enginesring
software and providing people who can help implement new technology developed by the
engineering research community.

Government Agencies have three roles to play in automotive engineering. They have the
opportunity of investing government funds to promote engineering research that lead to
improved automotive engineering for increesed public safety. The government dso
defines standards that help automotive companies interact with each other.  Ladly,



government agencies can help ensure that regulations are applied to serve the public good
while not imparing the ability of the auttomotive industry to function with a reasonable
level of business success.

Mog interactions between the above-mentioned groups occur informaly. We propose
that a more formd interaction between the various groups will lead to increased vaue for
al consortium members.

20MARKET ANALYSIS

Although Computer Aided Engineering (CAE) has a dgnificant potentid to improve
product qudity, reduce manufacturing cost and time, and to reduce the time-to-market,
the automotive industry has not fully achieved the avalable potentid. Higtoricaly, CAE
has faled to ddiver results in a timey manner condgtent with the rapid pace of the
automotive engineering design process. As such, CAE has faled to exet a mgor
influence on up-front desgn decisons. Rether, CAE smulation results are often used to
merely vdidate previoudy determined designs. However, because design changes that
ae made later downstream can cost more than correct up-front decisons, CAE
amulaions can offer much higher benefits when employed in the initid up-front stages
of product design.

For example, product design determines 75 percent of manufacturing cost. Roughly two-
thirds of desgn cost result from decisons early in the desgn process. According to data
collected from a broad spectrum of automotive manufactures over 15 years, durability
desgn erors trapped ealy in product
development cost less by factor of 20 as
compared to durability falures detected

after fidd release. The pie chart to the right Design
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phases of the product life cycle. The cost of Field

product repairs increeses more than
thregfold during the pre-production or
prototype stage, compared with corrections
prior to the prototype. This ratio increases to more than 7:1 for errors detected during
production. The relative cost of correcting a product released to the fidld can be
catastrophic - more than 20:1 as compared to pre-prototype corrections. Such product
recals or replacements can affect customer loydty, and has an adverse affect on lost
production time and potentid sdes. The automotive indudry, therefore, benefits
tremendoudy from the early detection of durability problems during the prototype or pre-
production stages. Early failure detection means faster resolution a a lower cost and, an
increased probability of product success.

A vaigy of CAE software can be gpplied to automotive durability andysis. For example,
finite dement andyss is the cornersone for the virtua evauation of dructurd
performance under environmenta loading, while multi-body dynamics is the cornerstone



for virtud load prediction. Additiondly, faigue anayss software predicts component
life depending on the accumulated damage over the product life cycle. Even so, the need
to trandate this performance to product attributes, such as durability, is the key for the
devdopment of criticd andyticd vadidation tools, and of even more importance,
andytica vaidaion processes. As such, a promiang process enhancement is to shift
from udng computer sSmulaion soldy as an andyticd vadidaion tool, to usng it
throughout the andyticad vehicle design, deveopment, and vdidation process. This shift
accordingly creates a need for specidized CAE tools, increased expertise, and sub-
process enhancements to more fully impact these overal vehicle design processes.

The 1999 Mechanicd CAE market was approximaedy 860 million dollas with a
projected growth to nearly one hillion dollars in 2000. The breskdown for 1998-1998 is
shown below as:
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As previoudy dated, within the CAE software arena, severd modding and testing tools
have been developed to ‘design for safety’ requirements such as crashworthiness and
occupant protection using finite dement anadyss and its derivatives. However, dthough
durgbility related falures are the sngle most expensve waranty cos, proving ground
durability tests are dill governed by the old design philosophy: “ build, test, failure, re-
build.” This philosophy, combined with the pressure of meeting production and tooling
schedules, usudly reaults in severd iterations, long design cycles, wasted hardware, and
loss of market share. While engineers and designers are very busy trying to meet
production deadlines, the knowledge gained during severd iterations to successfully pass
proving ground requirements is often lost and seldom carried to the next car program. As
such, integration of desgn smulation or “virtua prototypes’ as indicated above is
criticaly important to reducing the gap between design intent and cost commitment. This



dlows engineers the opportunity to explore the design space, prior to cost commitment,
and thereby refining (reducing) the range of design variables for physical testing.

There are four reasons why the automotive indudtry sruggles with implementing CAE
up-front in the design process. They are:

A limited &bility to trandae quditaive desgn atributes (i.e.
crashworthiness, ride & sound qudity) to quantitative CAE dedgn
smulation targets (i.e. pressure, deflection).

A limited ability to devdop CAE knowledge tools that corrdate with
physcad tesing. These tools can utimatey guide the design process
through experimental correlation of smulation software.

A limited ability to integrate desgn, smulation, and synthess, through
enhanced enginering education and training to improve the product
design process.

A limted ability to integrate a CAE driven desgn processes within a
higtoricaly corporate culture devoted to *build-n-test.”

To address these challenges, Kettering University and MSC.Software Corporation have a
new, unique, and shared vidon for improving the automotive product design process
through the integration of physcad tesing and desgn smulaion. This improvement
requires the development of design methodologies for the concurrent gpplication of
smulation and tegt, or Andytica Vdidation. Thisvison isaccomplished by:

Improved CAE <oftware tools dlowing up-front digitd dedgn, andyss and
smulation, combined with design knowledge through experimenta corration.

Improved engineering education that prepares engineers and engineering students
with a firm foundation in desgn smulation and Analytical Validation. Also, there
will be improved onrgoing traning of practicing engineers on high-end CAE tools
and training on Sate-of-the-art experimenta equipment.

Improved engineering processes that result in better correlation between physical test
and gmulaion (i.e experimentdly-calibrated, and design-knowledge driven CAE
software).

Toward these gods Kettering University and MSC.Software Corporation are establishing
an indudria consortium for the devdopment of the Vehicle Durability Simulation
Center (VDSC) a Kettering Univerdty. The misson of the VDSC is to provide a full-
vehide andyticd and physicd durability educetiond facility to assg the efforts of the
automotive industry to improve overdl vehicle qudity and concurrently reduce time-to-
market. Other engineering suppliers (CAD/CAM, CAE, and Test) will participate in the
consortium.  Technicad and financid support from automotive OEM’s and suppliers is
needed to move forward. The return on investments in this center will be many times
over through improved automotive engineering processes. For example, as previoudy
dated the 2000 CAE smulation market is esimated to be one billion dollars while the



2000 physcd teding maket is edimaed as $500 million dollars world  wide.
Additiondly, mos OEM edimae an average cost of $100 million dollars for the
devdopment of any new automotive plaiform. As such, the anticipated consortium
annua support level is on the order of less than 0.5 percent of the cost for a new
automotive platform development.

In summary, the vaue of leveraging exising invesments in physcd tet and smulation
is high. Therefore, paticipants in this program will enjoy a competitive advantage over
those who do not paticipae. This is especidly important conddering the fiercey
competitive globad world markets where a decreased time-to-market with an increased
product quality is not only expected, it's demanded.

3.0THE VEHICLE DURABILITY SMULATION CENTER

The man objective of the collaboraive effots of Kettering Universty and
MSC.Software Corporation is to establish a consortium for the development of a full
vehicdle andyticd and phydca durability smulation center. The misson of the proposed
Vehicle Durability Smulation Center (VDSC) is to assg the efforts of the automotive
industry toward improving overdl vehide qudity and concurrently reducing time-to-
market.

The physicdly corrdated andytical tools developed by the VDSC will be used to support
activities as they reae to teaching, agpplied
research, and on-going traning for industry
enginers.  This center  will  hdp the
automotive indusry to utilize  durability
information from past car programs to guide
the “desgn for durability” efforts of future
programs. The laboratory will focus on
fundamenta research for the development and
vdidation of phydscdly corrdaed andyticd
multi-axia  synthesis  durability tools, which
currently do not exis. The developed muilti-
axid duability tools can be agpplied to
different desgn phasess of automotive
dructures, systems, and components under
multi-channel  durability schedules. These physcaly corrdated andytica durability tools
utilize proving ground data of previous vehides to reate the entire multi-channd
durability schedule to the fatigue life on the sheet metd criticd planes and welds. The
resulting corrdated durability smulation usng advanced CAE tools integrated with
andyticd load data from dynamic Imulaion, will help decrease the design cyce time
and reduce or éiminae hardware cogt. This, in turn, will help bring new automotive
products to market in a shorter time and increase the productivity of the American
automotive indudtry.

The Vehide Durability Smulation Center will be housed in the new Mechanicd
Engineering and Chemidry Building currently under renovetion. Origindly congructed



in 1941, has 82,000 gross square feet on two floors and will be expanded to include a
third floor for Environmentd Chemistry. The Mechanicd Engineering and Chemigry
Building higtoricaly represents the assembly location for the origind Corvette prototype
and was donated to Kettering University by GM Delphi in June 1995.

In addition to the Vehide Durability Smulation Center, the Mechanicd Engineering and
Chemigry Building will house severd dassooms, faculty offices, engine tes cdls, an
hemi-anechoic chamber, a machine and fabrication shop, the SAE Desgn Center, the
Bioengineering & Occupant Protection Laboratory (i.e. crash lab), and other research and
teaching |aboratories for Mechanica Engineering and Environmental Chemidry.

The Mechanicad Engineering and Chemidry Building renovation involves 3000 square
feet for the Vehice Durability Smulation Center computation and testing facilities The
renovation will include the ingdlment of hydraulic sysems, cooling sysems and seismic
foundation required to operate the actuators of multi-axid multi-channd variable
amplitude durability dmulation equipment. The renovaions will dlow for the virtud
gmulation and physcd teds to exig jointly. This configuration will faclitate the
continuous correlation between testing and andyticd smulation.

The computational facility will congg of thirty-five dtate of the at worksations,
computationd server and severd PC's. The durability smulation software ingdled on
these machines will be MSC.NastranO for structurd andysis, and MSC.FaigueO for
fatigue damage cdculation and MDI ADAMSO for andyticd load dynamic smulation
MSC.Patran O will be used for graphical representation, pre, and post processing of data.

The physcd test fadility will have one 17-channd full vehide MTS modd 329 multi-
axid road dmulator and several component and subsystem durability testing equipment.
The 17-channd smulaior will be used for the durdbility testing of full vehicles under
durability schedule measured load data The additiond testing equipment will be used for
component such as doors, hoods, cradles and subsysems such as front and rear
suspensions.

The Vehidle Durability Simulation Center facility will be used for research, deveopment
teaching and training. To conduct research in the area of fatigue and durability, accurate
amulation for the mgor damaging events of the multi-axid multi-channd varigble
amplitude loading conditions is required. The dmulation software will be used to
smulate the different durability schedule events and profiles to predict load hidtories a
the criticd locations. These loads will be corrdated with the measured proving ground
measured loads and load corrdation factors will be developed before conducting fatigue
life amulaion. The load corrdation factors will be continuoudy deveoped, compiled
and dudied for different vehicles, proving ground events and criticd locations. The
developed correlated database will be used to enhance the software prediction and/or as
input factors in the design andyss process. The corrdated database loads will be dso
used to drive the full vehicle Smulator in order to corrdate the physical damage with thet
of the measured loads. The ultimaie objective for the load corrdation research is to
reduce or diminate the dependence on load measurement vehicles.



The correlated andyticd loads and the measured loads will used as loading conditions to
perform structural analyss MSC.NastranO to obtain the stress history at the critica
locations. These dress higories dong with the materid fatigue properties will be used to
predict the fatigue lives a the critical locations. The predicted fatigue lives from the
andyticd loads and the measured loads will be used to corrdate with the fatigue lives of
the physcad teds. The fatigue life corrdation factors will be continuoudy developed,
compiled and sudied for different vehicles, proving ground events and criticad locations.
The developed corrdation database will be used to enhance the software prediction
andlor as input factors in the desgn analyss process. The ultimate objective for the
fatigue life correaion research is to reduce or diminate the dependence on durability
vehiclesin the design and devel opment process.

In addition to hdping the automotive industry consortium members in their andyticd
desgn and vdidetion, the center will dso provide their suppliers with the most needed
andyticd desgn and vaidation tools for the development of subsystems and components
to meet the Vehide Technicd Requirements. This will hep the consortium automotive
members meet their design targets without reveding their proving ground data and loads.

4.0 VEHICLE DURABILITY SIMULATION CENTER: IMPACT AND BENEFITS

Our society faces ggnificant chdlenges induding international competition, the globd
environment, an increesngly diverse population, and a rapid growth in information
technologies. As a result, we
live in a time of revolutionary

change. Not only is the world
relying increesingly on
technology for  economic
growth and job development,
but dso the nation is making
the difficult trangtion of
refocusng a ggnificant Product
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providing the professona preparation for the next generation of busness leaders,
technicad professonds, government officdds and educaiors & dl levds Engineering
ressarch and educetion, in paticular have a centra role in our increasngly
technologically based society. The education of engineers must prepare them for the full
disciplinary nature of the problems they will face. As such, the VDSC will benefit higher
education through the traning of Sudents on date-of-the-art testing equipment and
education of the laet CAE desgn dmulaion methodologies. This focus will
subsequently provide better engineers well equipped to support the increasing demand for
higher qudity products with reduced time-to-market, which of course is a bendfit for the
automotive industry. Automotive OEM’s dso benefit from having access to an on-going
training fadlity for engineers and not affecting their internd production facilities which
are profit driven.

Engineering providers benefit from the deveopment of improved products, tools, and
savices to ad OEM’s and suppliers. They dso benefit from increased technicd
competency of ther engineers, which contributes to the inteligent capitd of the
organization.

Government agencies, such as NSF  (Nationd Science Foundation) and DOT
(Department of Trangportation), benefit from supporting the automotive indudtrial sector
through developing safer products for public use and through the education of engineers
more tuned to public safety transportation design issues.  Additiondly, the design for
durability tools and processes could be applied to other transportation indudtries such as
aerospace, ships, and rail transportation.

In addition to helping the automotive industry consortium members in their andytica
desgn and vdidation, the center will aso provide ther suppliers with the most needed
andyticd desgn & vadidation tools and processes for the development of subsystems and
components to meet the Vehide Technicd Requirements. This will hep consortium
automotive members meet ther desgn targets without reveding their proving ground
data and loads. This will be the most dgnificant impact for suppliers seeking to reduce
time-to-market through collaborative efforts, while maintaining their competitive pogtion
within the market.

Findly, establishing the Vehide Durdbility Smulation Center a Kettering Universty
will help in dtracting graduate and undergraduate engineering dudents, and practicing
engineers, seeking training to Michigan and the Hint area.

4.1 KETTERING UNIVERSITY

Kettering Universty has been providing up-to-date, engineering education and research
training for over seventy-five years and is the naion's only 5-year private cooperative
engineering and management college which requires an undergraduate research thess
Through a cdose rdationship with over 700 North American busnesses as well as
industry and government agencies, Kettering Universty provides undergraduate
enginering  programs in mechanica, dectricd, indudrid, and manufacturing
engineering, in addition to applied science degrees in goplied mahematics, applied
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physics, computer science, environmenta chemistry, and management systems. These
programs combine academic studies with a 5-year cooperative industrid experience. The
engineering graduate program a Kettering offers a Made’'s of Engineering with
pecializations in one of the fidds of Mechanicd Design, Automotive Sysems, or
Manufacturing Engineering, and is accredited by the Commisson on Inditutes of Higher
Education of the North Central Association of Colleges and Schools.

Building for the Future

As industrial and education leaders, Kettering University and MSC Software Corporation
prepare for the 21% Century chdlenges afecting engineering practices and education.
Firg and foremodt, technologica advancement is faster and more complex now than at
any time in modern history. This advancement has dlowed Corporate America to drive
toward the development of technologically advanced products that are chesper, are of
higher qudity, and can be manufectured in a globd economy, faster. This drive has
necesstated the following atributes for mechanicd engineering graduates and
practitioners:

1. Traning on Sate-of-the-art software and laboratory equipment.
2. Education with the latest computer aided engineering design tools.
3. Knowledgesable on current-day design methodologies.

To accomplish this vison, the Depatment of Mechanicd Enginesring a Kettering
University initiated “ Vision 2000: Curriculum Innovation for the 21% Century.” The
new ME/2000 curriculum is designed with the following desired attributes:

Integration of Design, Practicality and Relevancy
Integration of Technologies

Integration of Quality

Integration of Subject Matter

000D

This new paradigm shift in engineering education requires the development of high-end
laboratories to adequately prepare our graduates to meet the educationd and research
training needs of: 1) Our corporate partners, and 2) A technologically driven society. One
laboratory that is vitdly important to support the Vision 2000 initiative is the proposed
Vehicle Durability Simulation Center.

For Kettering Univergty to continue its growth as a private inditution, it is more
important than ever for dudents to have a srong agpplied research background in
preparation for new chalenges and opportunities evolving in today's changing world. Our
regponse to this chalenge is the renovation of current mechanicd engineering research
laboratory facilities to accommodate increased sponsored research and research training
needs. These date-of-the-at fadlities will not only enhace Kettering Universty’s
fundamenta research abilities, but will aso serve the research needs of mid-Michigan. It
will improve the interdisciplinary and collaborative research  between  regiond
educationd inditutions, government agencies and indusry. The planned 2001
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devdopment will dlow Kettering Universty to accomplish its misson to reman on the
leading edge of engineering education.

KETTERING UNIVERS TY — BENEFITSFOR 21°" CENTURY STUDENTS

In an ea of increased competition and automotive globdization, companies can no
longer afford to spend 4-6 years training graduate engineers. Kettering Universty VDSC
would help produce engineers trained on industry standard equipment, thereby shortening
the time to train engineering graduates. Additionally, the following benefits are noted:

Students trained on state-of- the-art equipment will enhance ther chances for
sponsorship.

Improved student teaching through enhanced faculty skills and knowledge gained
from their gpplied research on state-of-the art equipment.

Students will have exposure to, and have training and education on, new and
emerging technologies.

Deveopment of new courses and specidties due to newly emerging technologies will
enhance students education.

Sponsorship and scholarship opportunity for undergraduate students, funded by o+
going gpplied research. The experience gained will asss in long-term sponsorship.

Provide fadilities not available at sponsor’s location for students 5 year thesis work.

Enhance students performance and participation in nationa competition projects
through the use of state-of-the-art testing and smulation equipment.

Create opportunity for funding graduate students through applied research &
consulting.

The fundamenta guiding principle for Kettering Universty to maintain its competitive
edge as Ameicas leading educationd patner in automotive engineering desgn, and
applied automotive engineering research, is to provide the automotive industry with State-
of-the-at faciliies combined with advanced technical and educationa services to hep
develop automotive products ‘faster’, ‘ better’ and ‘ cheaper.’

4.2 MSC.SOFTWARE CORPORATION

MSC.Software  Corporation (MSC) is the world's leading supplier of mechanical
computer-aided engineering (MCAE) software and servicess MSC's solutions are used
by the aerospace, automotive, eectronics, shipbuilding, power generation, consumer
products, indudtrid machinery, medicd, civil, and general manufacturing indudtries.



MSC's corporate headquarters are in Cdifornia, USA, with mgor development facilities
there, in Los Angeles (Cdifornia), Costa Mesa (Cdifornia), San Francisco (Cdifornia),
in Lowel (Massachusetts), and in Gouda (The Netherlands). MSC employs more than
900 people in 47 officesin North America, Europe, and Asia

MSC was founded in 1963, and is a public company with stock traded on the New York
Stock Exchange (symbol MNS). Revenues for the most recent fisca year (which ended
December 31, 1999) were $135M. By region, 46% of the revenue is in the Americas,
28% is in Europe, and 26% is in Ada Pacific. By industry, 44% of the revenue came
form aerogpace and defense, 27% is in automotive and land-based transportation; and
2% isin other indudtries.

MSC is the world's largest provider of mechanica computer-aided engineering (MCAE)
drategies, software, and services. These solutions are built on an unmatched foundation
of engineering expertise, technology leadership, and superior customer support. MSC's
drength is its ability to anticipate the emerging needs of its cusomers, identify their
requirements, talor software products to those needs, and then follow up with
implementation and strong user support.

M SC.SOFTWARE IN THE AUTOMOTIVE | NDUSTRY

All mgor automotive manufacturers in the world use MSC software and services. While
most companies use the same MSC software products, the level of interaction between
MSC and auto manufacturers vary. MSC prefers to establish degp relaionships with its
customers. MSC undergtands the importance of protecting each customer’s proprietary
information and the importance of protecting the relationship.

Subgtantid MSC resources are invested in software testing to ensure that only proven
technology is brought to market. MSC places a great ded of emphass on end-user
support through documentation, training, hotline support, users conferences, and Web
communications. MSC works closdy with cusomers to hdp them integrate MSC
software and professond  sarvices into ther desgn, andyss and manufacturing
environments.  With the largest development, technica support, and sdes organizations
in the CAE industry, MSC is uniquely postioned to serve its customers in every location
throughout the world.

MSC's market leading position is very beneficid when working with computer hardware
vendors and other software vendors. MSC has over 60 third parties in the Globa Partner
Program. For example, hardware companies work with MSC to tune MSC software to
run better on their hardware. In the case of Hewlett-Packard, MSC is their only globd
MCAE partner. In addition, every mgor CAD supplier has an interface to MSC.Nastran.
Every mgor modd testing package has an inteface to MSC.Nastran, as do the
kinematics programs. M SC takes very serioudly its role as the MCAE industry leader.
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M SC.SOFTWARE - BENEFITS

MSC joined Kettering University in the earliet stages of this project, when the concept
of the Vehicde Durability Smulation Center was developed. The motivation for our
interest is explained below.

Benefits of the Vehicle Durability Simulation Center for MSC’ s Software Products

The purpose of MSC technology is to smulate redity, doing on the computer what is
otherwise done with physicd testing.  The correation between the results predicted by
MSC's Software Products and physica testing should be close. Our customers are able
to achieve good corrdation, but some of them would like additional resources to help
them.

The Simulation Center will help provide needed resources to our customers while helping
us refine the smulation process that is contained in our software. We hope to refine our
software to hep our customers get more accurate results through best practices and
correlation procedures that become embedded within the software.

Additiondly, the following benefits are noted:

Increase opportunity for collaborative gpplied research efforts with academia and the
automotive indudtry.

Opportunity for educationa sabbaticalsfor MSC's scientists

Opportunity to identify talented students who are well suited to become MSC
employees after graduation.

Attract talented faculty to do research that resultsin improved MSC Software.
Benefits of the Vehicle Durability Simulation Center for MSC's Customers

The Smulation Center can function as an extended training facility for MSC customers,
where they can learn about the process of smulatiing redity Sde-by-sde with the
physca testing process. Automotive suppliers may not have access to an integrated
facllity such as the smulation center. Thear experience with the Smulaion Center will
help them use M SC software more effectively.

The Smulation Center will give our automotive OEM customers access to addition
samulation/test cgpacity and will provide them with a facility where they can direct ther
suppliers as the need may arise.

In summay, our misson of ‘Smulating Reality’ will be enhanced by the Vehicle
Durability Smulation Center.
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