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Simulink Matlab environment using the software tools for modeling object dynamics available in it.
The mathematical model allowed to carry out research of UAV control modes in real time. It
comprises the following elements or modules:

* the UAV dynamics calculation module;

* the module of calculating the external forces and moments applied to the UAV, including
modules of calculating the aerodynamic forces and moments, as well as thrust and weight forces
and moments;

+ the module of software connection with the inceptors (located in the simulator cockpit or on the
Futaba remote control) and the visualization system;

+ the UAV longitudinal, directional, and lateral control system and engine control system module.

The initial modeling data includes the mass/inertia and geometric UAV characteristics, models of
aerodynamic forces and moments and engine thrust.

The study of aircraft dynamics through mathematical modeling revealed a number of issues
pertaining to UAVs, namely: high overshoot and spiral instability in lateral motion, as well as the
development of yaw oscillation in roll.

The frequency response characteristics of the controlled element were identified. In accordance
with the research results, the parameters of the unmanned aerial vehicle control system were
determined.

The experimental studies involved ground-based simulation using a flight simulator, which
confirmed in practice the correctness of the selected means of UAV control system automation.

Based on the conducted studies, a list of recommendations was put together for using a real
autopilot as part of the demonstrator during flight tests.

Pazpa6oTtka mudponoii mogeu BILIA camosieTnoro Tnma
Hcmannos K.K., Karenos A.M., Koctrommun K.B., Opios C.A.
HU TT'Y, r. ToMmck, Poccus

B nanHo#i paboTe paccMmaTpuBaeTcsi OSCTMIOTHBIN JeTaTenbHbl ammapar (BIUJIA) cxemsr
JieTarolee KphUIo ¢ TMONe3HoN Harpy3koi 2 kr. Mexons u3 TpeboBaHmil K JeTaTeIbHOMY aTiapaTy
1 ¢ YUTOM TEXHOJIOTHH H3TOTOBJICHHUS OIPE/ICICHBI €T0 TCOMETPHUESCKHAS XapaKTepHCTHKHU. Pacuer
nepsoro npubmmwkeHns BIUIA mpoBoamics HTEpallMOHHBIM —CIIOCOOOM /IO  NOMYUCHHS
MaKCHMAaJIbHOTO 3HAUCHHS a’pPOAMHAMHMYCCKOTO KauecTBa KphUla IIPH MHUHHMAJIbHOH CKOPOCTH
CBaIMBaHUA. B IMemIX TEeXHOJOTHYECKOro yIpommeHHs wm3roToBneHus BIUIA  BbiGpana
TpanenennaitbHas GopMa KpbUla B IiaHe. JI JOCTWOKGHHS SIUIMNTHYSCKOTO PaCIpesieIeHHS
kpeuto BIUIA mMmeeT asponMHAMHUECKYI0O H TCOMETPHUECKYIO KpYTKY, YTO YMEHBINAeT
HHAYKTHBHOE CONIPOTHBIICHHE, a OTPHIATe/IbHAS KPYyTKa Ha KOHIICBOM YaCTH KpbUIA TIOBBIIACT €T0
YCTOWYMBOCTE TIPU HOTEPE CKOPOCTH M cBajuBaHuHU [1]. B pesynbTare MmoiIyuyeHO KpbUIO ¢
wiommaaeto 0.663 M2, pazmaxoMm 2.3 M, CAX 0.346 M, TCOPETUUECKUMH CKOPOCTSIMU IOJIETA!
MHHMMAJIBHOM 14 M/C, HAMBBICIIIETO KauecTBa 22 M/C.

Jlns  mpoBepkd  IepBOTO  NPHOMMKGHHS  HPOBEZICHBI  pacueTsl MO  ONPEACICHHUIO
aspomHaMAUecKiX XapakTepucTuk BIUJIA mpu Teopermuecknx ckopocTsx B Ansys Fluent u
OpenFOAM [2]. PezyabTaThl pacueTOB IOKa3bIBAIOT XOPOIINEES COBIMAJICHUE MEXKIY pellaTesiMu
Ansys Fluent 1 OpenFOAM, ynoBISTBOPUTEIHHO COTTACYIONIUMHUCS € PE3YAbTATAMH TIEPBOTO
npubawkeHns.  CKOpOCTh  HaMBBICIIETO KadecTBa cocTaBmwia 20 M/c, KOTopas MEHBINE
TeopeTuUecKol u3-3a Oonbirero KoxhHIMeHTa cONpoTHBICHNS GopMbel. MUHIMAaIbHAS CKOPOCTh
14 m/c noctrraercst mpu yrire aTaka 10 rpagycos. HabmiomaeTest yeTounBOE TOBENGHNE KPbLIa TI0
YIIIy aTaKd Ha CKOPOCTSIX MaKCHMAJIbHOrO KauecTsa. [Ipn yBennueHNH yIiia aTaku KpbUla Bbime 10
IpajlycoB BOSHHKACT CpPBIB NOTOKA HA KOHIIGBOH YAaCTH KPbUIA, PACHPOCTPAHSAIOMMNCS OT KHJIS-
BUHIJIETA, YTO MOXKET HPHUBECTH K OMNACHOCTH HEYIPaBISEMOTO aBTOPOTAIMOHHOTO SIBICHHSA —
mornopa. [Ipn ganpHeIeM YBeTHUCHAN YIJIa aTaKH CPBIB PaclipOCTPaHICTCS B CTOPOHY CpeTHEH
YacTH KpbUla, U IIpH 15 rpaaycax cpblB HOTOKa 3aHUMAET 710 70% ero mioimaau.

JlanHoe HayuHoe uccienoBanue (Ne §8.2.31.2019) BbImosHEeHO HpU noaiepkke IIporpammsi
MOBBITIEHNs] KOHKYpeHTocmocobHocT TI'Y.

Jlutepatypa:

59



1. Erep C.M., Mumun B.®., Jluceiines H.K., bagsarun A.A., Porun B.E., Cxnauckuii ©.1.,
Konppamos H.A., Kucener B.A., ®omun H.A. IIpoekTupoBanmie caMoIeTOB: YUSOHHAK JUIS By30B —
M.: MamuHocTpoeHue, 1983616 c.

2. Kagenov A.M., Kostyushin K.V., Ismailov K.K., Kostyushina N.O., Orlov S.A., Prokhanov
S.A. The development of a cloud system for investigation of UAVs aerodynamic characteristics //
J. Phys.: Conf. Ser. 2020. V. 1488. P. 1-5. doi:10.1088/1742-6596/1488/1/012017

Development of plane type UAV digital model
Ismailov K.K., Kagenov A.M., Kostiyushin K.V, Orlov S.A.
NR TSU, Tomsk, Russia

This paper considers an unmanned aerial vehicle (UAV) designed on flying wing configuration
and has a payload of 2 kg. The wing characteristics were determined according to requirements for
aircraft and taking into account manufacturing technologies. The calculation of the first
approximation of the UAV was carried out iteratively until the maximum value of the aerodynamic
efficiency of the plane was obtained at the minimum level-flight stalling speed. In order to
technologically simplify the UAV manufacturing, a trapezoidal wing shape was chosen. To achieve
an elliptic lift distribution, UAV wing has aerodynamic and geometric twist, which causes
inductive drag decreasing, and the negative twist at the wing tip increases its stability in the stall
event [1]. The calculations found that the wing area is 0.663 m2, wingspan — 2.3 m, MAC - 0.346
m and theoretical speed: stall-speed — 14 m/s, the highest efficiency speed — 22 m/s.

To check the first approximation calculations, an analysis were provided in order to determine
aerodynamic characteristics of the UAV at theoretical speeds in Ansys Fluent and OpenFOAM [2].
The simulation results obtained from Ansys Fluent and OpenFOAM are in close agreement, and are
in satisfactory agreement with the results of first approximation. The highest efficiency speed
obtained is 20 m/s, which is less than the theoretical speed due to higher value of parasite drag. The
stall-speed of 14 m/s is achieved at angle of attack of 10 degrees. Stable behavior of the UAV is
observed at flight speeds close to speed of maximum efficiency. At angles of attack above 10
degrees, a stall occurs at the wing tip, propagating from winglet-fin, which can lead to a danger of
an uncontrolled autorotation — nose spin. Further with angle of attack increasing the stall widens in
direction to wing root, and at 15 degrees, the stall takes up to 70% of wing area.

This research was supported by "The Tomsk State University competitiveness improvement
programme" under grant Ne 8.2.31.2019.
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O npumeHennn GyHKHH intlinprog B cnenuaM3HPOBAHHOM IPOT PAMMHOM KOMILIEKCe
IUIAHHPOBAHHSA ONTHMAJIHHBIX MAPHIPYTOB MOJIETA JIETKHX TPOHOB € YU€TOM /IeiicTBHA BeTpa
Kanammnukos A.H., Moucees J1.B.

MAM, r. Mocksa, Poccust

Jlo cux mop B cocTaBe CHENHANM3HPOBAHHOTO IIPOrPaMMHOTO KOMILUIGKCA PEINCHHS 3a/ad
MapIpyTH3ama noseta [1] ucmonb3oBaiachk ¢ymkius bintprog makera MATLAB u cplexbilp
maketa CPLEX. B Gonee mosmuux Bepensix nakera MATLAB ¢ynkims bintprog 6biia 3aMeHeHa
intlinprog ¢ Gonee MUPOKMMH BO3MOMKHOCTSIMH. B /ToK/Iafe oOCYKIEHBI BONPOCH, CBS3aHHBIC C
IpAMeHeHHeM OYHKIUH intlinprog B mporpaMMHOM KOMIUIGKCE IIAHHPOBAHWUS MapIIpyTOB
nojera.

HUccnenoBanne BO3MOKHOCTEH (yHKIMHU intlinprog mpoBOTHIOCH Ha 3ajavdax JIBYX THNOB. B
HIepBOIf 3a71aUe ONpEACIIIICS HANCKOPSHIINH 3aMKHYTBIH MapIIpyT poHa UL 00JeTa TOUSUHBIX 0
IIPOTSDKEHHBIX 00BEKTOB. Bo BTOpO# 3a/1ade CTPOMIIMCH MApUIPYTHI MOJETa ISl TPYIIBI APOHOB,
obecrieunBaroIie HANCKOPEHIIi 061eT 3a/TaHHOTO MHOXKECTBA TOUSUHBIX OOBEKTOB.
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