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TEXHIKU

2. Efficiency prediction of the small electromagnetic valves in aerospace systems

Pedepar:

1. Inceprarist npucBsyeHa po3poblii HAyKOBUX OCHOB i IPaKTUYHUX PEKOMEHAli}1 3 BUBHAYEHHS 3araciB
IIpaLe3faTHOCTI MaJorabapUTHUAX MHEBMAaTUYHUX €JIEKTPOMAarHiTHYX Kiuanadis (EMK) Ha etani npoeKkTyBaHHS.
3anpornoHOBaHO aJIropuTM BUOOPY 3amnacis npanesnatHocti EMK, sxuil BKitodae B cobi BUPi-IIeHHS ABOX
B32€MOIIOB'SI3aHUX MK c00010 331a4: BUGip NapameTpUyHUX 3anacis npatesgatHocTi EMK i Bubip 3anacis yToMHOi
MILIHOCTI KpUTHUYHUX esleMeHTiB EMK, 1o nimiTyloTh ix pecypc. OTpMMaHO aHaliTUYHI BUPA3U J11 BU3HAYEHHS
3anacis npauesgatHocTi EMK Ha erani npoekTyBaHHs. ExCliepMMEHTaIbHUM MIJIIXOM BU3HAYEHO XapaKTep Ta
IHTEHCHUBHICTb 3MiH TEXHIYHOIO CTaHy Ta OCHOBHUX CTPYKTYpHUX i pyHKIioHanpHUX napameTpis EMK B mpouneci
HaIpaloBaHHS PeCypCy, B TOMY YMCJli 0COOJIMBOCTI PO3BUTKY IIPOLIECiB yTOMU KOHCTPYKIIiIIHOrO MaTtepiasny B
cTprwkHeBUX esnlemeHTax EMK 3 1BONo3nuiiHUM NOJISIPU30BAaHUM €JIEKTPOMAarHiTHUM MPUBOJOM. BUKOpucTaHHS
€HEepPreTMYHUX KPUTEPIiB HaKONMYeHHs MiKpogedopmalill y KOHCTPYKTUBHOMY MaTepiasli 1ajo MOKJIMBICTb

OTPUMATH AaHAJITUYHI 3aJI€5KHOCTI /17151 O6paHHSI BTOMHOI MIiITHOCTi CTprkHeBuX enemeHTiB EMK. Jlns pisHux



KOHCTPYKLIMHMX MaTepiajiB OTpUMaHO eMITiPUYHI 3aJ1€KHOCTI KiJIbKOCTI LIMKJIIB HAIIPall0BAaHHA CTPUKHEBUX
enemenTiB EMK 1o BizMOBY Bif, TMTOMOI KIHETUYHOI €HEPrii IepeMillleHHS HOT0 PyXOMOi CUCTEMU. B pe3ymbTaTi
BVMKOHAHUX €KCIIEPUMEHTAIbHO-TEOPETUYHYX JOCIIKEHb OTPUMAJIX MTOAABIINI PO3BUTOK HAyKOBI OCHOBU
BM3HAUEHHS 3aMaciB npanesgaTHocti manoradbaputHux EMK cucrem obsan-nanust AKT Ha eTani IpOeKTYBaHHS, 110
IPYHTYIOTHCS HA CTOXaCTUYHUX MOZENIAX 3MiHU TEXHIYHOTO CTaHY BY3JIiB 1 KOHCTPYKTMBHUX esieMeHTiB EMK i ix
(pyHKIiOHAILHUX TTapaMeTpiB TIif /lieto eKCIlya-Tal[iiiHUX HaBaHTaXeHb. IX BIPOBAJIXKEHHS Ml 4aC pO3PO6KH
HoBuX EMK 17151 cuctem o6sagHaHHS cy-yacHux AKT 3a6e3nedye BUKOHaHHSI BUMOT 10 iX HQAIMHOCTI i NPaKTUYHOI
6€3BiIMOBHOCTI ITPOTSITOM YChOTO NE€Pioy HOpMaJbHOI eKCILTyarauii. Ha 0CHOBI pe3ysbTaTiB IPOBEIEHUX
eKCIepUMEHTAaJIbHO-TEOPETUYHUX JOCIiIKeHb po3pobsieHo cTangapt nianpuemcrtsa CTY KUKBA?273:2012
"MeToMKa PO3paxyHKYy 3allaciB Ipale3faTHOCTI €JIEKTPOMAarHiTHUX KJIalaHiB IIPU IPOEKTyBaHHI". OCHOBHI
pe3yJIbTaTU JOCIiIKEHb BIPOBAAKEHO B NIPAKTUKY npoekTyBaHHd EMK B [1AT "KuiB-cbke LieHTpajbHe

KOHCTPYKTOPCBHKE 6I0PO apMaTypoOyIyBaHHS".

2. The dissertation is devoted to the development of scientific base and practical recommendations on the
determination of serviceability reserve of the compact-sized pneumatic electromagnetic valves (EMV) at the
design stage. The classification of small-size EMV which are used in aerospace equipment systems is provided. The
algorithm for determining serviceability reserve of the electromagnetic valves is presented. It includes solutions
for the two interconnected tasks: determination of the parametric operating limits and determination of the
fatigue strength range of the critical elements in the electromagnetic valves, which limit their normal operation.
The analytic formulas for defining the serviceability reserve of the EMV at the design stage were obtained. The
character and intensity of technical condition and main structural and functional parame-ters change of the EMV
during operation were experimentally determined. The peculiarities of the fatigue process development in the
material of electromagnetic valves rod elements with the two positioned polar-ized electromagnetic drive were
defined. For the several constructional materials the empirical dependences were obtained for the number of EMV
operational cycles before the destruction of rod elements, depending on the kinetic energy of the valve moving
parts. As a result of the conducted experimental and theoretical work the scientific theory of the efficiency of the
compact-sized EMV for aerospace systems was further developed. The findings are based on the stochastic
models of technical condition change of EMV units and elements, and their functional parameters under
operational load. Implementation of these models at the design stage of the new electromagnetic valves for
modern aerospace systems allows meeting the requirements of reliability and failure-free performance during the
period of normal operation. Based on the results of conducted research enterprise standard STU-273:2012
"Method of the ser-viceability calculation for the electromagnetic valves at the design stage" was created. Main
findings of the conducted research were implemented in the design process of the EMV at Public Joint Stock
Company "Kyiv Central Design Bureau of Valves".
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