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Abstract

Main goal of this project was to make calculations and respective designs to create an electric
airplane prototype, capable of powering its flight either entirely or partially usotey s
energy. This project intended to stimulate research on renewable energy sources for aviation.
In future solar powered airplanes could be used for different types of aerial monitoring and
unmanned flights.

- 2010

First, research was done to investigate props and requirements of the plane. Then,

through a number of sequential stegmsd with consideration o$ubstantial formulas, the

air cr af wa8 propasedshis gneluded a study on materials, equipment and feasibility.

Finding a balance between ssa power,force, strength and costs peml/to be particularly

difficult. Eventually predictions showed a 50% profit du¢h® installation of solar cells. The
aircraftds mass had to beebé@O0Oaigmadnst a@atbe¢ has m

After creating alist of materials and stipulaiy a series of successive tests, construction itself
started.Above allme et i ng t he ai r cr a fconstactingamegcalduslyma s s ,
balancedaircraft appearedo be most difficult. Weight needed to be saved on nearly any
element. We replaced the battery, rearranged solar cells and adjusted controls. Though
setbacks occurred frequéntwe eventually met our goalgith the aircraft ompletedwhilst

weighing in a487 grams.

Testingc o mmenced with verifying the wingsdé actu
In addition, further testing on drag and propulsion was gratifying as well. Finally, the aircraft

truly took to the skies, but sadly crashed due &wdl in steering. Testing on solar cells
however, was disappointing. Insteadtlo¢ expected 50 %, we only managed to achieve 10 %

profit. In addition, one can pose the question if leaving out the solar cells entirely would have
meant saving such considelabveight, that there would have been more peftér all Final

costs of the project were 0515.
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Ultimately we can conclude purely solpoweredflight is impossible, at least with the
materials available and taking Dutch climate into accoknotther developments in solar
technology might create possibilities feolar planes in future. For now, in order to install
solar cells, too many aspects of the plane are sacrificed to save weighforTaiample
resulted in a frame far too fragile.

Still, it should benoted that the plane wemanufactured was prototypeonly. Many
adjustments can be madeuring the project we have seen that there is quite some room for
improvement. That is obviouas this wa the very first airplane we ever build. We gathered
enormous amounts of knowledge and we hope that in ftitis&nowledgewill be usedto
continue working on solar powered planéar if development continues, solar powered
aircraftmight truly be used in future. Bear in mind: Future starts now.

Research Project & Solar Challenger




Introduction

As we both enjoy aviation and are consideringuals involving the aircraft industry, it had

soon become clear we wanted to do our research project about a topic related to flying.
Though aviation is a complex part of technology, we thought our expertise on physics and our
passion for flying wouldguide us through this project. Our first concern was finding a topic
both interesting, challenging and futyweoof. Due to current turbulence in aviation we
decided orthe following:

- 2010

The desire to fly is nearly as old as humanity itself. Ever since we waliee@arth we

longedto get airborne, just like the birds above us did. In 17&3dileam became realty

fiHistorians credit France's Montgolfier brothers with the first pioneering balloonéflight
Aviationds next revol ut dwibu Waght tooknoff With théir, wher
6 F | yand flelv 86metres with their plané. Flyer 1 was pwered by a petrol engine, just

like later aircraft. Nowadays, aviatioaccounts for threepercem of all CO,-emissions

produced by mankirfd

This dome sucky but moeeeimportant is that profit of commercial aviation strongly
relies on the oil price. Due to high pricesf crude oil lately profits of commercial aigtion

have been diminished amdiation industry is now looking for alternatienergy sowesto
propel moderyday aircraft. Options that are being considered are bio fuels, hydrogen and
ethanol. An option which is rarely considered is solar energy, an option we edtu
investigate.

o
e
5]

X
S
2
©

I
f -
)
@
)

i

o3
c
=
)
Q

—
S
>
=

=

o)
%)
c

§e)

3]
S

=)
o
S

o

|_
()

2

o)

*http://adventure.howstuffworks .com/firlight-attempt.htm

’Robert Lamb, 2008

3http://www.wrightbrothers.org/History/Just%20the%20Facts/1903fly.htm

*http://www.rotterdam
airport.nl/nl/generalmenu/Over_Rotterdam_Airport/In_de_samenleving/Feiten_en_ciffers
5http://images.angelpub.com/2009/03/1;61]Bpricechart 1-12-09.png

6http://www. faa.gov/news/conferences_events/aviation_ forecast_2007/agenda_presentation/media/9
%20Rich%20Alt man.pdf
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Phases

In order to minimize chances of failure, we set up the following scheme. It divides up the

project in five different phases, all having their own planning, goals and requirements:

Phase Elements Goal
Introduction hasg Determine main goatesearch Provide a starting point for our
guestions, requiremengslanning. | project

Design phase

Research, orientation, plans,
calculations, proposals.

Set up a design proposal,
construction proposal and test
proposal.

Constuction phag

Description of construction itself
what succeededvhat went wrong
and in which way did we alter oy
designs and plans.

Give an accurate description of
progress of our project.

Test phase

Observations and experiences
during testing ancest results.

Provide an accurate description
occurrences during testing.

Conclusion phassq

Interpretation of test results,
conclusion, evaluation,
recommendations for future

projects.

Describe what can be learned frq
this project, why it succeeded or
not and how this project can be
used later.




Main goal purposeand expectations

The main goal of this projeds to make calculations and respective designs to ceeate
electric airplane prototypecapable ofpowering itsflight either entirely orpartially using
solar energy.This project intends to stimulate research m@mewable energy sources for
aviation.Hopefully this will result inthe environmeniho longersufferingdue toemissionsof
burning oil products. In futuresolar poweredairplane could be used fodifferent types of
aerial monitorig and unmanned flights. Due to théght weight silent engins and infinite
flying time, theymight also be used as spy plameinhospitable areas.

- 2010

By doing broad research and making appropratieulations we hope to design an aircraft
which is actually able to fly. Our first concern is composing the right electrical system to be
used in our aircraft. Selecting suitable equipment and making useful draavidgschemes

will provide us with the bsis for our project. Extensive testing will show how effective our
system functions in different circumstances. Once completed, our circuit will be combined
withthea i r c ramdé. t 6 s

If we manageto correctly set up our calcuilahs, the aircraft shoulde able to fly. In case

tesing shows the aircraft is not able to take off, we will first investigate how we can improve

the planeds properties. Though, when not hi ng
our main goal and try to create a contriokg energy efficient vehicle using all equipment we

gathered so far. This will only be done in case all goes wrong.

This project runs over an extensive period of time, which will provide us with sufficient
opportunities to do research and cesdgsignsWe will make a strict planning and a precise
proposal to make sure our project will run smoothly. Assuming we will be able to make
accurate calculations, our expectations are that we will actually produce an aircraft capable of
flying on solar powerEventhough we try to plaand predict everything as well as possible,
setbacks might occur. To prevent failure, we shall make sure there is enough room for
unexpected events.
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Research questisn

From our main goal we can derive timainresearch geston involved in our project:

- 2010

Is it possible tareate an electric airplane prototype capable of using solar power to partly or
entirely power its flight?

Sub questions

In order to answer ounainquestioncompletely we needd look at several suQuesions:

Is it possible to let thei@raft fly on solar power only?

How do you make sure no precious energy is spilled when the solar panels generate very
little energy?

3. How do you deal with the e |vargngoutput in cloudy or sunny circumstances?

4. Whichextra equipment is needed to make the smdsfunction properly?

5. Which circuit is needed to make the plane remote controllable?

6. Which equipment and components are needed to control the plane?

7

8

9

N

What will be thep | a rsirepnsass, speed?
Which airfoil d you usehow big is it and how does it work?
. How much lift do you need?

10. Which engine and propeller do you need?

11. Which solarcellsgenerate most electricity with fewest masd how big are théy

12. How do you mount the solaellson the aircraft (inside ooutside, wing or body)

13. What will be the structureds design?

14. Which materials do you need to construct the plane?

15. Where do you place all electrical equipment, making sure the aircraft is balamzbd
what will the fuselage be like

16. What will be the shapég the tail and elevator and how are they controlled?

17. In which order are you going to construct the plane?

18. Which effect does the position of the salalis have on the efficiency of both the plane
and panels?

19. How much profit do the solaellsprovide?
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Requirements

Before writing adesign proposal complete sedf requirementss neededIn this way we
know which limitations there are during construction. Not only will these requirements be a
guiddine throughout our projecthey will provide uswith a starting poinas well After all,

mass power, size and costd an aircraft are all related. You need to fill in one first in order
to determine the others.

- 2010

o

S -

g Element Requirements Notes

§ Available time| At least 100 hours of which 50 are before tlf Construction will be

o summer holidays, 20 after the summer before and during summ
5 holidays. holidays

@ Available Nearly everything as long as we can afford

! materials and itdéds available

‘g not custom madePlenty of tools g available

% Number of Two Experts, teachers and

) participants other sources not

b included

G Final Between 10 and 15 metres in width in order | Length and height depen
; pr odu c t| notletitbe too small ortoo big. These onmassand balance,

F measurements can vary slightly if needed | which will be determined
= later.

o) Number of One (prototype)

2 products

é Budget No morethan0 4 00 i n das hoa |

o sponsor has been found

& Environment | Outside No rainy circumstances

— Media attentio| www.solarchallenger.tlwebsite with our

xO progresssponsorsTU Delft?
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http://www.solarchallenger.tk/

Designproposal

Whendesigning there are three things to be considered. First there imaine goal, secondly
there arehe research questisand thirdly there are the requirements. When combined, those
three elements form the basis of makingdesign proposal To start out we use the
requirements and see how we can implement them in oorgoal and research questions.

- 2010

The requirement wera currently most interested,ins t he mode Wemtendiea r af t 0 ¢
construct an iecraft with a span measuring5lmetres. In this way the aircraft will not be too

large tohandle and at the same time it will lz@ge enough to provide us with ergh room

for mounting solarcellsand other equipment without space becoming too crowdiedwill

use this veryneasurement as a basis throughout the design proposal.

Jesper Haverkamp

To design the plane in an organized was set up a plan consisting af number oftes.
These steps deal with several sub questions and will be filled in as we go:

Step 1: Designing the righbasicelectrical system (no sizes, properties, etc. included
Step 2: Research on the size of the aircraft and probable mass.

Step 3: Feedback othe engine, solar cells, battery etc.

Step 4: Final decision on mass and thus the size of the aircratft.

Step 5: Designing the final electrical system including properdied components.
Step 6: Determining where to place the solar cells.

Step 7: Designingthe wing and doing a final check on lift, mass, size, etc.

Step 8: Determining construction materials.

Step 9: Designing the aircraft itself, keeping mass, centre of gravity, etc. in mind.

Step 10: Calculating final costs
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Step 1

Before continuing withcalculations involving the size of the aircraft, well look at the
electrical system involved. After all, our plane would be useless without properly functioning
electronics.This implies we will start out with answering sub questibn2, 3, 45 and 6

1. Isit possible to let the aircraft fly on solar power only?
2. How do you make sure no precious energy is spilled when the solar panels generate very
little energy?
3. How do you deal with the cellsd6 varying ou
4. Which extra equipment is needed to make the solar cells function properly?
5. Which circuit is needed to make the plane remote controllable?
6. Which equipment and components are needed to control the plane?

Research Project & Solar Challenger

To starf we will answer questioB. A properly catrollable plane needs several pieces of
equipment.

http://www.mvccolumbia.nl/hoebeginik.htm# 07




First there are a transmitter and receiver, which are tasednd and receive signals from a
control panel. The receiver, located inside the plane, will send sigmadlements called
senvos. They an move thaudder, ailerons and elevatdesides, the receiver also controls
the engine throttle. We will come back to questém more details later, when we know
more about thenass size and power of the aircratft.

- 2010

The answer to questidhwas veryobviousonce we investigated the power consumed by an
engine.A websit¢ showing engine characteristitisted a considerable number of engines.

All of those appeaad to consumequite a lot of energyBesides the fact thatur engine needs

an enormous ama of power (which will unlikelybe generated by our solaells due to
Dutchclmat) t he engine also needs a steatdoy ener
crash due to one cloud afat that reason we will use a battery combined with stdéis

Then the answer to quesin 2: When the solar panels are not generating lots of enargy

must preent energy from flowing from battery tolar panels. Therefore we will install a

diode between the solar panels and the battery. The diode will unforjucatelume some

power, but this is the only way to get things workihgorder to keep voltage loss low as
possblewe ar e goimlgotttok yscki maded®. Thi s L0D@E-6.2 i fic
volts compared to a regular diode which contrisutehe loss of 0.71.7 volts*®,

Since we found a solution to questibnthe answer to questio® has already been given.
Using a battery will not only help us keeping the plane airborne when limited energy is being
delivered by the solar panels, butiil also make sure that whenever the output of the solar
celisdrops (for example due to a cloud passing by) the engine still recena@ugh power.

Knowing all the information we gathered so,fae can draw &ircuit basically showing the
electronicsinside the aircraftwhich answers question5 up to acertainextentSi nce we doc
know anything about powemass battery size etc. yet, waeanot able tadraw all detalils.
The following scheme just provides us with a basic idea of which element®eaded to
control theaircraft, thus giving us a starting poiot calculatingt he a i r cimfatidree 6 s mas

8http://www.rctechnics.eud-130.html
*http://www.nlplanet.com/mjuides/dutckclimate
10http://www.absoluteastronomy.com/topics/Schottky_d iode
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Step 2

Having completed the basics of our circuite can resume calculatonb@ ut t he airc
size. When combinesvith the circuit we can derive the engigesbatteryp and solar cedl 6
requirementsAs proposedi nRegliiremen8 ( p)awgedante®ed to construct airaaft

with a span measuring Sl.metres. The influence ofi e wi ngspan on t he g
measurements will be investigated next. Research questions involved are:

7. What will be thep | a rsieepnsass, speed?
8. Which airfoil do you use, how big isahd how does it wofk
9. How much lift do you need?

Thesethree research questvare related to each other as much as can be, namely lift comes
with speed athdeterminesmassand size, but it relies on the airfoil used. We will look at the
aircraftés size first.

Size
We determined thermic r af t 6 s be
about 15 metres. In order to make A = area

calculations and construction of the wing
easier we changethe span into B. metres.
The m@tio between span and chof
(illustrated* right) in average model aircraf]
is between 1:7 and 18 In our airplane this
would imply:

A
A\

S =span
A = area
Width is 16 : 8 = 0.2 metes \
©
Knowing both the wisg l n,
we can calculate t]; A rea.
This size will later be used in sever§©
calculations. k- S = span »
Surface area= B metres x0.2 metres= 0.32 squaremetres
Airfoil
Not only surface area is important for a well functioning wing, but having a correct airfoil is
importanttool t is the airfoil s shape that provide
principle’> Ber no ul | i.i'$despribés the relptibnshietween velocity and pressure

in a moving liquid or gas

Yhttp:/www. myaero modelling.co mwp/wpontent/uploads/2008/01/ar.jpg
http:/mww.mvcerash.nl/overons/00000097940bbf72d/
Bhttp://library thinkquest.org/27948/bernoulli.html
Yhttp/www.daviddarling.info/encyclopedia/B/Bernoullis_law.html

11



P+ i%pgy hk =

P = Pressure (Pa)

} = Densyty (kg / m

v = Velocity (m/ s)

g = Acceleration due to gravity (m?)s

h = Distance fromreference, measured in opposite direction of the genatdorce (m)
k = constant (kg / ni

- 2010

The formula proofs that if gravity, air density and position remain unchanged, pressure will
drop when flow veloity increases. In other wordg:yiou have an airflow of high velocity and

low velocity under the saencircumstances, the area containing the high airspeed, will show a
lower pressure. This implies that if the H#owing overthe wing moves faster thamderthe

wing, the air pressure above the wing will be lower, thakisg the wing up into the sky.

For this reason wings are shaped in sucfta
way that air moves faster along the upger
surface. This is done through making the
air above the wing move a longer distanfe
in the same time than the air undernedgth
t he wi ng. Therefo
surface is more cuved than its lower

surface!® == -~

Throughout the years mg airfoils have ﬁﬁﬁﬁ
been developed. Every single one o Pressure exerted by slower-moving air
them had excellent properties for different purppsi® low or high speeds, or stability
Concordeds wing waseqguigt &4di66f doegntexfarmpimea
thing as o6the perfect airfoild. Properties
aircraft. Our plane just needs a simple and ergonairiail. It will be 6 C | -¥& "k
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Clark-Y*® basicallyisan airfoil with a flat bottom and a curved top. Not only have there been
many experiments about this type of wing, ialsoeasy to construcThe following tablé®
shows certain numbers defined as lift coefficient. Thetsistics will later be used ni
calculationson lift.

Research Project & Solar Challenger

15 http:/www.yes mag.ca/focus/flight/bernoulii.gif
http://www.ae.illinois.edu/rselig/ads/coord_database.html
Yhttp://upload.wikimedia.org/wikipedia/en/6/6a/Clark_y.JPG
Bhttp:/www.gliders.dk/clarky.htm
http//www.gerritentiny .nl/documenten/Micros oft%20Word %ZPOVLIEGEN4.GER.pdf
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Angle of attack Lift coefficient
0.29
0.36
043
0.50
057
0.64
0.71
0.78
0.85
0.92
10 0.99
11 1.06
12 112

- 2010

O OIN[O|OIBR[WIN[F|O

Speed
Before we determine tha i r ¢ r a f wedndl takmaadosk, at its speed. Intiggtion on

several model aircraft shawhe approximate flying speed is between 25 and 100 kilometres
per hour.?% Taking into account the limited capacity of our solar cells, we aim to let the
aircraft fly at 30 kilometres per hour.

30 kilometregper hou= 30 x 1000metres: 60 minutes : 60 seconds8.3 metres per second.

Mass & lift
At this very point in our investigation there are two options. Either we determine the probable
massof the aircraft and try to design the appropriate plane in orderimoeg@ugh lift or we
determine the lift we will probably gather and try to match the correspongdight We
choose thelatter, since it $ easier to make a plane lighter than to increase itdVigking a
plane lighter can be done through removing seieieces of equipment or replacing them by
lighter ones (saving on the battery for example). On the other hand, trying to increase lift
takes a great effort, because it requires redesigning and manufacturengiteeings.
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Lift can be calculated presglythro ugh 6éavi ati ondés &#most i mportan
L=%ecxr xAxV

L = Lift in Newtons

c = Lift coefficient (no unit)

r = Air density (kg / m)

A= Wingds s@rface area (m
v = Velocity (m/ s)

Research Project 0 Solar Challenger

2% ttp://www.aeroclubdrachten.nl/pagina’'s/modelvliegen.html
2http://www.grc.nasa.gov/WWW/K2/Wind Tunnel/Activities/lift_formula.html
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This formula should not be confused with the formula for calculating’@ragis formula is
based on the same partat er s, although when calculating
and the letter A represents the frontal area of the object.

From ourprevious investigt i on we can derive the wingods
velocity. The lift coefficient istakenfrom the tablepreviously showrby assuming thathe

angle of attack idarger thanone degree at take off. At ground level th& density® is
approximately 23kg / n?. When filling in all numbers the results are as follows:

L=05x 0.36x 1.23x 0.32x 8.3 =488 N

The lift generated by our wings will be able to compensate for 4.88N of gravitational force.
Since 9.81 Newtos of gravitational force corresponth one kilogram of mas$é, we can
calculate the mass of our aircratft:

4.88 N = 488N : 9.81N/kg= 0.497 kg

The second calculation shows us the ansteesubquestios 7 and 9 When travelling at take
off speed the wings of our aircraft generai®84N of lift, thus being able to lift 497 grams.
We will make a slight margin concerningass Therefore our targetasswill be 450 grams.

Reynolds number
Besides determining if our wings generate enough lift, we raisst know if our wings
actually generate lift at all. Namelgently and laminaairflow overa wing will only start ata
certainvelocity. In addition, when flying too fast, the airflowill also become too irregular
and turbulent.The speedangeat which theairflow will be smooth and laminar, can be
estimated using value called thReynolds numbef®

Reynolds numbéPf is a value iyen to the flow conditions around objects. For any object the
optimal Reynolds number differs, but as a rule of thumb we can asbaiReynolds number

is supposed to be betwe80 x 10* and 20 x 10° for aircraft wing$’. The Reynolds number
can be calclated through the following formuf&:

Re=) xvxLxg?

Re = Reynolds number (no unit)

A = Densi)ty (kg / m

v = Velocity of fluid or gas (m/s)

L = Travelled length of fluid or gas (m)

€ = Dynamicxgjiscosity (Pa

22 http://en.wikipedia.org/wiki/ Drag_guation
Zhttp://en.wikipedia.org/wiki/Density _of_air
24 http://en.wikipedia.org/wikiMass
Zhttp://home.earthlink.net/~glane/FAQTheory-Reynolds.html
2%http://en.wikipedia.org/wiki/Reynolds_number
2Thttp://www.personal.psu.edu/inl/097/belgium.pdf
Z8nttp://www.aerodrag.conVArticles/ReynoldsNumber.htm
14
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The air density is 1.23 kg® asdetermined previously (page 14). Thevelled length of the
air is just overt he wdhordg @25 m. The dynamic viscosity differs according to
temperature and air pressure. At room temperattitésitl.85x 10° Paxs. When filling in all
numbers, the results are as follows:

Minimum speed Rex ptx Ltxe = x30*»01.23% x 0205 x 1.85x10°= 3.8 m/s
Maximum speed Rex ptx L1x e = x20F»01.23' x 0.205' x 1.85x 10° = 14.7 m/s

Fortunately our takeff speed is within those boundaries. The airflow over thegsvshould
be smooth anthminar.

Step 3

Having determinednass size and the electrical systewe no longerneed to estimate things,
but we can calculate values preciséife first thing to do nowis to combire massand size
with the electrical system. In this way we cdarsto create a list of materials and equipment
needed.

Parts incluéd in the electrical system atlee battery, servengines controller engine and
solar cells. These elememte linked in the following wayfhe size of the aircraft determines
theemgi ne 6s s i zequire§derain power isup@y, which determibhastery size
and controller size. Because of this order we widlok at a suitable engine first. The sub
guestion involved is:

10. Which engine and propeller do you need?

Engine
Enginesvary in certain way¥. There are engirsgor high speed and engines for much force
at lower velocity Namely, he power of an engine is described in rotations per minute per
volt. The lower this number, the more powerful the engine. A slow turning ewdiree able
to pull heavier aircraft at lower speeds, whereas fast turninmpengyill pull lighter (stunt
aircraft at higher speeds.o@pared to other model aircraft, we intend to fly rather slow.
Therefore we will us@an engine th a low volts to tuns ratio.

Initially we found an engine which mebme ofour requirements: apeed 40@ngine. Then
we discovered there are sevedather typesof engineél. On one hand there are brushed
engineg(e.g.speed 40)) on theother hand there are brushless ergi The latter is a modern
invention and consumes considerably less power titimitial one Brushless engines come
in two types? inrunner and outrunner.

2http://www.ce.utexas.edu/prof/kinnas/319LA B/Book/ CH1/PROP S/ GIFS/dynair.gif
3% ttp://adamone.rchomepage.com/guide5.htm
3http://mww.dynetic.com/brushless %20vs %20brushed.htm
32http://www. rcuniverse.com/foru moutrunnerersus_inrunner%3F/m_2371948/tm.htm
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An inrunner consists of a several magnets covered by a metal casing. This creates a powerful
engine, which unfortunately produces lots of heat, thus loosing efficiency and requiring a
cooler. As we cannot afford extnmass we decided to go for a less powerful, but more
efficient drushless outrunnér Taking massand all other requirements into aount the
following enginé® seems most suitable to us:

As shownin the scheme aboya recommendation has been given ba& tmaximal propeller
size with the first number being the r o p e hadximal diameterand the second being
maximallead. A propeller with its lead being similar to its diameter is besteduir fast
flying airplanes, whereas a propeller with small leaatl larger diameter is excellent at
providing maximal force, thus being perfect for heavy, slow flying airctafs our plane
flies rather slowthe following propelle?® seems most suited

(@]
—
o
o 2208/17 Brushless Outrunner 1100KV [ Element Value
Price:  (bQ 4 . KV (RPM/V) 1100
S Voltage 6-12V
3 Nominal current 3-6A
) Maximal current 8A (max 60 s)
8 Efficiency (at 47A) 74%
= No load current (at 10V) | 0.6A
= Internal resistance 225 mY
S Axle diamegr 3mm
= Dimension @x|) 275 x 26 mm
% Mass 3649
D Recommended model mag 200-500 g
4 Maximal propeller 85 x5 inch
c
S
=
= Propeller
=
2
B
>
i)
2
a
|_
%
X0

Master Airscrew Electric Propedt 8 X 5
Price&gs 0 3.

Element | Value
Mass Unknown
Diameter | 203 cm
Lead 13cm

To be absolutely sure this propeller is perfectly suiteprépelour aircrdt, we can apply the
following formula and rule of thumi, which showthe relation between speedtations and
lead.The propel | ertwosothepteesds higtsa tt hkee a i rofidpeedh e 6 s

P
@
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D
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0]
o

33http://www. rctechnics.eu/220845tus hles soutrunnerl100kv-p-1692.html
34 . [ ;
http://www.zinin mijnleven.nl/hobby/propellors/indexhtm
3%http://www. rctechnics.eu/electreropellorp-116.html
3http://www. modelbouwforu m.nl/foru s1%5Bfaq%5Bmode Ivliegerelectro/21998velke-s poedmoet mijn-
prop-hebben.html
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Vprop: | X f

v = Velocity (m/s)
|=lead (m)
f = Rotations per second (Hz)

- 2010

Our engine is rated to provide 1100 rotations per minute @erAs our systenfunctionsat
8.5 volts (see below), we expect to operate at 9350 rotations per minutes, which is 156
rotations per second.

Propeller speed | x f = 0.13 metres/rotationx 156rotations/second 20.3 nis
Ratio propeller speed : airplangpeed =20.3 / 8.3 =2.45

The propeller we selected should be perfectly suited, since its spagatoximately two and
a half times as high as the aircraftds spee
aircraft.

Batteries
The engine regres a voltage ranging from sixo twelve volts. This voltage should be
provided by both our solar cells aodr battery. Another key aspexitthe battery is mass.

In our quest for suitable ktaries we first had a look atHium-ion polymer batteriesuk to
their excellent power tonassratio. However, LiPo batteries bring notable risks with them,
such as spontaneous combustion when overloddéiPo batteries work best at a steady
power supply, but since the output of our solar cells varies heawdlgiecided not to take the
chance of our airplane catching fire in ra@, but doing extra research alternative
batteries instead.

The second option isicketmetalhydratebatteries Thesebatteries have the disadvantagfe
being much heavier than LiPmatteries but their reliability made us favounickelmetal
hydratebatteriesover LiPo batteriesWe will installseverd h i g h batteriepproduding a
total of 8.4 wlts, weighing in at 175 grams ar@hving a capacity of 2500 mAfi. This
capacity reans that theellswill be able to provide @ontinuouscurrent of 25 A during one
hour.
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Solar cell§1

The solar cellshould provide enougbower during flight to extendlying rangedrastically
or evenpower the aircraft entirelyJust as with alinaterials used on our planmassis a
crucial element, so t hlieerseartlpuestion mvolleds: candt be

11. Which solarcellsgenerate most electricity with fewest masd how big are théy

Research Project 0 Solar Challenger

3"http://www. rctoys.com/pr/2006/ 10/ 20/s afised ocumenithunderpowetlithiu m-poly me ebatteries/
38Rattery packet, HEMA Photo batteries
17
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Research Project & Solar Challenger

There are very few companies sellinggle solar cellsCells are often being integrated in
glass something that wouldontribute far too muckveight Eventually we found a German
company, LemeSolar®, selling single cells. Fortunately their shop contained a variety of
cells, includingonethat meetour requiremerst

Single solar cell
PriceD 010

Element Value
Dimensions 100 x 100 mm
Soldering strip Tinned, 2 mm
Polarity front Minus

Polarity back Plus

Nominal voltage |05V
Nominal current 3200 mA
Maximal output 1600 mwW
Mass 649

Because of the chosen batteried #me 01-0.2 volts lost over the diode, solar cells we use on
the airplane must have a total output of 8.5 volts. This would regeaienteersolar cells.
Besides the financial aspesgventeeolar cellswill also weigh too much and will probably
not fit in the airplangmore information in step 6). Therefore we will need smaller solar
panels besides the ones mentioned abd¥e. cells will be soldered together with flexible
wiring. This will beno problam, as the cells are already equipped with solderirgsst

Solar cells (2)

Single solar cell Element Value

Price: u3. Dimensions 29 X 78 mm
Soldering strip Tinned, 2 mm
Polarity front Minus
Polarity back Plus

Nominal voltage | 0.5V
Nominal current | 630 mA
Maximal output 340 nW
Mass 169

In total we plan to uséwelve solar cells measuring 10 by 10 centimetres andcells
measuring 29 by 78 millimetres. When addprgpertiesof all solarcells, the results are as
follows:

Mass 12x6.4g+ 6x1.6g= 87 g

3%http://www.lemoesolar.de/default_1.htm
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Research Project & Solar Challenger

Output:12x1600mWA+ 6x340mW= 21240 mWa 21 W
Engine power: 5& 8.4V =42 \W

This implies that wunder ideal circumstances
power supply. Of course this would be an wut
receive servods and controllers into account.
get to our 50% energy reduction goal. We wil
proposal 6.

Serves

The next step after investigagirthe right materials foenergy supply and propulsiors
finding the right equipment for controlling the aircraft during flight. This equipment includes
the receiver, engine controller and servbgst we have a look at the servodevices
operatiry the plané ailerons and mdef*®, which controlvertical and horizontal movement.
These machines come in different sizexd shapesSince our plane is lightweight and forces
on t he ai rtemendotsvenecildto gb fer the lighteservod™:

Micro Servo 37 grams

Price: 50 7.

Element Value

Dimensions 197 x 1744 x 837 mm
Mass 3749

Speed (8V) 0.1 sec/deg

Torque (48 V) 05kg/cm

Operating voltage| 4.81 6.0 V

Throttle Ve
—y

Rudder

Ailerons
Elevators

e

— Down elevator, fi
f : f
airplane nose drops  /

/

Up elevator,
airplane nose rises
/

Left rudder cause left yaw Right rudder cause right yaw

Left aileron down, right ene up
causes a roll to the right

Left aileron up, right one down
causes a roll to the left

“Shttp://www.rc-airplaneworld.com/reairplanecontrols .html
41http Jlwww. rctechnics.eu/micrkservogramp-2497.html
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Every flap, rudder or aileron needs a servo to operate. A regular airplanarislled using
ailerong? for rolling movements, the elevafdror up and down movements and the rutfder
for crosswind compensations. This is illustrated by the drawingse previous page

We are unlikely tdfly at high wind speeds due to expectedyility of our aircrdt. Therefore
we will eliminate the servo faithe rudder. It will not only savus weight by not using a servo,
but also through theemovalof wiring. The total mass of our servo engines will be:

- 2010

Mass: 3x 3.7g= 11.1 grams

Engine eqgulator
Next up in the controlling equipment is the engine reguldtaontrolsthrottle given by the
engine.Again, this part should weigh as little as possible and should be able to cope with
currentand voltagen our circuit. We found the followinguitable engine regulatt

12A FLY Brushless ESC Element Value
Price9 0 16. Operating voltage 72-12V
Continuous load 12 A
Peak load 15 A (Max5 s)
Dimensions 22 x18 x5 mm
Mass 719
Low voltage turn off’| Automatic

Receiver
Ofcousehe airplane doesndét control i tsel f. We
remotely control the adraft For thisreasonwe need ag@mote controller and a receivdibe
controller will send signals to theeceiver, which will instruct the servo engines and the
engine regulatotWe found the following suitable paffs
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E-Sky receiveré channels35Mhz
5 Price:(  .B03
(@)
(=
Q2
< Element Value
O Frequency 35 Mhz
g Mass 14 g
n Dimensions 45 x 23 x 13 mm
© Voltage 5V
a Currert 115 mA
g Antenna Length 100 cm
S
@ “’http://mww. rcairplaneworld.co m/imagefiles/rc-airplaneailerons.gif
3 “*http://mww. reairplaneworld.com/imagefiles/rc-airplanee levators.gif
g:’ “http://www. re-airplaneworld.co mvimagefiles/rc-airplanecontrolsrudder.gif

“Shttp://www. rcairplaneworld.co nvimagefiles/rc-airplanecontrols..gif
“®http://www. rctechnics.eu/128y -brushlessesep-393.htm
“’Once voltage drops below 7.2 volts, the contralimitches off power to the engine, thus preventing batteries
fromdischargingdo much.
“®http://www. rctechnics.eu/eskyntvangetkanaals35mh zp-1367.html
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Remote control
Both the sender and receiver should function at the same frequency. Therefore our options for
choosing a suitable remote control were slightly reduckdditionally there are great
differences between maote controls operating at the same frequency. Some are equipped for
controlling helicopters only, whereas otberre best suited for controlling petrol powered
planes only. This difference originates from different controls needed for different planes. A
helicopter for example does not haveetractable undercarriage, while a large aircraft does.
Eventually we found the followirg:

- 2010

E-Skyremote contrglEK2-0404A 4CH

Price: U .959 EK2-0404
Element Value
Channels 4

Frequencies 35, 40, 72 MHz
Energy source | 8 x 15 AA battery
Servo reverse | Manualy

Voltage indicatg Automatic, Led

Dimensions 185 x 205 x 55 mm
Colour Black

Antenna length| 100 an

Usage Airplane, helicopter, Glide

Step4

We can now make a decision gize and mass of the plane. the start of our research
project the wingspan we were striving for wa$ Imetres. Looking at the dimensions of the
equipment we will be putting ithe airplanethere is no reason to change this plan.
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) Element Mass (grams) | Now weove decided on the part

g Engine 7.1 give a more informed prediction of the mass of the

= Batte 175 plane. All theparts we just summed up add to a total of

] ry

) Savos 111 335 grams, well below our target mass of 450 grams.

o Receiver 14 However, we h aelamanisyet (Suahasl uded

5 Propeller 5 the frame, wiring and unforeseen additional mass). In

o) Engine 36 addition, we arenot <ceertain

5 Wiring 10 propeller, but we estimate it weighs 5 grams. We

2, Solarcells 11768 reserve 70 grams for the frame, a reasonable amount

o Solarcells 2 196 according to experts on internet foruthsFurthermore

= Erame 70 we reserve 10 grams for wiring and 10 grams for

< unforeseen mass. All these numbers add up to botbta
Unforeseen | 104 '

% T 425 grams, so we should be well under our target mass.

% otal 425

“Shttp://www. rctechnics.eu/eslkgenderkanaals35mhzek20404gp-2784.html
%http://www. modelbouwforu ml/ foru ms/bouwverslagenliegen/59216bouwvan-eenijn - zwevertje.htmi
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Research Project 0 Solar Challenger

Step 5

The electrical system has now been completed. Knowing mass, size and properties we are
able to draw the finaircuit:

+ -
[ + -Jr‘ | +

g I (Of

Solar Cells: Batteries: 3 — 2

0.5Veach,| |1.2Veach, 0| — 8

3200 mA 2500 mAh o o
18 in series 7 in series: ———
9.0V 8.4V ——
3200 mA 2500 mAh .

W TR

Step 6
12. How do you mount the solaellson the aircraft (inside or outside, wing or body?)

With the solacellsbeing a critical part of the plang is logical to have a good thought about

the solarc e |pbs#i@n in the plane. The solar cells account for a large part of the totgl mas

so theirposition has to be well considered to keep the plane balanced, both on the ground and
during flight. Since the planeds fuselage w
squarecentimetresit is most obviousd place the dar cellsont he p | a nWithte wi ngs
plane being 160 centimetres in wingspae have plenty of space to place all solar céis.
addition, placing solar cells on the tail W |
the planeo6s c elsotbe shifted tbo nguchdovihe bagk. wi | | a

22



We have to determine whether we will place the solar cells on top of the wings or inside the
wings. The choice was made quickly: we will place our solar cells inside the wings, since it
offers multiple advantages:

=

The assembly of the solar cells becomes much easier. If we would place the solar cells on
top of the wing, we would have to attach the solar cellsthe coveringoil which might

pierce thefoil and possibly ruirlift properties.

Placing the solar cellsnside the wgs will leave aerodynamigproperties of our wings

intact, whereas puttingolar cells outside the wings would drastically increase the drag

of the wings and could reduce the lift they provide.

Placing the solar cells inside the wings largeliyrenates the risk of damaging theghly
vulnerablesolar cells, since they will now be protected by foil.

- 2010

=

=

Theschematic drawing below gives impression of the right wing:

The six big yellow squares negsent thesix big solar cells in theving; the small yellow
squaes represent the smaller cell8e will leave some space between sldarcells to place
theribs of the wing. All theseibs will give the wing its structural integrityn step 7 we will
go into more details aboutthestmoc t i on6s design.
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Step7

13. What will be the structureds design?
14. Which materials do you need to construct the plane?

Now that the sol ar cel,wesdanmakeadistof ghe &dditonabe e n d
equipmenive will be placing in the wing#arts that will be put in the wings are:

Solar cells
Servos

Wiring

Foil

Ribs & cornices
Triplex beams
Axle for aileron
Ailerons

Research Project 6 Solar Challenger

E I R
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Our planeds wings wil/l have a wingspan of 16
expected height of.2 centimetrs. To prevent the wing from bending we will place two

triplex beams running through the winghe font and rear corn& have already been pre

shaped®. In the diagram below you ndind an overview of the wingThe numbers above the

wing represent the rithat is placed there:

- 2010

The ribswill be made out of balsa wood, the lightest type of wood known to>m&ach rib
measure three millimetres in thicknesdVe will cover the wings using a covering foil called
Mylar. This material can be applieto the wing loosely, but will be tightened around the
frame by ironing 3. It weighs approximately seven grams per square metre and is strong
enough to lift the aircratft.

Cross section 1
The drawingoelows hows o ne of t h &hewelbw gréles represgnuhblasrin r i b's
the ribs for wiring. The black rectanglesin the middle of the wing represent two triplex
girders running through the wing.nQop of thesewe will mount the solar cellBesides
providing a base for the solar cells, tiggders also give the wing structural integrityhe
black semicircle and triangle show the pshaped front and rear cornicehe blue retangle
showsthe position of a solar cell in between the ribs.

Fromt cormice 1

R e R R Fear cornice
| 000 I

-

&

Our solar cells will be mounted inside the winihis requires the ribs to be placedeven
centimetres apart, for else the solar cells
roomto construct the ailerons. Besides, some space must be kept free to instaleager/o

These demands rdsin three alternative ribs which will be used in the aft of the wing:
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thttp://mucomodelbouw.nl/indexphp?lang_id=1&c_id=590&ref _change=outside
>?http://pldaniels.com/flying/bals a/balgaoperties.html
53http://www. modelbouwforum.nl/forums/verlijmingonstuctie/44864mylar-folie-hoeverwerkje-dat.html
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Research Project 0 Solar Challenger

Cross section 2

I n the second cross section we see the servo

\
|

Cross section 3
The third cross section represents theriagbefore the aileron, thelementin the wing which
allows us to steer thdgne. You may notice agxtra beam just before the hole for thiewin.
This beam provides a surface around which the covdoihganbe wrapped

\

Cross section 4
The fourth cross section is the that can be found in the part of the wing where the ailexon
placed. As you can see, thear coriice of the wing has been cut off. Instead we widice the
aileron thereln addition, the large solar cellniséshown, because in this part of thengyiwe
will locate the smaller cells instead. They are too small to rest on top of the triplex beams.
Therefore they will be suspended on top of a little piece of rope attached to the triplex girders.

——

N B D

Step8&9

Fuselage
The ai fuselageik tadog the most important parts of the plane. All electronic

equipment is tdbe installed here. Moreovewings and landing geaare conneced to the
p | a rusedage As weight and balance are crucial to an aircrafis important to make a
detailed dawing showing where all equipment will be placd@. monitor the balancéhe
p | a rusetagewill be suspended by one threddring constructionin that way a flaw in
balance will be noticed quicklas the plane flips ovewhen not properlyloaded. Sub
guestions involved in pas8 and9 are:
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Research Project 0 Solar Challenger

15. Where do you place all electrical equipment, making sure the aircraft is balamzbd
what will the fuselage be like
16. What will be the shape of the tail and elevator and how are they controlled?

Fuselage
First upis the fuselageSince drag is an important factor whemaoe r ni ng t he en
capacity we should keep drag as low as possible. We intend to construct a rame measuring
seven centimetres wid& order to keep the structure both light weight atdng we shall
condruct a triangular shapeduselage The fuselagewill be 28 centimetres longthus
providing us with enough room to place all electrical equipmElntvever, our seven AA
batteries measutéf i ve centi metres each.ledfibredirefToer e t he
entire sche méselagecambe foungeloa Deedaheat produced by several
pieces of equipmert the back side will be left open.

To diode &solsr pannels

Battery Battery )Batterv

—4 "\'l E =
- 2 Centre of ™% g'\
Contraller eceiver e L
atter atter )Batterv

Tosolsr pannels

As shown in the drawindhe centre of gravity is to be locatadd M of t he wingbs
is a rule of thumb® for building aircraft.With the equipre n tmes8being so low anéxact

mass of the frame yet unknowihis impossible for us to calculate the momentum for each
element in the plane. Therefore the scheshewn above will be used as a guide to

position all equipment.

Once our aircraft has been completed, its centre of gravity will be determined precisely by
slightly moving t he fasglageAnotteemnrtle oftmusd isiterathehe pl a
position the plane 6 sofarenrdront tban o far tagtheareain. Thisiss | i g h
due to the plane getting in stall positimo easy when thcentre of gravity is located the

rear.

>*http://en.wikipedia.org/wiki’/AA_battery
SShttp://www.modelvliegclubswentibold.nl/To_BEC.htm
S®http://www. modelbouwforu m.nl/foru ms/zweefv liegen/ 74288 tellen zwaartepunizwever.html
>"http://www.fms-spaarnwade.nl/home/content/view/272/ 88888915/
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Research Project 0 Solar Challenger

The fuselaggs frame will b e woad rardt coveredt vetiMylawfoilt h b a |
However, due to safety reasomge will manufacture thduselags base out of a
balsa wood, for el se t heVyla fpil iThe Mametitseld willh e a t v
feature triangular shaped parts. The hatebetween the ™ and 3 and between thetand

5" triangle are points to attach the wing to fbselage As shown in the diagram belothe

main gear will be plaakslightly in front of the centre of gravity. This will make the aircraft

fall over tothe back when landed. A little wheel mounted underneath the tail will prevent the
aircraft from sustaining damage. Besides, when on the ground the aircraft will always stand in

a tilted position, thus providing more |dt take off (see diagram page)13

Another important element of our aircraft is the positioning of two supporting triplex beams
for the wings. They can be seen in the diagram below. The triplex beams will be attached to
the landinggear, to provide maximum support for our wingibe beamsvill measure 10 x 5
millimetres.

Tail and elevator
Up so far there are st i ltihentbnsdbThey are thelhozentalr p | a ne
and vertical stabilizer, diter known astail and elevator.They provide stability for our
arcraft. In addition they are vital elements in controlling the plane. Just likdutedage
elevator and tail will be constructed with balsa wood Biydar foil. Strength is once again
provided by triangular shapdshisa frames.

The tail 6s andzee laerea tdoertde r mThe mtir® betweert eleeatorw i n g 6
and wing is 4:1, whereas the ratio between tail and wing is 25:1. This implies the areas of
both the tail and elevator will be as follows:

Wing area: 16 x 0.2 = 0.32 m?
Elevator area0.32 x 0.25 =0.08 m?
Tail area: 032 x 0.04 =0.0128 m?

Elevator size: 60 centimetre@gde andl3 centimetres depth.
Tail size (triangular):18 centimetreg depth andl5 centimetregigh.

*#http://www.auf.asn.au/groundschool/umodule6.html
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Research Project & Solar Challenger

The tail will be connected to the fuselage with a trigddeam. For extra structural integrity the
beam wil run all the way from taito engine. The diagram below shows the entire aircratft,
including the tail, wingand fuselage.

As a final check we will calculattheb a | s a

w o o dhasnEvéryria wikweigh half a

gram. Twenty ribs weigh 10 grams. Triplex beams, front cornice and rear cornice will weigh
approximately 30 grams. In addition, the fuselage and landing gear weigh 20 grams,
compared to 10 grams for the tail. Mylar will comewith just several grams. This adds up to

a total of 70 grams

Step 10

As our design proposahas nearly been finishedve can now detenine the costs of our

project.

Element Cost
Solar cells 1 a 127
Solar cells 2 ua .008
Engine a .54
Propeller a .33
Remote control ua .9959
Receiver a .503
Servos ua .302
Engine controller a .956
Battery

Frame

Wiring

Unforeseen

Total 0 30 5.

O u r Thébtabgbglewtshowssve shdul@ Be well under that amount.
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Another crucial issue is weight. Having a clear picture of which elements we will be using, it
is time to add up the masses of all individual components. The results show we are still well
on track to reach our target mass.

- Element Mass (grams)
§ Engne controller 7.1
. Battery 175.0
Servos 11.1
Receiver 14.0

Propeller

Engine
Wiring

Solar cells 1 76.8
Solar cells 2 9.6
Frame

Unforeseen _
Total 425

I = esiimared
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Construction proposal

After having done thorough e s ear ¢ h odesign ihige timp to atartethinking about

= construction itselfJust as we did in the design proposad, set up a plan dealing with the
Q order of construction:

Step 11: Research on where to order construction materials.

Step 12: Determining the order of construction.

The sub question being answered is:

17. In which order are you going to construct the plane?

Step 11

To start with we will order theparts of the electrical system. We try to keep mailing costs as
low as possible. Thefore we must order as many items as possible at the same supplier. We
composed the f@dwing list of materials needed. All supplies will be ordered on the web

Electronics
All the electronics are to be orderedratechnics.euTheir shopfeatures a lmad range of
items, all good quality products according to people on internet forums. The following items
will be ordered atctechnics.eu

Receiver

Engine regulator
Servosandwiring
Engine

Remote control
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Construction materials
Justasthe electronicsthe popeller and landing gear wheelsll be ordered atctechins.eu.
Unfortunately t hi sconstrbctiom mateoisdss In @dditiors éndihg a aveébh e r
shop which sedl and shipdalsa woods extremely difficult. Eventually we found a supgli
in Groningen, who could offeus balsa wood and beams for the ailerons and rudder:
netshop.nl/shop/krikkenGlue is available at a local DIY sh@md batteries will be bought at
the local HEMA In contrast, Mylar is not available in any shop in HollaAdlast we found a
shop in Great Britain selling Mylarnndoorflyer.co.uk The shopping list for construction
materials is as follows:

Research Project 0 Solar Challenger

1 Propeller(rctechnics.eu)
1 Landing gar wheds(rctechnics.eu)
1 Balsa(netshop.nl/shop/krikke)
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Research Project 0 Solar Challenger

Beams for ailerons and raeér (netshop.nl/shop/krikke)
Glue (Praxis)

Mylar (indoorflyer.co.ulk

Batteries (HEMA)

= =4 -4

Solar cells
As told in our design proposal, the solar cells will be orderéehadsolar.de

Step 12

Once we receiveur supplieswe will put together thelectricd system After composingit,

we will run several testas described ih he 06 T e s.tWe will anljpatdata webneed and

make amendments to the systerdafsired After suchpossible adjustments we will make a

new estimat i omassarfd, findededd padpeés t he liamgesds si
design.

With the electrical system being compleitet is time to bbdy.Auwrscialbo n t he
element here islesign and construction of the wing. This is the next step in our process of
construction We will congruct two separate wingsut of balsa wood, placolar cells on the

correct places and then wrap the wings Witylar foil to secure their shape.

Once completedwe can testhe lift the wingsgenerateT he t e st i's describe
proposlafl 6t.he wi ngs dreguitedwepvil lbadedocnake adjustments. f t

With the wings and electrical system now complewee will constructthe rest of the aircratft,
which consists of the elevator, tail antsélage. Nextwe will mountthe electrical sstem in

t he pflsalagegius the landing gear onto the pleaw determine the centre of gravity.
The last step in construction is to fasten the wings to the fusdfameeded we will move
items inside the plane in order to de¢ tentre of gravity in the rigpbsition.

If all goes well we have built a complete plane Impw and we can start testind.required
adjustments will be made during and after testing.
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Test proposal

To make an organized test proposal we havetw!| | ow t he steps wedbve se

(@]

—

I Step 13: Determining what needs to be tested and in which order.

' Step 14: Set up plans on how to run tests, where and with which materials required.
Step13& 14

Throughout the project several tests need to beWewill investigate the following data:

T Solar cellsdé output and profit
1 Lift test
9 Drive test
1 Flight test
The s o loatputandrofit s 6
18. Which effect does the position of the salalis have on the efficiency of both the plane

and panels?
19. How muchprofit do the solacellsprovide?

To answer the two sub qgquestions <concteerning
following test setting. After we ordered components such as solar cells and the engine, we

will compose the electrical system. Aitls poi nt we havenodot started
yet. First we will fully charge the batteries, connect them to the engine and then let the engine

run at full throttle. We willrecordthe time it takes for the batteries to run out. In order to
minimize errors, we will redo the test three times.
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In a second test we will add solar cells to our electrical system. We make sure the solar cells
receive plenty of light and then we let the engine run at full throttle again. We will write down
the time it tales for the batteries to run out and compare this to the préyiclasked time. In

this way we will be able to tell something about the profit of the solar cells.

A third test ains to determine the effectdy | ar f o i | on the sranl ar ce
the second experiment again, but newe will place Mylar foil over the solar cells. This will

probably decrease their power supply. Through this experiment we will be able to say
something about the influence of the Mylar foil.

Unfortunately thesaelr cel | sdé output strongly depends o
do the second and third test several times in both cloudy and sunny conditdorsunately
aphotometerto measure sunlight intensityis not available.

Research Project 0 Solar Challenger

% http://en.wikipedia.org/wiki/Photometer
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Lift test
Once constuction of the wing has been completed, it is time to test lift. At this point we still
have two separate wings. Before both parts are glued together, we will take one of the wings
and attach it to a force meter. This composition will be mounted into ly freeveable frame.
The frame, composed ofbikoymatketépsart s, will be

- 2010

One of us will cycle at 30 kilometres per hptine intended takeff speed Speed will be
measured withmodometer on the bicycle itself. If calculations have beamect, the force
meter should measure a differermdeapproximately2.5 Newton Of course we will take to
account influences that coudtisturb our test, like wind, loss of surface area duK @ n e x
frame, etc.

Drive test
Eventually we reach a poimthere the aircraft is finishedlVe will have determined thesatre
of gravity andwill have made sure theontrols function properly. Before it is actually time to
take off, we will perform several driving tests. We will position #igplane on a smooth
surface, for example gym floor. Then wewill slowly increase throttle to let the aircraft
Otaxi 6.

Now it is time to make final adjustments. Drive tests might show deviation in driving
direction, lack of power or other defects. Once those problems bavedolved, we will do a

final driving test. We will keep increasing throttle until the tail will get airborne. Namely, the
tail coming off the ground is a first indication of taking off. This is becausertesof the
aircraft is no longer supported bjet wheels, but by the wings. The centre of graviy is
slightly behind the wheels, thus making the aircraft falling over to the back. Whematsef

the aircraft is no longer supported by the wheels, but by the wings, the centre of gravity is at
M o f wihgh #us balancing the aircraft. This process is shown by the following
picture $962,
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Taxing Takeoff
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5% ttp://media.photobucket.com/image/pha/Airkas1/PHPBA_GRQ_1207-09kj.jpg
8thttp://farm4.static.flickr.com/3135/27680048 1B18345f8bc_0.jpg
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Flight test
At this point in our research project we knevhether or nobur wings produce enough lift

and the enginand propeller generénough power to propel the plane. Still, there is one big
challenge left: flying.

According to people on internet forums, flying a model aircraft is a very difficult discipline. It
requires extensive expertise datodrasaoupagaraite nc e
during its maiden flight, we will bring in an experienced person from a flying club. He will fly

our aircraft at first. With his help we will eventually learn how to control the plane.

- 2010

The last problem that needs to be solved nglifig a suitable runway. As our plane is
probably going to be fragile, it is unlikely we can take off rom any parking lot. Currently we
planto use an artificial turf field as a runway.
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Media attention

Website

We intended tdaunch a website on ¢hinternet.Here people would be able to follow our
progress and see pictures of the airpdnane. H
expensive internet domairso once thefree testing period had expirednfortunatelythe
websitewascancelled.

amp - 2010

Sponsors

Since this projectis quite costly we had totake a look at possible sponsoiBeing
environmentally friendlyis a major aspect in our projedV/e searched focompanies that
presentthemselves as environmentally friend@ompanieswe endedup looking at were
Triodos andASN bank. HoweverJriodos only sponsors five major projects on a yearly basis
and the ASN bank rejected our proposal.

Another effort wemadewas with the company that supplied us with solar cells. We asked
them if they werewilling to provide us with solarcells or give us discount ogolar cells in
return for some promotionLuckily, they gavediscount on the solardls, but mailing costs
proved to cancel out our Oprofitéd.

Logo

Just like any plane, ours will feature angpany logo on its tail. We chose to create the
following logos:
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Aircraft Construction Company Airine

Productions

QET6 is not only a synonym for airplane, it
The globe shown on the logo represeli36 s i nt er nati onally orienta
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Research Project & Solar Challenger

International aspect

As part of our internationally orientated educatiouar research project should include a piece
in which we discuss how our research project is internationally relevant. We think our
research project is internationally releveb#cause it ibased on a wordavide hot topic.

Energy demands

The issue of meeting the worldwide energy d
shortlist. Right now we are able tolffuour needs, but knowingve consume 85 million

barrels of dia day?, it is clearwe will run out of our energy supplies one day. That day is

coming closer by the minute. Engineers worldwide are searchindtéonatives to meet our

demargléjs. feir focus mainly lies on the renewable energy soursash as wind andolar

power’”,

Their reasoning to focus on these sources of
billions of years and are capabl e l@doftheeet i ng
Saharadesert area with solar cells for example wolnéd sufficient to supply energy to the

whole world* and wind turbines in shallow coastal waters could account for 20% of energy
demands in the US®&.

Solar powe thus is an interesting option.eBent years have ee solar power production
climb with a staggring 40 per yeat®, but whenlooking at statistics showifi§ shares in

total energy supplywe will notice thatsolar power production doe®t even account for one
percentWe should realise that there still is a long way to go.

Our solar powered planeould let people cme to realizejust what the possibilities of
renewable energy sourcase, especially solar cellsf we can make a plane fly using solar
power, other possibilities are nearly endlesBeople mightconsider placing solar panels on
their oof or on their carporto supply patr of the power for their house$here are a lot of
advantages to solar panels: four agumetres of solar panelsupply 10% of the annual
energy consmption of an average houset$ldin addition,solar panels could cever® their
costs in about ten years and solar panels can increasaltieeof your house, since a home
becomes friendlier to the environment and d@ssiderabljlower energy costs.

Not only is solar power being looked at as an option to supply eneegyse in our
households, solar power has also come jntture for powering vehicleg his mostly shows
through all sorts of contests being held for technical institutions.

52http://peakoil.b logspot.com/2006/03/peak-is-closingin.html
83 http://en.wikipedia.org/wikil Renewable_energy
5%http://en.wikipedia.org/wiki/Desert#Solar_energy_resources
5%http://www. motherearthnews.com/ Renewatiirergy/OffshoréWind-Power.aspx
S%http://en.wikipedia.org/wiki/Solar_power#Development.2C_deployment_and_economics
5"http://www.iea.org/te tbase/nppdf/free/2008/key_stats 2008.pdf
%8http://www. milieucentraal.nl/pagina?onderwerp=Zonnepanelen
5%http://www.olino.org/articles/2006/07/ 3é-terugverdientijdvanzonnepanelen
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Solar cars

The mostserious option being looked Btsolar energyo power ces. With hybridand plug

in electric cars being introduced to the market, solar power becomes an interesting option to
supply energyA famous contest between solar powered cars is the World Solar Challenge, a
race across the Australian dedeeing heldevery two year§. This racecatchesworldwide
attention Technology used ioars involved can be replicated in other cars.

- 2010

In recent years the race has become-tuadiwn in The Netherlands because of success of the
Technical University of Delft with theiNUNA"* solar powered car. The TU Delft has won

the World SolaChallenge four times in
a row'?, each time with a modified an
upgraded car. When the team ente
competitionwith NUNA 1, they won
the race with an averaggpeed of 92
kilometres per hodf. Two editions
later NUNA 374 won the World Solar
Challenge with an average speed of 1
kilometres anhour’®. In fourth edition
NUNA 4 wonwith an average speed g
93 kilometres an hour, even though t
car had only 6 mof solar panels
instead o® nt used h previous editior.

Cars competing in the World Solar Challenge distinglishemselves from normal cars
because of their extremely low drag and lowass The cars are very aerodynamic (up to 6
times more aerodynamic than cars driven today) and haveryalow rolling resistance,
thanks to thin and wellubricated wheelsMoreover, be cars are as light as a feather
compared to normal cardamely, aregularcar usually weigh€ around 1000 kilograms,
whereasthe newest version of the NUNA (NUNA 5) weidfigust 160 kilograms. Solar
panels used on these cars aifevery high quality and have an extremely high output
compared to normal solar cell s. Al itethsive gh t he
might want in our cars, such as a radio or air condiitig, we can still learn a lan how to
make our cars lighter arltdbw to lower their drag. Besides,we can learn how to incorporate
solar cells in our cars. All these aspects could npa&eent dagars more fuel efficient.

"Ohttp://www.wsc.org.au/

"http://www.tudelft.n Vlive/pagina.jsp?id=a43ae99¢c7-4716-ab01c4795f6¢c11a3&lang=nl
"?http://www.globalg reenchallenge.com.au/wesolution/previouswinners

"3 http://enwikipedia.org/wiki/Nuna_1
"http://c0378172.cdn.cloudfiles.rackspacecloud.com/12227_15070993902.jpg

S http://en.wikipedia.org/wiki/Nuna_3

® http://en.wikipedia.org/wiki/Nuna_4

"http://nl.wikipedia.org/wiki/Categorie :Zonnewagen

"Bhttp://www.cbs.nl/nINL/ menu/themas/verkeerervoer/piblicaties/artike len/archief/ 1999/1 99886 1-wm.htm
"*http://mww.nuonsolarteam.nl/2009/06/nurasthuld/
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Solar boats

Solar power lhebecome an interesting option for small bdats mainly dueto the Frisian

Solar Challenge held in 2006 and 2608The organizers of this event wanted to create a
counterpart of the World Solar Challenge and have done soakyngsolar powered boats

race orthe verysamevaterus ed f or tehvee nf acmiotuise s@OElspeed skat

- 2010

Since smalboats need a relativeg/ small engine to power them (a five horsepower engine is
sufficient to power a small ves§él an electric power source is serious optin to be

considered A solar panel might just be the ideal way
power the engine since most boats have a large area to
the solar cells onral spendall their time outdoom sunlight.

The hydrodynamics used in the Frisian Solar Challenge
be aplied to commercial yachts as well, no matter wdiaé |

achieve low fuel consumption and streamlining is just wji
the Frisian SolaChallengeis all about. Powering freighters
using solar poweis no realisit option sincebig carriers &=
require tremendouspower®®. Giant kites would be mords
suitable topropelthese ship¥. Still, we couldreduce global

carbondioxide emissionsdrasticallyby makingvesselsmore |#
efficient, since aval traffic accouts for five percen®® of
worldwide CO, emissins, nearly twice as much aiation.

Solar planes

Last of all attempts have been made in the last decades to power aeroplanes using solar cells.
One of the biggest organisations researching the feasiildysolar powered plane is NASA

with their ERAST prograrf®. This programresulted in four prmtype electrical planes
(NASA Pathfinde?’, NASA PathfinderPlus, Centuriof® and Helio§®) which all four flew

using solar cells. The planes got increasingly bigaerthe project went on and several
records, such as the altitude and endurance re€onasre broken. These pland®wever

were unmanned planesteered through radio controls. Although Helios could carry @3
kilograms ofmass there was no placier a pilot.
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8% ttp://www.frisiansolarchallenge.nl/

8lhttp://www. frisiansolarchallenge.nl/routmregle menten/route

82http://www.s malloutboards.com/choose.htm

83http://www.howstuffworks .convfloating ity 1.htm

8% ttp://iloapp.seamanshiptutor.com/blog/blog?ShowFile & mage=1201089418.jpeg
8http://www.guardian.co.uk/environ ment/2007/ mar/ 03/travelsenviron mentalimpact.trans portintheuk
8http://www.nasa.gov/centers/dryden/histongimojects/Erast/indexhtml
87http://en.wikipedia.org/wikiiNASA_Pathfinder

88 ttp://www.dfrc.nasa.gov/gallery/ movie/Centurion/HTM L/ EBDO301.html
8%http://www.pvresources.com/en/helios.php
9http://askmagazine.nasa.gov/pdfipdf11/48741main_FIG1.pdf
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Planesthat did succeed irarrying a person with it were
Sunseeke and Solar Challengét. In1981SolarChallenge
crossed the Chanré] whereas iDecember 2008unseeker W’l )
was the first solar powered plane to crdss Alps.In 2010 AN\ !
the successor of Sunseek&unseeker ', will make a tour
across Europe to demonstrate the possibilities of the plang

- 2010

Solar Challenage

In June 2009 a new solar powerpdthne was
revealed® to the world: Solar Impulsé®. This
plane has a wingspan of 6#etres (larger than
most commercial aircratf), can carry one person
and weighs just 1600 kilograms. If all tests go
according to planthe successor dolar Impulse
will make a flight around the world in 2011. The
designers reckon this will take approximately 25
days, sincehe plane flies at just 90 kilometres an
hour.

The examples above illustrate that it is still impossible for mankind to transport hundreds of
people in a plane over large distancség solar energy. One BASAO aircraft ould carry

three persondutt he r i de woul dhébl beduer yoAhlsbigpéed pl ane
is an issue: whereas current planes have a cruising speed of 900 kilometres per hour, solar
powera planes travel at approximately 80 kilometres per hour. At this speed a trip from
London to Sydney would take about 216 hours, or 9 dayskeBp aviationthe way it is

today we have to use fossil fuelgust because the amount of energy they deliver is
unmatched.

Investigation aircraft
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Although solar powereairplanes are not usdffor passenger transpaat this momentit
might offer new possibilitie$o other brands odviation Solar planes havieatures common
planesd o nhave The most useful ability is that solar powerednpl could stay airborne
forever, for bey, rathethan carrying their fuel with them, gather themergywhile flying.

This ability provideslots of opportunities for solar powered planes. NASA already fitted their
Pathfinder plane withmeasuring devices to obserweral reefs around Hawaii, forest
regowth after damage by a hurricane and sediment concentrations in coastal®wattke
examples illugate, solar powered planes colid used for research because of their long
flight time, low flying speed andbility to fly at nearly any altitude.

9http://solrflight.con/sunseeker/indexhtml

9http://www.donald monroe.com/gallery/albums/sedamlienger/sc126_01.jpg
%http://www.donald monroe.com/gallery/solenallenger/
9http://solarfight.com/sunseekerll/indexhtml

%http://www.solarimpulse.co nVsitv/picturefip?lang=en&group=med ia
%http://www. kennislink.nl/publicaties/soldmpule-vliegt-op-zonlicht
9"http://en.wikipedia.org/wiki/File:Giant_planes_comparison.svg

% ttp://www.nasa.gov/centers/dryden/news/FactShee838DF RC.html
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Commercial use of solar planes

Solar powered planes have been tested for
Pathfinder Plus was fitted with communication relay equipment and was sent to fly at an
altitude of 19 kilometres. From there it was able émds television signals back to earth,
making the plane equivalent to a radio tower with a height of 19 kilormétres

- 2010

Military purposes

World-wide military organizations could also be interestedolar powered aircraftA solar

powered plane satisfiesamy of theneeds of military organizatonrd. doesndét wuse an
silent because of the electric engines, can fly at high altitudes (which makes it difficult to
detecton radar), can fly without reflieg, is relatively cheap compared to modern géanes

andcan fly unmannedass no human lives are riskedll these properties will make solar
poweredplane desirableAlso, military organizations can mount a camera or measuring
devices on the plane to use it for purposes like observation, an a$petfare which has

become more and more important the last decades.

Model aviation

Our solar powered plane could also inspire a whole new branch to be formed in the mode
flight industry. Right nowmodel flight industry is mainly based @wcraft with an electric

engine or a combustion engine and few planes with an electric engine charge their batteries
using solar cells. After having shown flying with solar cells with a relatively small budget is
possible our plane could inspire many people arounel World to build an aircraft of their

own. When we posted questions on a forum asking whether other people, whom mostly had
extensiveexperience with model aircraft, thought our project was feasible, we got numerous
reactions of people asking us to letrthienow if and how we had succeedsd they could try
building a plane of their own.
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9 http://en.wikipedia.org/wikiNASA_Pathfinder#Atmospheric_satellite_tests
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Construction

Electrical system
Whenall electricalcomponents had beenreceivede made an appoint ment
to construct thelectricalcircuit and run some tests. These tests includedratingthe engine
at full throttle to see how long the batteries would last when fully charged and some weighing
of the components to see lifdir masses matched thosespécifications Below you will find
an acountof our findings duringonstuction of the electrical system.

- 2010

Electrical ts i |
ectrical componen Constructing t he electr

much of a problemsince all components
included a clear manual. The construction

o
e
5]

X
S
2
©

I
f -
)
o
)
)

i

o3
c
=
)
Q

—
S
>
=

=

o)
%)
c

§e)
3]
S

=)
o
S

[l

I—
()

2

o)

process wasstraight forward as well.All

components siply had

to be

linked

together according to scheniehen we ran
the first test. Results of the endurance test

can be found in the oOte
doaument.
e | After having constructed the electrical

_—-—J system and having done the first engine, test

we had some timéeft. We decided to get ourselves a scale and weigh the components we
already had. Wevanted to achieve two thingst first place wewanted to check thenasswe
were given by the manufacturesécomponents we haaceived In second placere wanted
to cleck if our assumptionsf unknown masses of components had been.r@kerall the
test turned out pretty dissatisfactory, with most components proving to be heavier than we
thought they would be. Below ydui n d

a table

showing

component

e

Element First plan (grams)| Actual mass(grams) New plan(gramg
. Engine controller 7.1 8 8
= Battery 175.0 220 50
= Servos 11.1 20 20
) Receiver 14.0 11 11
3 Propeller 11 11
? Engine 43 43
© Wiring | 60 70
8 Solar cells 1 76.8 76.8 120
2 Solar cells 2 9.6 9.6 0
5 Frame
§ Unforeseen
§ Total 425.0
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Research Pro ject & Solar Challenger

In the second column you find dathat was shown in the design proposadlisplays masses

we startedwith during this project. Thehird column shows the aghl massess measured
during tesing. It appearedall components we measured turned out to be heavier, with
batteries, frame and wiring log significantly heavier thamssumed. With the totahass
being over 600 grams now, we wdoeced to think of a ne plan.

This new plan was all about saving weight, since 600 grams was way above our maximum
take off weight The easiest way to save a lotvedight was changingoower source. In the
beginning of the project we decided to go fiMH-batteries, becauseanthought they were

more reliable han LiPebatteries. Because afisappointing resustduring masstesting we

were forcedo go for a LiPebattery after alll

The decisioro usea LiPo-battery bringghreedravbacks however. First of adapacity of the
LiPo-battery is smales o we wondét be able to run the enc
NiMH-batteries. A second drawback concerns the reliabifitgf the power source: LiPo

batteries are prone to explodiiy We will have to be carefulA third drawlack is the need

for alternative charging equipmefit. LiPo batteries candt be che
They require equipment dividing power equall

Still, we decided to continue our testing with théMH-batteies We would build the entire
planeandthen replace the battery. Once we chartgpedoower source into a LiFmattery we
would attempt to make the plane roll and eventually fly.this way we keep risks of
something ging wrong with the LiPo battery dsw as possible.

We wanted a battery as light as possilpét, powerful enough to supply sufficient energy for
our airplane. In the end we found the followifig

Conrad energy LiPo Pack
7,4V/ 800 mAh/ 10C
Price:U 19%.

Element Value

Mass 38 grams

Dimensions| 50 x 30 x10 mm

Capacity | 800 mAh

Voltage 7.4V

Plug Mini Tamiya

As shown voltage of the LiPebattery is notequal to the voltage oNiMH-batteries.
Therefore we would have to alter the number of solar cells in the wings in order to get an
egualvoltage from both the solar cells and the battery. we donoét , either t
cells will blow up.

100http://mmw.norfo lkhelicopterclub.com/inde x.php?option=com_content&view=article &d =59& Ite mid =66
0lhttp://www.utahflyers.org/indexphp?option=com_content&task=view&id=22&Ite mid=28
102 http://mww.s eversegments.com/inde xphp?action=pageshow&id=67&idcat=44
103http://mww.conrad.nl/goto.php?artikel=229994
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Number of solar cells =7.5:0.5 £5

In total the solacells will provide us with 7.5 elts, 0.1volt more than the LiPdattery. This
difference will be cancelled out by tt#hottky diode, which consumes approximately-0.1
0.2 volts. After finding out we would now neefifteen solar cells we had to chose which
type of cells we would us&Ve will now usebig solar cell®nly, measurind0 cm by 10 cm.
Fifteensuchsolar cells wouldfit in our wingsexactly. Still, in order to keep the centre of
gravity in the correcposition we would have to put sevealar cells in each wing and one
solar cell in the middle of the wings.

- 2010

Wing construction

One week aftetestingthe electrical system we met again to start construction of the wings.
First, we decided to manufacturariousribs of the wing, whichhad tobe cut out of a board
7 of balsa wood.Cutting demanded much

precision and carefoess since balsa wood
is very vulnerable and thus can beoken
easily. Because of i the first part of the
afternoon was spent orowesidering options
to cut ribs, e.g. cutting it with scissas,
sawing it with a fretsaw or cutting it with a
Stanleyknife. After some testing on leftover
pieces of woodwe went for the Stanley
knife, for it proved to be easiest to cut
corners. In addition it turned ow be very
precise.

Since we cectiohshnu@ntly, we wndied some kind of template. We pred a
model of the wingpage 2) and usd it as a templatd.n the end we were able to construct
twentysolid ribs. We then marked spots whesapporting beams would have to be placed.
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Since we now finished the ril@and already had the front and rear coenavailable we tried
to visualise the wing. When we laibwnall the components of the wing weticed straight
away that all aligned perfecthf.his was greatly satisfying.

Research Project & Solar Challenger
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Research Project & Solar Challenger

That veryafternoon we also had some dissian on which rear cornice tese.Originally we
planned to use a cornice measuring 10 by 15 millimetres. Now, we also had a cornice
available measuring 5 by 3 millimetresotB of us were worriethatwhenusing the smaller

one contact areavould be too small fogluing ribs and corice bgether Eventually we used

the smaller one, butptbe able to use thsornice,we woutl have to make incisions in the
wood in which togluetheribs. This increased the contact area for the glue.

After cutting ribs, it was time to makecisions n the correct positions.

i — e

— —'---.____h___“-

—
1
I B D
2

2

We started withholes through which we would ruwiring for the solar cells andervo engine
(1). This didnodot prove to be too difficult
and could vary in size. We didecide to make only one big rectangular hole instead of the
three holes shown on the pictuMain reason was that cutting such small holes with a
Stanleyknife is prettydifficult, while cutting straightwent sosmoothlythat we could easily
manufacture rectangulahole

Next, we set out to construct the incisions through which the main supporting beams should
run (2). Making these incisions proved to be way more difficult since more accuracy was
required All the incisions had to line up perfectly erder to makethe wing straight and
uncurled.

We already markegblaces on eachb whereincisions would have to be made (the red dots).
We did so by lining up all ribs locking them in a clamp and drawing a pawpeular line
across theibs usng a trysquare. Since not all twentips fitted properly in the clampwe
split theribs in two groups, one group of nimés for every wing. The twaibs left were put
away to be used as spare parts or test parts later.

After cutting holes we tried to fit beribs over the supportive beamshél' holes proved to be
too narrow. Some filing made sure the holes became a bit wider, allowing the support beams
to fit neatly.

When fitting the beamswe discovered that thencisions were not deep enough. To
compasae, we madesmall indsions in the supporting beamBhis plan gave the advantage

that theribs could no longer slide over the supporting beams and we had a larger surface area
to glue theparts together

Next we had to make the hole for thestonwhich would connect the aileron to the servo
engine (3). By now we had already ordered the beam, which was madéaaubon, and we
discovered its amazing low masisweighed so littlethat it would be better to place the servo
engine at théeginningof thewing, eliminating the need faelatively heavywiring.
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Research Project & Solar Challenger

Unfortunately thenew plan demanded a hole in evelty, so again we fitted thebs in the
clamp and we dlied a hole at the right placAgain we faceda minor problemsome of the
ribs fractured because theew hole required to bedrilled very close tahe edge of the rib
Luckily cracks were only minoy so we could fix the problem with a piece of tapes. a
precaution measureve used some tape reinforce the unbroken ribs

Ribs, including holes|

When we puthe beam through the newly drilled holes we discovered that there was too much
friction, because the holes were too small. When neglected, this would possibly result in the
servo engine not being able to tuhe aileron Again we used a file to widen thelbs a bit.

The only thing left to do now was think about thies between the ailerons. Initially we
planned to cubff a part of thembut still leave the hole for the beam in plagdter we saw
the beam was still strorgnoughwithout the extra suppgrwe decided to cut thabs at the
place the closing bar would be placad shown belowThis had the advantagbat the
aileronscould be constructedlut of a single piece of wood.

&

With all ribs finished we couldstart gluing theibsto the spporting beams. This was done
pretty quickly and we soon could stattachingthe front cornice and rear cornice as well.

45



- 2010

o
e
5]

X
S
2
©

I
f -
)
@
)

i

o3
c
=
)
Q

—
S
>
=

=

o)
%)
c

§e)

3]
S

=)
o
S

o

|_
()

2

o)

Research Project 0 Solar Challenger

The front cornice waglued fairly easy but the rear cornice provexbe timeconsuming It
turned out theibsd i d n 6 t featly at thenbagk,eso we had to make small incisions in the
rear cornice. This gave ke additional advantage thadntact surfacketweenthe ribs and
the rear cornice drastically increased. After we inserted the beams faletbesg fabricated
closing beamsand measured the aileronge had ourselvesomplete frames for the wings.

Landing gear

With wings completd now, we could think of how we would let the plane stamdits own.
The metal frameaccompanyinghe suppliedwheels proved to b&ar too heavy so we hado
come up with asthersolution By now we had also discoveréoat when only supported in
the middle the wings would bnd down We decided to build two smadlears underneath the
wings They would be installedt one third ofachwing. In this way the plane auld be
supported by wheels during taxiing anggarrted by its wings during flight. In both situations
forces on the plane are equal and located at the same spot.

T ¢ F

Fge Fiise

[ T |

Taxiing

In flight
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