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Tema gucepranii:
1. TlinBrIeHHs pecypcy MTHEBMATUYHUX €JIeKTPOMArHiTHUX KJIANaHiB UIJIIXOM BBEIEHHS IeMI(ipyBaHHS B pyXOMY

CUCTEMY eJ'IEKTpOMaFHiTHOFO IIpUBOAY KJlallaHa

2. Resource increasing of the pneumatic electromagnetic valves using the damping in the moving assembly of
electromagnetic drive

Pedepar:

1. Incepraiiio NpUCBsYE€HO BUPIIIEHHIO aKTyaJIbHOI TPOGJIeMHU MiIBUIIEHHS pECypCy MajorabapuTHUX
ITHEBMATUYHUX €JIEKTPOMAarHiTHUX KJIAINaHiB, 1[0 3HAMIJIM IMMPOKE BUKOPUCTAHHS B CUCTEMAX O0JIaffHaHHS
aBiallifiHOI i KOCMIYHOI TeXHIKH, MIJIIXOM BBEJIEHHS CIIELiaJIbHOTO AeMII(ipyBaHHS B PyXOMY CUCTEMU
€JIEKTPOMArHiTHOrO IPUBOJY KJIalnaHa. B gKoCTi 06'eKTa fOCIiIKeHb BUOPAHO MaorabapuTHUM THEBMAaTUYHUN
KJIallaHa 3 JBONO3ULiHMM TOJISIPU30BaHUM €JIEKTPOMArHiTHUM IIPUBOJIOM, OCOOJIMBICTIO POOOTH SIKOTO € 3HAYHi
IVHaMiYHi HABAaHTA)KEHHS Ha €JIEMEHTH KJIallaHa I1ifi 9ac ¥oro CrpanboBYBaHHs, O IPU3BOAUTD 10 iX DyHHYBaHHS
i oomexxye pecypc Bupo6y. Po3po6iieHO yoOCKOHAaIEHY MaTeEMAaTUYHY MOZEJ/b KJIAIIaHiB L[bOTO TUITY, B SKill
BPaXOBaHO HASIBHICTb Oy(epHOI NPY>KUHU Ta ClleliaTbHUX JeMI(pEePHUX MPUCTPOi B KOHCTPYKLi KanaHa. I3

3aCTOCYBaHHSIM KiHIIeBO€JIEMEHTHOI MOeIi, 1IJ0 BpaXx0By€e 0COOJIMBOCTI KOHCTPYKTUBHOTO BUKOHAHHS KJIAIIaHa,



IIPOBEIEHO PO3PAXYHKU AMHAMIYHMX HAIIPY>KEHb B JeTasIsIX KJIAMaHa Iifl Yac CIpalbOByBaHHS, SKi MiJ-TBEPAUIIN,
1[0 HAKOibLI JUHAMIYHI HAallpy>KeHHS MalOTh MiClie B IIMMKY MITOKA eJIEKTPOMarHiTHOro IpuBoAy KiarnaHa. 3
BUKOPUCTAHHSIM CTOXaCTUYHOI TEOPii HAKONMYEHHS MNOLUIKOIKYBAaHOCTEN B €JIEMEHTAX i By3Jlax KJIAIlaHiB IIif, ieto
iMITyJIb-CHUX JMHAMIYHUX HAaBAaHTAXXEHb B NIPOLECI BiATIPALIIOBaHHSI PECYPCY OTPUMAHO MaTEMATUYHi 3aJI€XKHOCTI
17151 BUBHAYEHHS WJIBHOCTI Ta (PYHKLII pO3NOLiNy YMCeJl UUKIIB CIIPAalbOBYBaHHS 4O PYMHYBaHHSI KDUTUYHOTO
eJieMeHTa (LITOKA) KJIAIaHa, sIKi pEKOMEH/I0BaHO BUKOPUCTOBYBATH [17Is1 OLiHKM PECYPCHUX MOXKJIMBOCTEN KJIalaHiB
IaHoro tuny. Ha nifcrasi pecypcHuX BUIIpoOYyBaHb CEPifHMX KJIAIaHiB 3 JBONO3ULTHUM MIOJISIPU30BAHUM
€JIEKTPOMArHiTHMM IIPUBOJAOM i "TYMO - MeTasieBUM" YILIIJIbHEHHSM Ta €KCIIEPMMEHTAJILHUX 3PA3KiB 3 "MeTall -
MeTajleBUM" YIIiJIbHEeHHSIM OLliHeHO e(eKTUBHICTh BUKOPUCTAHHS CIIeLiaJIbHOTO feMIIdipyBaHHS B PyXOMiii
cucTeMi KJlaraHa Ta O6IPyHTOBAaHO BUCHOBOK, 1O 332 PaXyHOK JeMI(ipyBaHHS MOKJIMBO CYTTEBE 3MEHIIEHHS
IVHAaMiYHUX HaBAaHTAXEHb Ha €JIEMEHTH KJIANaHa Mif 4yac Moro CrpalubOBYBAaHHS Ta MiIBULLIEHHS PECYPCY KJIallaHiB
uboro tumy Ha 40 ... 50 %. Po3po6yieHo opuriHajbHi KOHCTPYKLii feMiepis, Ha sIKi OTPUMAHO NaTeHTU YKpaiHu Ha

KOPHUCHY MOJEJIb.

2. This thesis is devoted to the solvation of actual problem of compact-sized pneumatic electromagnetic drives,
which are widely used in aviation and space systems, resource increasing, by adding special damping in the
electromagnetic dive's moving assembly. As the test subject the compact pneumatic valve with two-positioned
electromagnetic drive was chosen. The work peculiarity of such valve are high dynamic loads on the valve
elements during the valve operation. Those loads lead to the destruction of the elements, and limits the valve
lifelentgh. The enhanced mathematical model of such valves were created. This model considers presence of
buffering spring and damping units in the valve design. Using the finite elements model, which considers the
peculiarities of valve design, the calculations of dynamic loads in the valve elements during the valve operation
were conducted. Those calculations confirmed, that the highest loads occur in the area of rod neck of valve
electromagnetic drive. Using the stochastic theory of damage accumulation in the valve units under the impulse
cyclic loads during the valve operation, the mathematical dependencies were obtained. Those dependencies allow
to calculate the density of distribution, and the function of distribution for the onumber of operational cycles until
the critical element (rod) destruction. Those dependencies are recommended to use for the determination of the
lifelength for the valve of such type. Based on the resource tests of serial valves with two-positioned polarized
electromagnetic drive and rubber-metallic sealing, and metel-metallic sealing, the effectiveness of special damping
usage was evaluated. The conclusion was made, that using the damping, it is possible to significantly decrease the
dynamic loads on the valve elements during its operation. For the valves of such type it is about 40...50%. Original
damping unit designs were created, they have utility model patent of Ukraine.
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