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Pedepar:

1. Incepranist npucBsYeHa BUPIlIEHHIO HAYKOBO-TEXHIYHOI IPO6GJIEMU BUTOTOBJIEHHS HOBO]
KOHKYPEHTOCIIPOMOJKHOI aBiallilHOI TEXHIKM LJIXOM JOCJIIKEHHS METOY PO3PaXyHKY Ha MIlIHICTb i IIOJOBXKEHHS
BTOMHOI JOBrOBiYHOCTi QITMHTOBOTO 3'€AHAHHS MK LIEHTPOIJIAHOM i BiJl €MHOIO YaCTUHOIO KPUJIa PETiOHATIBHOTO
sitaka. Bubip MeTu 3yMoBiIeHUI HEOOXiIHICTIO aBiaby iBHMKIB BIIPOBAIKyBaTH ITPOEKTYBaHHS MILIHOCTI KpuJja Ta
OIIOPY BTOMH Ha BCiX €Talax XUTTEBOro LMKITY JiiTaKa Ta OHOBJIIOBATU iCHYIOYi METOIU IIPOEKTYBAHHS 3

YPaxyBaHHSM Cy4aCHOTO PiBHSI HAyKU i TEXHIKM 714 MiBUIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI CBOIX PO3pO0OOK. 30Ha



3'eIHAaHHS KOPEHEeBOI YaCTUHY KPUJla PErioHaIbHOrO JIiTaka € KJII0YOBOIO YACTUHOIO PO3IOAiNy HABaHTa)KeHHS MixK
KpuiioM i prozesspkem. Po3riisiHyTO Ta poaHasizoBaHO TEHAEHII0 po3p060K (MITHUHIOBUX 3'€QHAHD MiXK
LIEHTPOIJIaHOM i Bil’éMHOIO 4YaCTUHOIO KpUJla PErioHaJbHOrO JIiTaka y CBiTi, y3araJbHeHO Ta Kjl1acu(ikoBaHO
KOHCTPYKIIi10 (QiTMHIOBOrO 3'€IHAHHS, a TAKOX IOPIBHSIHO Ta TPOAHAJi30BaHO NIepeBary Ta HeJoJliky, HalaHO
pekoMeHpanii moao BU6opy Ta MPOEKTYBaHHS 3'€IHAHHS LIEHTPOILJIaHa i Bi €MHOI YaCTHHY KpuUJjla Pi3HUX
perioHanbHUX JiTakiB. ITicss nigcyMKiB Ta aHasi3y IPONOHYETHCS METO], IIPOEKTYBAaHHS (PITUHTOBOTrO 3'€IHAHHS B
KOPEHEBill yacTuHi Kpuia. BinnosigHo 1o 1boro metony BubupaeTrbcs popma 3'€ITHAHHS pamu 3 TPpebiHYacTUM
npodinem A1 CTBOPEHHS MoAesli GITUHIOBOrO CTUKY MK LIEHTPOIJIAHOM i Bif'éeMHOIO YaCTUHOIO KpuJa. [1is
CYJIIKEHHS IPO pallioHaIbHICTh PO3PaxyHKY Ha MillHiCTb (ITHHIOBOrO 3'€JHAHHSI BIIeplIe 3a[IPOIIOHOBAHO
eeKTUBHE pillleHHsI PO3PaxXyHKy KOHCTPYKIii, SIKOCTi Ta CTAaTUYHOI MiLlHOCTi 3'€JHAHHS Ha €TaIli MOJeJII0BaHHSI.
Lle#t MeTO[I 3aCHOBaHMI Ha PO3PaxyHKy HANIPYIry, BUKJIMKAHOI IUCKPETHICTIO Iepefadi 3yCUIs MiX By3namu. Llein
METOJ], PO3PaxXyHKY 03BOJISIE OTPUMATH CIPOLIEHY MOJIeJIb rilepCcTaTUYHOTO 3'€AHAHHS HA OCHOBI T€OMETPUYHUX
XapaKTePUCTHUK i XapaKTePUCTHUK Ilepeiadi 3yCusb KOJKHOI By3JI0BOi ceKllii B KOHCTPYKIi ¢pyiaHLieBoro 3'efHaHHs. ¥
IIPOLIECi pO3PaxyHKy BU3HAUYE€HO KPUBi 3TMHAJIBHOIO MOMEHTY Ta IIOB3JOBXXHbOI CUJIM, OTPUMaHi METOJOM CUJI, i
PO3IOIiJI CUJIOBOTO HABAHTAKEHHSI KOKHOI YaCTMHU MOJIEJI IS ITOJAJIBIIOrO aHasi3y CTaTUYHOI MilJHOCTI.
OTpuMaHi pe3ysbTaTy pO3paxyHKiB OPIBHIOIOTHCS 3 BUMOTaMU CTaHIAPTiB JIbOTHOI MPUATHOCTI JJ11 BU3HAYEHHS
BiITIOBiHOCTi BUMOTraM KOHCTPYKIL{i. Y TOH ke 4yac rporpaMmHe 3abe3neyeHHs KiHlleBuX eneMeHTiB ANSYS
BHMKOPHUCTOBYETHLCS 117151 TOTO, 1100 BIEPILE 3alIPONIOHYBATH HENPSIMUI METO, PO3PAaXxyHKY HaIlPYy>KEHO-
Ie(OPMOBAHOrO CTaHy (ITUHTOBOTO 3'e¢JHAHHS. Pe3ynbTaTy Hanpyru Ta gedopmallii, po3paxoBaHi HEMPSIMUM
METOJZIOM, ITOPiBHIOIOTLCS 3 PE3YyJIbTaTaMU, PO3PaXOBAaHUMU MIPSIMUM METOZOM, i pe3yJIbTaTh B OCHOBHOMY
BiANOBifaoTh. [lepeBaraMmu HENPSIMOTO METOMY € HEBEJIMKUI 06'eM OOUMCJIEHHS Ta BUCOKA MIBUAKICTb OOYMCIIEHHSL.
3 MeTOI0 MOAABIIOro MiABUIIEHHS BTOMHOI JOBIOBIYHOCTI (DiTUHrOBOTO 3'€IHAHHS, BILJIUB IJIMOMHY Ta KyTa
€KCTPYJ0BaHOi AyroBoi KaHaBKY HA JJOBrOBIYHICTb MaHEJi KpUja LOJATKOBO BUBYAETHCS 32 JOTIOMOT 00
€KCIIEPUMEHTIB i METO/IiB MOJI€JIIOBAHHS KiHIIEBUX €JIEMEHTIB Ha OCHOBI iCHYIOYMX JOCJiIKEHb. JJOCTiIKEHHS
IIOKa3ye, 110 [1J11 KPUJIOBUX TIaHeJeH i3 (PyHKLiOHAIbHMMU OTBOPAMU €KCTPYAOBaHa NyroBa KaHaBKa MOXe
[IO/IOBKUTH TEPMiH iX cIyxko6u. Lle MOSCHIOETHCS THM, 110 3aJIMIIKOBA HAIIPYTa, 1[0 YTBOPIOETHCS MiCIIs IPOLIECY
€KCTPY3ii, KOMIIEHCY€ M1i10 YaCTUHU HABAaHTKEHHS I 3MEHILIEHHS XapaKTePUCTUYHOTO HaNpy>KeHHs. Ha
IOBTOBIUHICTb NaHeJIi Kpuiia 3 (PyHKLiOHAIbHUMHU OTBOPAMU BIJIMBAE [MIMOMHA €KCTPYLOBAHOI yTOBOi KAaHABKU.
SIkmo rambuna cranosuth 0 ~ 0,15 MM, BTOMHA JOBrOBiYHICTh He 306iIbIIYETHCS; KO IMIM6UHA cTaHoBuTs 0,15 ~ 0,3
MM, BTOMHA JIOBrOBi4HiCTb 3HaYHO [1I0JOBXXY€ETHCS; KOJIU IIIMOuHA repesuinye 0,3 MM, BTOMHA JOBTOBiYHICTb
IIPOJIOBXYEThCS MOBiIbHO. Ha NOBroBiyHICTb NMaHesi Kpuia 3 QyHKIiOHaJIbLHUMU OTBOPaMU TaKOX BILJIMBAE KYT
€KCTPYAOBaHOI IyroBoi KaHABKU. 3i 30i/bLIIEHHSIM KyTa JOBTOBiUHICTb 301/IbIIYETHCS 10 ONTUMAJBHOrO KyTa 120°.
BukopuCTaHHS ONTHMAJIBHO MOIOBXEHOI IyrOBOi KAHABKM MOJKe 30i/bIIUTHA BTOMHUIA PECYPC JOCTiIKyBaHOI
naHeJli Kpuia 6isbil HiX y 2,34 pasu. [I715 nofabioro NoKpauieHHs: BTOMHOI JOBrOBiYHOCTI (DiTUHIOBOTO 3'€JHAHHS
IOCJiI)KEHO eKCIIEPUMEHTATIbHUMU METOJIAMU BIIJIUB €KCTPYLOBAHOI KijIblleBOi KAHABKU Ha BTOMHY JOBrOBIYHICTb
naHeJli Kpuia 3 PyHKLiOHAJIbHUMU OTBOPaMHu. JJOCIiIKeHHs [TOKa3ye, MO J14 NaHesel Kpuia JliTaka 3
(dYHKIIOHATIBHUMY OTBOPaMU €KCTPYAOBaHi KijiblieBi KaHABKY HABKOJIO PYHKIIOHAJIIBHUX OTBOPIB MOXKYTb
[TOKPALIUTH BTOMHY IOBIrOBiYHICTb [TaHeJIeN Kpuila. EKClIepMMeHTaIbHUMY METOIAMU JOCJIiI)KEHO BILJIMB
€KCTPY/IOBAHOI KiJIbLIeBOi KAHABKU HA JOBTOBIUHICTb IBO3Pi3HUX 3'€JHAHb NIaHeJIel Kpuila. Pe3ysibTaTu IOKa3yIoTh,
110 eKCTPYIOBaHi KijiblieBi KAHABKU MOSKYTb IIOKPALIUTH LOBrOBIYHICTh JBO3Pi3HUX 3'€AHAHb. JJOBrOBIYHICTb
IBO3PI3HUX 3'€HAHb i3 €KCTPYNOBAaHMMU KiIblIeBUMU KaHAaBKaMU MIPUOIU3HO B 2,28 pasu lepeBulllye OBrOBiUHICTb
IBO3Pi3HUX 3'€qHaHb 6€3 eKCTPYLOBAaHUX Ki/IbLIEBUX KAHAaBOK. AHTU(QPETUHIOBA [1aCTa MOXE ITOKPALIUTU TEPMiH
Cyk6y ABO3Pi3HUX 3'€IHaHb. JJOBrOBIYHICTb ABO3Pi3HUX 3'€IHAHb, IOKPUTUX aHTU(PPETUHTOBOIO NIACTOIO,

npu6sn3HO B 1,28 pasu nepesuInye TOBrOBIiYHICTb ABO3PI3HUX 3'€IHAHDb Oe3 Iji€l nacTu.

2. The dissertation is devoted to the decision of a scientific and technical problem of manufacturing new
competitive aviation equipment by studying the method for strength design and fatigue life extension of the fitting
joint between the center wing section and the outer wing section of a regional aircraft. With the rapid
development and application of regional aircraft, this technical problem needs to be solved urgently. The choice of



goal is due to the need of aircraft manufacturers to implement wing strength design and fatigue resistance design
at all stages of the aircraft life cycle and update existing design methods taking into account the current level of
science and technology to increase the competitiveness and safety of their developments. The wing root
connection area of a regional aircraft is the key part of the load exchange balance between the wing and the
fuselage. The design requirements of structural strength and durability, structural load transfer efficiency,
assembly coordination requirements, and detail processing are very high. Different docking methods have
different force transmission methods, which will have a significant impact on the service life and assembly process
of the aircraft. Therefore, the fitting joint design between the center wing section and the outer wing section has
always been one of the important links in aircraft design. The development trend of the fitting joint between the
center wing section and the outer wing section of a regional aircraft in the world is reviewed and analyzed, and the
design of the fitting joint is summarized and classified, and the advantages and disadvantages are compared and
analyzed, which provided a reference for the selection and design of the fitting joint of different regional aircraft.
After summary and analysis, the design method of the fitting joint at the root of the wing is proposed. According to
this method, the form of frame fitting joint with comb-shaped profile is selected to create the fitting joint model by
CATIA. In order to judge the rationality of the strength design of the fitting joint, an effective solution for the
design, quality and static strength calculation method of the fitting joint in the modelling stage is proposed for the
first time. This method is based on the calculation of stress caused by the discreteness of force transmission
between units. This calculation method obtains a simplified hyperstatic joint model based on the geometric
characteristics and force transmission characteristics of the cross section at each node in the flange connection
design. During the calculation process, it is determined that the curves of bending moment and axial force
obtained by the force method, and the force load distribution of each part of the model to further analyze the
static strength. The calculation results obtained are compared with the requirements of the airworthiness
standards to determine whether the design requirements are met. At the same time, the finite element ANSYS
software is used to propose an indirect method for calculating the stress and strain state of the fitting joint for the
first time. The stress and strain results calculated by the indirect method are compared with those calculated by
the direct method, and the results are basically consistent. The indirect method has the advantages of small
calculation amount and fast calculation speed. In order to further improve the fatigue life of the fitting joint, the
effect of extruded annular groove on the fatigue life of the wing panel with functional holes is studied by
experimental methods. The study shows that for aircraft wing panel with functional holes, the extruded annular
grooves around the functional holes can improve the fatigue life of the wing panels. The effect of extruded annular
groove on the fatigue life of double shear joints of wing panels is studied by experimental methods. The results
show that the extruded annular groove can improve the fatigue life of double shear joint. The fatigue life of double
shear joint with the extruded annular grooves is about 2.28 times that of double shear joint without the extruded
annular grooves. Anti-fretting paste can also improve the fatigue life of double shear joints. The fatigue life of
double shear joint coated with anti-fretting paste is about 1.28 times that of double shear joint without anti-
fretting paste.

Jep>kaBHHH peecTpaniliHuil Homep JiP:

IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIbII
Ba)KJIMBUX PO6JIEM PO3BUTKY HAaYKOBO-TEXHIYHOT0, COLiaIbHO-€KOHOMIYHOT0, CyCIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOT'O IIOTEHLiany 1715 3a6e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuii NpiopUTETHUH HANIPSIM iHHOBAaLLiHHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIiA
BUCOKOTEXHOJIOTIYHOTO PO3BUTKY TPAHCIIOPTHOI CUCTEMU, PAKETHO-KOCMIUHO] rasysi, aBia- i cyqHOOyAyBaHHS,
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TOJIOBH paju

Biacue IlpisBuie Im's I1o-6aThKOBI Cikynbcbkuit Banepii Tepentiiiosuy

TOJIOBYIOYOrO Ha 3acCimaHHi

BignoBizasibHHI 32 IIi,Z;I‘OTOBKy JIMuUTpeHKO €BreHis BanepiiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




