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Abstract—The article presents the development of the unmanned glider tug project, a description of the
stages of a new technical solution, submitted to the patent office in December 2017 and developed to
date. The proposed towing system consists of a universal drone ground control station and a tugboat
rigidly connected to the sailplane. The proposed solution is aimed at reducing operating costs and
limiting the number of people necessary to service sailplane flights.

Index Terms—Unmanned aerial vehicle; tug; wind tunnel; lifting force; drag force; flight test.

I. EXPERIMENTAL RESEARCH IN THE WIND TUNNEL

The aim of the test was to check the aecrodynamic
characteristics of the version 4 tug model - made in
the form of a flying wing with tail tips at the wing
tips serving simultaneously as elements supporting
the wing and a combined sailplane and tug unit. The
glider model was based on the SZD-55 Promyk
geometry (Fig. 1).

The above mentioned system should theoretically
behave like a duck system (deflection of the flaplets
causes a turning moment in relation to the Y axis of
the system). The characteristics of the longitudinal
equilibrium of the combined sailplane with the tug
and the general influence of the deflection of the
streams behind the wing of the tugboat on the
aecrodynamic characteristics of the combined
sailplane with the tug were unknown.

Fig. 1. Combined tugboat assembly with sailplane —
version 4 [1]

The system was tested in the Aerolab low-speed
wind tunnel located in the fluid mechanics
laboratory at the Center for Engineering Studies
belonging to the State Higher Vocational School in
Chelm (Fig. 2).

Both geometries were modeled in Siemens Solid
Edge and printed on a 3D printer using the FDM
method of polylactide (PLA for short). This material
showed sufficient strength for this application and
was selected as easy and sufficiently detailed
material for printing.

An important stage of the research was to
determine the best position of the tug in relation to
the sailplane, the size often referred to as geometric
decal. Decalage equal to zero means zero angle
between the chord planes of the tug's wing and the
sailplane's wing.

e

Fig. 2. Aerolab wind tunnel with the attached model of
the sailplane [2]
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This study will determine the best wedging of the
models not only in terms of the aerodynamic forces
involved, but also in terms of the stability of the tug-
sailplane assembly.

The heeling moment M [N.,] was tested, where
the arm was the transverse axis of the system, the
normal lift force N [N] and the longitudinal drag
force 4 [N]. Then the lifting force P, [N] and the
drag force P, [N] were calculated using the
following formulas:

P = Acosa+ Nsina,

Py = Ncosa + Asina.

The set air velocity with which the system was
angle

tested was 15 m/s. Rake
ae<—16°24°> (Figs 3 and 4).

range

Fig. 3. The tested system at different wedging angles
between the tug's wing and the sailplane's wing [3]
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Fig. 4. Lifting force Py of the assembly for individual
variants of the tug wing wedge angle in relation to the
sailplane

For decal 3, there is the greatest difference in the
forces for different angles of attack, while the
smallest differences are for decal 0 and 1 (Fig. 5).

In the chart above, we can observe the highest
increase in the drag for decalage 3, the smallest for
decalage 0, which is consistent with what was
expected - larger deviations of the stream behind the
front panel cause greater turbulence, which
translates into an increase in the total resistance of
the tug-sailplane assembly. Due to the stability of

the system, a wedge angle between the tug and the
sailplane was decided to be +1 degree. Then, the
influence of the tug's flap deflections on the
characteristics of the tug-sailplane was tested.
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Fig. 5. The drag force P, for different variants of the tug
wing wedge angle in relation to the sailplane wing

For the sake of unification, the tugboat +30
means the tug's flapper flaps upwards 30°, 0 means
no flap swing, and —30 means the flapper flaps
down 30°.

We can see a significant increase in the normal
force for the tug-sailplane system for the downward
deflection of the flaplets, and a decrease in this force
with the downward deflection of the flaplets. This is
a typical characteristic of the duck control system in
airplanes. The tugboat's flaps act as a rudder in front
of the wing. The results for + 30° and 0° are similar,
probably due to strong air turbulence behind the
tug's wing, which disturbs the flow of the sailplane's
wing (Figs 6 and 7).
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Fig. 6. Lifting force for individual deflections of the
tugboat's 3 flaplets
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Fig. 7. Graph of the calculated drag force depending on
the angle of attack
As the angle of attack increases, we observe an
increase in the drag force P,. The described
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relationship is best visible for a tug with rudder
deflection —30. As a result of the performed
calculations, a number of modifications were made,
including the reduction of the lifting surface, and the
increased slant of the tug's wing to ensure the
stability of the combined tug set with the sailplane.

II. FLIGHT TESTS OF AN UNMANNED TUG BOAT

Initially, it was assumed that it was sufficient to
connect the sailplane with the tug based on the
towing hooks available on the sailplanes - the front
towing line pulled behind the plane and the lower
hook to the winch rope. It was also assumed the use
of additional two resistance points in the form of an
airbag. A model of a flying tugboat was made,
weighing about 3.6 kg and a span of 1.6 m. For the
towing tests, a sailplane with a span of 5.1 m and a
weight of 6.3 kg was used. The tugboat was made
according to the design 1 in the low wing
configuration, with a towing propeller, two tail
beams, between which the fuselage of the sailplane
was attached. Already during the flight tests of the
tug itself, it turned out that the propeller mounted on
a high turret gives a strong heeling moment when
adding gas. After several flight tests, it was decided
to reduce the height of the turret to 90mm. When
attaching the sailplane to the tug, it turned out that in
order to obtain the tug's wedge angle in relation to
the sailplane + lo and the angle of attack of the
entire assembly at least 10 degrees, the landing gear
structure should be changed to a system with a rear
wheel. The rigid connection of the UAV with the
sailplane was made on the basis of two hooks - the
front and the lower one, as well as cushions
surrounding the fuselage. It was assumed that thanks
to this solution it would be possible to fly the
combined UAV and the sailplane with the help of
the steering thrust only of the sailplane. The
manufactured models of the tugboat in version 2 and
the sailplane were verified in the air. 36 flights were
made, during which a number of modifications were
introduced and the aerodynamic properties of the tug
itself and the tug-sailplane assembly were checked.
In practice, even for level flight, it was necessary to
control the tug's flaps, which in this case assisted the
glider's elevator. The flight in the team thus had the
characteristics of a three-plane system, being more
akin to a "duck" system than the classic due to the
much larger control surface located in front of the
wing compared to the control surface located behind
the wing. In addition, the "torsional" stiffness of the
assembly turned out to be too low - when controlling
the tilt of the glider, the wings of the glider and the

tug changed their position in relation to each other,
which led to the breakdown of both models (Fig. 8).

g

Fig. 8. Model of the sailplane and UAV-tugboat 2 set with
lowered engine turret and landing gear with a back
fulcrum [4]

As a result of unsuccessful flight tests, it was
found that the torsional stiffness of the assembly was
insufficient. Another concept was developed
(versions 3 and 4), assuming stiffening of the
connection by adding overlays, fixed on the double
vertical tail and resting on the leading edge of the
glider wing. This solution made it possible to greatly
increase the torsional stiffness of the set and to base
the roll control in flight in the set solely on the
control of the sailplane's ailerons, which are located
at a distance from the axis of rotation more than
twice as large as the tug's ailerons. However, the
conducted flight tests showed insufficient directional
stability of the assembly, which led to the models
being broken. The likely cause was that both models
did not keep the common longitudinal axis.
Currently, work is underway to refine the fixed wing
version as well as to use the quadrocopter as a
tugboat.

III. CONCLUSIONS

Due to the fact that we are dealing with a tug-
sailplane complex, the results of the experiment are
influenced by many aerodynamic factors. Particular
attention should be paid to the position of the
sailplane in the aerodynamic shadow of the tug.
Consideration should be given to synchronizing the
flight altitude control by using both the sailplane's
and the tug's flap controls. The angle of 1 degree
turned out to be the most advantageous angle of the
tug in relation to the sailplane due to the longitudinal
equilibrium conditions. In addition, it allowed to
obtain the highest lifting force and a relatively small
increase in the drag force P, in relation to other
wedging angles. The conducted research and tests in
research give high hopes for this type of solution for
towing gliders, and set a further direction for the
improvement of the structure.

Due to the type of tasks performed, the basic
control system should be an autonomous system.
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The RC manual control system should have two
transmitters. The first one should be placed at the
flight control center. The second control system
should be made in the form of a small panel attached
to the structure of the sailplane and should make it
possible to control at least the UAV engine thrust by
the pilot in the sailplane. In addition, it is necessary
to work on the integration of many support systems,
such as a camera system with a dedicated image
processing system, an auxiliary control system with
an autopilot, a stabilization system and GPS
navigation. There is also a need for a high-
performance audio-video transmission system and a
long-range telemetry data transmission system.

Currently, analyzes are also conducted towards
the use of electric and combustion units. Electric
propulsion seems to be appropriate for a device
applicable in training organizations educating pilots
for a sailplane license. Preliminary calculations of
the electric load show that in the case of hauling a
single-person sailplane, the flight duration of more
than 15 minutes should be easily achieved, which
should be enough for a 10-kilometer radius of
operation around the airport.

A UAV-tugboat with a long duration of flight,
powered by an internal combustion engine, with a
total weight of approx. 160 kg, could be used in
organizations where flights with greater flight
duration are needed. It will be possible to correct the
design assumptions at each stage. The optimal
solution will be selected to achieve the assumed
flight characteristics of the combined UAV and the
sailplane. It will be necessary to accurately

Tomasz Muszynski. Doctor of Engineering Science.

determine the characteristics of the system, to
determine the optimal sizes of individual UAV
elements, including control surfaces.

The described design solution, according to the
authors, may be an interesting proposition for
gliding training centers, transport companies dealing
with the delivery of small products in hard-to-reach
terrain. The same UAV — tugboat can be used as a
glider towing trolley and a tug for transport systems
delivering goods by air.
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Tomam MynmHacbkuii, IIbotp Tpumnceknii, Kapoas KoctmeBa, Agpian Ceuex, Mapiym Pudapunk. Po3pooka
KOHIenuii 0e31poToBoro dykcupa-miaanepa. Yactuna 2

VY cTatTi mpeAcTaBICHO po3poOKy MPOEKTY OE3MiIOTHOr0 OyKCHpa-TUlaHepa, OIUC €TalliB HOBOTO TEXHIYHOI'O PIllICHHS,
MPE/ICTaBJICHOr0 JI0 TMAaTeHTHOro BimoMcTBa y TpyaHi 2017 poky Ta po3poOJIeHOr0o Ha ChOT'OAHIIIHIN [EHB.
[IporronoBana OykcHpHa CHCTEMa CKJIAIA€THCS 3 YHIBEPCAIBHOI'O HA3eMHOrO IMOCTa KEpyBaHHsS NPOHOM 1 Oykcupa,
YKOPCTKO TIOB'SI3aHOTO 3 IUIAHEPOM. 3alpOIOHOBAHE PIlIEHHs CHPSMOBAHE Ha 3HKEHHs €KCIUTyaTalliiHUX BUTpaT Ta
00MEXEHHSI KUTBKOCTI JIF0JIel, HEOOX1THMX 0OCIyroByBaHHs MOJIbOTIB IIAHEPIB.

K:mi04oBi ci10Ba: Ge3migoTHHI MiTIbHUI amapaT GYKCHp; aepoMHAMIYHA TpyOa; IMTA’€MHA CHIIA, CHIa JTOOGOBOrO
OIIOpY; JILOTHI BUIIPOOYBaHHSI.
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Tomam MyumHckuii, Ilerp TpmuHchkmii, Kapoar Koctmesa, Agpuan Cedexk, Mapuym Prioapunk.
Pa3zpaborka 6ecnipoBoaHOr0 Oykcupa-mjiaHepa Konuenuuu. Yacrts 2

B crathe mpencraBieHa pa3paboTka TNpoeKTa OecnuIOTHOro OyKcupa-IjlaHepa, OIMCAaHWE JTarnoB HOBOTO
TEXHUYECKOTO PElICHMs], MPEACTABICHHOI0 B IAaTCHTHOE BEIOMCTBO B jaekabpe 2017 roma u pa3pabOTaHHOrO Ha
cerofHAHUi neHb. [Ipennaraemas OykcupHas CHCTEMa COCTOMT M3 YHUBEPCAJIbHOTO HA3€MHOI'O IIOCTA YIPaBIICHUS
JIPOHOM W OyKCcHpa, ECTKO CBSI3aHHOI'O C IUIaHepoM. IIpeioKeHHOe pelIeHHe HAalpaBlIeHO Ha CHIDKEHHE
SKCILTYaTal[MOHHBIX PAacXOIOB M OrpaHMYEHHE KOJMYECTBA JIIOJEH, HEOOXOAMMBIX Uil OOCIY)KHUBAHUS IIOJIETOB
IUTAaHEPOB.

KnroueBsble ciioBa: OeCIIMIOTHBIN JIETATENBHBINA amnmapaT; OyKCHp; a’poAnHaMUYecKas TpyOa; MOAbEeMHAs CHJIa; CHJla
JI000BOT'O COMTPOTUBIICHUST; JIETHBIE UCTIBITAHUSI.

Tomam MynmHckuii. JIOKTOp TEXHUYECKUX HayK.

WHCTUTYT TEXHUYECKUX HayK W aBHAIMH, [ oCylapCTBEHHAs BBICIIAS MIKOJIA B XeJIMe.
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