Proceedings of COBEM 2011 21 Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

AEROSPACE ENGINEERING EDUCATION AT THE FEDERAL
UNIVERSITY OF ABC: A NOVEL APPROACH TO INTRODUCE AND
MOTIVATE BEGINNER STUDENTS

Fernando Madeira, fernando.madeit@ ufabc.edu.br

Antonio Gil Vicente de Brum, antonio.brun@ ufabc.edu.br

Roberto Luiz da Cunha Barroso Ramos, roberto.ramo@ ufabc.edu.br
Annibal Hetem Junior, annibal.heter @ ufabc.edu.br

Cristiano Fiorilo de M elo, cristiano.fiorilo@ ufabc.edu.br
Federal University of ABC, Avenida dos Estados, HA®290-520 Santo André — SP, Brazil

Abstract. This work describes the introductory courses in the UFABC Aerospace Engineering curriculum. These
courses are conceived to introduce new students to the aeronautics and astronautics branches of Aerospace
Engineering, and to motivate themto carry on the career choice or to move to another option at an early stage of their
university education. The university concept and the flexibility of its pedagogical project encourage other engineering
specialties students and other non-engineering students to benefit from them, because aerospace sector workforce has
a multi and interdisciplinary nature. The last two years of experience on teaching these courses is described and the
trend for the near future is addressed.
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1. INTRODUCTION

Until the end of the last century, university degrén aerospace specialty were granted by ITA (Aedyical
Institute of Aeronautics), UFMG, EESC-USP (Séo @aischool of Engineering — The University of Saol&gaand
INPE (National Institute for Space Research). ITédl tundergraduate degree in Aeronautical Engineetlf®1G and
EESC-USP had undergraduate degrees in Mechanigah&aring, with specialization in Aeronautics. INREh the
other hand, has only graduate degree in Space &sijig and Technology. These four institutions wesponsible for
supplying workforce for aeronautics and space sgcto

At the turn of this century, Embraer grew due te ¢ineat success of ERJ 145 family of regional pats, due to the
beginning of Embraer 170 development, the fly-byewiegional jets family. At the same time, aerospessearch
institutes as INPE and DCTA (Department of AerogpS8cience and Technology) faced a workforce sheytayich
still persists. These events have caused bottlsneckhe aerospace workforce in Brazil. To overcdhie lack of
specialized engineers, Embraer used as short-w@tion the temporary hiring of foreign engineeasd as a medium-
term solution the implementation of a corporatevarsity in which engineers with no aeronauticalkgmound were
trained to acquire the desired aeronautical formnatdo meet Embraer needs. Thus, interests in aatespngineering
started to flourish as well as initiatives to theation of aeronautical engineering programs.

Pioneer institutions such as EESC-USP and UFMG eted their specialization in Aeronautics into full
Aeronautical Engineering programs. More precisigly1999 EESC-USP canceled the Aircraft specialwatiffered in
Mechanical Engineering program and created AerdéceluEngineering (EESC, 2011). In 2009, after 4@rgeof
creation of CEA (Center of Aeronautical Studie$le specialization in Aeronautics was also canceled UFMG
created the Aerospace Engineering program withiglmation in Aeronautical Engineering. UFMG plainghe future
to offer the specialization in Astronautical Enginaeg (UFMG, 2011). In 2010 ITA added the Aerosp&eogineering
option into the set of its engineering programsA(I2010). In its spectrum of programs in the fiefdaerospace-related
engineering, ITA has Aeronautical Engineering, Apace Engineering, Mechanical-Aeronautical Engingeand
Civil-Aeronautical Engineering (formerly called Ainfrastructure Engineering).

There are other outstanding initiatives found irblju tuition-free universities. UFU (Federal Unigéy of
Uberléndia) created Aeronautical Engineering in 2QOFU, 2009). UFSC (Federal University of Santdatina)
created a novel engineering modality called MopilEngineering. Among the options set, this engimgeprogram
offers Aeronautical and Space Engineering (UFSCL120UNICAMP (State University of Campinas) addér t
specialization in Aeronautics as an option for Mechanical Engineering program (UNICAMP, 2011). BHI
(Federal University of Itajubd) created Mechanigalonautical Engineering. This new engineering reffieby UNIFEI
will be of further help to its region because tleidopter manufacturer Helibras plant is locatestréhfor more than 30
years.

Aerospace Engineering is one out of eight engingeoptions offered at UFABC (Federal UniversityABC), the
new public tuition-free university in Brazil. Thaugpose of this paper is to present UFABC approacintroduce
students to Aerospace Engineering and the way tivate them to carry on an Aerospace career. Iini@e@ the
UFABC structure and its pedagogical project aresgméed. In Section 3 the introductory courses, wisieer the
students towards the aeronautical and astronausici@inces, and the different flying vehicles tedbgies are
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presented. Finally, Section 4 presents an overdbaut what students will face after graduationhiéyt choose to
follow an Aerospace career.

2. UFABC: A NEW UNIVERSITY AND ITSPEDAGOGICAL PROJECT

The Federal University of ABC was created by thedfal Law number 11145 on July 26, 2005 (DOU, 2085)
public and tuition-free university, it is locaten the ABC region, in the metropolitan area of Saol®, congregating
the following counties: Santo André, Sao BernarddCampo, Sdo Caetano do Sul, Diadema, Maua, RibEiras and
Rio Grande da Serra.

UFABC is a multi campi university. Currently theage two campi, one in Santo André and the otheBao
Bernado do Campo. Its pedagogical project was deeel based on a document of the Brazilian Acadeh8ciences
(ABC, 2004) and on the joint declaration of the &hean Ministers of Education (The Bologna Declargti1999).

The pedagogical project adopted by UFABC has mastindt features compared with those of other ursities in
Brazil and in other countries (UFABC, 2006). Insteaf classical departmental structure, UFABC hastracture
composed of centers, in order to break the bartirtsseparate the areas of knowledge one fronhanofhe academic
organization is based on three centers, namelyte€Cesf Natural and Human Sciences; Center of MaHims,
Computation and Cognition; and Center of EnginegriModeling, and Applied Social Sciences. This dtite
promotes an environment of interdisciplinary andtidisciplinary cooperation to develop the threeimactivities of
the university, that is, teaching, research andresion.

UFABC adopted the trimester calendar system. Olendar year comprises three trimesters of 12 weakh.

All newcomer students enroll in a unique and commprargram, an interdisciplinary curriculum calleddBelor of
Science and Technology (BCT). This program is casepoof 15 trimesters to be accomplished in 3 yéidie. BCT
curriculum is organized in obligatory and free-af®ocourses. Around half part of the curriculumasposed of free-
choice courses, a set of courses elected by tlerdtaccordingly to his/her desire. There is atestnato choose the
free-choice courses that is more suited to eadkitheal objective, leading to a post BCT graduatiore completed in
minimum time.

Once completed the BCT, the students are urgedrtioer carry on their studies in one of the postBiélds listed
in Tab. 1. Nevertheless, other alternatives arsiples

Table 1. Post BCT fields offered by UFABC.

Aerospace
Bioengineering
Energy
Engineering Environment and Urban
Information
Instrumentation, Automation and Roboticg
Management
Materials
Biology
Chemistry
Computer Sciences
Mathematics
Physics
Biology
Teaching Bachelor Chemistry
Mathematics
Physics

Bachelor of Science

In 2010 another interdisciplinary program was adathe Bachelor of Sciences and Humanities (BOHg BCH
follow the same model of BCT, offering the post B@ibgrams listed in Tab. 2. The BCH is availabl&&o Bernardo
do Campo only.

Table 2. Post BCH programs offered by UFABC.

. Philosophy

Bachelor of Science Public Policies
Economy

Teaching Bachelor Philosophy
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3. INTRODUCTORY AND MOTIVATIONAL COURSES

To earn the Aerospace Engineering degree, UFAB@estis should complete the Bachelor of Science and

Technology program, to complete a core of coursasdatory for all engineering specialties, and cesispecific for

the aerospace field (CECS, 2009). Romeral. (to appear) discuss the experience of CECS (CefitEngineering,
Modeling, and Applied Social Sciences) faculty mejag engineering curricula and the introductionetogineering
studies at UFABC. This paper focuses exclusivelyAmrospace Engineering curriculum and the introidacto
Aerospace Engineering studies at UFABC, and iteriatation to other engineering specialties, anty wot, its
connection to other non-engineering programs of BEAMore specifically, details the introductory amtivational
courses introduced in Aerospace Engineering cutmicuwhich are at Aerospace Engineering studergigodial, other
engineering specialties students, all other nonreeging students, and, at last, to anyone extéontile UFABC who
meets the requisites stated in ConsgP (2010).

3.1. Aeronautical engineering ver sus astronautical engineering

Aerospace Engineering is the engineering of flyirehicles. Roughly speaking, flight could be definesl a
tridimensional motion, not constrained to a surfdoethis simplistic definition we may list the nih of all kind of
atmospheric flying vehicles and spacecraft, inaigdanimal flights and underwater vehicles. Convgrske motion of
ships, trains and land vehicles does not matchdifigition once their motion is essentially resteal to a surface.

Flight could be divided into two categories: Atmbepc flight and space flight. At the dawn of thiestf
atmospheric powered flights, the great challengs twavercome the gravity in a controllable fashiasing engines to
produce thrust and wings to produce lift (Tewafip2). Thus a new engineering branch was born,dcakgonautical
engineering. As long as the flight takes place im® atmosphere,e., a material medium, the atmospheric flight is
intrinsically aerodynamic in nature. On the othand, space flight takes place under the influerfcgravity and, in
some cases, under the influence of a thrust. Nléslifroduced because the flight takes place imwac Thus another
new engineering branch was born, called astroregitgineering, which uses the theories of astrgnand ballistics,
and developed its terminology inspired by Keplealilo and Newton (Tewari, 2007). These two engiimgebranches
were established separately just over a century lagihis fashion they were developed over the desadistinct and
apart. Just prior the space flight has become lityrethe debuting astronautical activity starteddverlap with the
mature aeronautical activity, and they eventualgrged to each other. In this way the terminolotgesonautical” and
“astronautical” used to denote the correspondirgineering activities become unsuited to the newtyed hus, for the
engineering activity which deals with flying velasl be it atmospheric vehicles (aircraft) or spaatécles (spacecraft),
the terminologyaerospace engineering is much more suited and representative.

Aerospace Engineering may be organized into tHevihg areas: structures, aerodynamics, propulaimh flight
dynamics. These are strictly aerospace coursesewmwthey are not enough. The workforce for aezosgndustry
needs much more. A lot of courses and specialtiesnaeded to drive the aerospace industry geaurto As an
illustrative example, Table 3 lists the aerospamersges which have reached an expressive progresséarch and
development last year (AIAA, 2010). Note that muisthe topics exhibited in Tab. 3 either do notoogf to one of the
strictly aerospace areas listed above or constdéutdend of aerospace and non-aerospace coursewealhs that
aerospace industry welcomes not only aerospacene&sigi but also other engineering specialties ahér abon-
engineering professionals. For this reason, stsdesttinterested in Aerospace Engineering butésted in a probable
future career in aerospace sector can take adwawntaghoosing some of these introductory courses fAerospace
Engineering curriculum as free-choice courses.
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Table 3. The year in review 2010 of Aerospace Aogzemagazine (AIAA, 2010).

Adaptive structures
Design engineering
Materials

Communications systems
Computer systems
Digital avionics

INFORMATION
AEROSPACE | Meshing visualization and computational environreent SYSTEMS | Intelligent systems
DESIGN AND Multidisciplinary design optimization Sensor sysgem
STRUCTURES
Nondeterministic approach Software systems
Structural dynamics
Structures
Survivability Aerospace power systems
Aeroacustics Air-breathing propulsion systems integrati
Aerodynamic measurement technology Electric propnls
Applied aerodynamics Energetic components and systems
Astrodynamics Gas turbine engines
AEROSPACE | Atmospheric and space environments :Eszxéi'gs High-speedraathing propulsion
SCIENCES | Atmospheric flight mechanics Hybrid rockets
Fluid dynamics Liquid propulsion
Ground testing Nuclear and future flight propulsion
Guidance, navigation and control Propellants and combustion
Modeling and simulation Solid rockets
Plasmadynamics and lasers Terrestrial energy systems
Aerodynamic decelerators
Aircraft design
AIRCRAFT | Aircraft operations Life sciences and systems
AND Balloon systems Missile systems
ATMOSPHERIC| _ . . .
SYSTEMS Flight testing Space colonization
General aviation Space logistics
Lighter-than-air systems SPACE AND Space operations and support
V/STOL MISSILES Space resources
ENGINEERING Computer-aided enterprise solutions Space systems
AND Economics Space theaters
TECHNOLOGY | Management Space transportation
MANAGEMENT

Society and aerospace technology

Systems engineering

Weapon system effectiveness

3.2. Aeronautical branch

In a first approach to introduce the beginner tmsgace engineering, a set of courses with thd talseonautics”
were proposed and included into the Aerospace [Erging curriculum. The main objectives of theserses are to
introduce the students to aeronautics and avikinmwledge, to familiarize them with the terminolognd to present
the philosophy behind all aeronautical practice actility.

To create the introductory courses, we used asfjnas the theoretical knowledge expected by atiGp for a
private pilot certificate (ANAC, 2006). This knowlge can be roughly grouped into the following aerdital
knowledge areas:

e Technical knowledge and engines
e Theory of flight

«  Meteorology

e Flight rules and air traffic services
*  Navigation

Thus, grouping these aeronautical knowledge anetasdourses, we can provide to our students therétieal
knowledge equivalent to a private pilot. Of courfight proficiency is not covered in such an atpgnOnce acquiring
such knowledge, the students may be able to pa&ssetijuired aeronautical knowledge test of the MaticCivil
Aviation Agency. A pilot certificate is not mandagdor the aerospace engineer formation. Howevavpild be a plus
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in students’ formation, improving their skills a@adbilities in aerospace engineering practices. Heaone immediate
consequence of the introductory courses is to rtheraerospace engineering students to aeronbltiowledge by
equivalencing their aeronautical knowledge to thegpe pilot theoretical knowledge.

Among these five knowledge areas, two of them ameddent on the aircraft category. Technical kndgdeand
theory of flight of airplane differ from technickhowledge and theory of flight of helicopter. Hérés important to
stress that the objective of the aerospace engigefarmation at UFABC is not only to qualify stutte to master the
airplane technology, but also helicopter as wedludlly, aerospace engineering programs give litifgortance to such
category of flying vehicles or even ignore thenalatMoreover, UFABC is merged into the metropalitzgion of Sao
Paulo which has one of the busiest helicopteritr&if the world. Sao Paulo was the first in the lddo implement an
air traffic control service exclusively for helicaps (Bento and Camargo, 2009 and DECEA, 2010).tblohention
that having a helicopter background would bendi& graduate to enter into the regional workforcae Do future
exploration of the pre salt layer, a huge increasthe use of helicopter is expected, hence, thesl redf helicopter
experts. Therefore, the technical knowledge andrthef flight, which depend on the aircraft categaowvere grouped
together to form the courses “Aeronautics I”. $wré is “Aeronautics I-A” (Anderson Jr, 2005, FAZQ03, Menezes
Jr, 2004, Talay, 1975 and Welch, 1995), which death technical knowledge (Homa, 2009b, Schiavo32.@&nd
Schiavo, 1993) and theory of flight for airplané$o(na, 2009a, Saintive, 1999, Saintive, 2001 ancefilmeek and
Wittenberg, 2009), and “Aeronautics I-B”, which tewith the same areas for helicopters (SeddorNswdman, 2001,
Silva, 2000 and Wagtendonk, 2006). On the othedhé#ite remainder three knowledge areas, namelygarabgy
(Bancy, 2009, CHM, 2009, DECEA, 2009a, Grimm, 2@0@ REDEMET, 2009), flight rules and air trafficgees
(DECEA, 2009b), and navigation (Bianchini, 2008, THA, 2008, Miguens, 1996 and Roos, 2007) do noedémn
the aircraft category, so that they were groupegettzer to form the course “Aeronautics Il”. As atraeof fact, flight
rules and air traffic services have a slight depecd on the aircraft category (DECEA, 2007). Howgetleat does not
invalidate the assumption of aircraft category petedence. We can summarize the foregoing explanaso

e Aeronautics I-A (Airplanes)
0 Technical knowledge of airplanes.
o0 Airplanes theory of flight.

e Aeronautics I-B (Helicopters)
0 Technical knowledge of helicopter.
0 Helicopter theory of flight.

e Aeronautics Il
0 Meteorology
o Flight rules and air traffic services
o0 Navigation

The courses “Aeronautics I” have their syllabusatefent on the aircraft category, and “Aeronautitshas its
syllabus not dependent on the aircraft category.

3.3. Astronautical branch

The beginners are introduced to the astronauticahdih of Aerospace Engineering through the “Intotidun to
Astronautics”. In this course, the main conceplstegl to the science and technology of the spégiet fhre presented in
an introductory way. The course also discusses newmcepts, fundamentals, applications and trendspiace
engineering and technology in the world and esfigdia Brazil. In order to meet these objectivelse tcourse was
structured into the following subjects:

Why space? Here, the student gets in contact Wéltptesence and importance of space applications
and activities in the contemporary world. A glimpsehe future is also addressed in this part efdburse.

*  Elements and architecture of a space mission.

*  History of space navigation and exploration. Thei@mt astronomy, the modern astronomy, the dawn
of the rocket era, space race, 1970s, 1980s, 14898 ture of space exploration.

» The space environment: The cosmic perspectivesplaee environment and the spacecraft, space
flight physiology.

e Space vehicles: past, present and future.

e Spacecraft orbit and attitude: Basic concepts astems used to determine and control attitude and
orbit of spacecratft.

e  Commercial frontiers, policy and laws for space.

»  National Program of Space Activities.
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This course is of capital importance for the introibn of the students into Aerospace Engineemgigng them a
broad perspective of the activities in the spactosgand preparing them to the specific coursethénastronautical
branch. Furthermore, this course exerts a stropgan students in general. For instance, Phgsients interested
in areas as astrophysics, cosmology and cosmi¢ aagsBiology students interested in astrobiolognely will choose
“Introduction to Astronautics” to compose the sétfree-choice courses. The main line of thought tihd@ves this
course follows the one suggested in the referemetlerSet al. (2005). The astronautics historical review is amtdd
also according to Spitzmiller (2007). Many insamsand complements related to the space actidtesarried out in
Brazil are done. Special attention is paid to thazBian activities and needs, in terms of whatstablished in the ten-
year National Plan of Space Activities (AEB, 2005).

3.4. Trendsfor the near future

The set of introductory aerospace courses coverbdkic aspects and fundamentals of aeronauticastrahautics.
These courses, however, focus on airplane andopédic Our proposal is to expand the range to delother
categories of flying vehicles, such as airshipssités and rockets.

Airships had their golden age and decline. Afteirdaarregnum of over half a century, airship rebrexpected.
This category of flying vehicle will play a specifrole in cases where it performs better than ottersportation
systems. For example, airships are potential relialternative to surface transportation of loalaghry, 2005).
Airships may be used as a platform for unmannedlaeehicles (Paivat al., 2006). They differ from other flying
vehicles due to outstanding features such as ladgrance, long range and heavy-lift capability, downvironmental
impact (emissions and noise), lower operationalss@fc. As far as we know, this topic has not beqglicitly covered
in Aerospace Engineering curricula. On the otherdha attracts the interest of our students (@ar2010 and Kume,
2010). The creation of an introductory course cioneairships (Khoury and Gillett, 1999) would matie students to
engage in the revival of this category of aircr&. that, in the near future, Aerospace Enginedis ackground in
Airships will be available. It would eventually lieoe a start point to the creation of higher levalrses in airship
engineering and technologgesides, from the point of view of our universittyis mandatory to offer to our students a
certain number of research choices and professipossibilities. The airship cargo potentialitiesndaad to new
careers in a few years from now

Rockets and missiles form another class of flyiefigles which deserves the interest of the aerespatustry,
especially space and defense industries. Theselgslire capable of accessing the upper layerecétiimosphere and
space. Scientific and technological mission to epadether in suborbital, orbital or interplanetélrght, depends on
these categories of vehicles. AEB (2005) is a dasunissued by Brazilian Space Agency which sumrearihe
strategic importance of mastering space technoldobgrefore, the creation of this introductory ceucsvering rockets
and missiles (Batet al., 1971, Taylor, 2009 and Turner, 2006) is undoultedl paramount importance to motivate
and prepare students to attend higher level coursdlsis subject. A first introduction to the rod¢kehistory, their
crucial role in accessing space, and the futurexdauvehicles, are the subjects of the course “thiction to
Astronautics”.

Thus, the next courses to be created in the naarefare:

e Aeronautics I-C (Rocket and Missiles)
0 Technical knowledge and propulsion systems of rtscikad missiles.
0 Rocket vehicles theory of flight, trajectory andssion planning.
e Aeronautics I-D (Airships)
0 Technical knowledge of airships.
o0 Airships theory of flight.

Today, the set of introductory courses of Aerosgaegineering course of UFABC covers the traditicaspects of
Aeronautics and Astronautics. In the near futurwiit cover a wide range of the spectrum of flyimghicles,i.e.,
airplanes, helicopters, rocket vehicles and aisship

4. CAREER IN AEROSPACE: PERSPECTIVE TO THE FUTURE

As mentioned before, aerospace industry workforeeds not only aerospace engineers, but a wide rahge
professionals. In order to address what the futeserves to students regarding employment opptiganlet’s have a
close look at the different industry sectors arettpes of jobs available to aerospace professional

Table 4 shows the different aerospace industryosecHowever, the job opportunities for AerospacgiBeers are
not restricted to the industry sectors listed ia frab. 4. They may work in any other activity seatdich utilizes
Aerospace Engineering knowledge.
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Table 4. Aerospace industry sectors.

Airplanes
AEROSPACE Airships Air Force
VEHICLE Helicopters Army
MANUFACTURING | Rocket and Missiles GOVERNMENT | Navy
Spacecratft ANAC
Unmanned Aerial Vehicles Public Security Secretariats
Avionic/Electronic Components and Subsystems DCTA
AEROSPACE Electro/Mechanical Systems INPE
SYSTEM Flight Controls and Instrumentation Consulting
MANUFACTURING | Hydraulic/Pneumatic Systems SERVICES Research and Development
Power and Propulsion Systems Education
Other Parts/Components and Subsystems Science
Airlines Computer
AIR Air Cargo Engineering/Manufacturing Equipment
TRANSPORTATTION | Executive and General Aviation SUPPLIERS Materials
Offshore Helicopter Operation Software
Specialized Air Service

AIAA (2002) describes the types of jobs availabde fwo categories of aerospace professionals: Eeginand
Scientists. According to this publication, withihet aerospace industry, engineers may play one oe b the
following roles: Analytical, design, field servicepanufacturing, materials and process, softwarstesys, and test
engineer. Scientists deal with new products andcgeses, work for commercial business, research @oieg
government institutes and universities.

5. CONCLUSION

In this paper we presented the approach used aBOF# introduce students to Aerospace Engineering
important to stress that UFABC is still a univeysit implantation,.e., campi structures, facilities and laboratories ar
still under construction and are not fully operatibyet. Its faculty, technical and administratstaff are not still
complete, and the courses are still being shaped.

These courses introduce the students to aeronaumitastronautics science and technology, andvidewvariety of
flying vehicles. UFABC Aerospace Engineering studewill have a suitable fundamental formation inttbo
aeronautical and astronautical branches of Aer@spagineering.

The particularities of the UFABC concept permitd&nts not to choose their post BCT courses at dncguch a
fashion, students may choose the courses in eaobster according to their career wish which magngje along their
stay at university. These introductory courses melp them to decide to carry on in Aerospace Ermging, or to
change their mind to another career option. Thgilflity of UFABC pedagogical project permits studs not
interested in Aerospace Engineering but intereistesh aerospace career to acquire a suitable aaesamiliarization
and background which would be valuable in the fittinus improving their insertion into aerospaadae
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