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IIOCJIiIOBHUAM JIOKAJIbHUM J,€(POpPMYyBaHHSIM

2. Scientific basis for formation of large-size cargo aircraft monolithic panels by successive local deformation

Pedepar:

1. O6'eKT mOCHiIKEHHS ~ 3ar0TiBeJIbHO-IITaMITyBajibHEe BUPOOHUIITBO aBialliitHUX KOHCTPYKIil; MeTa JOCHTiIKEeHHS
- NiABUILEHHS IPONYKTUBHOCTI IIPoLieCciB pOPMOYTBOPEHHS i JOBEIEHHS CKIaIHUX 32 GOPMOIO MOHOJITHUX
naHesiel 3 pebpaMu B yMOBaxX KOMIT'IOTE€PHO-iHTerpalifHUX TEXHOJIOTIH, 1110 3a6€311€4yI0Th BUCOKY TOUHICTh
neTasneil, €(pEeKTUBHICTb BAKOPMCTAHHS B IPOMUCJIOBOCTI IIPU Masliil BAPTOCTI 06J1afHAaHHS Ta iIHCTPYMEHTY; METOIU
TOCJIiIPKEHHS — TEOPETUYHI JOCIIiIPKEHHS 6a3yI0ThCS Ha MOJIOKEHHSIX IPUHLIAITY MiHIMyMy [TOTE€HIiaIbHOi €Heprii
MEXaHiYHOi CUCTEMH, JOCTiIKeHHS! GOPMOYTBOPEHHS MaHe el TIPOBOMIIMCS 3 BAKOPUCTAHHSM KOMII'IOTEPHUX
METO[IiB CKiHueHHUX eseMeHTiB (MCE), excrnepruMeHTalbHi JOCTiIKeHHS fedopmaliil i Harpy>KeHb — METOL,0M
TE€H30MEeTPYBaHHS, JOCJIiIPKEHHS TPOLieCy 30HAJIbHOTO Ae(OpMYyBaHHS B PeaJlbHOMY MacIITabi yacy 3

BUKOpHUCTaHHIM 3D-ckaHepa i KOHTPOJIbHO-BUMipIOBaJIbHOI MAllIMHU; PE3YJIbTAaTU — 3alIPOIIOHOBAHO CXEMY



IIOCJIiIOBHOTO 30HATIbHOTO NeGOopMyBaHHS NaHesel 3 pebpaMu 1711 TOCATHEeHHS BUCOKOi TOYHOCTI BHACITOK
iTepaliiiHOro Npolecy i IpOrpaMHOro KepyBaHHS PO3IIOAiJIOM JIOKAJIbHUX [isiHb; PO3P0O0JIEHO MPUCTPOI I
IIPaBKY, [l0BeLleHHS i POpMOYTBOPEHHS NPO(isiB i MOHOMITHUX NaHeslel cKIagHuX GOPM, 10 LO3BOJISIIOTH
[IPALIOBATH SIK B ABTOHOMHOMY PE€XMMI, TaK i B CKJIaJli pOOOTHU30BAaHOIO KOMILJIEKCY Ha OCHOBI KOMII'TOTEPHOTO
IIPOrPaMHOTO KePyBaHHS; 3aIIPOIIOHOBAHO AJITOPUTM (POPMOYTBOPEHHS NaHe el CKIafHNX GOPM 3a JBOETAIIHOIO
CXEMOI0, sIKa [03BOJISIE JOCSTTH BiIXUJIEHHS Bif 331aHOT0 KOHTYPY /1J1s [1aHeJlel oJBiiHOI KpUBU3HU He Oijiblle
0,3 MM; HOBU3HA — yIeplie po3po6JIeHO HAayKOBi OCHOBU (POPMOYTBOPEHHSI BEJIMKOTa0apUTHUX MOHOJIITHUX
naHesiei JIiTakiB TPaHCIIOPTHOI KaTeropii NoCifOBHUM JIOKaJIbHUM Ae(POPMYBaHHSM,; yIEPIIE po3poOIeHO
KOHIIeMN11i10 GOpMOYTBOPEHHSI BEJIMKOTabapUTHUX MOHOJITHUX ITaHeJ e METOZOM 30HAJIbHOTO AedOopMyBaHHS,
CYTb 4KOI [10JITa€ y BUKOPUCTaHHi CIeliaJbHUX NIePEHAJIaroI)KyBaHUX [IPUCTPOIB, ITOB'3aHUX 3 IPOrPAMHUAMU
3acobamu 3a6e3Ne4eHHs PO3IOoAiNy 30H Ae(OpMyBaHHS, i IPOrPaMHOI0 METOLLy KOHTPOJIIO HEOOXiHOI popmu
IIOBEPXHI B peajibHOMYy MaciiTabi yacy 3 BUKOPUCTaHHSIM iHPOpMaLiiHUX METOiB TPOEKTYBaHHS IIPOLIECY
IepopMyBaHHS, OCHOBaHMX Ha 3aCTOCYBaHHI METOAY CKiHU€eHHUX €JIEMEHTIB; yIepllie 3allpOIIOHOBAHO i HAYKOBO
OOI'PYHTOBAaHO MeTOJ, (POPMO3MiHU feTanel cKaagHoi GOPMHU 30HATIBHUM JOAABAaHHSIM JisIHb MOMEHTIB i
PO3TArajbHUX (CTUCKAJIBHUX) CHJI, @ TAKOXK 3alIPOIIOHOBAHO PaLliOHAJIbHI CXEMU MOCJIiJOBHOCTI IPYKJIAIaHHS
JIOKaJIbHUX JisIHb 1711 OTPUMAaHHS aHeJiel 3 yHipikoBaHNMU popMaMy IIOBEPXOHB; yIleplile BUPIlIeHO MTpobeMy
(OpMOYTBOPEHHS BEJIMKOTabapUTHUX [TaHes el NoBiMHOI KPUBU3HMU I10CJIiJOBHUM JIOKQJIbHUM J1epOPMYBaHHSIM;
CTYIiHb BIPOBAIPKEHHS — PE3YJIbTATU NOCIiIKeHb ypoBagkeHo Ha I «kAHTOHOB», na nignpuemctsi XIABII, m.
XapkiB, i B HaBYaJIbHOMY npoueci HaljionaabHOro aepoKoCcMi4HOTro yHiBepeutety iM. M. €. JKyKoBCBKOTO
«XapKiBCbKUM aBialiliHUI IHCTUTYT»; rajly3b BUKOPUCTAHHS — (OPMOYTBOPEHHS aHeseil CKanHux GopM y aBia-
Ta CygHOOYyBaHHI.

2. The object of study is the blank and die production of aircraft structures; the purpose of the study is to increase
the productivity of formation processes and bring complex shapes of monolithic panels with ribs in terms of
computer-integrated technologies that provide high precision of the parts, industrial efficiency with low
equipment and tool cost; research methods - theoretical studies are based on the principles of the minimum
potential energy of the mechanical system, the study of the formation of the panels was carried out using
computer finite element method (FEM), the experimental study of strain and stress - strain measurement method,
the study of the process zone of deformation in real time using 3D-scanner and test machines; the result is a
scheme of sequential zonal deformation of panels with ribs to achieve high precision as a result of the iterative
process and program control of the distribution of local actions; devices have been developed for straightening,
modifying and shaping profiles and monolithic panels of complex shapes that allow working both in standalone
mode and as part of a robotic complex based on computer program control; the algorithm of forming panels of
complex shapes with a two-stage scheme is proposed, which allows achieving deviations from the specified
contour for panels of double curvature not more than 0.3 mm; novelty - for the first time, the scientific
foundations of forming large-size cargo aircraft monolithic panels by sequential local deformation have been
developed; for the first time, the concept of forming large-size monolithic panels by zonal deformation was
developed, the essence of which is to use special re-adjustable devices associated with software tools to ensure
the distribution of deformation zones and a software method to control the required surface shape in real time
using information methods of designing the deformation process based on the application of finite element
method; for the first time, a method of changing the parts of a complex form by zonal addition of moments and
stretching (compressive) forces was proposed and scientifically substantiated, and rational schemes of the
sequence of application of local actions were proposed for producing panels with unified surface shapes; for the
first time, the problem of forming large-sized double-curvature panels was solved by sequential local deformation;
degree of implementation - the results of the research are implemented at the Antonov State Enterprise, at
Kharkov State Enterprise of Industrial Entrepreneurship, Kharkiv, and in the educational process of National
Aerospace University “Kharkiv Aviation Institute”; scope of application - forming panels of complex shapes in
aircraft and shipbuilding.
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