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1. MaTepiano3HaByi aClIeKTU YTBOPEHHS Ta €BOJIOL|i Ae(EKTIB, 10 BUSHAYAIOTh PECYPC €KCILTyaTallii alloMiHieBAX
KOHCTPYKIIi# JIiTaKiB.

2. Material-science aspects of formation and evolution of damages which define the resource exploitation of
aluminum structures of airplanes.

Pedepar:

1. Inceprauiiina po60Ta NpUCBSYE€HA BUBUEHHIO OCOOJIMBOCTEN YTBOPEHHS Ie(PEKTIB y BUCOKOMILIHMX a/llOMiHi€BUX
CIIJIaBax cucrem JyieryBaHHs Al-Zn-Mg-Cu, Al-Cu-Mg-Mn Ta BCTaHOBJIEHHIO 3B'SI3Ky CTPYKTYPHUX YMHHUKIB, TaKUX,
K pO3Mip Ta cKjaf iHTepMeTanigHux ¢as, 110 06yMOBJIEHI pe>KUMaMu TEPMiUHOI 06p0OOKY, 3 €BOJIOL€I0 e PEKTIB,
a TaKO>X ITPOTHO3YBAHHIO BIIMBY BEJIMKO] KiJIbKOCTI (Pi3MYHMX YMHHUKIB HAa JOBTOCTPOKOBY (IECSITKU POKIB)
[IOBEJiHKY eJIEeMEeHTIB CTPYKTypU MaTepiajy 3 MeTOIO 3a0e3ledyeHHs ONITUMAaIbHUX YMOB peasidalii TeXHIYHUX
3aco0iB, CIIPSIMOBAHMX Ha [IOJOBXKEHHS TEPMiHiB ekcryaTalii sitakis. IIpu pociimkeHnHi KyBasbHuX ciiasis BO3TI,
B93muT3, m0 3aCTOCOBYIOTECS Y CUJIOBUX €JIEMEHTAX KOHCTPYKLII JIiTaKiB, HA MeXKax 3€PEH BUABJIEHI BUIIJICHHS
inTepmeTtanigHux a3 3 BMICTOM Mifli, IKi 06yMOBJIIOIOTh CXUJIBHICTD CIJIABIB J0 KOPO3iHOTO PO3TPiCKyBaHHSI.
[TpucyTHicTb Migi y cknafi 3MilHIOI0UMX Qa3 He BifIIOBirae CTBepIKEHHSIM pO3pOOHUKa CIIJIaBiB Ta Bimirpae
BaXXJIUBY HETAaTUBHY POJIb B YTBOPEHHI eEeKTiB i nepeqyacHOMy pyHyBaHHi feTaneil. MOHITOPUHT 4e(eKTiB B
o6IIMBKax MaHese kpun 3 crasiB B95TL, 16T npoTsrom 45 pokiB ekciulyaratlii jiitakiB AH-24, AH-26 Ta
pe3yJIbTaTU CTaTUCTUYHOI 06POOKU JaHUX O3BOJIMJIA OTPMMATHU OPUTiHAJIbHI PiBHSIHHS perpecii A1 mBuaKoCTi
POCTY KOPO3iIHUX YIIKOKEeHb Y BiITIOBIIHUX KJIIMaTUYHMX YMOBax. Lle 1ano MoXJIuBicTh B 6 pasiB 30i1bIIMTH
Nepiofy perJiaMeHTHUX POGIT Ta eKCILIyaTyBaTH JliTaKi «AHTOHOB» 6€3 JIEMOHTaXy IaHeJIel IIPOTAroM 12 pokis,

TOOTO 3a6e3ne4nTy 6e3nepebiliHiCTh NO0bOTIB Ta MiHIMI3yBaTH KaliTajibHi BUTPATH Ha OOCITyTOBYBaHHSI.

2. This thesis is dedicated to the study of evolution of flaws in aluminium alloys of AlZn-Mg-Cu, Al-Cu-Mg-Mn
alloying systems and to the determination of their connection with structural factors of the material such as the
size and composition of intermetallic phases conditioned by heat treatment tempers, and also to the study of the
effect of big number of physical factors on the long-term behaviour of structural elements of aluminium alloys, and
to the determination of the rate of formation of corrosion damages in structural elements of the aircraft wing. The
work is aimed at securing the long-term safe operation of airplanes. The novelty of the thesis consists in the
following. In fact, the thesis is the beginning of a new direction in materials science - operational materials science
of deformable aluminum alloys. Structural factors which play a determining role in the development of flaws in
high-strength aluminium alloys of Al-Zn-Mg-Cu alloying system were set for the first time. There was noted an
important negative role of inclusions of intermetallic phases containing copper at the grain boundaries that does
not correspond to the statements of developers of the alloy. There was proposed a summarizing chart of evolution
of flaws in aluminium alloys, which included a latent period of formation of corrosion damage, a stage of corrosion
cracking and its transition to a stage of fatigue failure. The effect of structural and external factors on the duration
of each stage was analyzed for high-strength aluminium alloys used in the aircraft structure. There were for the
first time obtained the results of statistical processing of data concerning the damage of wing panels of over 2000
airplanes which were used for optimization of scheduled maintenance intervals, that from one side would allow to
ensure an accident-free operation of structural elements, and from the other side to minimize capital
expenditures for their maintenance. Using the methods of mathematical statistics, there were for the first time
analyzed the factors which have the biggest effect on the development of flaws during operation of airplanes. It
was shown, that the time between adjacent inspections and the climatic zone with the content of sulfur dioxide or
chlorides in the atmosphere, where the airplane was based, had the most substantial effect on corrosion
processes. For the first time the original equations of regression have been obtained using the methods of
mathematical statistics, that relate the depth of corrosion damage to the terms between adjacent technical
inspections and the intensity of flights depending on climatic conditions. The equations of regression which
determined the corrosion damage growth rate allowed to increase the duration of interconnected technical
inspections of the caissons of the center wing planes 6 times, to ensure continuity of flights and to obtain a
significant economic effect. Basing on the obtained results of the analysis, technical documentation was developed



for ultrasonic inspection of the thickness of lower panels of the wing centre section of An-24 and An-26 airplanes
and there were issued the recommendations for timely detection of damages of different structural elements. This
will make it possible to operate these airplanes without disassembly of panels during not less than 10 years after
preliminary inspection and despite the climatic zone where the airplane is based. The obtained results were used
to predict the corrosion damage growth rate, to evaluate the reduction of strength of the ageing aircraft structure,
and to develop the repair works when determining their service life and time limits. The results of corrosion
growth rate analysis for different structural elements of the wing were used to adjust the inspection intervals and
to determine the optimum time for renovation of anticorrosion protection . Basing on the obtained values of the
maximum corrosion damage per year, there were determined the inspection start points for new aircraft types and
their inspection intervals in service considering the appropriate safety margins. General scheme of acquisition and
analysis of corrosion damage data based on service experience of the available aircraft fleet allows solving both the
problems of its continued airworthiness, and the problems of reliable anticorrosion protection of newly designed
aircraft based on available data. Research of the microstructure of industrial aluminium alloys in terms of
susceptibility to corrosion cracking is taken into account when evaluating the life of a separate element and that of
the entire structure, and it is also used for successful selection of materials with required set of features for
existing and future aircraft structures.
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