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Design, analysis and weight optimization of a UAV wing.

Abstract

This thesis is a study for the design and optimization of a small wing, which will satisfy
specific requirements for the mission of an unmanned aerial vehicle. In the design
process, the determination of the initial individual values of the construction weight
of the air vehicle was carried out by an iterative procedure and the accurate
calculation of the wing loading and power loading, W/S and W/P respectively,
parameters of the vehicle were estimated by a geometric method through a summary
diagram to simultaneously satisfy all mission requirements. The initial estimates in the
wing design were validated and redefined in the detailed design phase. This step
formed the basis of aerodynamic analyses using the Finite Element Method (FEM) in
ANSYS FLUENT software. The model with the initial approximation of the position and
dimensions of the internal and external structures of the wing was designed in CATIA
V5. At this point it was necessary to investigate methods of coupling the aerodynamic
analyses and structural results through the interaction of the aerodynamic analysis
solutions and its application on the wing surface (one-way Fluid Structure Interaction
FSI analysis) to simulate the loads stressing the vehicle in flight and investigate its
structural stability under real conditions rather than simplified non-continuous
loading. In the experimental configuration of the wing, its structural response was
studied with both aluminum alloys and composite materials. The application of
composite materials was necessary to minimize the structure weight and a reduction
of up to 50% was achieved. However further optimization of the structure led to the
parameterization process of all wing parts and then the application of optimization
algorithms through coupling them with the results of the FEM model. Optimal values
for the position and thickness of the internal structures (ribs, spars, skin) were
determined and a reduction of the structure weight from the initial wing configuration
to the parametric design phase of up to 60% was achieved.
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lwavva BaoidakorroUuAou Tpamadn

2xedlaouoc ,avaivon kot BeAtiotomoinon MTEPUYAC ULKPOU LN EMOVOPWUEVOU
QEPOTKAPOUC Yla TNV EAayLoTomoinon Tou BApouc KATAOKEUIC.

MepiAnyn

H mapoloa epyoocia amoteAel avilKE(peEVO HEAETNG yla TOV OXESLAOUO Kal TNV
BeAtioTomoinon HKpwV SLACTACEWY TITEPUYAG, N OTtoL0 Bl LKAVOTIOLEL CUYKEKPLUEVEG
OUTOLTI OELG YLOL TNV QTTOOTOAN LN EMAVOPWUEVOU EVOEPLOU oxNatoc. 2tn Stadikaaoia
oxeSlaopoU, 0 MPOCSLOPLOUOC TWV OPXLKWY ETILMEPOUC TLUWVY TOU BAPOUC KATACKEUNC
TOU €VAEPLOU OXAMUOTOC TepaTWONKE pe emavaAnmuikni Stadikacia kot o akplBig
UTTOAOYLOMOC TwV Ttapapetpwyv W/S kat W/P Tou 0XAUATOC EKTLUAONKE UE YEWUETPLKN
HEBOSO HECW OUYKEVTPWTIKOU SLOYPAUATOG YL TNV TAUTOXPOVN LKOVOTOiNon OAWV
TWV QTALTHOEWVY TNC AMooToANG. Ol APXLKEC EKTILUNOELS OTOV OXESLAOUO TNG TTEPUYOC
EMKUPWONKAV KaL emavanpoodloplotnkayv otnv ¢pAcn Tou AEMTOUEPOUC OXESLOGHOU
.To Brua autd anotéAeos v Bacn aePoSUVAULKWY aVAAUCEWVY HE TnV PEBoSO Twv
TIETEPACUEVWV OTOLXELWV 0TO AoyLloptko ANSYS FLUENT. To HOVTEAO HE TNV APXLKN
TPOCEYYLoN TNG B£0NG KOL TWV SLOOTACEWV TWV ECWTEPLKWY KoL EEWTEPIKWV SOUWV
™¢ mtépuyag oxedlaotnke oto CATIA V5. Ito onueio auto Kpibnke amapaitntn n
€peuva PEBOSWV oULTELENG TWV AEPOSUVAMLIKWY OVAOAUCEWVY KOl TWV SOULKWV
OTOTEAECUATWY HECW TNG OAANAEMISPAONG TwWV AUCEWV TWV OEPOSUVAULKWY
avaAUCEWV Kal TNV edpappoyr Tou eMAVW oTNV emPAVELX TNG TITEPUYAG yLa TNV
npocopoiwon Twv ¢opTiwv MOV KATATOVOUV TO OXNMO KOTA TNV TITHOoN Kal TNV
Slepelivnon ¢ SOULKAC TOU EVOTABELAG OE TIPOYHOATIKEG KOL OXL OTTAOTIOLNUEVEG [N
ouvexelc ¢optioel. Itnv melpapatiky Sloapdpdwon NG MIEPUYAG UEAETNONKE n
SOULKNA TNG amOKpLon TO00 UE KpApota aloupwiov 600 kal e oUvOeTa UALKA. H
edappoyn cUVOETWVY UALKWY ATV amapaitntn yLa tThv eAaylotonoinon tou Bapoug
KATOOKEUNG Kol erutelXOnke pelwon €wg kat 50%. QoOtO00 TEPAUTEPW
BeAtlotomnoinon NG KATAoKeUNG 08 ynoe otnv Stadlkacia mapapeTponoinong OAwv
Twv Sopwv TNG TTEPUYAC KOL OTn OUVEXela TNV edapuoyn aAyopiBuwyv
BeAtiotonoinong péow TG oLleuéng TOUG UE TA QMOTEAEOHATA TWV HEBOSWV
TIETMEPACUEVWYV OTOLXELWV. Mpoodloplotnkav BEATLOTEG TLUEG yLa T B€on KalL TO TtAX0G
TwWV eowteplkwv dopwv (ribs,spars,skin) kot emtevxBnke peiwon tou Bdpoug
KOQTOAOKEUNG Ao TNV apxLkn Stapopdwaon TnG mrepuyag otnv GAon Tou TAPAUETPLKOU
oxedlaopou Ewg kat 60%.
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