Renault F1 team revsup CAD data translation
by Alan Duerden, Renault F1 Team

Makers of passenger cars and trucks are pushing to develop new vehicles in a 24-month time
period. However, 24 months is a lifetime compared with the schedule for designing Formula 1
racing cars. These machines, which reach speeds of more than 360 km per hour (225 MPH), are
designed, built, and tested in just six months. Moreover, each vehicle is customized for individual
races by designing new parts such as wings and body work.

Figure 1 - Renault'sFormula 1 racecar isamarvel of modern engineering containing between
4,500 and 5,000 parts. Components are produced by suppliersaround theworld.

The difference between winning the Grand Prix and taking second amounts to tens of millions of
dollarsfor the victors. Consequently, adhering strictly to schedulesis critical.

Theneed for trandation

Like makers of other types of vehicles, Formula 1 teams employ multiple types of computer-aided
design, engineering, and manufacturing software. Renault’ s Formula 1 team uses Dassault
Systemes CATIA V4 asits main design system. However, it also uses Parametric Technology
Corporation’s Pro/Engineer Mechanicafor structural analysis and Rand’s 3DCaliper, a
Pro/Engineer application, to measure wall thicknesses of components. Renault’s engineersrely on
M SC.Software’ s Patran and Nastran to simulate stresses, deflections, and modes of vibration of the
vehicle's chassis. And CATIA V5isused for off-line programming of numerically controlled mills
and inspection systems.
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Before January 2001, Renault used UGS Unigraphics version 15 asits main CAD/CAM system.
Conseguently, Renault has alibrary of more than 120,000 vehicle components created in
Unigraphics. These parts are often used as the basis of new or modified designs. Between 200 and
300 components used on Renault’ s 2005 racecars were originally designed in Unigraphics. They
include prosaic items such as inserts and sensors that don’t change from one racing season to the
next.

Like all automakers, Formula 1 teams collaborate with other companies on the design of important
components. For example, Renault’ s wheels are provided by O-Z Racing SpA of Vicenza, Italy,
which supplies modelsin UGS’ |-deas format. AP Racing in Coventry, England furnishes brake
parts. Fondmetal Technologies, another Italian company that uses Pro/Engineer, provides wind-
tunnel servicesto supplement Renault’s own wind tunnel in Enstone, England.

Each brand of CAD system employs its own proprietary format for storing information. Moving
models from one CAD system to another requires tranglation of the data from one format to the
other.

STEP and IGES shortcomings

Like many other companies, Renault’s F1 team at first tried to employ universal, neutral file
formats controlled by international standards committees to translate three-dimensional CAD data.
These formats include 1SO standard 10303 Application Protocol 213 (also called STEP) and the
American National Standard IGES. Most CAD systems provide software to read and write standard
files. To transfer models from CATIA V4 to Pro/Engineer, for example, CATIA operators export
modelsin IGES or STEP AP 203 or 213 formats. Then Pro/Engineer users who need the data open
the standard file, which convertsit to Pro/E’s native format.

Summary of the Renault F1 Team’s translation requirements
Area Source Destination | Old New Format
Package Package Format

Stress Department CATIA V4 PATRAN STEP Parasolid
Stress Department CATIA V4 Pro/Engineer | STEP Pro/Engineer
Supplier CATIA V4 Pro/Engineer | STEP Pro/Engineer
Supplier CATIA V4 I-deas IGES IGES
Supplier I-deas CATIA V4 IGES I-deas .idi
Archive Unigraphics CATIA V4 STEP Parasolid

Unfortunately, using STEP or IGES as exchange media didn’t work well for Renault. Pro/Engineer
users were often unable to convert STEP files to solids. The result would be a Pro/Engineer model
consisting of hundreds or even thousands of faces. The reasons this happened were varied.
Sometimes faces would be missing, wouldn’t line up on edges, or wouldn’t meet with each other.
Recipients of STEP models needed to do alot of time-consuming rework to correct the problems.
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Figure2 - Thisrear diffuser imported from Pro/Engineer to CATIA V4 vial GES had missing
faces (denoted by arrows) and couldn't be converted to a solid model. Repairing the defects
using CATIA'sinteractivetoolsrequired an hour and 41 minutes.

Sending data from Pro/Engineer back through STEP to CATIA created similar problems. Users
couldn’t apply the CATIA volume function to create a closed surface or solid. Other defects also
sapped precious time. Occasionally when CATIA users would employ the view/reframe command
in CATIA, the part read from a STEP file would shrink to atiny spec in the distance. This effect
occurs because a small piece of extraneous geometry such as a curve or surface has been added to
the model at alarge distance from the origin. CATIA designers would have to determine where
such errant entities lie and del ete them.
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Figure 3 - Using Elysium's CADeporter from Pro/Engineer produced a native CATIA solid
mode with no defects. L essthan a minute was requir ed to adjust model layers and hide
construction geometry following translation.

In some cases, STEP models read into CATIA wouldn’t behave properly even if they looked
alright. For example, it sometimes became impossible to thicken awall of atranslated model by a
couple of millimeters, something that can be done easily with anative CATIA model.

Thetrandation failures weren't the result of poor modeling practicesin CATIA. Renault’s
designers consistently adhered to best practices.
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Figure4 - Thismodel of a brake caliper imported via 1 SO standard 10303 AP 203 would not
form a solid and displayed a variety of untrimmed surfaces.

After Renault switched to CATIA V4 in 2001, the team began converting Unigraphics version 15
modelsto CATIA V4 format. Trandation difficulties similar to those experienced by Pro/Engineer
users occurred in more than 80 percent of all cases.

Figure5 - Closer examination of the caliper revealed that gaps between surfaces (highlighted
in yellow) prevented CATIA V4 from forming a solid. I nteractiverepair took 23 minutes.
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Elysium to therescue

In mid to late 2001, Renault F1 Team began looking for alternatives to the STEP translators
provided with their CAD software. The team soon learned about the CADeporter and CADedoctor
trandation software from Elysium Inc. When it began using these products instead of STEP or
IGES, improvements were dramatic.

Figure 6 - Using Elysium's CADeporter to convert the original Parasolid model to CATIA V4
resulted in error-freetrangation. Lessthan a minute was required to adjust layersand hide
unwanted construction geometry.

For example, a chassis design that was taken from CATIA V4 via STEP into Patran had translated
badly. A stress engineer spent two weeks reworking the data to enable a suitable finite-element
mesh to be created. Even after this tedious work had been completed, the database was corrupted
and geometry was lost. When Renault used CADeporter, the same chassis translated from CATIA to
Patran viaUGS' Parasolid within half an hour and was ready for use after two hours of checking by
the engineer.

Similar improvements were realized with models imported from I-deas and Pro/Engineer. Renault
receives models of wheel designsin I-deas format from a manufacturer named O-Z Racing. Each
wheel design haslots of fillets and chamfers and consequently lots of faces. When a wheel model
comesinto CATIA V4 as aset of surfaces, it can be sewn into a closed shape using the volume
function. If the model consists of native CATIA surfaces, the “autosearch” command will pick up
all the faces automatically and inform the user if it finds any holes.

When CATIA reads faces via IGES, “autosearch” won't work. Users must individually select each
one of the thousands of facesin awheel model in order to create avolume. It typically takes 45
minutes to pick all the facesin awheel. Using Elysium’s CADedoctor to convert an .idi file straight
from I-deasto CATIA V4 produces a solid automatically. The process takes about two minutes
instead of 45 minutes including the time needed to tidy up all the layers and filters. During a six-
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month F1 design schedul e, there may be 10 or 12 iterations of awheel design. So Renault is saving
400 minutes or almost seven hours per season through more efficient translation of this one
component.

Automating translation

Elysium has provided the Renault F1 Team with a batch translator for converting its existing library
of Unigraphics V15 partsto CATIA V4. Renault is planning to convert only part modelsto V4
format. No assemblies are required and Unigraphics part drawings will be converted to PDF files
for viewing. During an initial test in September 2005, the batch translator converted 19,780 models
with better than 95 percent success. Those files that couldn’t be converted automatically may be
fixed with Elysium’s CADedoctor, a stand-alone software product that combines data translation
and repair capabilities. Problematic files can usually be fixed more quickly with CADedoctor than
with CATIA V4.

In the future, the Renault F1 Team plans to further increase its efficiency by instaling Elysium’s
CADeportal software. Right now, designers run the CADeporter and CADedoctor software on their
individual workstations. Each model must be processed individually, and when the trandlator is
running, the workstation can’t be used for much else. With CADeportal, designers will be able to
upload multiple models to a server where they will be translated in a batch process. This procedure
will leave designer workstations free for other work. When the translations are done, designers will
receive an e-mail informing them that the converted models are ready to be downloaded to their
workstations.

Justifying the investment

Elysium’s CADeporter and CADedoctor software aren’t sold by IBM and aren’t included in any
CATIA software bundles. Customers have to pay extrafor them. Renault’s experience has shown
that the return on investment in specialized trand ation tools can be high. In many cases, the
incremental cost of Elysium translators can be justified by labor savings alone.

The actual savings a company might realize depends on how many models are being translated and
the hourly labor cost of repairing models that have not translated properly with IGES or STEP. For
instance, Renault F1 receives about 720 Pro/Engineer models per year from a single supplier,
Fondmetal. If Renault’s engineers save 30 minutes per model by not having to repair translation
errors, that amounts to a savings of 360 hours per year. Assuming a burdened labor rate of $35
(E19) per hour, this equates to an annual |abor savings of $12,600 (£6,868) or a 72 percent return on
an investment in CADeporter software. There aren’t many places where one can earn a 72 percent
return on your investment these days.

While labor savings from improved tranglation are sufficient to justify the cost of Elysium’s
software, other benefits may be even more valuable. Cutting waste from the schedule gives
designers more time to improve the design of Renault’s cars. And if designs are completed early,
test engineers have more time to prove them on the track. Rework required by faulty translation also
introduces the possibility of errors that might not be caught until the design reaches the machine
shop.
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Winning the Formula One world championship is worth millions in prizes, endorsements, and
future sponsorships. Y et the difference between winners and losers is miniscule — only secondsin
races lasting severa hours. Even small, seemingly insignificant defects can mean the difference
between victory and defeat. Poor datatrangation isjust one of the many tiny lapses that could cost a
team the Grand Prix. The Renault F1 Team can’'t afford to take that chance by skimping on
trangdlation technology. Can you?

About the author: Alan Duerden isa CAD support engineer for the Renault F1 Team in Enstone, England.
Heis part of a small team selecting new engineering technology and supporting the designers with CAD and
PDM. Prior to joining the Renault F1 Team, Mr. Duerden spent four years at BAE Systems@arbon-fiber
composite department in Salmesbury, UK where he worked as a composites manufacturing engineer on the
Eurofighter and Airbus products. He graduated in 1996 with a First Class Honors Degree in Aerospace
Manufacturing at the University of the West of England in Bristol, UK.

About Elysium Inc.

Founded in 1984, Elysium bridges the gap between CAD systems and enables PDM and product structure
synchronization with itsindustry-leading technologies. Elysium’s CADeporter™, CADedoctor™,
CAD-sfeature™, and CADeportal ™ software products enable the translation of all geometry from one CAD
system to another with the industry’ s highest successrate. Other products include CADepdm™, atool which
enables CAD integration within a PDM environment. Platforms supported include ABAQUS/CAE,
Autodesk (Inventor and Mechanical Desktop), Dassault Systemes (CATIA, SmarTeam, SolidWorks, Spatial,
and ACIS), PTC Pro/Engineer and UGS (NX and I-deas NX, JT, ParaSolid) as well as industry standards
IGES and STEP. Elysium has successful partnerships with several major software companiesincluding
ABAQUS, Autodesk, CATIA, CoCreate, IBM Global Services, Moldflow, MSC.Software, PTC, SmarTeam,
SolidWorks, Spatial and UGS. Elysium is amember of the AIAG and an Official Supplier of Renault F1
Team.

For additional information about Elysium® products and services, please visit www.elysiuminc.com.

CADeporter, CADeportal, CAD<doctor, CADepdm, and CAD-feature are trademarks of Elysium Co., Ltd.
and Elysium Inc. All other products are trademarks or registered trademarks of their respective companies.
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