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1. Incepraliist npucBS4Y€Ha BUPIIIEHHIO HAYKOBO-TEXHIYHOI IPO6I€MU BUTOTOBJIEHHS HOBO]
KOHKYPEHTOCIIPOMOJKHOI aBiallillHOi TEXHIKM IIJISIXOM JOCJIIKEHHS METOJly PO3PaxXyHKy Ha MIlIHICTb i IO OBXKEHHS
BTOMHOI JOBrOBIYHOCTi (PiTUHTOBOTO 3'€THAHHS MiX IJEHTPOIIJIAaHOM i Biff EMHOIO YaCTUHOIO KPUJia PErioHaJbHOTO
Jitaka. Bubip MeTn 3yMoBJI€HMI HEOOXIHICTIO aBiaby iBHUKIB BIIPOBA/I)KYBAaTH [TPOEKTYBAHHS MiLIHOCTi KpuUJja Ta
OINOPY BTOMHU Ha BCiX €Tamnax XUTTEBOro LUKJTY JIiTaKa Ta OHOBJIIOBATU iCHYIOUi METOIU IIPOEKTYBAHHS 3
yPaxyBaHHSM Cy4aCHOTO PiBHSI HAyKU i TEXHIKY /1715 MifBUIIEHHS] KOHKYPEHTOCIIPOMOXKHOCTI CBOIX pO3pO0OOK. 30Ha
3'€IHAaHHS KOPEHEBOI YaCTMHU KPUJIA PETiOHATIBHOTO JIiTaKa € KJII0YOBOIO YACTUHOO PO3IMOAiNy HABAHTAKEHHS MixXK
KpuJjoM i prozessbkem. Po3ryisiHyTo Ta mpoaHasi3oBaHO TEHIEHLi0 pO3pOOOK (PITHMHIOBUX 3'€IHAHb MiXK

LIEHTPOILJIAaHOM i Bil’éMHOIO YaCTUHOIO KpUJla PerioHaJbHOro JIiTaka y CBiTi, y3araJbHeHO Ta Kjiacu(ikoBaHO



KOHCTPYKIi0 (QITUHIOBOrO 3'€IHAHHS, A TAKOX IOPIBHSIHO Ta IPOAHAJi30BaHO IIEPEBAry Ta HeJOJIiKY, HalaHO
peKoMeHalii o0 BU6OpY Ta MPOEKTYBaHHS 3'€IHaHHS LIEHTPOILJIaHa i Bill€MHOI YaCTHHYU KpuJja pi3HUX
perioHanbHUX JiTakiB. ITicss nigcyMKiB Ta aHasi3y IPONOHYETHCS METO], IIPOEKTYBAaHHS (PITUHTOBOTrO 3'€IHAHHS B
KOpeHeBill YaCcTUHi Kpuia. BinosigHo 10 1bOro MeTony BU6UpaeThes popma 3'€IHaHHS PaMU 3 rpe6iHYacTUM
npo@inem A1 CTBOPEHHS MoAeli GITUHIOBOTO CTUKY MK LIEHTPOIIJIAHOM i Bif'éeMHOIO YaCTUHOIO KpuJa. [l
CYJIKEHHS PO pallioHaIbHICTh PO3PaxyHKY Ha MillHiCTb (ITHHIOBOrO 3'€JHAHHSI BIleplie 3a[IPOIIOHOBAHO
eeKTUBHE pillleHHsI PO3PaxXyHKy KOHCTPYKIii, SKOCTi Ta CTAaTUYHOI MiLIHOCTi 3'€JHAHHSI Ha €Talli MOJeJII0BaHHSI.
Lleit MeTo[ 3aCHOBaHMM Ha PO3PaxXyHKY HAIIPYTI'y, BUKJIMKAHOI IUCKPETHICTIO epeaadi 3ycusisa MixX By3iamu. Len
METOJ], PO3PaxyHKY 03BOJISIE OTPUMATH CIPOLIEHY MOJIeJIb rilepCcTaTUYHOTOo 3'€AHAHHS HA OCHOBI T€OMETPUYHUX
XapaKTEPUCTHUK i XapaKTEePUCTHUK Ilepeiadi 3yCusb KOJKHOI By3JI0BOi CeKllii B KOHCTPYKIii (pyiaH1eBOro 3'efHaHHs. Y
IIPOLIECi pO3PaXyHKY BU3HAUYE€HO KPYBi 3TMHAJIBHOIO MOMEHTY Ta MOB3[OBXHbOI CUJIM, OTPUMAaHi METOJOM CHJI, i
PO3IOiJI CUJIOBOrO HABAHTAXKEHHSI KOXKHOI YaCTMHU MOJIEJII IS ITOJAJIBIIOrO aHasi3y CTaTUYHOI MIilJHOCTI.
OTpuMaHi pe3ysbTaTy pO3paxyHKiB IOPIBHIOIOTHCS 3 BUMOTaMU CTaHIAPTiB JIbOTHOI IPUIATHOCTI [J11 BU3HAYEHHS
BiZIIIOBiHOCTi BUMOTraM KOHCTPYKIL{i. Y TOH ke 4ac IporpaMHe 3abe3MeyeHHs KiHlleBUX eleMeHTiB ANSYS
BUKOPUCTOBYETHCSA IJIs1 TOTO, 11106 BIEPIIE 3alIPONIOHYBATH HEMPSIMUI METO]], PO3PaxXyHKY HaNPy>KeHO-
nepopmoBaHoro ctany (piTuHroBoro 3'efHaHHs. Pe3ynbTaTu Hanpyru Ta gedopmatii, po3paxoBaHi HEMIPSMUM
METOZ,OM, [TOPiBHIOIOTBCSA 3 PE€3YJIbTaTAMU, PO3PAXOBAHUMU IIPSIMUM METOJIOM, i PE€3YyJIbTaTh B OCHOBHOMY
BiANOBifaOTh. [lepeBaraMmu HENPSIMOTO METOMY € HEBEJIMKUI 06'€eM OOUMCJIEHHS Ta BUCOKA BUAKICTb OOYMCIICHHSL.
3 MeTOI0 [TOJABIIOrO MiABUIIEHHS! BTOMHOI JOBIOBIYHOCTI (DiTUHrOBOTO 3'€IHAHHS, BIIJIUB IJIMOMHY Ta KyTa
€KCTPYJ0BaHOi AyroBoi KaHaBKY Ha JOBIOBIYHICTb MAHEJ KpUJja LOJATKOBO BUBYAETHCS 3a JOIIOMOT 00
€KCIIEPUMEHTIB 1 METO/IIB MOJIEJIIOBAHHS KiHILIEBUX €JIEMEHTIB Ha OCHOBI iCHYI0YMX JOCIIiIKEHb. JJOCTiIKEHHS
MIOKa3ye, 110 /1151 KpUJIOBUX NaHe el i3 QyHKLiOHaJIbHUMU OTBOPaMU €KCTPYAOBaHa AYroBa KaHaBKa MOXE
[IOJIOBKUTHU TEPMiH iX ciy0u. Lle MOsSCHIOEThCS THM, 110 3aJIMIIKOBA HAIIPYTa, 1[0 YTBOPIOETHCS MiCIs IIPOLeCy
€KCTpY3ii, KOMIIEHCY€ [Ii10 YaCTUHYU HABAaHTKEHHS [JI 3MEHIIEHHS XapaKTePUCTUYHOTO HaNpy>KeHHs. Ha
IOBTOBIUHICTb aHeJsIi Kpuiia 3 (PyHKLiIOHAIbHUMHU OTBOPAMU BIJIMBAE [MIMOMHA €KCTPYLOBAHOI yTrOBOi KAaHABKU.
SIkmo rnubuna ctanosuth 0 ~ 0,15 MM, BTOMHA JOBrOBiYHICTh He 30iIbIIYETHCS; KO IM6uHa ctanosuts 0,15 ~ 0,3
MM, BTOMHA JJOBTOBiUHICTb 3HaYHO I1OJJOBXXY€ETbCSI; KOJIM IMOMHA nepesuinye 0,3 MM, BTOMHA JOBTOBIYHICTb
IIPOJIOBXXYEThCS MMOBiIbHO. Ha NOBroBiYHICTh NaHesli Kpuia 3 QyHKIiOHaJIbLHUMU OTBOPaMU TaKOX BILJIMBAE KYT
€KCTPYOBaHOI IyroBOi KAHABKU. 3i 30i/bLIIEHHSIM KyTa JOBIOBIUHICTh 301JIbIIYETHCS 10 ONTUMAJBHOrO KyTa 120°.
BukoprcTaHHS ONTHMAaIbHO TOJIOBXEHOI yrOoBOi KaHABKY MO>XKe 30iJIbIINTH BTOMHUI PECypC AOCIiIKyBaHO]
naHeJli Kpuia 6isbil HiX y 2,34 pasu. [I715 1o#aibioro NoKpaueHHss BTOMHOI JOBIOBiYHOCTI (PiTUHIOBOTO 3'€JHAHHS
IOCJiIKEHO €KCIIEPUMEHTATIbHUMU METOJIAMU BILJIB €KCTPYLOBAHOI KiJIbLIeBOi KAHABKU Ha BTOMHY JOBrOBiYHICTb
naHeJsi Kpuia 3 QyHKIiOHAJIbHUMU OTBOpamu. JloCiiKeHHs I0Ka3ye, 1o 1J1s TaHeJel KPUila JliTaka 3
(YHKIiOHAJIBHUMY OTBOPaMU €KCTPYAO0BaHi KijblieBi KaHABKM HABKOJIO PYHKIIOHAJIIbBHUX OTBOPIB MOXKYTb
[IOKpAIMTH BTOMHY JIOBIOBIYHICTb NaHeJel Kpuia. EKcriepruMeHTaIbHUMU METOJAMU JOCIIiIPKEHO BILJINB
eKCTPY/IOBaHOI Ki/IblleBOi KaHABKY Ha JOBTOBIUHICTh IBO3Pi3HMX 3'€JHAHDb NIaHeJel Kpuiia. Pe3ysibTaTu MOKas3yIoTh,
110 eKCTPYLOBaHi KijiblleBi KAHABKM MOKYTb [IOKPALIUTH [LOBrOBIYHICTb JBO3PI3HUX 3'€AHAHb. JJOBrOBIYHICTD
IBO3PI3HUX 3'€HAHb i3 €KCTPYNOBAaHMMU KilblI€eBUMU KaHAaBKaMU MIPUOINU3HO B 2,28 pas3u NepeBUIIye IOBrOBIiUHICTh
I BO3Pi3HUX 3'e€qHAHb 6€3 eKCTPYLOBAHMX Ki/IbLIEBUX KAHABOK. AHTU(PETUHIOBA [1aCTa MOXKE IOKPALIUTH TEPMiH
Cyk6y ABO3Pi3HUX 3'€HaHb. [JOBrOBIYHICTb ABO3Pi3HUX 3'€IHAHb, IOKPUTUX aHTU(PPETUHIOBOIO IIACTOIO,

npu6sn3HO B 1,28 pasu nepesuliye TOBrOBIUHICTb ABO3PI3HUX 3'€IHAHDb Oe3 1€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.
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TOJIOBYIOYOTO Ha 3acCifiaHHi

BiamoBimaibHUH 32 MiZTOTOBKY JAmutpenko €srexis BanepiiBHa

00JIiKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




