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ABSTRACT

This proposal manages planes utilizing sun oriented vitality as their lone wellspring of vitality for over 24
hour’s flight. Utilizing sun based boards, they gather it during the day for quick use yet additionally store
the rest of the part for the night flight. This work introduces another explanatory technique for the
reasonable plan of such plane. Its real favorable position lies in the way that it is basic and adaptable,
which makes it appropriate to an enormous scope of planes of various wingspans, from the little MAV to

the huge kept an eye on flying machine.

The capacity to deliver control without harming the Environment is a proceeding with test Fossils
energizes like Gasoline flammable gas and coal, all originate from Non-inexhaustible sources and when
consumed, increment the Level of air contamination and may hurt nature. Batteries, for example, those
found in electric lamp and MP3 Players, have constrained lifetimes and regularly wind up being discarded
in landfills. There are numerous ecological well-disposed option accessible today, for example, wind
vitality, geothermal, hydroelectric power plant lastly sun powered vitality. The Sun radiates a huge
measure of vitality each second of consistently. Just an extremely little portion of the Sun's vitality ever
makes it to the Earth, yet it's as yet a staggeringly huge sum. A great deal of that vitality is as of now
utilized as warmth, or by plants requiring the light for photosynthesis, changing over carbon dioxide into
sugars and in the end discharging breathable oxygen, yet despite everything it leaves a huge bit
un-utilized and prepared for catch. Sun powered flying machine is one of the approaches to use sunlight
based vitality. Sun based air ship utilizes sunlight based board to gather the sun powered radiation for
prompt use yet it additionally store the rest of the part for the night flight. This paper planned to animate
research on sustainable power hotspots for avionics. In future sun oriented controlled planes could be
utilized for various kinds of aeronautical observing and unmanned flights. This abstract quickly indicates
history, application, working, favorable circumstances, and hindrance of sunlight based air ship and

finishes up by expressing the need to use free sun oriented vitality for aeronautics.

Watchwords: Solar controlled UAV, Solar Energy, Solar Airplane, Sustainable Flight, smaller than
expected motivation, MPPT, Conceptual Design Methodology
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CHAPTER 1

1. Introduction

1.1 Motivations and Objectives

The capacity for an air ship to fly during a much broadened timeframe has turned into a key issue and an
objective of research, both in the area of regular citizen avionics and unmanned airborne vehicles. This
last area assumes an inexorably significant position in our general public, for regular citizen and
tragically military applications. The required continuance is in the scope of several hours on account of
law authorization, outskirt reconnaissance, timberland putting out fires or electrical cable review. Be that
as it may, different applications at high heights, for example, correspondence stage for cell phones,
climate research and estimate, ecological checking, would require staying airborne during days, weeks

or even months.

For the occasion, it is just conceivable to arrive at such driven objectives utilizing electric sun powered

controlled stages. Photovoltaic modules might be utilized to gather the vitality of the sun during the day,

one section being utilized straightforwardly to control the drive unit and installed instruments, the other
part being put away for the evening time. So as to arrive at the objective perseverance, the plan of the
plane must be thought cautiously and all inclusive, as a framework made out of numerous subsystems

that are consistently trading vitality. Because of these connections, each

Part must be measured in like manner to all the others. Here, the plan technique is to designing what the
formula is to cooking. A decent gourmet specialist can prepare an outstanding dinner with standard
items, while his disciple can miss it totally notwithstanding utilizing costly astounding items. Just in
light of the fact that a urgent part lies in the blend of the considerable number of components, and not
just in their quality. This is particularly valid for multidisciplinary ventures, the instance of a sun
powered plane being a perfect model as it requires information in the fields of streamlined features,

actuators, sensors, gadgets, vitality stockpiling, photovoltaic, and so forth.

In 2004, the Autonomous Systems Lab of EPFL/ETHZ began the Sky-Sailor venture, under an
agreement with the European Space Agency. ESA had the vision to send to Mars a plane that could

accomplish different logical
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Missions. Contrasted with other plane ideas for planetary missions, as AME (Airplane for Mars
Exploration) [63] or ARES (Aerial Regional-scale Environmental Survey) [67] that would be equipped
for installing a few kilograms for missions constrained to a couple of hours, the objective was here to

insert a

Payload of not exactly a large portion of a kilogram however for missions of weeks, even months,
utilizing sunlight based vitality. So the objective was to examine the practicality of a sun powered
controlled plane planned for flying persistently in the environment of Mars. As an initial step, the
plausibility of consistent trip on Earth was to be considered, with the plan to fly an Earth model at

elevations where likenesses happen with the red planet.

History of Solar Powered Flight

1.1.1 The Conjunction of two Pioneer Fields, Electric Flight and Solar Cells

The utilization of electric power for flight vehicles drive isn't new. The first was the hydrogen-filled
airship France in year 1884 that won a 10 km race around Villacoulbay and Medon. Right now, the
electric framework was better than its lone adversary, the steam motor, yet then with the entry of gas

motors, chip away at electrical drive for air vehicles was deserted and the field lay torpid for just about a
century . On the 30th of June 1957, Colonel

H. J. Taplin of the United Kingdom made the principal authoritatively recorded electric fueled radio

controlled trip with his model "Radio Queen", which utilized a lasting magnet engine and a silverzinc

Battery. Shockingly, he didn't carry on these tests. Further advancements in the field originated from the
incomparable German pioneer, Fred Militky, who originally accomplished a fruitful trip with an
uncontrolled model in October 1957. From that point forward, electric flight persistently advanced with

steady upgrades in the fields of engines and batteries.

Three years before Taplin and Militky's analyses, in 1954, photovoltaic innovation was conceived at Bell
Telephone Laboratories. Daryl Chapin, Calvin Fuller, and Gerald Pearson built up the primary silicon
photovoltaic cell equipped for changing over enough of the sun's vitality into capacity to run each day
electrical hardware. First at 4 %, the effectiveness improved quickly to 11%. Two additional decades

will be important to see the sun oriented innovation utilized for the impetus of electric model planes.
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1.1.2 Early Stages of Solar Aviation with Model Airplane
On the fourth of November 1974, the main trip of a sunlight based controlled air ship occurred on the
dry lake at Camp Irwin, California. Dawn I, structured by R.J. Boucher from Astro Flight Inc. under an
agreement with ARPA, flew 20 minutes at a height of around 100m during its debut flight. It had a
wiﬁgspan of 9.76 m, weighed 12.25 kg and the power yield of the 4096 sunlight based cells was 450W
[33]. Scores of trip for three to four hours were made throughout the winter, however Sunrise I was
genuinely harmed when discovered flying in a dust storm. Along these lines, an improved adaptation,
Sunrise II, was constructed and tried on the twelfth of September 1975. With a similar wingspan, its
weight was decreased to 10.21 kg and the 4480 sun powered cells were capable this opportunity to
convey 600W gratitude to their 14% productivity. After numerous long stretches of testing, this
subsequent variant was likewise harmed because of a disappointment in the order and control
framework. Regardless of all, the historical backdrop of sun based flight was locked in and its first
showing was do On the opposite side of the Atlantic, Helmut Bruss was working in Germany on a sun
based model plane in summer 1975 without having heard anything about Boucher's venture.
Unfortunately, because of overheating of the sunlight based cells on his model, he didn't accomplish
level flight lastly the first in Europe was his companion Fred Militky, after one year, with Solaris. On the
sixteenth of August 1976, it finished three flights of 150 seconds arriving at the height of 50m [38].
Since this early time, many model plane manufacturers attempted to fly with sun based vitality, this
enthusiasm ending up increasingly moderate. Obviously, toward the start, the self-governance was
constrained to a couple of moments, however it quickly moved toward becoming minutes and after that

hours. A few people separated themselves like Dave Beck from Wisconsin,

USA, who set two precedents in the model plane sun oriented class F5 open SOL of the FAI [21]. In
August 1996, his Solar Solitude flew a separation of 38.84km in straight line and after two years, it
arrived at the elevation of 1283m [18,21]. The ace of the classification is still Wolfgang Schaeper who
holds now all the official records : length (11 h 34mn18 s), separation in a straight line (48.31 km), gain
in elevation (2065 m), speed (80.63 km/h), separation in a closed circuit (190 km) and speed in a shut
circuit (62.15 km/h). He accomplished these exhibitions with Solar Excel from 1990 to 1999 in
Germany [15].

The Dream of Manned Solar Flight
In the wake of having flown sunlight based model planes and demonstrated it was achievable with
adequate enlightenment conditions, the new challenge that captivated the pioneers toward the part of the

arrangement was kept an eye on flights controlled exclusively by the sun.
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On the nineteenth of December 1978, Britons David Williams and Fred To propelled Solar One on its
lady trip at Lasham Airfield, Hampshire 121].

First proposed to be human controlled so as to endeavor the Channel crossing, this ordinary shoulder
wing monoplane demonstrated excessively overwhelming and consequently was changed over to sun
oriented power. The idea was to utilize nickel-cadmium battery to store enough vitality for brief length
flights. Its manufacturer was persuaded that with high-productivity sun powered cells like the one

utilized on Sunrise, he could fly without need of batteries, yet their excessive cost was as far as possible.

On April 29, 1979, Larry Mauro flew just because the Solar Riser, a sun powered form of his Easy Riser
hang lightweight plane, at Flabob Airport, California. The 350Wsolar board didn't have adequate
capacity to drive the engine legitimately and was here again somewhat utilized as a sun powered battery
charger.

Following a three hours charge the nickel-cadmium pack had the option to control the engine for around
ten minutes. His longest flight secured about 800m at heights shifting somewhere in the range of 1.5m
and 5m [33].

This essential stage comprising in flying with the sole vitality of the sun with no capacity was come to
by Dr. Paul B. McCready and AeroVironment Inc, the organization he established in 1971 in Pasadena,
California. After having illustrated, on August 23, 1977, supported and flexibility human-controlled trip
with the Gossamer Condor, they finished on June 12, 1979 an intersection of the English Channel with
the human-fueled Gossamer Albatross. After these triumphs, Dupont supported Dr. MacCready trying to
adjust a littler adaptation of the Gossamer Albatross, called Gossamer Penguin, into a man conveying
sun oriented plane. R.J. Boucher, architect of Sunrise I and II, filled in as a key advisor on the
undertaking. He gave the engine and the sun oriented cells that were taken from the two harmed
adaptations of Sunrise. On the eighteenth of May 1980, the Gossamer Penguin, with 13 years of age
MacCready's child Marshall ready, acknowledged what can be considered as the world's initially steered,
sun based fueled flight.

While in transit to High Altitude Long Endurance Platforms and Eternal Flight After the achievement of
Solar Challenger, the US government offered subsidizing to AeroVironment Inc. to think about the
plausibility of long span, sun oriented electric flight above 19812km (65000ft). The first model
HALSOL demonstrated the optimal design and structures for the methodology, yet it suffered from it for
vitality stockpiling, that were deficient for this sort of mission. Consequently, the venture took the
heading of sun oriented impetus with the Pathfinder that accomplished its first flight at Dryden in 1993.
When financing for this program finished, the 30m wingspan and 254kg air ship turned into a piece of
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NASA's Environmental Research Aircraft Sensor Technology (ERAST) program that began in 1994. In
1995, it surpassed Solar Challenger's elevation record for sunlight based fueled air ship when it arrived
at 15392m(50500ft) and after two years he set the precedent to 21802m (71530ft). In 1998, Pathfinder
was modified into another rendition, Pathfinder Plus, which had a bigger wingspan and new sunlight
based, streamlined, drive and framework advances. The principle target was to approve these new
components before structure its successor, the Centurion. Centurion was viewed as a model innovation
demonstrator for a future fleet of sunlight based fueled flying machines that could remain airborne for
quite a long time or months accomplishing scientific testing and imaging missions or filling in as media
communications transfer stages [17]. With a twofold wingspan contrasted with Pathfinder, it was skilled
to convey 45kg of remote detecting and information gathering instruments for use in scientific
investigations of the Earth's condition and furthermore 270kg of sensors, media communications and
imaging hardware up to 24400m (80000ft) height. A lithium battery gave enough vitality to the plane for
two to five hours

The last model of the arrangement assigned as Helios was proposed to be a definitive "unceasing plane",
consolidating vitality stockpiling for evening time flight. For NASA, the two essential objectives were to
exhibit supported flight at an elevation close to 30480m (100000ft) and flying relentless for in any event
24 hours, includingatleastl4hoursabovel5240m(50000ft). In2001,Heliosachieved the first objective
close to Hawaii with an un of 29524m (96863ft) and a 40 minutes flight above 29261m (96000ft). Sadly,
it never arrived at the second objective as it was devastated when it fell into the Pacific Ocean on June

26, 2003 because of basic disappointments.
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CHAPTER 2

LITERATURE REVIEW

Solar Impulse is a Swiss in length extend exploratory sunlight based fueled air ship venture, and
furthermore the name of the undertaking's two operational aircraft.[2] The secretly financed task is
driven by Swiss designer and businessperson André Borschberg and Swiss therapist and balloonist

Bertrand Piccard, who

co-steered Breitling Orbiter 3, the main inflatable to circle the world non-stop.[3]The Solar Impulse
task's objectives were to make the primary circumnavigation of the Earth by a guided fixed-wing

flying machine utilizing just sun based power and to point out clean technologies.[4]

The flying machine are single-situate monoplanes fueled by photovoltaic cells; they are fit for taking
off under their very own capacity. The model, regularly alluded to as Solar Impulse 1, was intended to
stay airborne up to 36 hours.[5] It led its first dry run in December 2009. In July 2010, it flew a whole
diurnal sun oriented cycle, including almost nine hours of night flying, in a 26-hour flight.[6] Piccard

and Borschberg finished effective

sunlight based controlled flights from Switzerland to Spain and afterward Morocco in 2012,[7] and
directed a multi-arrange trip over the US in 2013.[8][9]

A subsequent flying machine, finished in 2014 and named Solar Impulse 2, conveys increasingly sun
oriented cells and all the more dominant engines, among different upgrades. On 9 March 2015,
Piccard and Borschberg started to circumnavigate the globe with Solar Impulse 2, leaving from Abu
Dhabi in the United Arab Emirates.[10] The airplane was planned to come back to Abu Dhabi in

August 2015 after a multi-organize venture around the

world.[11] By June 2015, the plane had navigated Asia,[12] and in July 2015, it finished the longest
leg of its voyage, from Japan to Hawaii.[13] During that leg, the air ship's batteries supported warm
harm that took a very long time to repair.[14] Solar Impulse 2 continued the circumnavigation in April

2016, when it traveled to California.[15][16] It proceeded over the US until it arrived at New York
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City in June 2016.[17] Later that month, the flying machine crossed the Atlantic Ocean to Spain.[18] It
halted in Egypt[19] before coming back to Abu Dhabi on 26 July 2016, over 16 months after it had
left, finishing the roughly 42,000 kilometer (26,000 mile) first circumnavigation of the Earth by a

guided fixed-wing flying machine utilizing just sunlight based power

In this section, we quickly clarify the fundamental rules that make a sun based plane fly and
particularly the advances that are included. Just the hypothesis that is expected to comprehend the

structure in the following section is examined.

References permit the peruser who needs to delve further in a subject to do as such. Like every other
plane, a sun powered plane has wings that comprise the lifting part. During consistent flight, the wind
stream because of its relative speed makes two powers : the lift that keeps up the plane airborne

TeNg, = Oy g G§p2:ight and the drag that is repaid by the pushed of the propeller.

Fp = C'D—gS'vz

WM, MPPT Motor,
= T Solar Panels Converter _ Electronics,..

";'z‘,.,\_if_."
ryns q -/

-
e

Figure 2.2: Solar airplane basic principle

The sunlight based boards, made by sun powered cells associated in a characterized setup, spread a
given surface of the wing or possibly different pieces of the plane like the tail or the fuselage. During
the day, contingent upon the sun irradiance and rise in the sky, they convert light into electrical
vitality. A converter guarantees that the sun powered boards are working at their greatest power point. -
That is the motivation behind why this gadget is known as a Maximum Power Point Tracker, that we
will truncate MPPT. This power acquired is utilized right off the bat to supply the drive gathering and

the locally available gadgets, and besides to accuse the battery of the overflow of vitality.

During the night, as no more power originates from the sunlight based boards, the different

components devouring vitality are provided by the battery that needs to go on until the following
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morning where another cycle begins. After the depiction of this general idea, we will approach the

hypothesis of the various parts independently in the following segment

Aerodynamics of a Wing
The cross section of a wing in a laminar airflow with a constant speed v. The circulation of this airflow
creates a different pressure distribution on the upper and lower side of this section that once integrated can

be represented as two forces, the lift and the drag.

2.1 Solar Cell

A sun powered cell or photovoltaic cell is a gadget that changes over sun oriented vitality into power by
the photovoltaic impact. It is in all respects broadly utilized in space application since it permits a
spotless and long-length wellspring of vitality requiring no upkeep. Sun oriented cells are made out of
different semiconducting materials, establishing at least one layers. Silicon is all the time utilized as it is
the second most bounteous component in Earth's outside layer and in this manner reasonable.
Consequently, this material will be considered in the further clarifications that are likewise substantial

for different kinds of semiconductor.

a basic silicon sun powered cell is spoken to with two doped semiconductors layers, p-type and n-type.
At the point when the daylight strikes the sun powered cell surface the cell makes charge transporters as
electrons and gaps. The interior field created by intersection isolates a portion of the positive charges
(gaps) from the negative charges (electrons). The openings are cleared into the positive or player and the
electrons are cleared into the negative or n-layer. At the point when a circuit is made, the free electrons
need to go through the heap to recombine with the positive gaps, current can be delivered from the cells

under enlightenment.

2.1.1 Solar Irradiance

The vitality originating from the sun relies upon the wavelength, prompting the sunlight based range

spoken to The reference sun powered unearthly irradiance AMO (Air Mass 0) speaks to the irradiance at
the highest point of the climate with an all out vitality of 1353W/m2. Adrift level, it is alluded as AM1.5

and the complete vitality rises to 1000W/m2. Notwithstanding the immediate irradiance, we likewise
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need to think about the diffuse irradiance, which is prevalent on an overcast day, and the reflected
irradiance. Pondered irradiance is needy the albedo, which is a proportion of the reflectivity of the
Earth's surface. New snow has an albedo of around 80 %, desert sand 40% and grass somewhere in the

range of 5% and 30 %..

2.1.2 Types of Solar Cells
There exist different kinds of photovoltaic cells that can be arranged by the sort of material, the
manufacture procedure, substrate, and so forth. The target here is just to give a short and non-thorough
diagram of the current kinds. The per user can allude to [82] for more profound data. The most broadly
utilized kind of material is silicon, in view of its bounty and minimal effort. We can recognize three
kinds of silicon sun powered cells as indicated by the sort of gem:
e Mon crystalline for which totally unadulterated semiconducting material is utilized which gives an
abnormal state of productivity yet at a surprising expense.
e Polycrystalline, slight layer cell, where a silicon film is saved on glass or another substrate
material, even adaptable. The thickness of this layer.
e Amorphous, or thin-layer cell, where a silicon film is deposited on glass or another substrate
material, even flexible. The thickness of this layer
e is under 1 pm, hence the generation expenses are exceptionally low, however the proficiency is

poor also..

Be that as it may, different materials can be utilized too like components from gatherings three to five of
the intermittent table of the components to create compound sun based cells. These incorporate gallium
arsenide, copper indium dieseline, cadmium telluride, and so forth. These cells are increasingly costly to
create, yet lead to higher effectiveness. We can likewise make reference to the polymer sunlight based
cells made of natural material and the color sharpened sun based cells that are promising advancements
since they are economical to create. In any case, these innovations experience the ill effects of flimsy

effectiveness issues that still should be comprehended and are not yet feasible for industry.

Truth be told, the most productive sunlight based cells are of a pile of individual single junction cells in
sliding request of band gap. The top cell catches high-energy photons and passes the lay on to bring

down band gap cells. These multifunction cells would then be able to change over a more extensive
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piece of the sun oriented range of prompting a high productivity that goes up to 40 %. the best

efficiencies acquired for different sun oriented cell advances..

Current and Voltage of a Solar Cell

The current to voltage bend of a sunlight based cell has an exceptionally trademark shape and can be
depicted by the scientific models of a perfect or genuine photovoltaic generator that won't be created
here yet can be found in [78]. As portrayed, when the cell cushions are not associated, no current is
delivered and the voltage rises to VOC, the open circuit voltage. When it is short-circuited, the voltage is

zero however the present equivalents ISC. In the middle

these two where in the two cases the power recovered is zero, there is a working point, called the
greatest power point, where the power one can recover is the most astounding and equivalents Pmax =

VMPP IMPP . It is decisively at

this point the cells ought to be utilized and the proportion among Pmax and the light force speaks to
correctly the productivity of the sun powered cell. Be that as it may, the bend, and in this way this point,

isn't fixed and fluctuates relying upon numerous parameters.

The current of a sun oriented cell is corresponding to its region and fluctuates directly with the light

power The voltage differs just a little

bit when the light power changes and is free of the cell surface, however relies upon the semiconductor
material. For a solitary layer silicon cell, VMPP is around 0.5 V, yet for a triple intersection gallium
arsenide cell, it increments up to 2.27 V. The significant estimations of VOC, ISC, VMPP , IMPP are
given in sun oriented cells datasheets under standard range conditions, either AMO or AM1.5, that were
introduced beforehand. Temperature likewise influences the qualities of sun based cells. When it builds,

the voltage diminishes somewhat while the present increments irrelevantly.

All around, the power that a sun oriented cell can give is higher for lower temperature, considering a

similar irradiance conditions
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A get together of sun oriented cells associated electrically in parallel, which builds the flow, or in
arrangement, expanding then the voltage, is alluded to asa sunlight based module or sun based board.

The I-V bend of a sun oriented module has a scaled yet comparable shape to that of the single cell bend.

2.2 Energy Storage

At the point when the vitality generation isn't consistent and nonstop, a great vitality stockpiling
strategy is fundamental. We can list a wide range of approaches to store vitality

* Chemical (hydrogen, biofuels)

* Electrochemical (batteries, fuel cells)

* Electrical (capacitor, supercapacitor, superconducting magnetic energy

storage or SMES)

* Mechanical (compressed air, flywheel)

* Thermal

These various advances coincide in light of the fact that their qualities make them alluring to various
applications. From a client perspective, the principle choice criteria are the vitality and power thickness,
the reaction time,

the lifetime, the effectiveness and obviously the expenses. On account of a sun oriented plane, the
gravimetric vitality thickness in Wh/kg, additionally called explicit vitality, and the pinnacle power are
the most significant parameters that decide the decision of the vitality stockpiling strategy. The
volumetric vitality thickness will obviously additionally have an effect on the fuselage size, however this
volume assumes a minor job on the power required contrasted with the weight. A glance at that in the
present case, electrochemical batteries and power modules are the two best competitors. Indeed, they
have the most astounding gravimetric vitality thickness from every one of the arrangements that are

reversible.

Working Principles

Electrochemical batteries are vitality stockpiling gadgets, which can change over artificially put away
vitality into electrical vitality during releasing. They are made out of a cathode and an anode, made of
two divergent metals, that are in contact with an electrolyte. At the point when all components are in
contact with one another, a progression of electron is created. In the event that the procedure is

reversible with the goal that they can be revived, they are alluded to as optional batteries, in the other
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case they are essential batteries [97]. Concerning a sunlight based plane, battery-powered batteries will

obviously be utilized.

A few advances are accessible and presently, the lithium-particle (or lithium ion-polymer where the
electrolyte is a gel and not a fluid) innovation is the best concerning gravimetric vitality thickness,
contrasted with lead-corrosive, nickel cadmium (NiCd) or nickel-metal-hydride (NiMH). The ostensible
voltage of a lithium-particle cell is 3.7V contrasted with 1.2V for NiCd and NiMH and its ability, in Ah

relies upon its size.

Charge and Discharge Process of a Lithium-Ion Battery

The charging procedure of lithium-particle batteries is very straightforward, however must be done in all
respects cautiously as a result of security reasons. During a first stage, a steady current charges the
battery while the voltage increments as portrayed in Once 4.2V is come to, the subsequent stage begins
during which the voltage is kept consistent while the current acknowledged by the phone gradually
diminishes. At the point when this current is beneath 5% of the greatest current, the battery is charged.
The most extreme charge rate, contingent upon the producer, is consistently lower than 1 C, where C
represents the limit of the battery. Thinking about a phone with a limit of 800mAh, 1C speaks to a
current of 800mA during 60 minutes, 0.5C gives 400mA during 2 hours, and so on. Therefore,
lithiumion cells consistently need at least one hour to be charged. Concerning the charging voltage, it
ought to never surpass 4.2 V. Utilizing a charge rate higher than 1C or cheating over the most extreme
voltage harms the cell and possibly brings about blast as well as flame. Concerning the release
procedure, the most extreme release current is explicit to each show. Batteries with high release paces of
around 20C are vailable, however the models that offer a high gravimetric vitality thickness are
constantly evaluated to under 1C. Toward the part of the arrangement, the voltage drops exceptionally
quick beneath 3 V, as observed. As of now, the heap must be expelled when the voltage comes to
roughly 2.7V per cell, or else the battery will in this manner never again acknowledge a full charge and

may encounter issues holding voltage under burden.

Fuel Cells

A power module is where the substance vitality of reactants, regularly a vaporous fuel and the oxygen in
the environment, is changed over straightforwardly into electrical vitality and warmth. It is what might

be compared to consuming the fuel; be that as it may, as the vitality is legitimately changed over to
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power, it is progressively effective. What is known as the power module is just the part where the

response and the change happens. It does exclude the reactants that are put away in isolated tanks.

Because of its high gravimetric vitality thickness, hydrogen is the most supported and normal fuel
utilized, that is the motivation behind why we will think about it for the accompanying clarification. The
power module comprises of two terminals, known as the anode and cathode that are isolated by an

electrolyte.

Oxygen is ignored the cathode and hydrogen over the anode. Hydrogen particles are framed together
with electrons at the anode. The hydrogen particles relocate to the cathode through the electrolyte and
the electrons created at the anode course through an outside circuit to the cathode. At the anode they join

with oxygen to frame water. The progression of electrons through the outside circuit gives the current of
the cell.

Maximum Power Point Tracker

As depicted in area 2.3, a sun based cell has a working point on its current to voltage bend where the
power recovered is maximal. So as to work now, which is ceaselessly moving a result of the continually
changing irradiance conditions, and in this way get the most astounding measure of vitality, a purported
Maximum Power Point Tracker (MPPT) is required. A MPPT is fundamentally a DC/DC converter with
variable and flexible increase between the info and the yield voltage, the information being the sun
powered boards and the yield the battery. It contains hardware that screen both the current and the
voltage on each side, which permits an assurance for how the addition must be changed to guarantee the

best utilization of the sun oriented boards.

There are various calculations to follow this most extreme power point. One very notable is known as
the "Slope Climbing" strategy; thinking about a steady battery voltage, which is substantial at present
moment, expanding/diminishing the voltage increase makes the working point, on the power bend of,
move separately to one side/right. The current and voltage are estimated to figure the real control. On the
off chance that it is higher than the past power, the heading of development is kept as one is getting more

vitality, if not, bearing is changed.

An outcome is that the working point is never at the MPP, yet swaying around it, giving along these

lines a normal power somewhat underneath the greatest power. This following capacity works just
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during the principal period of the battery charge, when the voltage is beneath the maximal worth that
would destruct the lithium-particle cells (4.23 V/cell). In the subsequent stage, for example steady
voltage, diminishing current, the power must be decreased beneath MPP. That implies that the following

is as yet executed, however with an extra condition that if
the voltage approaches the greatest, the heading is consequently changed, decreasing the power.

As a component of the vitality chain, the MPPT must be as productive as could be expected under the
circumstances. In this way, not just the equipment configuration must be advanced to limit the
misfortunes in diodes, transistors and inductors, yet in addition the calculation must be tuned to have a
quick adjustment to irradiance varieties and a decent following accuracy. An all around structured MPPT

ought to have an effectiveness above 95%, however the best items arrive at 99 %.

Electric Motor

An electric engine utilizes electrical vitality to deliver mechanical vitality. This definition is general and in
truth there exist an enormous assortment of electric engines that coincide as a result of the diverse stock
sources, sizes, torques and paces relying upon the application. In the present case, DC (Direct Current or
Continuous Current) engines will be utilized as they are intended to keep running on DC electric power
provided by a battery. By a wide margin the most well-known sorts are the brushed and brushless sorts,
which utilize mechanical and electronic replacement individually to make a turning attractive field vector
that pulls an electromagnet or a lasting magnet. In a great DC engine, the inward part is the rotor, which
comprises of an injury loop producing a turning attractive field, and the external part is either an
electromagnet or lasting magnet stator, which makes a fixed attractive field. The electrical association
between the rotor and the outside power supply are guaranteed by brushes. Subsequently, the revolution will
consistently change the curl extremity, therefore creating a swaying current. This current is at the inception
of the pivoting attractive field and the turning minute. The constraints of DC engines are because of the
requirement for brushes to press against the commentator what makes rubbing, flashes and electrical
clamor, particularly as flows and speeds get higher. Additionally, the windings instigate a high inactivity to
pivot and as they are set in the focal point of the engine, they experience difficulty disposing of the warmth
because of the Joule impact. So as to have high effectiveness, an accuracy get together and great parts are
required. Anyway, their speed control is effectively accomplished by differing the consistent voltage or the
obligation cycle of a Pulse Width Modulated sign (PWM).
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In a brushless DC engine, regularly curtailed BLDC, the curls don't move. Rather, the changeless magnets

pivot and the armature stays static. This gets around the issue of how to move current to a moving armature.

So as to do this, the brush-framework/commentator get together is supplanted by an electronic controller
that plays out a similar power dispersion found in a brushed DC engine. The drive gadgets is increasingly

mind boggling that for

brushed engines since it needs to actuate the loops one stage after the other, what must be synchronized to
the rotor's position. So as to detect the position, either Hall Effect sensors or Back Electro Magnetic Force
(BEMF) are utilized. At the point when arranged with the magnets outwardly, they are alluded to as out
runner engines, else they are called in runner. The upsides of BLDC engines are various : exact speed
control, high productivity, unwavering quality, diminished clamor, longer lifetime (no brush scraped area),
no ionizing flashes. Furthermore, they run a lot cooler than brushed engines which permits the utilization of

higher flows. Thus, their capacity to weight proportion is especially high.

Propeller

The propeller is a gadget comprising of a lot of at least two turned, airfoil shaped edges mounted
around a pole and spun to give drive of a vehicle through a liquid. It quickens approaching air
particles making a response power called push. On the off chance that we consider a stream tube
around it, as the mass of air going through the stream cylinder must be consistent, the expanded speed
prompts a constriction of the stream cylinder going through the propeller plate, dismissing

compressibility.
So as to more readily see how it functions, we will display the Blade

Component Theory (BET) that gives fundamental knowledge into the rotor performances well as
different qualities. In this hypothesis the cutting edge is thought to be

Made out of various, minute strips with width 'dr' that are associated from tip to tip. The lift and drag
are evaluated at the strip utilizing the 2-D airfoil attributes of the area. Additionally, the

neighborhood stream qualities are represented as far as trip speed, inflow speed, and precise speed.
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The area lift and drag might be determined and incorporated over the cutting edge range. The
propeller effectiveness nplr is characterized as the proportion between the propeller push T times the

propeller hub speed v and the opposition minute Mplr times the rotational speedN.

So planning a proficient propeller goes to indistinguishable difficulties from for a plane wing : locate
the best airfoil, harmony and frequency point that limit the opposition torque and amplify the push for
a given pivotal speed. This ideal changes along the cutting edge, from the center point to the tip,
because of the expanding range and hence velocity, clarifying the contorting state of propellers. A
decent propeller intended for a particular flight area ought to have a proficiency of in any event 80%,

85% being a brilliant worth that is hard to outperform.

Shockingly, it isn't consistent and changes with velocity and rotational speed, or all the more
absolutely with the dimensionless propeller advance proportion J = v/nd where n is the quantity of

sharp edges and d their measurement

As the propeller pivots through one circle the plane advances a separation v/n. J is then the proportion
of this worth and the width. For planes flying in evolving conditions, regarding pace and elevation for

instance, a variable pitch propeller can be utilized to the detriment of weight.
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Chapter 3

Conceptual Design Methodology

Introduction

This part is the hypothetical heart of this postulation as it depicts in detail the calculated plan system.
Regardless of whether it is expected to accomplish reconnaissance at low elevation or fill in as a high
height correspondence stage, a sun powered flying machine fit for consistent flight needs to fly at

steady elevation.

Actually, the first would be pointless for ground reconnaissance at high elevation and the subsequent
one wouldn't cover an adequate region at low height. For this reason, we focus the accompanying
investigation on straight level flight just, putting away the excess of sun based vitality in the battery.
Different situations, for example, putting away vitality through potential vitality in height or utilizing

climbing thermals, will likewise be dealt with

e weight balance the lift power must be equivalent to the heaviness of the considerable number

of components establishing the plane

o Energy balance: the vitality that is gathered during a day from the sun based boards must be
equivalent to or higher than the electrical vitality required by the plane.

From here on, and thinking about the kind of mission and the payload to install, there are two distinct
techniques to accomplish the plane theoretical structure: The discrete and iterative methodology
comprises in choosing an originally set of parts (engine, sun oriented boards, battery, and so on.) in
light of unadulterated estimation of the last required power or on past structures. At that point, having
their all-out mass, the wing surface and drive gathering can be estimated. Having picked an exact
engine, gearbox and propeller, we can figure the power required for level flight. This worth is then
contrasted and the power accessible from the recently chosen sun oriented generator, etc. An iterative
procedure happens, refining determinations, improving the structure at each progression and closure

ideally
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converging solution.

1. The other methodology created in this theory is an explanatory and ceaseless methodology that
comprises in building up every one of the relations between the segments with scientific conditions

utilizing models depicting the attributes of every one of them. This technique has the advantage

of straightforwardly giving a one of a kind and advanced structure, however requires generally
excellent numerical models. In the present case, a significant exertion will be made to have these
models as exact as conceivable on an extremely wide go, with the goal that the procedure can be

connected for sun powered MAVs just as for kept an eye on sun oriented planes.

In the accompanying segments, we will initially build up the outflow of the power required for an air
ship at level flight and afterward present the irradiance model that will prompt the everyday sunlight
based vitality accessible. From that point onward, we will build up the weight forecast models for all
the plane components, which will close the circle before introducing the scientific goals and the

arrangement of the issue.

So as to help the conditions, substitution factors ai will be utilized rather than long recipes. The per
user can without much of a stretch experience the plan procedure watching out for that condenses in an

extremely basic graphical way every one of the counts and models in the future.

Calculation of the Daily Solar Energy

The all out electric vitality is acquired by duplicating the aftereffect of condition (3.8) with the outside
of sun powered cells, their effectiveness and the productivity of the MPPT. Also, we need to consider
the way that the cells are not arranged on a flat surface yet pursue the cambered airfoil. In a
progression of interconnected cells, the one with the most minimal irradiance constrains the current for
all the others. This issue happens for the most part at dawn or nightfall, when the sun height is low,
and depends additionally on the plane direction. This circumstance is spoken to where the principal
cell, close to the outskirt of assault, has the littlest rise point _1 and will at that point punish different

cells.
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Variety of rate edge on the sun powered cells for a cambered wing at s unrisen or dusk For this reason
it is critical to take care about the wiring design and ideally arrange the phones associated in
arrangement along the wing, so they have a similar direction. Reenactments have been acknowledged
so as to contemplate this effect and the outcomes demonstrate that contrasted with a level aura, the
camber diminishes the vitality by practically 10% during an entire day in focal Europe. So as to
produce this results into record in our technique, we will consider another effectiveness _cbr that is

over 90 %. Subsequently, the everyday electrical vitality is :
Mass Prediction Models

For each part on the airplane, a good mass model is necessary in order to calculate the total mass m
and use it in equation (3.5). In this section, we will go through all the parts constituting the airplane

and establish their mass models.
Fixed Masses

As a matter of first importance, there are some fixed masses that won't rely upon the estimating of
different parts. In this class, we incorporate the payload that is a mission necessity characterized
toward the start. Somewhat, we can likewise incorporate the autopilot framework whenever

characterized toward the start moreover.
Airplane Structure

The mass of the plane structure is absolutely the most troublesome part to show and the two principle
approaches generally utilized in the writing for sunlight based planes seemed deficient at a size of two
or three meters. That is the motivation behind why we will think about this part more in subtleties and

propose another model substantial for sizes on three sets of size.

The principal come closer from D.W. Lobby [69] comprises in computing independently the mass of
the considerable number of components establishing the airframe, for example the fight, the main and
trailing edges, covering, ribs, control surfaces, fuselage and tail as elements of the absolute mass,
perspective proportion and wing region. The technique is definite and exact. In any case, their creators

unmistakably limit its legitimacy for planes with a load between 1000 to 3000 Ibs, which relates to a
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mass of 453 to 1360 kg. It was connected by Colozza [50] on a sun based plane with more than 60m
wingspan yet is inapplicable in the scope of UAVs or MAVs. The subsequent methodology, proposed
by W. Stender in 1969 [120], depends on measurable information for sailplanes with twin blast tails.
The whole airframe weight Waf is evaluated in a parametrical route as a component of wingspan b,

surface S and number of blast tails n, An and B being constants.
Waf=AnSb3 _B(3.11)

Information and determined assessments of airframe weight, extreme burdens, and plane geometry of
MacCready's Solar Challenger and another high-elevation sun powered fueled plane structure idea
were utilized in a relapse investigation to characterize A = 0.310 and B = 0.311 (Imperial Units 1bs/ft)
for a class of ultralight, cantilever wing planes with twin blast tails [131]. When changed over in the
Standard International Unit System (Metric Units), and utilizing the angle proportion definition AR =

b2/S, we can rework:

This model was generally embraced by Bailey [27], Colozza [49], Irving [70], Romeo [113], and
Youngblood [131] and furthermore Rizzo [110] who also proposed his own model gotten by adding
NASA models information and that is said to be favored for UAVs.

Another model utilized is to consider the airframe weight relative to its surface. Guglieri makes this
equivalent suspicion utilizing 2.5 kg/m2 [66, p.50]-for a kept an eye on variant, just as Brandt who
thinks about a proportion of 0.97 kg/m2 [36, p.706] for his 61m HALE. For their 38 cm sun powered
fueled MAV "SunBeam", Roberts et al. [111] utilized an estimation of 0.2 kg/m2. Rehmet [105, p.5]
considers the recipe Maf = 0.103 [kg/m2] b2+1.157 [kg/m2] S which can be changed as Maf =
(0.103/AR+1.157) S driving here again to a straight model between airframe mass and wing surface

Validation of the Model

So as to check these models, a database containing the parameters of 415 sailplanes of different
measurements was made. They are partitioned into 92 radio-controlled unmanned models and 323 kept
an eye on sailplanes. For every one of them, the accompanying qualities are accessible: wingspan,
wing territory, perspective proportion, structure weight and gross weight. Presents the structure weight
of these 415 sailplanes regarding the wing region, the shading speaking to the perspective proportion.

On the two tomahawks, a logarithmic scale is utilized to have great worldwide perspective on the
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propensity, from the radio-controlled models in the lower-left corner to the kept an eye on sailplanes in
the upper-right part. The target currently is to check whether the conditions referenced above, which

are widely utilized in sun oriented plane structures, pursue this inclination.

For this reason, the Stander and the Rizzo models are plotted on a similar chart, utilizing two
distinctive angle proportions of 15 and 30. The outcome is that Rizzo's condition approaches the best
sailplane models, which is ordinary as it was derivate from unmanned sunlight based planes
information, however it isn't advantageous for little scale models where it is excessively critical. Truth

be told, for a plane with0.3m2 wing zone, it would anticipate a weight multiple times greater than

actually.
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Chapter 4

Analysis and Design

The methodology that was presented in the last chapter will now be put into application, with the
concrete example of the design of the Sky-Sailor prototype. After the presentation of the airplane
layout resulting from the design methodology in the next section, we will present a second tool to
validate the concept before building a first prototype. It consists of a simulation environment that
allows analyzing the energy flows on the airplane, between the solar panels, the battery and the power
consuming elements second after second during a flight. This step is closer to the real experiments and

constitutes an additional proof that the planned airplane will reach its objectives.

The goal of the Sky-Sailor project is to design and build an airplane

that proves the feasibility of continuous flight, over 24 hours, as explained in section 1.1. This flight
should be feasible within 3 months in summer, which sets the day duration to 13.2 hours according A
50 g payload consuming 0.5 W, representing a small camera and its transmitter, will be installed
onboard. The airplane will fly at a low altitude of 500m above sea level, 100m above ground. These

mission parameters are summarized in table 3.6 and the technological parameters.

Application of the Design Methodology

We will now investigate, with the mission and technical parameters that we considered, what would be

the layout of an airplane capable of 24 h flight in

these conditions. For this purpose, various airplane wingspans and aspectratios are tried methodically.
For each combination, equation (3.38) determines if the solution is feasible. In the case of a positive

answer, equation (3.35) is solved to find the airplane gross mass.

presents the results. We can observe that the minimum wingspan the airplane should have for
continuous flight is 2.5 m. There is also an upper limit, showing that with a wingspan greater than
around 4.5m continuous flight is no longer feasible. This might be surprising, but it has a very simple
reason : with the weight prediction model that we considered, the airframe becomes too heavy above a

certain wingspan so that it is no more possible to fly continuously with the available power. That means

A



R

that going higher in dimension would require a lighter airframe weight model. This point will be further
discussed below, with the help.

Having found the total mass for each possibility, we can then introduce

it into the loop represented to calculate precisely all the other airplane characteristics : powers at
propeller, gearbox, motor and battery, surface of wing and solar panels, weights of the different

subparts and also flying speed.
Aircraft and flight characteristics depending on the wingspan b and the aspect ratio AR

presents these data that are decisive for the final selection of the airplane layout. This selection will

follow criteria that are determined by

the application. They can concern speed, having a certain distance to cover in a limited time, or
wingspan, the UAV being stowed in a limited volume and launched by hand. Thus, with the help of
these plots, a final configuration can be selected. In the case of Sky-Sailor, one key objective was to
study the stowage of the airplane in a very limited cylinder, what would be the case of a system sent to

Mars.

Finally, a wingspan of 1.7m including the winglets is considered with an aspect ratio of 11, giving a
chord of 19 cm. The targeted airplane weighs 1.5kg, the 60Wh battery and the fuselage representing 40
%, respectively 34% of this amount, as the mass distribution in tells us. This plot is very useful to see
what percentage of the total weight each element represents, in order to orient the research efforts
accordingly. One notable point is the airframe weight that sees its percentage increase from 17% to 39%
when increasing the wingspan from 2.3 to 4.7m. As the model is roughly cubic, this percentage grows
and above a certain wingspan, continuous flight is no more ensured without using a lighter construction
technique. Coming back to the selected layout, the mechanical power required for level flight is only
9.42 W, but considering the efficiencies of the propulsion group elements an electrical power of 14.2W
will be needed. When adding the autopilot and payload power consumption, the total electrical power is
17.22 W. Level flight should take place at a nominal speed of 8.3 m/s. The wing surface is 0.787m2,
from which 0.525m2 are covered by solar cells giving a maximum power of 74W at the output of the
MPPT. Instead of varying only b, m and AR, it is also possible to fix one of these three variables and
use a parameter that was considered as constant as a new variable. For example, we can fix the aspect
ratio and then see the impact of air density on the flight feasibility in order to calculate the maximal
altitude for a 24 h flight, keeping the same mission objectives. In fact, a potential future step in the
project is to fly higher than a few hundreds of meters above the ground. The battery technology being
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the one that will see improvements the most rapidly in the next years, it is interesting to see the
evolution of this altitude with respect to the gravimetric energy density values. This is represented that

confirms the 3.2m wingspan as a good optimum.

Thus, with this approach it is possible to do far more than just designing an airplane, as a
multi-disciplinary optimization (MDO) program would do it. We can easily analyze the impact of some
of the design parameters on other parameters or variables. This kind of sensitivity analysis is very
useful to observe into which technological domain it is interesting to put efforts in order to increase a
certain capability, for example the flight duration. The design methodology that led to the plots here
above was implemented under Matlab R. The code is simple and composed of 210 lines divided in four
m-files available in the appendix so that the reader can test the methodology himself. In fact, in our
design methodology, the added value is not only the program itself but mainly the good models that the

methodology is based on. The equations relating them are themselves very simple.

Real-Time Simulation Environment

In the methodology and its application example presented above, the irradiance is averaged over the

"whole day, so what comes out at the end is a solution that makes solar flight feasible during this day.

However, we might also want to see the flight evolution second per second with an irradiance that
varies during the entire day instead of being averaged. It is then possible to monitor all state variables
and analyze the energy flows on the airplane from dusk till dawn and from dawn till dusk. This allows
validating the design a second time before building the real prototype, but it has other purposes.

Such solar flight simulation can predict the charge status of the battery in order to see what the energy
margin in the morning will be. This information is very useful then during the real experiments to
control for example in the middle of the night if the voltage profile is close to the prediction or not, in
which case special measures have to be taken. A second purpose is to see the influence which the
alteration of some parameters has on the continuous solar flight. For example, by reducing the
efficiency or the area of solar panels, we can simulate dust deposition or damages and evaluate the
impact on the feasibility of 24 hours flight. Also, instead of considering only level flight, we are able
to test various types of flight at different moments in the day. One example is to start climbing at the end
of the afternoon, once the battery is fully charged. Thus the surplus of energy is stored into potential

energy. After dusk, when the sun power is not sufficient to power the level flight anymore, a descent to
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the nominal altitude with the motor off is engaged. Hence, this new tool is definitely not redundant to

the design methodology, it is rather complementary.

Simulation of a 48 Hours Flight

The simulation of a 48 hours flight on the 21st of June and starting at 7h00 in the morning is presented.
This day has theoretically the shortest night duration and is thus the optimal period to fly continuously.
The left part concerns the power transfers. Considering only level flight, the total power consumption in
green is constant, but of course the electrical power coming from the solar panels augments until a
maximum of 72W at around noon. During this period, the battery is charged with the power surplus. At
12h10, the battery is charged and during the afternoon, only a power equal to the power consumption is
acquired from the solar panels. This is similar to what happens in the reality, meaning that having a full

battery, it is not

necessary to dissipate the power surplus through a heating resistor because so that only the consumed
power is retrieved. At 18h, the solar power is not sufficient anymore and the battery starts to be used,
with a phase where both the solar panels and the battery are supplying power. During night, the supply
comes from the battery only.

Thus, the bold curve shows that almost half of the energy is not used. The reason is that this graph
shows ideal sun conditions, whereas in reality some clouds can obstruct the sky during some periods
and thus lowers the available solar power. In this case, the battery would be fully charged later than the
prediction, or if the solar power is really lower than the power consumption, the battery would even be
discharged during the day. If this last situation occurs during a short time in the middle of the
afternoon, it is not so critical as the battery can be fully charged again before dusk arrives. This is
precisely why in our design a margin factor _wthr was considered (Equation 3.8). If it happens
precisely at dusk or at down, this becomes more problematic because the battery will start, or
respectively end its nocturnal discharge before the planned hour, what could prevent achieving a new
24 h cycle. In the present case, the right part of that we have a battery capacity margin of 18.7 Wh,
what represents more than one hour of flight. In order to be consistent, we should also mention that an
ideal battery model was considered. In reality, the power charging the battery has to be limited during
the second charge phase with constant voltage and decreasing current. Hence, the charging time is

slightly lengthened compared to the case where the battery is constantly charged.
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Now we can do the same simulation but one and a half month later, as we considered a feasibility

margin of three months in summer.

the case with the same airplane and also starting at 7h00 in the morning, but on the 4t of August. The
maximum solar power already decreased by 7% but this is not critical as a certain margin was
considered. It results only in a battery that needs slightly more time to be charged. The problem comes
from the night which lasts longer now. As a consequence, the battery starts its discharge 25 minutes

earlier than on the 21s¢ of June, leading to a minimum capacity of only 2Wh at the end of the night.

After this date, the feasibility is no more ensured. That shows clearly that for achieving continuous

solar flight far away from the 21s¢ of June,

what becomes problematic is not the day duration that decreases but mostly the night duration that
increases. And the reason lies simply in the fact that even with the best energy storage technology

available now, the battery is still very heavy, constituting around 40% of the airplane’s weight.
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Chapter 5
Mini impulse Realization and Testing

After the presentation of the conceptual design in the last chapter, this section addresses the
preliminary and detailed design of the Sky-Sailor solar airplane. In fact, whereas so far only the sizes
and masses of the airplane elements were determined using the weight prediction models, the target is
now to choose the exact parts that will be assembled to build the prototype. This chapter will thus be _
very practical, presenting not only the selection of each component but also discussing the possibilities
that were offered and then the criteria and the approach that led to each final choice. In order to
validate the theory, we will then also compare the real characteristics obtained with the theoretical
predictions. The last part of the chapter will present the flight experiments that were conducted with
the fully functional prototype and compare them with the capabilities that were predicted.

General Configuration and Structure

According to the results of the design study using the méthodology presented before, a fully functional
prototype was built with the name Sky-Sailor.

The general configuration of the airplane is a 3 axis motorized glider, meaning that the control

surfaces are the ailerons, the elevator and the rudder.

the drawings and dimensions of the airplane that has

a dihedral wing and a V-tail. The aerodynamic design and construction of the structure was achieved by
Walter Engel, a world expert in ultra-lightweight high performance model sailplanes. The basis layout
was adapted from his Advance glider that set two world records in distance (424.5 km) and duration (15
h 12m30 s) in the FSP category of FAI in 1998 . The empty airframe, including the control surfaces and
their actuators, weighs 0.725 kg, for a wingspan of 1.6m and a wing area of 0.776m2. It is thus slightly
better than the 5% model developed for the design phase that predicted 0.870 kg. The wing structure is
essentially made of balsa wood. A main spar carries the bending and torsion loads along the wing, and
wing ribs, disposed in the direction of flight but also in diagonal to improve resistance to torsion, give
the aerodynamic shape to the wing. The while the upper side is directly closed by the solar panels that
are glued on the spar and the ribs, and follow exactly the airfoil shape thanks to their flexibility. The
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wing is in fact composed of three parts (left, central and right) that are connected mechanically using
dihedral braces. On the two sides of each of these parts, where they are connected to each other’s, a
zone of 2 cm width was not covered with solar panels for two reasons. First, high torques and forces are
transmitted between the parts, which could break a solar cells placed too close to this junction. Second,
for the flight experiments a very resistive duct tape is applied on this zone to add security at the junction
between the two parts. presents the right and the middle part of the wing, with and without solar panels

so that the reader can observe the ribs architecture.

This postulation introduced another system for the reasonable structure of sun based planes. It has the
favorable position to be flexible and usable for an enormous scope of measurement, from UAVs with
short of what one meter wingspan to kept an eye on planes. It is absolutely systematic and dependent on
the ideas of vitality and mass adjusts during one day utilizing scientific models that put the measuring
of all components on the plane in connection. These models are utilized for effectiveness or weight
forecast and comprise a key piece of such plan strategy. They were considered in a restricted area,
however over an enormous range, for certain models with up to 7 sets of extent, appearing for instance
on similar designs a propensity that incorporates engines from 1mW to 10 kW. At long last, the plan
strategy comprises of a straightforward schedule that takes S parameters connected to the mission and
25 to the innovations utilized as information sources. It enables the planner to yield the format of a sun

powered plane quickly, with size, weight and power information's.

The system was utilized for the calculated structure of a model that would insert a little payload and
with the goal to demonstrate the plausibility of nonstop trip on Earth. It additionally permitted
underlining some broad standards. For instance, it was plainly shown that the most restricting
innovation as of now is the vitality stockpiling. Indeed, even with the best lithium-particle batteries, the
vitality stockpiling establishes over 40% of the plane's gross weight. Therefore, what is basic for a
consistent sun based flight isn't the day that must be the longest, however the night that must be the
most brief. Name smaller than usual drive, it approved the hypothetical piece of this theory through
examinations and demonstrated the effectiveness of the plan approach by accomplishing a trip of over
14 hours utilizing just sun oriented power. This accomplishment is a record for a UAV that doesn't

utilize height increase or warm updrafts. With the advancement of this model, a lot of down to earth
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learning and experience was procured in different fields, for example, streamlined features, lightweight
structure development, sun based vitality the executives, sensor combination, proficient gadgets,
control, and so on. For the majority of the plane segments, tradeoffs were to be made between
productivity, control utilization and weight. Presents the misfortunes on the vitality train from the
sunlight based cells to the propeller and accentuates the way that a cautious structure of each part is
essential. This outcomes in a valuable expertise that wouldn't have been gained if the venture had

remained at a reenactment level.

Environmental Benefits of Solar Aircraft

Numerous scientists state it's helpful to stop a sunlight based airplane in the sky. It can float over a spot,
conveying cameras or different sensors. In the stratosphere, it can test gases close to the ozone layer. It

can likewise watch woodland flames or track typhoons on the ground.

For the military, sun powered planes can help with surveillance. Like government operative planes, they
fly high, which makes them stealthy. Be that as it may, while spy planes must fly over and return, sun
based planes are unblinking eyes. They can take continuous photographs or recordings for quite a long
time. "At the point when an occasion occurs, they can consider everything that hinted at it," says Del

Frater. For law requirement, they're useful for outskirt and port watch.

It's actual satellites can play out a portion of these errands. In any case, sun based planes see more detail
on the ground with more affordable cameras since they're nearer to the activity. They're additionally
more affordable to assemble and dispatch. While satellites are difficult to move once they're in circle,
sun based planes are effectively moved. It's additionally simpler to bring sun powered planes down for

upkeep.

Sun oriented air ship, being electric, radiate no fumes. Business planes do. In 1992, planes radiated 0.5
billion tons of CO2, or 2 percent of human CO2 emanations [source: IPCC]. Their fumes contains
numerous substances connected to wellbeing and natural impacts, despite the fact that the U.S. Natural
Protection Agency (EPA) manages their levels, and wellbeing effects close to air terminals are being

examined

[source: EPA, Wachter]. In any case, sun based planes can't turn out to be perfect traveler planes since

they'll most likely never have enough capacity to convey numerous travelers, says Del Frater.
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Stratospheric planes, similar to the F-22A Raptor and U-2 covert operative planes, likewise emanate
exhaust. While they produce it into the stratosphere, where gases continue longer than in our troposphere
underneath, their commitment to air contamination, ozone consumption and an Earth-wide temperature
boost hasn't been estimated altogether. Sun based planes that can quicken and move like these planes are
numerous years off. So right now, it's not down to earth to discuss sun oriented planes being ecologically
well disposed options in contrast to different planes. All things considered, they are perfect vehicles for

their present applications.

An astonishing advantage of sun based planes, says Del Frate, is that if sun powered board makers
provided twelve sunlight based planes a year with huge, high-effectiveness boards, the expense of

high-proficiency boards for your home would go down..
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CHAPTER 6

ADVANTAGES AND DISADVANTAGES

1.1 Advantages of Solar Powered Drones:

» Decreased Operational Cost:

The greatest obstacle in the automaton conveyed tasks is the high operational expense. Operational long
periods of automatons are restricted for the most part because of time bound fuel accessibility in the fuel
tank. With the assistance of sun based controlled batteries, the fuel charges and operational expense can
to a great extent be limited. Envision the potential outcomes, an automaton flying in the sky without the

need of charging and refueling.

> Increased Operational Hours:

Fuel controlled automatons have a notable issue of restricted activity hours. The issue is that an
automaton can just have a constrained measure of fuel in a solitary flight, in the event that an automaton
is intended to have expanded number of flight hours, at that point it must have a fuel tank enormous
enough to keep going for extended periods of time however this represents an issue to the solidness of
the framework as the entire harmony and parity of the plane is exasperates. Sun oriented fueled
automatons wouldn't have such an issue since they can work for days as well as years. As indicated by

the reports, Solara 50 may stay airborne for a considerable length of time.

» Weather Warnings & Updates:

Automatons can fly well over the normal stature rather than a typical aero plane, this is because of their
steady and light weight structure. Sunlight based controlled automatons are more lightweight than the
conventional and operational military automatons as they don't have a substantial motor to keep it
running. These automatons can without much of a stretch help us by following typhoons, terrible climate,

moving toward tempests and wave alerts.
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» Calamity Assistance:

Sun based controlled automatons can without much of a stretch recognize the territories which are
difficult to reach by human after a fiasco. Expanded flight hours can help salvage groups in arriving at

the objective regions, study harm and spot stranded unfortunate casualties
4.1 Disadvantages of Solar Powered Drones:

> Battery:
The greatest test that we have to defeat is the life of the battery. Littler batteries mean constrained flight
hours. During the light it's anything but an issue on the grounds that there is all that could possibly be
needed daylight to keep the automaton moving however shouldn't something be said about night? The
appropriate response is batteries however the battery stockpiling is real impediment since it implies more

weight.

> Weight Issue:
Weight and battery issue are straightforwardly associated, on the off chance that the researchers quit for
expanded battery life, at that point it will build the heaviness of the unmanned vehicle. This may irritate

the general weight moving of the plane or make awkwardness among the structure.
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CHAPTER 7
List of Solar Airplanes Flown to Date

The sun based controlled planes that were fabricated and flown, until 2008, and from which it was
conceivable to get measurement and weight attributes. From the 1 gram Sol Fly to the 600 kg Helios,
they are altogether arranged here as indicated by the time of their lady flight and furthermore spoke to
graphically in a wing stacking versus weight plot. The complete weight is the plane void load in
addition to the pilot weight, on account of kept an eye on plane, or the payload. Planes that stayed or

still are a structure stage and were never manufactured so far are excluded.

Conclusion:

This paper summarizes the model validation strategy and the corresponding GVT campaigns that were
performed on the Solar Impulse aircraft for the achievement of the permit to fly. The very basic
procedures in preliminary design of solar aircraft were reviewed. Afterwards, the difficulties in dynamic
testing of lightweight structures at very low frequencies were discussed. The two-step test strategy for
providing a database for model validation was explained and excerpts from the GVT results were
presented. The extreme lightweight design of the structure required special consideration of the apparent
mass effect in NASTRAN. This was achieved by employing a DLM based aero elastic analysis.
Correlation between FE and DLM results were performed in terms of frequency deviation and MAC.
Model validation standards have been reviewed but could not be applied in this special case, because a
physical mass matrix that includes apparent mass effects is not available from the DLM. The success of

the chosen model validation approach was presented based on an excerpt of the model validation

results.
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