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Abstract: Aircraft design is a complex multi-disciplinary task and teaching can easily tend to be
too theoretical, not providing the students the tools they need to successfully participate in
industrial projects. The approach chosen at Linkdping University is intended to create the
right balance between theory and practice, and to place the student in the centre of the problem,
in order to achieve an overall perspective of the aircraft design process. This article presents in
brief layout of the courses, and in more detail, the aircraft design project course given in the last
year of the aeronautical masters program, where flying hardware is designed and build, in

response to a design challenge.
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1 INTRODUCTION

Aircraft design at LiTH is a comparatively young
education; it started in full-scale in 1997. The initiat-
ive came from SAAB and LiTH with Saab, with SAAB
personnel giving a helping hand from the very start
in building up education as well as in creating a
positive research environment in aircraft design.
Aircraft design is a part in mechanical design and
runs over the 3rd and 4th year. In the 4th year, edu-
cation is centred on an aircraft project. The main goal
of the project is to provide means for practical appli-
cation of theoretical aeronautical knowledge being
gathered over the years. The aircraft projects centre
on designing, building, and flying aircraft models of
different sizes and for different applications. The stu-
dents work together covering the whole process of
‘real’ aircraft design, i.e. conceptual design, detail
design, analyses, manufacturing, and flight tests.

2 EDUCATION CHALLENGES

Over the years, there has been a dramatic reduction
in ongoing aircraft projects.

Today’s aircraft design engineers are lucky if they
are involved in one or two complete projects during
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their entire careers. This is in sharp contrast to the
golden age, when an engineer was likely to be part
of several projects during his career (Table 1).

This situation creates an issue regarding the edu-
cation of aircraft design engineers. When they start
their professional life they will be integrated into an
ongoing project and may be involved in that process
for a long time before anything new appears. The
teaching approach as proposed by Link6épings Uni-
versity is to allow future aircraft design engineers to
participate in a complete aircraft project, from
requirements to flight testing as a preparation for
their very first steps in industry.

The other main challenge in aircraft design
education is changing demands from the industry
regarding the type of knowledge the yet to be
engineers should be educated for. Almost all the
educational systems, in aeronautical engineering,
are focused to develop the analytical skills of students
and to a lesser degree develop the synthesis capability
or the innovative perspective need for design. Recent
changes in educational perspective such as the CDIO
(Conceive, Design, Implement, Operate) initiative [1],
initiated by the Aerospace Institute at MIT and tree
Swedish university, Linkoping’s university being
one among them, try to apply a more synthetic view
on engineering education, by introducing some
portion of practical work into the regular courses.
This approach is adopted in a larger scale for the
aircraft design education at Link6éping’s University,
and was even adopted before the creation of the
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Table 1 Design careers length versus military aircraft designs by decade (adapted from Scott [7])

Time span Aircraft projects

1950-1980 XP-5Y, A-2D, XC-120, F-4D, F-3H, B-52, A-3D, X-3, S-2F, X-2, F-10F, F-2Y, F-100, B-57, F-102, R-3Y1, A-4D, B-66, F-11F,
C-130, F-101, T-37, XFY, F-8U, F-6M, U-2, XY-3, F-105, X-13, C-133, F-107, B-58, F-106, F-5D, X-14, C-140, T-2, F-4, A-5,
T-39, T-38, AQ-1, X-15F, F-5A, X-1B

1960-1990 A-6, SR-71, SC-4A, X-21, X-19, C-141, XB-70, XC-142, F-111, A-7, OV-10, X-22, X-26B, X-5, X-24

1970-2000 F-14, S-8, YA-9, A-10, F-15, F-18, YF-17, B-1B, YC-15, YC-14, AV-88, F/A-18

1980-2010 F-117, F-20, X-29, T-46, T-45, B-2, V-22

1990-2020 YF-22, YF-23, JSF, C-17

2000-2030 UCAYV, B3, ?

CDIO initiative. In the same spirit Young [2] argued in
favour of design project in engineers’ education.

Nowadays, it is more important to work together
in teams and the new engineer needs to be able to
perform as an individual in that team. Being able to
present results and ideas in a selling manner is also
becoming increasingly important. Another import-
ant aspect is to be able to convert his/her own
ideas into something practical and useful. This is
something which Universities seldom care very
much about, but which is no doubt important,
i.e. to bridge the gap between a previously mostly
theoretical life, into a more practical one in
industry. One of the most important issues for an
engineer is to be able to gain a holistic viewpoint
from the very start in working life, with regard to
the product, or project the engineer is involved in.
Possessing this holistic view makes life easier for
everyone and saves time as well as money in the
long run for industry. One way of preparing for that
insight is to carry out projects like the aircraft
design project in Linkdping. This directly corre-
sponds to the type of engineer McMaster [3-6]
forecasts for the future of aircraft design, as
described in the series of article “The demise of
aerospace- we doubt it’.

3 EDUCATION PLAN

The aircraft design curriculum covers the two last
years of the Mechanical Engineering Master pro-
gram, illustrated in Fig. 1, note that only the courses
explicitly related to aeronautics are showed. In the
second semester of the last year, the students work
on a project. The aim of the project is to design and

| Third year ” Fourth year
Aircraft Design ” Aerodynamics | Flight Mechanics Aircraft Structure
Introduction Course P And Systems
Aircraft Conceptual
Design Aircraft project

Course

Fig. 1 Process flow during the project

produce a flying object of some sort that have to be
flown, thereby combining theory with hands-on
practical work. The project finishes up with evalu-
ation by means of test flying and comparison with
the calculated performances. Compared to other
similar approach around the world, Link6ping’s
University tries to adopt a unique approach, contrary
to other university where manufacturing of the pro-
jects is realized only in some cases, all projects
have to be build and flown. The other differences
compared to some UK-based universities, for
example the approach proposed by Cranfield
University [8], is that the conceptual design is
entirely done by the student, out from a requirement
list, and that all manufacturing must be done in-
house at the university by the students. A large part
of the project is dedicated to conceptual design in
order to stimulate the creative and multi-disciplinary
thinking. The lectures can only advice the student,
and try to keep an open mind to every proposed sol-
ution as long as the student proves that he or she has
fully analysed the proposed concept. Doing an air-
craft design and then building and testing it, means
that the student has to focus on realistic designs
that can be produced in the limited time with limited
resources. Furthermore, the experience that also the
details can be difficult, and needs to be solved is also
enlightening.

Since time (and student skill) is limited, only
model sized aircraft are considered. This constraint
is in reality no set back, since model aircraft design
involves many steps in real aircraft design. The
emergences of many small-scale UAVs and growing
interest in subscale flight testing legitimates the
fact to design build and test fly smaller scale aircraft
in the same manner as performed in industry. In
order to represent a real project and not only build
a simple RC model the different project proposed
each years is technically challenging and are trying
to explore new concept types, and not just repro-
duced a miniature version of an existing aircraft.

The project courses allow the student to inte-
grate and use all theoretical knowledge acquired in
earlier courses. This integration reduces the gap
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between theory and practical product development
for real life.

4 STUDENT PROJECT

The project course covers one full semester and rep-
resents half time work for that semester. The number
of students varies from year to year. Generally there
are about 12-14 students involved in the project.
Very often there are participants of four or five differ-
ent nationalities. This more or less mirrors the
national mix in today’s European aircraft industry.

4.1 Project structures

The main goal of the project course is to allow the
students to integrate their previous knowledge,
and search for any other need, in order to complete
a given task. The education method can be related
to project-based learning (PBL) in reference [9],
a pedagogical theory where the students need to
solve a problem by their own and the project super-
visor (the lecturer) guides the student towards the
project by indicating where the needed information
can be found. Typical literature used in the
course is Raymer [10], Pamadi [11], Roskam [12],
Stevens [13], Torenbeek [14], and the AIAA and
NASA paper data base.

The project structure is very compact since the
course covers everything from conceptual design to
flight test; the process is illustrated in Fig. 2.

In order to fulfil the requirements the student must
come up with a time plan, and they are in charge
of the advancement and on respecting of the time
line. The supervisors are acting as the customer
and the owner of the project. Time planning and
advancement of the project are presented by the
students in a weekly meeting.

As the project covers the entire design process
from concept to flight testing the students are
divided into different groups during the different
phases of the project. Typically, during conceptual

Conceptual Design

’ Preliminary Design
|

& S

.is;&

Manufacturing

Detail Design Test Flight

Fig. 2 Process flow during the project

design different small groups, up to four students,
compete for the best concept proposal. At the
end of the conceptual design study, all groups
should come with a proposal based on the concept
generated in each group. The final decision is up to
the project supervisor. When the project moves
onto preliminary and detail design a more conven-
tional group formation is adopted: the groups are
in charge of one discipline such as aerodynamics,
structure, flight mechanics, configuration manage-
ment, etc. During the manufacturing, the roles are
divided into parts to be manufactured.

4.2 Tools used

Since the time schedule for the entire project is so
short, there is no time for the use of advanced com-
putational tools such as: CFD or FEM. The students
use rather conventional and efficient tools such as
lifting line theory for the aerodynamics and
advanced CAD software for the design and modelling
of the aircraft. In order to collect all the obtained data
from the different calculation methods, the students
use an in-house developed sizing program.
An exhaustive list of tools is presented here.

1. The aerodynamic calculation are performed with
vortex lattice program, Tornado [15].

2. The three-dimensional modelling, inertia, and
weight estimation are realized in CATIA V5.

3. The flight simulation are realized with an open
source software, Flight Gear [16].

4. Flight mechanics are computed in a Matlab code.

5. All sizing and preliminary calculations, as well as
performances are realized with an in-house devel-
oped Excel-based sizing program.

5 PROJECT EXAMPLES

In 1999, R/C controlled ‘Sunrazor’, (Fig. 3) which was
built in the sole purpose to test, if it would be poss-
ible to design, build, and fly a sun powered aircraft
of an in-house design. The model had an electrically
powered motor, which ran solely on sun power. The
model was able to fly on 15W of sun power only,
which means flying was possible on partly cloudy
days as well. To minimize structural weight the
flying wing concept was chosen. The aircraft was
built using mainly balsa for the main structural
items and plastic for covering. It was designed for
an all up weight of 1.5 kg, but came out lighter at
1.1 kg when actually built. The mid-part of the wing
was covered with 256 very brittle silicon solar cells,
which were soldered together manually (very time
consuming) in series and in parallel, to provide the
needed voltage and current to the motor. The
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Fig. 3 Sunrazor a sun power flying wing

motor was designed to run on 30 W maximum,
which put the limit to the number of solar cells
needed, although the model was designed to fly on
50 per cent power (15 W) to ensure flying would be
possible on a partly clouded day, i.e. a typical rel-
evant Swedish weather condition. The aircraft was
controlled by means of a pair of ailerons, i.e. a com-
bined aileron and elevator function, mixed in the
ratio. The aircraft had no landing gear. It was hand
launched and landed on its belly. A foldable propeller
ensured structural integrity. During initial flight tests
the aircraft performed extremely well, climbing away
at quite steep angles. Unfortunately, the aircraft was
later lost beyond repair due to a flutter incidence,
which broke the wing in half. Presumably, a much
too low structural stiffness finally paid its price.
Local Hawk was built in 2000 and illustrated in
Fig. 4. It was dedicated to flight testing and therefore
needed to be quite conventional and simple in its
layout. The difference between an ordinary model
plane and the local Hawk was essentially the
number of control surfaces (the same as on an

ordinary aircraft) and the ability to be able to carry
flight test equipment and a number of built-in sen-
sors. The Local hawk presented a wingspan of 3 m
and a maximum take of weight of 4.5 kg, including
1.5 kg of instrumentation. Flight test data were fed
into a data logger during flight. After landing the
information was unloaded into a laptop for further
analysis.

The Lucas project of year 2001 (Fig. 4) was built
with the same purpose as for the previous local
Hawk, i.e. flight testing. The difference was its more
advanced layout due to the built-in Stealth appear-
ance in the former and thus less predictable handling
qualities. The aircraft could carry flight test equip-
ment and sensors on board. To enhance the Stealth
and jet-like appearance the motor was an electric
driven fan, hidden in the fuselage. Lucas was R/C
controlled and had a motor producing 1200 W.
Engine installation and stability issues were the
main difficulties encountered during the project.
The engine installation complexity was dependant
on the stealth requirements and the fact that it was
hidden into the body without a direct line-of-sight
from the front. The stability issues were due to the
shined forebody and the difficulties to determine
the forebody influences and characteristics. In
order to improve the lateral behaviour thrust vector-
ing was implemented in one dimension.

In 2002, something very different was the scope of
the project. It was the design of an ornithopter, bap-
tized ‘The Crow’ (Fig. 5). The ornithopter was electri-
cally powered with a motor rated at 7W, which
worked through a gear box to give the 4 Hz flapping
frequency required for flight. The model was R/C
controlled, weighed 95 g and could carry a small
video camera onboard. The ornithopter was built
with an exchangeable wing, so that different wing
configuration could easily be tested. The ornithopter
was built using balsa and carbon fibres. Covering of
the wing was made of a very light plastic film. One

Fig. 4 Student project (a) Local Hawk, (b) LUCAS
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Fig. 5 Flapping wing project (a) The Crow, (b) Woodpecker

of the main challenges, at that time, was to find suit-
able batteries and components for the mechanism
and the control. The resulting airplane is one of
the first small scaled flapping wing with a useable
payload ever produced.

Inspired by the previous ornithopter project, the
project of 2003 also became an ornithopter, which
built on the previous experience and the possibility
to make the machine even lighter and smaller
by using lighter and more effective batteries. The
Woodpecker (Fig. 5) thus was born, and was in fact
a scaled down version of the Crow. The motor
delivered 3 W, which made the machine flyable at
an all up weight of 46 g. The Woodpecker was R/C
controlled and was able to carry a video camera
onboard. By reducing the size from the previous
flapping wing concept the student had to deal
with weight issues and low Reynolds number
aerodynamics.

In 2004 the students worked on a so-called ‘back-
packer’ design, one named ‘Black square’ and the
other one ‘Pink widow’, illustrated in Fig. 6. The
‘backpacker’ concept represents an R/C controlled
electrically powered aircraft, used for over the hill
reconnaissance. Since it was supposed to be used
in a difficult and harsh environment, it had to be
easy to control, easy to pack, easy to handle, more

or less unbreakable, and not too sensitive to gust.
The payload was a video camera for laptop flight
plus a GPS for position control. The aircraft had to
be easy to pack by design and was also required
to be housed within the measurement of an ordinary
laptop case, 300 x 400 x 60 mm. Two teams worked
on the same specification and came out with slightly
different solutions. Both were flying wing concepts,
due to the package and handling requirements. The
Black square concept shown in Fig. 6 had a simple
and smart solution to the package problem and
proved almost unbreakable due to the material
chosen. The wing although slightly denser was
made in EPP, extruded polypropylene, offering the
same advantage as classical foam material but
with extra strength. This material is a shock absor-
bant and resilient; a person would be able to jump
on it without breaking. This project presented inter-
esting issues regarding low Reynolds number, stab-
ility, and control of small UAV and piloting by
using only the pictures produced by the on-board
camera.

In 2005, the project course and design moves back
to something bigger than the last years. The full pro-
ject is presented here in more detail to illustrate the
complexity of the project course, and how it covers
several aspects of aircraft design.

o o

Fig. 6 Mini UAV project (a) Black square, (b) Pink widow
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5.1 2005 Project description

The goal with this project is to develop, build, and
flight test a demonstrator for an unmanned rescue/
reconnaissance aircraft adapted for civil as well as
for military use. The aircraft (from now on called
the mothership) should be able to fly in the shortest
possible time to the coordinates of observation, loiter
to find the target and release, two smaller babies/
micro aerial vehicles ((MAVs) carried internally or
partly submerged) equipped with real time video
capabilities to provide a better view of the target.
The development and manufacturing of those
MAVs is also included in the project. Each MAV
must be able to carry a payload of 11 g (a camera
and video link). In excess of the two MAVs, the
mothership must be able to carry an extra internal
payload of 400 g, besides internal provisions for a
camera. In order to allow for easy transportation, the
whole package (mothership as well as carried babies)
must be easy to handle, should not break too easily
and must be easy to mount as well as dismount.

The overall performance should allow dash speed
in excess of 90 km/h at 70 per cent throttle.

The aircraft must also have a good performance at
low speed to allow for a long loiter time when search-
ing the desired area/target. In order to meet possible
military requirements, aspect such as a reduced
radar cross section might need to be included.
Trade studies showing penalties due to ‘Stealth
design’ must be presented. In order to meet high as
well as low speed requirements, aspect such as a
‘morphing wing’ studies should be included, but
need not be implemented. The project requirements
are described below.

The mothership should have the following basic
characteristics:

(a) radio controlled;

(b) propulsion based on Wemotec HW750 fan and
plattenberg HP 370/30/A2S engine;

(c) designed to minimum weight;

(d) to be housed within a transport volume of:

1 x 1.7 x 0.8 m;

(e) endurance: 15 min at 50 per cent throttle;
(f) stall speed as low as possible;

(g) minimum rate of climb 3 m/s;

(h) payload:

(i) two small MAVs of max 200 g/each to be
carry internally/partly submerged in the
fuselage/wing;

(ii) 400 g extra payload in excess of the above.

Each MAV shall have the following basic
characteristics.

(a) radio controlled;
(b) payload of 11 g (a camera).

5.2 Time line

The project runs under the entire spring semester,
from mid-January to beginning of June. The student
where given the following deadlines to respect.

1. January 19th: start of the project.

2. January 21st: presentation of time plan.

3. 11th February: presentation of conceptual design
studies and proposal for the concept to proceed
to detail design.

4. 25th February: individual interview (10 min/pers).

11th March: complete drawing set for mould

manufacturing.

13th May: first flight.

20th May: individual interview (10 min/pers).

26th May: preliminary report.

10th June: final report.

o

© N

From these deadlines, the student had to come up
with plan for the entire project. The planning was
weekly reviewed and adjusted if needed.

5.3 Concept generation

In this stage the students were divided into four
groups, all working on conceptual design, some of
them are illustrated in Fig. 7.

The project supervisors saw that none of the
concepts proposed by the students was feasible.
They were given an extra week to come up with a
new proposal based on request from the project
supervisor. The final proposal is illustrated in Fig. 8.

Fig. 7 Concept for the 2005 project

Fig. 8 Final concept accepted by the supervisor
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Fig. 10 [lustration of the manufacturing process

5.4 Preliminary and detail design

In this stage of the project, the students were divided
into different areas, such as, aerodynamics, struc-
tures, flight mechanics, etc.

During this stage, an intensive work is realised, and
the students learns to work as a team, since several
disciplines are linked and dependent on each other,
the students are forced to interact and to understand
what the others are working with, and each week
they have to present what they are working on to
each other.

Figure 9 illustrates the detail design work realised
in CATIA V5. The model is parametric such that
changes will automatically propagate through the
design. The mothership was manufactured in
composite. Full documentation and CAD model
were needed to send to a mould manufacture. At
that point the external layout was frozen and internal
structure and system installation entered in its final
design phase. The students decided to build a
simple structure mock-up prior to the manufactu-
ring of the final structure. This was performed in
order to assure that no last minute change will be
necessary.

Manufacturing is illustrated in Fig. 10. The skin of
the aircraft is build in composite. It consists of a
sandwich structure, and the curing is realised
with bagging and vacuum, with manufacturing
techniques fairly close to those ones used in the
industries.

By obliging the students to manufacture the air-
craft, they realize that drawing an entire structure is
time consuming but not so hard, and producing a
nice CAD drawing, where everything fits perfectly,
is not an easy task. This experience is considered to
be very valuable.

The final aircraft is illustrated in Fig. 11. The air-
craft performed several flights. Preliminary flight
tests partly confirmed the results calculated by the
students.

Fig. 11 Final aircraft performing a test flight with bay
doors open and dropping of a micro air vehicle
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6 CONCLUSION

Many different teaching models exist in aircraft
design education. The one used at Linképing Uni-
versity is a mix of theoretical teaching and
‘hands-on’ approach. This allows the future engin-
eers to understand the complexity of aircraft
design, by setting themselves in the centre of a pro-
ject. The students are given the opportunity to work
on an entire aircraft project and see the results of
their effort flying at the end of an intensive work-
load. This approach gives the student a broad
knowledge of aircraft design, as well as a deeper
knowledge in a particular field depending on the
area they have been working in the preliminary
and detail design phases. Finally, the experience
of having successfully participating in a challenging
project, build confidence in the student they make
good use of as engineers.

REFERENCES

1 The CDIO™ Initiative. Available from http://www.
cdio.org.

2 Young, T. M. Aircraft design education at universities:
benefits and difficulties. Aircraft Des., 2000, 3, 207-215.

3 McMaster, J. H. and Cummings, R. M. From farther,
faster, higher to leaner, meaner, greener — future direc-
tions in airplane design in the new century. AIAA
2003-0553, Reno, Nevada, USA, January 2003.

4 McMaster, J. H. and Cummings, R. M. Airplane design-
past, present and future. AIAA 2001-0535, Reno,
Nevada, USA, January 2001.

5 McMaster, J. H. and Cummings, R. M. The demise of
aerospace — we doubt it. Flight J., July/August 2001,
97-98.

6 McMaster, J. H. and Cummings, R. M. Airplane design as
a social activity: emerging trends in the aerospace indus-
try. AIAA 2002-0516, Reno, Nevada, USA, January 2002.

7 Scott, W. B. Industry’s loss expertise spurs counterat-
tack, aerospace in crisis. Aviation Week and Space Tech-
nology, 13 March 2000, pp. 60—61.

8 Stocking, P. The teaching of aerospace vehicle design at
Cranfield University. EWADE 2005, Toulouse, France.

9 Duch, B. J., Groh, S. E., and Allen, D. E. (Eds) The
power of problem-based learning: a practical “how to”
for teaching undergraduate courses in any discipline,
2001 (Stylus Publications).

10 Raymer, D. P. Aircraft design: a conceptual approach,
2nd edition, 1992 (AIAA Education Series).

11 Pamadi, B. N. Performance, stability, and control of air-
planes, 1st edition, 1998 (AIAA, Education Series).

12 Roskam, J. Airplane design, Part I through VIII, 1990
(Roskam Aviation and Engineering Corporation,
Kansas).

13 Stevens, B. L. and Lewis, F. L. Aircraft control and
simulation, 1992 (John Wiley & Sons, Inc.).

14 Torenbeek, E. Synthesis of subsonic airplane design,
1982 (Kluwer Academic Publishers).

15 Tornado - a vortex lattice method implementation,
available from http://www.flyg.kth.se/divisions/aero/
software/tornado/index.html.

16 Flightgear, available from http://www.flightgear.org/.

Proc. IMechE Vol. 221 Part G: J. Aerospace Engineering

JAERO131 © IMechE 2007



