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Abstract - Students of the Aviation Department at Purdue
University enroll in a computer graphics course (CG

162) during their freshmen year, and in this coursehey

learn how to use the CATIA V5 Solid modeling softare.

CATIA V5 solid modeling software is used extensivglin

the aerospace industry to design aircraft and aircaft

parts. The authors of this paper have incorporatedh new

project in the AT166 aircraft materials Il course to

reinforce the knowledge gained in the introductory
course and to apply this new skill set to design,nd

manufacture an aluminum alloy formed wing rib using

CNC equipment and conventional sheet metal
equipment. The authors have noticed that students
quickly lose the knowledge acquired during the
introductory CGT course, if they don't use it. By

introducing new coursework that build on existing

knowledge, they hope to improve the student's
knowledge of design software, and CNC machining.

Index Terms — Catia V5 software, CNC machining,
Manufacturing processes.

THE IMPORTANCE OF USING CATIA V5 SOFTWARE FOR
TECHNOLOGY STUDENTS

CATIA V5 solid modeling software is used extensywéh
the aerospace industry to design aircraft and aftrgrarts,
and it is important that technology students letinis new

software early on and expand their knowledge during

Many of the freshmen students who are requiredke t
the introductory computer graphics course havecated
that they don't like it; they don't like to sit bield a
computer and would rather be involved in a morectizal
application. They don't feel that they produce stiimg that
is real, something they can touch. It is importdnot
emphasize the capabilities of the software earlyoothey
will give up. Technology students are typically mor
interested in the end product than in the prelimjirdesign
phase. Designs made in the CATIA V5 work benchesbea
exported to CNC operated equipment directly orugtoan
interface like SurfCam or MasterCam. Students rteeble
able to see what the end product is and how itadenAs
soon as they realize that the initial sketch, modet
drawing can be imported into a CNC mill and thagytltan
make parts using the drawings they created, theprhe
motivated. Technology students have to realize @fatIA
V5 and other solid modeling software are as muolstas a
drill, lathe or mill, and not fancy tools used bygaeering
students.

In the past many hours were devoted to manual
machining, and it took a lot of skill to master #guipment.
New CNC equipment has made it much easier to machin
parts and the operator does not need as much skilthey
need to learn how to use CATIA V5 or similar softevdo
make the design, and run the CNC equipment. Thesfbas
shifted from manual machine operations to usingwsoe
and CNC equipment.

Many students who choose Aviation Technology are

subsequent course work. The program is too largg argttracted by the hands-on practical orientatedaulm and

complicated to master in one course, and if youtdee the
program regularly the knowledge will disappear soGur
students are required to take an introductory cdempu
graphics course during their freshmen year. CATRi¥the
program used in the course, but this course issketuon
learning how to use the program. There is not atpuiu
application besides creating engineering drawifideere is
only enough time in this course to teach studemsparts
design, assembly and drafting work benches. Speethl
workbenches like sheet metal design or prismatichiméng
are not covered. We feel that the introductory seus only
a first step and the knowledge needs to be reiatbrnd
expanded in specific aviation courses where CATBAWIII
be used to fabricate parts with CNC equipment. Wée a
encourage students to pursue a minor in computgrhirs
to further polish their CATIA skills, if they araterested in
aerospace manufacturing careers.
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because they love airplanes. About 50% of our inngm
students are transfer students from engineeringy Ttied
engineering for one or two semesters and decid&dbsfer
either because they couldn’t handle the mathematiacs
science requirements or they realized that theg'thdant to
write computer code and work in an office environine
They wanted to be closer to the end product: theatt.
Many of our graduates find employment in the

manufacturing industry. Multinational companieseliBell,
Pratt & Whitney and Boeing are hiring Aviation Tecfogy
students for job functions like manufacturing ergin and
liaison engineer. These job functions don't reqtfire design
of complicated aircraft parts, but knowledge of GATand
automated machining is strongly preferred or resglito
design or modify parts or to design structural nepao
aircraft structures. Industry representatives wuagkin the
aerospace and aviation industry have indicated shatents
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need to have a solid knowledge of CNC operationd an
processes, and should be able to sketch and medtd p
using solid modeling software like CATIA. It is It

TABLE 2
OUTPUT PARAMETERS FOR ULTRA LIGHT AIRCRAFT

important to have a good knowledge of manual maabin

Wetted Wing area 6.904°m74.32 ft

operations, but a sound knowledge of CATIA V5 andCC

Span 4.866 m - 15.97 ft

machining operations has become fundamental.

Mean Aerodynamic Chord 0.6803 m - 2.232 ft

THE WING RIB PROJECT

The authors of this paper decided to incorporateew

project in the AT166 aircraft materials Il courgeréinforce

the knowledge gained in the introductory coursed &m

apply this new skill set to design and manufactare
aluminum alloy formed wing rib using CNC equipmemid
conventional sheet metal equipment. The wing ribs wa
chosen as a project, because on modern aircrafé tharts

FIGURE 1
MACHINED AIRCRAFT RIBS (BULKHEADS).

For this project students designed a basic wingeshesing
commercial available software based on assigneahpeters
like gross weight, cruise speed and stall spedue(th and
2). Students will select an airfoil for a smalltpis powered
Ultra Light aircraft with a maximum cross weight 600
pounds, cruise speed of 150 mph, and a stall spéé&d
mph.

There are plenty of commercial of the shelf aircddsign
software packages available and Airplane PDQ waseaih
because it is basic and students can quickly métpwa
number of inputs to establish a baseline design.
Students used these inputs to size the aircrafiwthg area,
and to select an airfoil. With the airfoil selectbé rib
design process can begin. Students started to rtioslaling
rib in CATIA V5 sheetmetal design workbench (appgnd
A). After the wing rib was modeled the form blodks the
wing rib fabrication were modeled in the part desig
workbench. The form blocks were needed becausm®the
flange is curved and can't be formed with a shestain
brake.

TABLE 1
INPUT PARAMETERS FOR ULTRA LIGHT AIRCRAFT
Weight 500 Ibs
Payload 100 Ibs
Cruise speed 150 mph
Landing speed 50 mph
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Aspect Ratio 7
Root Airfoil Section 2412
Root Airfoil Thickness 12
Tip Airfoil Section 2412
Tip Airfoil Thickness 12
Root Chord 0.7945 m - 2.607 ft
Tip Chord 0.5959 m - 1.955 ft
Taper Ratio 0.75
SHEET METAL WORKBENCH

For students that have a basic understanding ofl EAB
part design workbench, it was a small step to maisée
sheet metal workbench. The sheet metal workbencheasy
to use and the formed wing rib was modeled quickiyng a
few commands. The Advanced CATIA V 5 Workbook2 was
used by the students to prepare them for this téaking
practical sheet metal fabricating experience wag kelpful
when you use this work bench, because informati@nthe
type of bend relief, metal thickness, and bendusideeded
to be entered. After the part was modeled a comlet of
engineering drawings was prepared using the daftin
workbench. A great tool in the sheet metal workdbewas
the ability to unfold the bends of the part to gatethe flat
pattern layout. This saved time and improved aagyra
because no bend allowance calculations were nege3see
flat pattern lay out was saved as a DXF file thaswsed to
cut the flat layout using a CNC mill (figure 2) the flat
pattern layout could be made using manual sheedl roetls
and equipment like shears, rotary punches and files

M ODELING OF FORM BLOCKS

The parts design workbench was used to make tha for
blocks that were used to create the curved togéanf the
wing rib. The basic shape of the wing rib was shettin the
parts design workbench and extruded to a thickoés35
inch;

FIGURE 2
CNC VERTICAL MILL USED FOR CUTTING FLAT LAY OUT.
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the edges were slightly chamfered to allow for mate
spring back. A set of engineering drawings was areg in
the drafting workbench (Appendix B), and the did.fivas
imported in surfcam software, which ran the CNCtical
mill to fabricate the form blocks. The CATIA drawrwas

ADVANCED PROJECT

This project could be followed up by a complete dvinnnel
model made from multiple rib sections, spars ard skan
advanced materials class. The airfoils could beetetm a

downloaded on disk and imported in the surfcam oy
and the students needed to write a simple CNC nyilli
program to operate the CNC mill.

wind tunnel to see if the wing shape will perform
aerodynamically as expected. This would enableestigdto
experience the complete design cycle from design

FIGURE 3
SOLID MODEL OF WING RIB FORM BLOCK.

SHEET METAL FORMING

The next step in the process, after the flat patey out was
cut and the form blocks were made was to form thregywib
(figure 4). Form blocks were necessary, becausevihg rib
had a curved top flange. The front, bottom and flzenges
were formed with a sheet metal brake. Heat treagaft T3
aluminum alloy was too hard to form using form leand
mallets and it needed to be annealed to softemmidterial.
The material was placed in an oven for a soak tifngvo
hours at a temperature of 775°F. After the soak tine oven

was turned off and the part was allowed to coolaat

maximum rate of 50°F to room temperature. This tab&ut
15 hours. The annealed parts were placed in thme fdocks

and hammer formed. After the forming process, thp t

flange was worked with a shrinker for a final fimiAn arbor
press and punch and die set was used to formghgefiing
hole flanges. The part was solution heat treate?0@4 T4

after the forming process was completed. The paat w
placed in the oven for a soak time of 30 minutesaat

temperature of 900°F, and the part was quenchecbli
water. The material aged within four days to itguieed
strength. An optional paint system was applied.

FIGURE 4
FORMED WING RIB.
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conception to wing testing. It would be interestiogassign
different design parameters to student groups,hab they
can evaluate how the different airfoils perform.

FACULTY TRAINING

One of the major challenges for faculty members atenot
familiar with CATIA V5 or other solid modeling satfare is
to master these types of software, especiallyf were in
school before computers were invented. These pnugyeae
too complicated to just try to figure it out byaiing on
icons. Prior knowledge of AutoCAD or drafting do&drelp
much we thought. One option to master the knowléslge
purchase CATIA work books, which are available from
several publishers. The advantage of buying sevesaluals
from different authors is that they all have alsiig different
approach. This is especially useful when you getksin one
workbook and can use a different one to see ifutluigks
better for you. The main advantage is that youveark from
your office and whenever you have some spare flihe.
disadvantage is that if you get stuck or have questhat it
can take a while to solve the problem, which can be
frustrating. The second option is to enroll in &dsmodeling
course at your institution. The advantage is tlat gan ask
questions which will speed up the learning proctes,
disadvantage is that you need to be able to fitthese
schedule into your teaching schedule. The thirébogs to
attend a training session of campus provided bgiaihg
institute or vendor of the software. The advantafgghis
option is that you can schedule the course wherdgolt
have classes, for instance during the summer, anatgn
learn a lot in a short period of time. We have fibtimat you
need to use the program regularly or you will lothee
acquired knowledge.

CONCLUSION

Aviation Technology students need to learn hows® u
CATIA V5 solid modeling software to be prepared jmios
in the aerospace manufacturing industry. One caluseg
the freshmen year is not enough to master all the
workbenches available in the CATIA program, arel th
initial course needs to be followed up by more ficat
oriented coursework. We have introduced CATIA V8 an
CNC machining into an aircraft materials coursehsa
students understand the potential of solid modedofgvare.
We believe that CATIA could and should be introdlige
all technical classes so that students eventuadisten all
work benches in CATIA V5. Faculty members have a
challenge to learn and stay current with CATIA s@ite as
well.
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APPENDIX B
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