Po3po0JieHHsI MeTOAIB CTPYKTYPHOI ONITUMI3anil TOHKOCTIHHUX 2epPOKOCMIYHHMX KOHCTPYKUIIi

Pa3padoTrka MeT010B CTPYKTYPHOMH ONTHMHM3ANUN TOHKOCTEHHBIX a9POKOCMHUYECKUX
KOHCTPYKIMH

Development of methods for structural optimization of thin-walled aerospace structures

1. Homep aepxpeectpanii Ne0109U000703, Ne peectpartii B yHiBepcuTeTi 2281-11

2. HaykoBmii kepiBHUK
JIOKTOP TEXHIYHUX HayK, mpodecop 30pyipkuii Onekcanap BacuipoBuy
JOKTOp TEXHHUECKUX HayK, podeccop 30pyuxuii Anexcanap BacuibeBuy
doctor of technical sciences, professor Alexander Zbrutsky

3. CyTb po3po0KH, OCHOBHI pe3yJbTaTH:

Ykp.

KoHcTpykiii 3 TOHKOCTIHHHX METaleBUX TpyO MaroThb Bce Ounblie MOLIMPEHHS B
KOHCTPYKITISIX CYYaCHHUX JIETKUX JITAJIBHUX anapariB, SK MMIJIOTOBAHUX TaK 1 OC3MUIOTHUX 3aBIISKH
CBOIM BHHATKOBIM TEXHOJIOTIYHOCTi, MIIIHOCTI Ta BHCOKOMY pecypcy. Bomnodac, wmacoBa
e(eKTUBHICTh KOHCTPYKIIIH 3 TOHKOCTIHHUX METAJIEBUX TPYO 3QJIMIIAETHCS BiJIHOCHO HHU3HKOKO B
MOPIBHSAHHI 3 TPAaJULIMHUMHU aBiallitHUMHM KOHCTPYKLIAMHU. Lle MOSCHIOETBCS CHUMETPUYHICTIO
BJIACTUBOCTEH TpyOM Kpyrjaoro mepepidy WIOA0 CHPUHHATTS HaBaHTaXEHb, B TOM Yac SK B
aBlallifHUX KOHCTPYKI[ISX BEIMYUHH 3YCHIIb, IO JIIOTh B PI3HUX HANPIMKAX, MOXKYTb BiIPiI3HATHCS
B JIECATKH pasiB. B poOOTI po3rissHyTO 1 BHPINICHO MUTAHHS PO3POOKH METOJIB PO3PAXYHKY
Hanpy>kKeHO-1e()OpPMOBAHOTO CTaHYy a€POKOCMIYHMX KOHCTPYKIIiM 3 TOHKOCTIHHUX METaJEeBUX TPYO
Ta CTPYKTYPHOI ONTUMI3aIlli MOAIOHUX KOHCTPYKITIKA. 3anpornoHOBaHO, OOIPYHTOBAHO 1 IOCITIKEHO
METOAM 3MCHILICHHS Baru €JIEMEHTIB KOHCTPYKIIi 3 TOHKOCTIHHHMX TpyO, IO HAAa€e MUISXU
BHUPIIICHHS OJHIE€T 3 HaWOUIBIUX MpoOJSieM TMOMIOHUX KOHCTPYKIIM — HAasSBHOCTI BEJIHKOI
Hee(eKTHUBHOI KOHCTPYKTUBHOI Macu. B mexkax poOOTHM CTBOpPEHO J1abOpaTOpHY YCTAHOBKY IS
JOCIIJDKEHHST AedopMalliii e€JIeMEHTIB KOHCTPYKIIH TOHKOCTIHHHX TpyO, CTBOPEHO CKIHUYEHHO-
€JIEMEHTHI MOJIeJli TOHKOCTIHHHUX TpPyO0 Ta JOBEACHO UUIAXOM HAaTypHHX EKCIEPHUMEHTIB IX
aJICKBAaTHICTh. 3TiHO OTPUMAHUX B POOOTI METOJAMK PO3PAXOBAHO Ta BUTOTOBJIEHO CIIEMECHT
TOHKOCTIHHOI TpyO4YacToi KOHCTPYKIii 3MEHIIEHOi Baru, JOCTI[DKEHO Ha YHCEIbHIM Mozemni i
IUBIXOM HATypHOTO €KCIIEpUMEHTY 1  HampyXeHo-neopMoBaHWN CTaH, MIATBEPIIKEHO
e(eKTUBHICTH 3aPOTIOHOBAHUX METO/IIB 3MEHIIICHHS Baru MoIi0HNX €JIeMEHTIB.

Poc.

KoHCTpyKkIMM W3  TOHKOCTEHHBIX  METAJUIMYECKHX TpyO HMeET Bce Ooubliee
pacnpocTpaHEHHE B KOHCTPYKLHUSAX COBPEMEHHBIX JIETKMX JIETaTeNbHBIX amlapaToB, Kak
NWIOTUPYEMBIX TaK W OECHHJIOTHBIX Ojaromaps CBOEH HCKIIOUYUTENBHOW TEXHOJIOTHYHOCTH,
MPOYHOCTU M BBICOKOMY pecypcy. Bmecre ¢ TemM maccoBas 3¢p(GeKTHUBHOCTh KOHCTPYKIMM U3
TOHKOCTEHHBIX METAJUIMYECKUX TPyO OCTaeTCs OTHOCHUTEIBHO HHU3KOW IO CpPaBHEHHUIO C
TPaJAULIMOHHBIMU aBHALIMOHHBIMU KOHCTPYKIHSIMH. DTO OOBACHSAETCS CUMMETPUYHOCTHIO CBOMCTB
TpyObl KpYIJIOTO CEYEHHS IO BOCHPUATHIO HArpy30K, B TO BpeMs Kak B aBUAI[MOHHBIX
KOHCTPYKLHUSAX BEJIUYMHBI YCUIIUH, JEHCTBYIOIIUX B Pa3HbIX HANpPaBICHUSIX, MOTYT OTJIMYAThCS B
necaTku pas. B pabore paccMOTpeHbl M pELICHBI BOMPOCHI pa3padOTKU METONOB pacyera
HaNpsKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUSA a3pPOKOCMUYECKUX KOHCTPYKIMI U3 TOHKOCTEHHBIX
METAJUIMYECKUX TPYyO M CTPYKTYPHOH ONTHUMM3ALMU TOAOOHBIX KOHCTpYyKUuMH. [Ipeninoxensl,
O00OCHOBaHbl M HCCIEIOBaHbl METOAbl YMEHBIIEHUS Beca JIIEMEHTOB KOHCTPYKIUU U3
TOHKOCTEHHBIX TpyO, IpPEJOCTaBJIIEHbl MYTH pPEIICHHs OJHOW M3 CaMbIX OONBIIMX MpPoOIeM
MOAOOHBIX KOHCTPYKIUH - HAIMUKUE OObIoN Hedh(HEKTUBHON KOHCTPYKTHBHOM Macchl. B pamkax
pa®oThl co3maHa JlabopaTopHash YCTaHOBKA JUISI HCCIEAOBAaHHUS JedopManuii  3JIEMEHTOB
KOHCTPYKUUN TOHKOCTEHHBIX TPYO, CO3/IaHbl KOHEUHO-3JIEMEHTHBIE MOJIETIM TOHKOCTEHHBIX TPYO U
JI0Ka3aHO MyT€M HATYPHBIX 3KCIIEPUMEHTOB UX aJeKBaTHOCTh. COrIacHO MOJMyYEHHBIM B pabote
METOJIMKaM pAacCUMTaH M M3TOTOBJIEH JJIEMEHT TOHKOCTEHHOW TpyOuaTol KOHCTPYKLIMHU
YMEHBIIEHHOW Beca, MCCIEIOBAHO HA YHCICHHON MOJENM M IyTEeM HATYPHOTO SKCIEpUMEHTa ee



HaNpsHKCHHO-Ie(OPMHUPOBAHHOE COCTOSIHUE, MOATBEpXkAeHa dS()(EKTUBHOCTh MPEATIOKEHHBIX

METOJIOB YMEHBUICHHS Beca MOJA00HBIX 3JIEMEHTOB.

AHII.

Design of thin-walled metal tubes are becoming more common in the construction of modern
light aircraft, both manned and unmanned due to its exceptional workability, durability and long
service life. However, the mass efficiency of thin-walled structures made of metal tubes is still
relatively low compared with traditional aircraft designs.This is due to the symmetry properties of
the round tubes on the perception of stress, while in aerostructures magnitude of the forces acting in
different directions may differ by tens of times. We addressed and resolved the issues of
development of methods of calculating the stress-strain state of aerospace structures made of thin
metal tubing, and structural optimization of such structures. Proposed, justified and the methods of
reducing the weight of the structural elements of thin-walled tubes, provided solutions to one of the
biggest problems of such structures - the presence of large inefficient structural mass. In the
framework of established laboratory facility to study the deformation of structural elements of thin-
walled tubes, created a finite-element model of thin-walled tubes and proved by carried experiments
of their adequacy. According to the work methods designed and fabricated a thin-walled tubular
element reduced weight, were investigated by the numerical model and by the natural experiment of
the stress-strain state, confirmed the effectiveness of the proposed methods for reducing the weight
of such elements.

4, HasiBHiCTH OXOPOHHHUX JIOKYMEHTIB Ha 00’ €KTH MpaBa IHTEJICKTyaJIbHOI BIACHOCTI (3asBKa Ha
MATEHT, MAaTEHT, CBIIOITBO HA aBTOPCHKE TIPABO).

5. IlopiBHsAHHA 3i CBITOBUMH aHAJIOTaMH.

Jlnst moOyA0BY CKIHUEHHO-EJIEMEHTHUX MOJIeIel BUKOPUCTAHO HAalCYYacCHIII BITYM3HSIHI Ta CBITOBI

pPO3paxyHKOBI KOMIUIEKCH, CydacHE KOMIT IOTepHE 00JiaiHaHHA. 3alporOHOBAaHO HOBI MiAXOAH 10

3MEHIIIEHHSI Baru €JIEMEHTIB 3 TOHKOCTIHHUX TpyO, 3aCTOCYBaHHS SIKMX Ha CHOTOJHI HEMae B

CBITOBIM MPAKTHIII.
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(menmpTariaHiB, MOTOJEIbTAIUIAHIB, MIKPOJIITAKIB). YKpaiHChKI BUPOOHUKH TEXHIKM TaKOTO KJacy

3aiiMaloOTh MPOBiAHI To3uLii y cBiTi (hipmu «Aepocy, «AeporpakT» Ta iHii). Pexomenaarii moao

METOMIB 3MEHIIEHHS Bard po3poOJIeHO 3 OpIEHTAIlIEI0 HA HAsBHE TEXHOJOTIYHE yCTaTKyBaHHS 1

COpPTaMEHT TOHKOCTIHHUX TPYO ITMX BHPOOHHKIB, IO JJO3BOJISIE 3aIPOBAIUTH PE3YJIbTAaTH poOOTH Y

BUPOOHUYMIA TIporiec 6€3 T0JaTKOBUX BUTPAT
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CrtBopeHuii 1a00paTOpHU 3pa30K YCTAHOBKHU [Jii BUIPOOYBaHb KOHCTPYKTHBHHUX €JIEMEHTIB 3

TOHKOCTIHHMX TpyO, pO3po0JeHO peKOMEHJalil HI0J0 BIPOBAPKEHHS Y KOHCTPYKTOPCHKO-

TEXHOJIOTTYHHUH KT
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