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Abstract. This paper describes the concept of small unmamigdiane designed for
research and educational purposes in the univetsgould be inexpensive and easy to
operate both on the ground and in flight. On theepthand it should provide training
possibilities in areas of flight testing and autopbperations. Moreover in-flight research
opportunities should be provided by this airplare. particular smart structures
experiments would be desirable. The paper contdétailed requirements specification
and analysis. Most interesting experiments are lgdsed and described. The concept of
the airplane is proposed on this basis togethdr mibdifications necessary to perform
certain experiments.
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1 Introduction

Literature from recent years reveals growing irderén application of smart
technologies in aeronautics. Smartness is undersagoability to automatically sense the
environment conditions, analyze measured valuest r@nd store the information in closed
loop. New technologies like MEMS (Micro-Electro-Memical Systems) and solid state
actuators technologies are to be used to achiexsethbilities. Applicability of these new
solutions extends from aerodynamics, through siratthealth monitoring to anti-icing
systems.

1.1 Concepts description

Aerodynamic improvement is one of the most effitierethods of increasing aircraft
effectiveness. It allowed increasing payload, ranggeed and maneuverability of early
designs. Later on it was used to decrease costermercial airplanes fleet thanks to vast
fuel consumption savings due to the streamlining @rag reduction. Currently it can make
airplanes more environment friendly since everyrelease of the aerodynamic drag results
with smaller fuel consumption and greenhouse gasession.

Several smart technologies were proposed for aaerdic enhancement, among them
application of MEMS devices for drag reduction aliii enlargement. Submilimeter
dimensions of MEMS systems as well as their eaggmation with electronic control systems



provide a unique opportunity to influence the baanydayer directly and “just on time” [1-6].
Lift can be increased due to the separation ddtagan be achieved by introduction of
vortical flow generated by movable micro vortex gextors or temporary artificial roughness
increase due to synthetic jets or silicon micro ldeb raised from the otherwise flat
aerodynamic surface. These methods can be particeffective if applied in combination
with standard high lift devices since they candmghier deflected without separation. Increase
of lift in high lift configurations allows for theving area reduction and resulting drag
reduction in high speed configurations. Artificil@ughness increase can be also useful to
enforce laminar/turbulent flow transition when digantageous phenomena like laminar
bubbles or separation in laminar layer are probdiero-devices listed above can co-operate
with micro-sensors’ matrices, so they can by apiptialy when needed thus enabling active
flow control. MEMS-pulsed jet actuators or microapps are also considered as devices
reducing the drag in the turbulent boundary lagerce they can suck in or blow up low speed
streaks existing between randomly occurring nedr-gamtra-rotating stream-wise vortices.
This task however requires perfect co-operatiomigfo-actuator matrices and micro-sensors
matrices combined with vast computational capabilBome sources suggest that the drag
reduction can be also achieved by application afg@nt coatings [7]. Furthermore adaptive
structures driven by solid state (e.g. SMA, piegogilc, etc.) actuators [8, 9] can be applied
to optimize the aerodynamic surface shape to theeicu flight conditions [10-13]. This
allows for reduction of conventional high lift oomtrol devices thus providing an opportunity
for the flow laminarization. Finally there are avfe@nconventional approaches to the high lift
devices including vibrating and rotating elemeAi$ of them are worth consideration.

Many issues can influence the safety of aerialalehi Among them icing and fatigue
belong to the most critical ones. They are consilleas frequent reasons of catastrophic
events in aviation. In both cases smart solutioesevproposed.

In the case of icing, there are two areas of péssimart devices applications: icing
detection and measurement and deicing. There dr&mgavn conventional solutions in both
cases. Current research in the area of ice deteatid measurement is directed to the devices
miniaturization which allows increasing the numbémeasurement points and improving the
flow laminarisation in the same time. Several MEMS detectors are currently developed
and tested [14, 15]. Miniaturization of ice detest®hould allow increasing amount of
information about icing and simultaneously decrediseurbances of the flow caused by the
sensors installation.

There are also smart solutions proposed for deidengces [16]. As an example SMA
materials are considered for leading edge skin.idRapape changes due to martenzite
transformation induced by temperature modulationeféectively break the ice thus enabling
the ice removal by aerodynamic sources. Methodmdas to the conventional ice breaking
by rubber tubes installed on the leading edgessaidynamic surfaces. Major advantage of
the smart solution lies in the device durabilitytifbls are known as materials with high live
time under fatigue loads as opposed to the rublhéchnis sensitive to both environmental
conditions and time.

Piezoelelectric actuators can also introduce \ifmatto the leading edge skins, thus
breaking the ice. However this may decrease fatigieetime of the leading edge skins.
Composites are known to have long fatigue live §inse epoxy composite reinforced by
conventional and piezoelectric or SMA fibers seémise an interesting candidate for deicing
device.



There are also proposed smart solutions in the @frestructural health monitoring based on
MFC (Micro Fiber Composite) application [17-19].

1.2 Experimental methods

Unfortunately most of these concepts are curretglsted only in the laboratory
environment which does not allow to asses fullyirthdility value in real conditions.
Therefore some experiments in flight would be vesgful.

IAAM has extensive experience in building experita¢rflying vehicles. The whole
family of manned gliders and motorized gliders weaesigned and build at the Faculty [20].
Two of them (PW-5 and PW-6) are currently in sepiadduction. More than 300 PW-5’'s are
flying all over the world. Prototypes of these \aés are still in use by IAAM and co-
operating entities for research and educationgbqgmes. PW-6 prototype is the best example
of this activity (Fig.1) since flying wind tunnelas installed on it to explore new airfoils’
characteristics in real environment, real air tlebage in particular [21]. The concept
appeared to be useful, however it is quite diffitaluse. Every modification to the relatively
large manned vehicle has to be negotiated withnaertecal authorities since human live is
exposed to the risk. Therefore it is useful forafitests rather than for research purposes.
Smaller, unmanned aircraft would not require as ymatfficial efforts so it could be used
almost on daily basis.

Figure 1: PW-6 EB flying laboratory

IAAM and AFIT have also an experience with reseaodmducted on unmanned
vehicles (Fig.2). A few of them were built as dyneally scaled models to explore flight
qualities of full scale vehicles [22]. Among thepmojects, our participation in NACRE
programme is the most impressive since large (A0km-jet model of the commercial
aircraft was built. Several prototypes of reconsamce UAVS were also designed and built.



Each of these airplanes could be used as flyingrédbries; however each of them was build
for certain requirements, so they may not allowniog the research in all interesting areas.
Some of them are too small to test e.g. airfoilsteresting Reynolds numbers envelope and
have too small payload for research equipment. ®thee quite large and require full size
airfield with a range for testing. Therefore a newplane would be useful, designed
particularly for smart technologies testing. Theplaine itself should be conventional and
poses conventional flying qualities (easy to cdntigadio control mode). It should be large
enough to carry research payload and to testright conditions (Re numbers in particular).
On the other hand it should be small enough foy ¢&sport and operation from small,
grass airfield (RC model club airfield). This wowuldcrease the effort necessary to solve legal
and other official issues. As a result operatiot@dts would be minimized. The airplane
should be also easily reconfigurable so that séd#farent experiments could be run quickly
one after another.

Figure 2: Some of the experimental UAVs designeilt bnd utilized by WUT [23] and AFIT



Airplane designed to fulfill these assumptions vdooé also very useful in the education
process. It would be possible to teach safely hmwanduct flight test programmes of real
aircraft. Currently flight test methods can be preed to the students only during lectures in
the classroom. As a contrary, an airplane desciibéuls paper would provide an opportunity
to conduct field laboratory exercises, where sttglezould draw their own flight test
programmes, participate in the flight experimendl gmocess obtained data. Such an asset
would be therefore very useful for young aeronaligngineers.

2 Aircraft design

2.1 Requirements

Flying laboratory should fulfill the following reqiements:

Payload - 5kg

Various external and internal components shouldebsy to install to execute
experiments. Their mass should be included in &yoad

Estimated total takeoff weight should be in rangeveen 15-20kg
Endurance — more than 1 hour

Minimum airspeed — less than 50km/h

Takeoff distance from grass runway — 50m

Three-cycle landing gear with front gear

Gasoline engine with power sufficient for climbeahore than 3 m/s
Easy to control in radio control mode

10 Easy to deploy by passenger kombi or minivan tyge c
11.Redundant control system

12.Propulsion system vibrations damping

13. Effective mufflers

N =
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2.2 General configuration and design

The requirements listed above suggest applicationhe conventional, high wing
configuration with one engine and puling propelléfig.3.), since no long range
reconnaissance tasks are predicted. Moreoverpbssible to avoid highly populated areas
when performing experiments. Assuming maximumcifefficient of 1.3, wing area could be
in order of 1,26m2, which allows building a wingtlwvspan of 3,5m and chord of 0,36m. The
wing can be sectioned into two parts. Suitable laggee would have the length of 2m and
horizontal stabilizer with span of 0,8m. Therefafeer disassembly the whole aircraft could
be contained in the luggage compartment of the kaant) which is acceptable.

Propulsion system could consist of the motor lik&-35i, 3W-56iB2 [24], Zenoach
G62 [25] or similar.

Micropilot MP2028LRC [26] or similar autopilot calilbe used in the experiments
where own autopilot design would not be availalilshould be also possible to control the
airplane remotely with conventional RC system.

The whole airplane could be build out of the conmgosnaterials (including both
carbon-epoxy and glass-epoxy composites wherebée)talhe wing and empennage would
be semi-monocoque with one composite spar and seindkins. The fuselage would have



rectangular section with composite longerons indbmers, sandwich skins and frames in
suitable places. Payload bay with suitable dimerssishould be provided under the wing,
near to the airplane’s center of gravity. It shob&lalso possible to install external payload
bay below the fuselage for certain experimentselage would contain major components of
the equipment except of servomechanisms. Servomistha should be installed near the
certain control surfaces. Each control surface lshdoe sectioned and driven by two
servomechanisms for redundancy.

Figure 3: The concept of the UAV for smart techigids testing.

Connections between all components should be eatig¢donnect so that they are easily
disassembled for transport purposes as well asxidnange in the case of damage or certain
experiment requirements. In particular there shda@dseveral different empennages build to
maintain proper stability with different externansponents installed on the airplane.

3 Experimental functionalities

There would be several attachment ports provided ifestallation of certain
experiments.

3.1 Control systems testing

The airplane would provide an opportunity to cortdoesearch on flight control
systems. Payload bay could be used for these expets. Necessary connections to the
power sources should be therefore available inpndoad bay as well as connections to
various sensors installed onboard of the airpldinere would be also possibility to install
additional sensors as required.



3.2 Propulsion system tests

In this experiment airplane’s standard propulsigateam would be disassembled and
replaced by experimental one. It would be also iptes$o install smaller engines on wings or
on the pylon above the wing (Fig.4.). Installatmm the pylon would require greater vertical
stabilizer to provide sufficient directional statyll

Both electric and internal combustion engines ageeted to be tested. Internal cargo
bay would be used for measurement system. Alsocelélcan be installed in the internal or
external payload bay. Wings can be covered by selis.

Figure 4: Experimental engine attached on the pylon

3.3 Aerodynamic experiments

There would be three different attachment pointstifie installation of aerodynamic
experiments: pylon above the fuselage, wingtipstaednidwing sleeves.

3.3.1 On the pylon

Experimental aerodynamic surface with tip plateside installed over the fuselage
(Fig.5). This installation would allow for testirifpe airfoils equipped with various smart
devices for quite small Re numbers. Installatioruldde quite easy since the pylon could be
installed to the collars on the main wing, so itwdobe located directly above the payload
bay. As a result all electrical connections wouddshort, easy and with the smallest possible
electromagnetic interference.

The pylon would consist of the experimental aer@ayit surface, tip plates and a truss.
Truss would connect remaining parts of the pylothvihe airplane. Aerodynamic surface



would contain the experiment. Tip plates wouldralled on the experimental surface’s tips
to simulate the infinite aspect ratio.

Figure 5: Experimental aerodynamic surface attacimethe pylon.

Unfortunately this installation has the greatespact on both airplane’s balance and
stability. Therefore it is not possible to tesgkm@erodynamic surfaces this way and even with
small experimental surface, increased area of thpeanage would be required with two
vertical stabilizers on the horizontal stabilizgrst As a result research for low Reynolds
numbers would be possible in this case.

3.3.2 On the wingtips

Experimental aerodynamic surfaces would be attacbdabth wingtips (Fig.6.). This
installation would allow for testing the smart sst designed for wingtips and winglets,
since the flow similarity would be provided thanks the same location on the wing.
Reynolds number difference would not be too largees many full scale airplanes have
tapered wings with quite short chords near the tijpisg

Other experiments possible in this case are coadewith morphing wing concept. The
constant variability of an airfoil shape is envisdghere to control the airplane and/or to
modulate the lift generated by its wings.

This installation requires long electrical connect with a data acquisition system in
the payload bay, so electromagnetic interferengssible thus requiring efficient filtration
of measurement signals. It also has a great impadhe airplane’s stability so increased
empennage will be also required; however singléocarstabilizer will be good enough.



Figure 6: Experimental aerodynamic surfaces attholmethe wingtips.

Figure 7: Midwing sleeves as an experimental aaradhic surfaces.



3.3.3 Midwing sleeves

Experimental surfaces with tip plates would be glesd as a sleeves attached to each
wing approximately in the middle of its span (Fig.. This installation has the smallest impact
on the aircraft balance and stability, so assumapglication of increased empennage,
aerodynamic surfaces with the longest chords catesied. As a result highest Reynolds
numbers would be enabled in this case.

Quite long electrical connections with the datawssition system in the payload bay
would be also required in this case. Thereforgyrasiously, electromagnetic interference is
possible thus requiring efficient filtration of neaement signals.

3.4 Anti-icing testing

Icing would be induced by cooling the sample wiitjuid nitrogen and subsequent
spraying the water. The anti-icing system shoulehtldetect the presence of the ice and
activate the deicing devices. Effectiveness ofahg-icing system could be monitored with
application of the TV system.

Experimental winglet would be installed on a toptloé fuselage, vertically, behind the
wing, so that liquid nitrogen installation, poweusces and control system accommodated in
the payload bay would be easily available (Fig.8prinklers will be installed on a top of the
fuselage, vertically in front of the wing, so thhé water spray could cover the experimental
winglet easily. TV cameras would be installed othbsides of the sprinklers to observe the
experimental winglet from both sides. Empennagéd wito vertical stabilizers installed on
the horizontal stabilizer’s tips would be suitafde this experiment so that the ice could not
cover the vertical stabilizer.

Figure 8: Anti-icing experiment installation.



3.5 SHM testing

As a demonstrator of this technology separate caitgpdest wing would be built. In the
course of the experiment, step change of the wiiffgesss would be introduced in controlled
way. This change should generate a small structianaage under flight loads. Damage size
and location would be measured by MFC fibers reseifhe information would be then

Figure 9: Experimental modifications necessarySbiM experiments.



transmitted to the Earth surface and analyzed.-figst verification would be conducted by
conventional NDT method with application of ultragodefectoscope.

Experimental wing would contain the mechanism aihgafor its stiffness modification
in flight and experimental structural health monitg system. Data acquisition system would
be contained in the payload bay. The wing shoulddsgned so that stiffness modification
performed in the flight would cause minor damagé¢hefwing structure. SHM system would
be expected to detect this damage and asses #mgtbtrieft. Results of the SHM system
activity would be checked after flight in the labtory.

Parachute system should be installed onboard cditpéane to protect it in the case of
major damage of the wing during the experimentolild be stored in the external payload
bay below the fuselage (Fig.9.), so that paracket@oyment can be facilitated by gravity
forces.

3.6 "Robotic parachutes”

Other types of experiments would be also posside. example possibility to deploy
robotic rescue systems by the UAV could be tesdh a system could be particularly
useful during massive natural disasters when vagtilpted areas are cut from supplies and
information. Robotic systems could perform manyfeddnt missions in such cases, from
deployable sources of information to search fovisors.

Both external and internal payload bay could bedusetest the possibility of such
systems deployment. Robots would be stored in thermal bay. They would be released in
flight at the command from the ground station. iné bay would contain communication
equipment necessary to exchange data between tgni@eloyed robots and the ground
station. Therefore the airplane would act as acsuof transportation for robots and a data
relay.

4 Conclusion

The concept of experimental UAV has been envisadgedvould be useful for various
experiments with smart technologies in aeronaupesyiding an opportunity to test them safely in
flight. The aircraft would be also useful for statkin flight testing exercises. Students coulddcan
their own flight testing programmes including preggon, execution and data analysis.
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