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Pedepar:

1. be3nepepBHi BOJIOKHUCTI KOMITO3UTHU IIPUBEPTAIOTh BEJIUKY YBary B aKaJleMiYHUX KOJIaX i IIMPOKO
BHUKOPHCTOBYIOTHCS B Pi3HUX rajly3six IPOMUCJIOBOCTI, 3aBIsIKU BUCOKMM BiIHOCHUM XapaKTE€PUCTHUKAaM MilIHOCTI Ta
SKOPCTKOCTI, YHiKaJIbHUM KOHCTPYKTMBHUM Ta (PYHKLiOHAJIbBHUM BJIACTUBOCTSIM, OCOOJIMBO B BifJ[TOBiIQJIbHAX
eJIeMeHTaX JITaJbHUX arapariB, TAaKUX K aBialliiiHi 6ankoBi eemenTr. OIHAK, 3pOCTAI0Yi BUMOTH [I0 3MEHIIEHHS
Macu KOHCTPYKIii, BUCYBaHHS iHIIKX CIleljja/IbHUX BUMOT 10 KOHCTPYKLill a6pOKOCMIUHIl rajnysi oTpebyioTh
[I€PEOCMUCIIEHHS METOIiB IPOEKTYBAaHHS KOMIIO3UTHUX CTPYKTYP. TpanguliiiHi METOIM MPOEKTYBaHHS, SIKi
CIIPSIMOBaHi Ha ONTHMi3allilo MapiB KOMIIO3UTA (ONTUMIi3allisl KyTiB apMYIO40ro MaTepiaiy, TOBIIMHA Ta

IIOCJIiIOBHOCTI YKJIalaHHS apiB), HE MOKYTb B IIOBHI Mipi 33/J0BOJIPHUTHY Cy4acHUM IIOTpebaM Ha eTari



IIPOEKTYBAHHS KOMIIO3UTHOI KOHCTPYKLil. Tornosioriynoi ontumisanis - 1e nepegoBuil METOL, CTPYKTYPHOT'O
IIPOEKTYBaHHS, SIKUI OTpUMaB IIMPOKe BU3HAHUI B HAYKOBil Ta iHkKeHepHill cdepax Ta gomatkax. lleit metog,
I03BOJIsIE TPOBOAUTHY ONTHMMI3allil0 KOHCTPYKIii, SMEHINYIOYM Bary KOHCTPYKILil, 44CTKOBO 3MiHIOIOYH ii reOMETPilo
Ta BOZHOYAC 3aJIMIIAI0YM BUCOKMMU MEXaHIYHI XapaKTEPUCTUKYA KOHCTPYKLi. TornosioriyHa onrrumisaris
i30TpONHMX MaTepiaiB € Jo6pe NOCiIKEHOI0 06JIaCTIO, SIKA MHUPOKO BUKOPUCTOBYETHCS B IIPOMUCIIOBOCTI. OfHAK,
B rajly3i apMOBaHMX BOJIOKHUCTUX KOMITIO3UTIB LIEM METOJ, BBAKAETHCS IIEPCIIEKTUBHUM X04a BCE 1€ 3HAXOIUTHCS
Ha JoCiaHuLbKIN cTafii. KpiM TOro, BiTKpUTUMU 3aJIUIIAIOTHCS i MUTaHHS TEXHOJIOTI BUPDOOHUIITBA
ONTHUMIi30BaHMX KOMIIO3UTHUX KOHCTPYKLi, 0COGIMBO KOJIM NIPOLECH IPOEKTYBAHHS, ONTUMi3allii /I BUpOOHUILITBA
HAIyTh IJIY-0-TI71iY i HAKJIAJAIOThCs IIeBHI TEXHOJIOTIYHI ooMexxeHHs. ToMy MeTolo nucepralii € MiHiMizallis macu
aBiallifHUX KOMITIO3UTHUX 6aJIKOBMX KOHCTPYKLIi/l HA OCHOBI TeOpii apyBaTUX KOMIIO3UTIB Ta METOJY TOIIOJIOTiYHOI
ONTHMI3allii 3 ypaXyBaHHSIM TE€XHOJIOTIYHUX OOMexKeHb. OG'€KTOM JOCIIIIPKEHHSI € aBialliliHi KOMIIO3UTHi 6aJIKOBi
KOHCTPYKLi, TaKi K JIOHXXKEPOHU, HEPBIOPHU Ta iH. [IpeIMeTOM JOCIIII)KEHHS € IPOEKTYBaHHS KOMIIO3UTHUX
0aJIKOBUX KOHCTPYKIIii1 METOJIOM TOIOJIOTiYHOI oNTMMIi3allii 3 ypaxyBaHHSIM TEXHOJIOITYHUX 0OMeKeHb. TeopeTuyHa
YacTHHA POOOTHU I'PYHTYETHCS HA 6a30BUX TEOPIsIX MEXaHIKU apMOBAaHUX MaTepiaiB, Teopii CKiIHYEHHUX €JIEMEHTIB,
Teopii TonoJIorivHoI onTUMi3alii, a TakoX Teopii Biopatii. Po3po6seHi cucteMn KiHLEBUX €JIEMEHTIB i onTuMi3auii B
pospinax 2 i 5 peaniszoBaHi 3a JOIIOMOTr010 pO3p06JIEHOr0 IIPOrPaMHOro Kony B cepenoBuilli MATLAB. Anroputm
onTUMi3allii, SKUI BUKOPUCTOBYETHCS B L1iil po6OTi, BKIoyae anroputmu MMA, GCMMA ta IDSA. Y po3ginax 3 ta 4
IIPOLIEC TOIOJIOTIYHOI ONITUMI3allii peasi3yeThcs 3a JOIIOMOT0X0 KOMEPLITHOrO MPOrpaMHOro NPOAyKTy Altair-
Inspire, MoeI0BaHHS KiHI|EBUX €JIEMEHTIB peasi3yeTbCsl KOMEPLIHMM IPOrpaMHUM 3abe3nedeHHsIM ANSYS.
3aificHeHHICTh Ta e(EeKTHUBHICTh 3alPONOHOBAHOI ONTUMI3alliiiHOI CCTeMU MePeBIPAIOTHCS YUCEIbHUMU
IIPUKJIAJaMHU Ta MOJIEJIIOBAaHHSIM METOOM KiHLIEBUX €JIeMEHTiB. HaykoBa HOBM3HA OTPMMAaHUX pe3yJIbTaTiB. 1.
Briepiie 3anrponOHOBAHO ribpuaHy 6araTopiBHEBY ONTUMI3aLiMHY CXEMY OJIS1 OGHOYACHOTO TPOEKTYBAHHS Ta
TOTIOJIOTIYHOI ONTUMI3alil OpieHTallii BOJTOKHA KOMIIO3UTHOI KOHCTPYKLi. ['iOpunHuii 6araTopiBHEBUI METO
I03BOJISIE YHUKHYTH I1OraHOi 301)KHOCTI Ta JIOKQJIbHUX ONTMMYMIB IIpY ONTUMI3allii apyBaTux IJIaCTHH. B
3aIIPOIIOHOBAHOMY METOJi OGHOYACHO PO3IJISIAEThCs ONTUMI3ALl MaTepiay Tak i KoHpirypauii, kpim TOro
3aKJIaJIa€ThCSl TEOPETUYHA OCHOBA /17151 ONITUMAJIbHOTO IIPOEKTYBAHHS KOHCTPYKLl 3 IapyBaTUX 06aJI0K MOCTiHHO]
SKOPCTKOCTI. 2. Briepiie 17151 KOMIIO3UTHUX 0QJIKOBUX KOHCTPYKLil CUHTE30BaHO HOBUI METO/, TPOEKTYBaHHSI, IKUI
noefHye B co06i iCHYI04i METOM IPOEKTYBAHHS, TONOJIOTIYHOI ONTMMI3allii Ta TEXHOJIOTiI0 BUPDOOHUITBA. TaKkoxX,
0yJI0 HaJaHO KOHLENTYya/IbHE PillleHHS [JI1 CACTEMU aBTOMAaTU30BAaHOTO HAMOTYBAHHS. 3alIpOIIOHOBAHUI METOZ,
Ila€ HOBMI IOLITOBX JJIs1 iHTerpalii IpoeKTyBaHHS i1 BUPOOHMILITBA KOMITIO3UTHUX 6AJIKOBMX KOHCTPYKLiH. 3.Brepie
IOCJIiI)KEHO TOIOJIOTiYHY ONTUMI3allilo apyBaTUX KOMIIO3UTHUX CTPYKTYP IIPU FaPMOHIUHUX 30yIpKEHHSIX
HaBaHTaXEHHSX. ByJi0 3alIPONIOHOBAHO HOBUI METO[I, PO3PaXyHKY rapMOHIHOTO HaBaHTaKE€HHSI KOMIIO3UTHHUX
CTPYKTYP, SIKuii 3a6e3nedye edeKTUBHE PillleHHs IJ1s1 TOMOJIOTiYHOI ONTHMi3alii KOMIIO3UTHUX KOHCTPYKLN i
BIJINBOM FaPMOHIYHOTO CUJIOBOTO BIUIUBY. Pe3ysIbTaTy NOCIIII)KEHHS, HaBeIEH] B ICepTallii, [IOKPAILylOTh
[IPAKTUYHICTh METOZY TOIOJIOTIYHOI ONTUMI3alil, PO3MMPIOE Aiana3oH 3aCTOCYBaHHS, HAlA€ BAXKJIMBY TEOPETUYHY
3HAYYIIiCTh i 3aKjIafa€ HEOOXigHY JOCTiAHUIIbKY 6a3y /1151 3aCTOCYBaHHS MTOJIETIIEHOTO IPOEKTYBaHHS BOJIOKHUCTO-

apMOBaHUX KOMIIO3UTHUX KOHCTPYKLiH B iHK€EHEPHUX KOHCTPYKIiSIX.

2. By virtue of high strength and stiffness to weight ratio, outstanding designability and functionality, the
continuous fiber-reinforced composites have attracted extensive attention in academic circles and have been
widely used in various industrial departments, especially in aircraft structural parts, such as aircraft composite
beam elements. However, with the increasing demands of lightweight and other special performance requirements
of structures in aerospace industry, the traditional design methods based on ply optimization (such as fiber angle,
thickness and stacking sequence optimization) cannot fully meet the above requirements sufficiently. Topology
optimization is an advanced structural design method widely recognized by academia and engineering, which can
maintain mechanical performance while reducing the weight of the structure. Topology optimization using
isotropic materials is a well-researched area and has been widely used in industry. However, topology optimization
of fiber-reinforced composite structures is still in the exploratory stage and has become a hot spot in recent years.
In addition, the issues of technology for the production of optimized composite structures remain open, especially



when the processes of design, optimization and production go side by side and certain technological limitations
are imposed. Therefore, the purpose of this dissertation is to mass minimization of the aircraft composite beam
structures, based on the composite laminate theory and the method of topological optimization with consideration
of the technological restrictions. The object of research is the aircraft composite beam structures, such as spars,
ribs, etc. The subject of research is the design of composite beam structures using the topology optimization
method with consideration of technological restrictions. The theoretical part of the work is based on the
mechanics of composite materials, the theory of finite element, the theory of topology optimization, and the
theory of vibration. The developed finite elements and optimization frameworks in Chapters 2 and 5 are
implemented using self-programmed MATLAB code. The optimization algorithm used in this work includes MMA,
GCMMA, and IDSA algorithms. In Chapters 3 and 4, the topology optimization process is performed by the
commercial software Altair-Inspire, the finite element simulation is implemented by the commercial software
ANSYS. The feasibility and effectiveness of the proposed optimization framework are verified by numerical
examples and finite element simulation. The scientific novelty of the obtained results 1. For the first time, a hybrid
multilevel optimization scheme was proposed for the simultaneous optimization design of the fiber orientation and
the structural topology. The hybrid multilevel method can avoid the poor convergence and local optima behaviors
in the optimization of laminated plates. This proposed method considers both the material and topological
configuration design, and lays a theoretical foundation for the optimal design of constant stiffness laminated beam
structures. 2. For the first time, a novel design method that combines topology optimization approach and RFW
technology were developed for composite beam structures. And the conceptual design of the RWF system for
manufacturing the optimized structures was also presented. This proposed method provides a new idea for the
integration of design and manufacture of composite beam structures. 3. For the first time, topology optimization of
laminated composite structures under harmonic excitations was studied. A novel method for calculating the
harmonic response of composite laminates was proposed, which provides an effective solution for the topology
optimization of composite structures under harmonic force excitations. The work of this dissertation improves the
practicability of the topology optimization method, expands the application range, provides important theoretical
significance and lays a necessary research foundation for the application of lightweight design of fiber-reinforced
composite structures in engineering structures.
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