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AHHOTALIMSA

B cratbe nmpenctaBieHbl pe3yNbTaThl  3KCIEPUMEHTAIBHBIX — HCCIEI0BAaHUMN
3¢(HEeKTUBHOCTH  MPUMEHEHHS  JAEMI(UPYIOMIEro  TMOKPBITHS  JAJI  CHIDKEHUS
BUOPOAKTUBHOCTH HWCIOJHUTENBHBIX OpraHoB. [Ipum paboTe TakuMX MEXaHHU3MOB, KpoMe
YIOPABISIONUX BO3JACHCTBUI CHCTEMBbl OpPUEHTAIlMM, BO3HUKAIOT HETaTHBHBIC CHIIbI U
MOMEHTBI, IIepelaBaeMbl€ M0 KOHCTPYKLIMM KOCMHYECKOIO ammnapara Ha NPEeLU3HOHHYIO
anmapatypy, BbI3bIBasg €€ HEHaJylekallee (QYHKIMOHUPOBAHUE. OKCIEPUMEHTAIBHO
YCTaHOBJICHO, YTO PUMEHEHHE JIeMITI(PUPYIOIIEro MOKPBITHS TTO3BOJISET (10 7%) CHU3UTH
ypOBEHb BUOPOHATPYKEHHOCTH KOHCTPYKLIMU KOCMUYECKOTO arnmapara BO BCEM YaCTOTHOM
auamna3oHe paboThl AMEKTPOMEXAHUUYECKUX MCIOTHUTENIBHBIX MEXaHU3MOB. A B ITUKOBBIX
00J1acTSIX BBICOKOYACTOTHBIX KOJICOAHUI BO3MOKHO 3HAUUTENBbHO (10 15%) yMEHBIIUTH
YPOBEHb AMILUIUTY/bl PE30HAHCHBIX YacTOT 3a CUET OOJIBLIETrO MOTJIOLIEHUS SHEPruu
HOJKPEIUISIOIIETO CI0sI OJIBEPTAIOILEr0Ccs HUKINYECKUM JepopMalusaM JeMI(PUPYIOLIETO
matepuaia. [[pumMenenue qeMnpupyronero noKpbITHs MOKET MO3BOJIUTh CHU3UTh YPOBEHb

BI/I6pOEIKTI/IBHOCTI/I YMCHBIICHUECM aMININTYAbl PC30HAHCHBIX YaCTOT IIMKa KOHKpGTHOfI
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dbopmbl  koneOanuil. [lpemsioxkeHbl peKOMEHAAIMU 1O BBIOOPY MECT YCTaHOBKHU

I[CMH(I)I/IPYIOHICFO MOKPBITHUA C ITOAKPCINIAIOIIUM CJIOCM.

KuroueBble ciioBa: BuOpanus, AemMrdpupyromiee noKpeITie, KOCMUUECKUN anmnapar.

[IpoOnema CHUXKEHUS BpPEIHBIX BO3JCHCTBUN, BBI3BIBAEMBIX KOJICOAHUSIMU
ANEKTPOMEXAHUYECKUX UCIOJHUTENbHBIX opraHoB (OMMO), Ha wucnpaBHyio paboTy
BBICOKOTOYHOTO TPEIU3UOHHOTO 0o0opyaoBanus [1] kocmuueckux ammaparoB (KA)
oOycIoBiieHa TPEOOBAHUSIMU pealli3alii BCEX MPEUMYIIECTB OpOUTATIBHBIX TEIECKOOB —
HEO0OXOIMMOCTH CTAOMIIM3UPOBATH BO BpeMsl HAOIIOICHNH UX YTIIOBOE MOJIOKEHUE C OUCHB
BBICOKOW TOYHOCTBIO — MEHBIIE paauyca AU(PpakiMOHHOTO W300paKeHHs, HHOTIA
COCTaBJISIOIIETO JIOJIH YTJI0BOW CEKYHIBI [2].

Ha npumepe DMUO cucteMbl oOpueHTallMd UCCIIEI0OBAaHA BO3MOXKHOCTh CHUKEHUS
BUOpPOHArpy’>KEHHOCTH MPEUU3UOHHOTO obopynoBaHus KA mnocpenctBoM NpHUMEHEHUs
neMndupyromero mokpeitus [3]. B kauecTBe MCHONHUTEIBHBIX MEXAaHH3MOB CHCTEMBI
OPHCHTAIlMM IIUPOKOE PACIpPOCTpaHeHHWe Moydmwin ympasisiembie OMMUO [4],
MpeCTaBisIone co00il IEKTPOABUTATENH, HA BaJly KOTOPHIX YCTAaHOBJIEH MAaXOBHUK, a
yrpasieHue opueHranuend KA ocymecTBisieTcss B COOTBETCTBUUA C 3aKOHOM COXPAaHEHUSA

KUHETHYECKOro MoMeHTa [5]:
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rae H — xunetnueckuii Momeut DMUO;

J — MOMEHT MHEpIUU POTOPA;
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() — yrioBasi CKOpOCTb BpalleHUs! pOTOpA.

[Ipu paboTe HAaHHBIX MEXAaHWU3MOB, KpPOME YIPABISIOUIUX BO3JECUCTBUI CHUCTEMBI
OpHUEHTAIM1, BOZHUKAIOT HETaTUBHBIE CHJIBI 1 MOMEHTBI, IEpeAaBaeMble 0 KOHCTPYKIIUU
KA Ha npenn3noHHYyI0 anmaparypy, BeI3biBasi €€ HeHayiexanee GpyHKimonupoBanue [6].

Bo3Hukaer akTyanbHas Hay4YHO-TEXHMYECKas 3ajada OOECHeyeHUs AOIYCTUMOTIO
YPOBHSI BUOPOHATrPY>KEHHOCTH NMpenu3uoHHoro oobopynosanus KA npu padore SMHUO B
CJIOXKHBIX YCIIOBUSIX HarpyxeHus (puc. 1), kora BO3MYyIIEHUs], UMes HU3KUN aMIUTATYAHBINA
ypOBEHb, 00JIaal0T TUIOTHBIM HHM3KOYaCTOTHBIM CHEKTPOM, CO3/aBas 3HAUMUTEIbHBIC

CHIIOMOMEHTHbBIE BO3eHCTBUA [7].
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1 — peansnoro OMUO; 2 — uneanuzupoBanHas; 3 — TpeOyeMblil ypOBEHb
BUOPOHATPY>KEHHOCTH

Pucynok 1. Bubpamnmonnas xapakrepuctuka MO

MHorocnoitable AeMOGUPYOIMIKUE MOKPHITHS C MOAKPEIUISIONIMMHU CIOSIMUA 4acTO
UCIOJIb3YIOTCS JIJISl TIOBBILICHUS IEMIIPUPYIOLIMX CBOMCTB KOHCTPYKIMU [8]. YcTpoiicTBa
MOBEPXHOCTHOTO AeMI(UPOBAHUS OTHOCSITCS K KIAaCCHUYECKOMY Croco0y aeMidupoBaHus
Kos1e0aHM O CBOOOHBIM CIIOEM, 3aBUCSIINX OT XapaKTepa NpeBATUPYIOIINX AepopManuii

B JemndupyromeM cioe (mo MexayHapoaHod kinaccudukanuu, FLD — Free Layer
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Damping [9]). B cooTBeTcTBHH ¢ 3TUM CITOCOOOM JAEMIT(PHUPYIOIIHIA CIIOHN U3 BA3KOYIPYTOIro
MaTepHasia HEeTOJBUKHO COEIMHAETCS C IeMII(PUPYEeMON TOHKOCTEHHOM KOHCTPYKLIHMEH ¢
OJTHOW WJIM JBYX CTOPOH. M3ru0 siemeHTa KOHCTPYKIIUU TPH MOMEPEUHBIX KOJIeOaHUSIX
BBI3BIBACT B JIEMII(PUPYIOMEM CJI0€ MHUKIMYECKHEe aeGopManu pacTSHKEHUS-CKATHS H
COOTBETCTBYIOIIHNE UM JIEMIT(PUPYIONINES CUITHI.

B kadectBe aemMndupyoomero MOKPBITUS HCCIEAOBAIOCH BHUOPOIOIIIONIAONIEE
camokuterorieecs nmokpeitue (BUIT) CKJIT-6020 (ocHOBHBIC XapaKTEPUCTUKH ITPUBEICHBI B
TabuIe), IPEACTABIIIOIIee COO0M MHOTOCIONHBIN JTMCTOBOM MaTeprall U3 aTlOMUHUEBON
(G 0oJIbIrY ¥ OJIMMEPHBIX MPOCIOEK HA OCHOBE KayuyKOB.

Tabnuma

OcHoBHble xapakTepuctuku CKJIT'-6020

XapaKTepUCTHKA, €AUHUIA U3MEPEHUs 3HaYCHHE
TemneparypHblit uaTepBan >¢dexrusnoctH, °C -50. . .+100
Koaddumment notepp 0,09
Macca 1 M?, kr 12...13
TosmurHa OTHOCIOMHOTO MMOKPBITUS, MM 11

DKcnepuMeHTalbHas ycTaHoBKa (puc.2) cocrosla M3 MHOTOKOMIIOHEHTHOM
n3MepuTeNbHOM miaTdopmel [10], Ha xoTOpoii 3akpernisuiack pama ¢ 4 OMUO (3 macco-
MHEPLUMOHHBIX MaKeTa W OJWH IuTaTHbIM). Pama mnpencraBisyia U3 ceOsi CUIOBYIO
ATFOMUHHEBYIO MPOCTPAHCTBEHHYIO KOHCTPYKITUIO U3 BEPTUKAIBHBIX peOep C OMOPHBIMU
MSTKAMHU U BEpXHEH FOPU30HTAILHOMN IJIUTHI C YETHIPhMSI KPOHILITEHHAMHU MO KpeTIeHHe
OMMUO [11]. Bubponoriomaromiee CaMOKICIONIeeCs MOKPhITUE 3aKPeIuisioch Ha
MOBEPXHOCTH paMbl. CHIOMOMEHTHBIE PEaKlUMd M BO3HUKAIOIIME BUOPOYCKOPEHUS, C

aKCeJIIEpOMETPOB, JOMOIHUTEIBHO YCTAHOBICHHBIX Ha KPOHIITEHHAX KPEIJIEHUS U BEPXHEN
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IUIACTHHE paMbl, 00pabaThIBAJIUCh B CUCTEME IpUEMa, PErucTpalud U 00padOTKU

MH(GOPMAIUHU CO CICIIHATBHBIM IPOrPaMMHBIM obecrieuenueM [12].
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1 — ceficmopa3Bsi3aHHbIi pyHAAMEHT; 2 — TUIUTA CHIIOU3MEPHUTENBHON MIaTPOPMBL;
3 — CWJIOM3MEpPHTENbHBIN CTeH T, 4 — pama; 5 — OMUO; 6 — ynpaBnsronias anmaparypa; /
— IaTYMKU CUJIOMOMEHTHBIE; 8 — CUCTeMa IpremMa, perucTpaluuu u o0padboTKu
uHpopmaruu

PI/ICYHOK 2. bIIoK-cXeMa HCIBITaTeIEHOTO CTCHAA

AHanu3 BIMAHMS TPUMEHEHHS JIEeMII(UPYIOIIEr0 Marepuajia MPOBOAWICS IMYyTEM
CpaBHEHUSI CUIIOMOMEHTHBIX peakluid U BUOPOYCKOPEHHUI OT BO3ICHCTBUM, CO3/1aBAEMBbIX
OMMHUO Ha mecTa KperieHus: paMbl K CHJIOMOMEHTHOMY CTEH/Y JIJIsl BAPUAHTOB «0€3)» U «C»
npuMeHeHueM Jemndupyromniero wMarepuana (puc.3). B mporecce  ucnbITaHUMA
PETUCTPUPOBAIUCH CUJIBI U MOMEHTHI, co3iaBaemble DMUO B pexume «BbiOEra» mpu
pa3IMYHBIX CKOpPOCTAX BparieHus potopa (1o 6000 o6/mMuH). Takxke Oblaa MpoOW3BEICHA
HeTpephIBHAs 3allUCh B (ailyibl 3HAaYeHUH cuil U MOMeHTOB [13], co3maBaembix paboTOit

OMMUO, B pexxuMe pa3roHa oT HyJEBOTI0 3HAYEHHs YaCTOThI BpalieHus: poropa 9MUO no
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6000 o6/mMuH 1 B pexxume TopMoxkeHust oT 6000 06/MHUH 10 HYJIEBOTO 3HAUYEHHS 4aCTOThI

BpateHust poropa SMHUO [14].

MokpuiTue L8

CKAr-6020 * NokpiTie CKNM-6020

Pucynok 3. Ycranoska OMUO ¢ nemndupyromumM moKpeITHEM

CpaBHUTENBHBII aHATU3 BBISIBUJ, YTO MPUMEHEHHE AEeMII(UPYIOIIETO MOKPBITHS
CIOCOOHO HE3HAUUTENBHO (70 5...7%) CHU3UTH ypOBEHb BUOpOHArpyxkeHHocta ot SIMUO,
nepenaBaeMblii ¢ pambl Ha KOHCTpykiuio KA. I'paduk Ha pucynke 4 nAeMOHCTpUPYET
cpaBauTenbHyl0 AUX mo ocu X mis pexuma 100000/mMun  [15]. Bmecte ¢ atum
YCTaHOBJIEHO 3HAUYUTEIBHOE CHUKEHHUE TIEPEaBAEMbIX BUOPOYCKOPEHUH B MOJOCE YAaCTOT
1200...1700 I'u, xoTopas ABUJIACh «AHTHUPE30HAHCHOW» IOJOCOM, KOrJa MPHUMEHEHUE
JAeMI(PUPYIOLIETO MOKPBITUS MO3BOJMIO «CPE3aTh)» aMIUIMTY/bl PE30HAHCHBIX YacToT, a
MOKPBITUE TPOAEMOHCTpUpOBaO (puc.5) 3(h(PEeKTUBHOCTh U CIOCOOHOCTH OOECTEUUTH

AeMIIpUpoBaHue Il KOHKPETHOH (opMbl KojieOanuii [16].
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Pucynok 4. AUX MOMEHTOB B 3aBUCUMOCTH OT IPUMEHEHHUS
IeMII(DUPYIOIIETO TTOKPBITUS

Takum 00pa3oM, SKCIIEPUMEHTAIBHOE UCCleA0BaHNe d(P(HEKTUBHOCTH MPUMEHEHUS
AeMITpUPYIOMIETO TOKPBITUS ISl CHIDKEHHSI BUOPOHATPY>KEHHOCTH OT HMCIIOJHUTEILHBIX
OPTaHOB MMO3BOJIWIIO CIIENIATh PsiJl BBIBOJIOB.

JleMngupyromiee TOKPBITHE CIEAyeT KPENmUTh B MECTaxX MaKCUMAallbHBIX
HaNpsDKEHUAX T1pu KoneOaHusx [17]. B arom ciyyae moaBeprarouIuiicsi MUKIMYECKHM
nedopmanmsam AeMIQUPYIOMIANA MaTepual UMeEeT OOJIbIINE aMIUTUTYIbI jaedopManui,
KOTOpBIE TIPUBOAST K OOJIbIIEMY TIOTJIONICHUIO SHEPTHU B MaTepHUalle, YTO B CBOKO OUepeib
BBI3BIBAET POCT €ro TeMIepaTyphl, MOdTOMy 00a »dddekra - TeMnepaTypHbId WU
aAMIUTUTYIHBIN — MPOSBISIOTCS ogHOBpeMeHHO [18]. Onmnako B mepexoaHoi o0macTh, Tae
MOJTyJTb YIIPYTOCTH U KOA(D(OUIIMECHT OTEPh U3MEHSIOTCS B 3aBUCUMOCTH OT TEMIIEPATYPHhI
OTHOCHUTEJIBHO MEJUICHHO, BIMSHUE TEMIIEPATyphbl CTAHOBUTCS BTOPHYHBIM TI0 CPABHEHHIO
C BIMSHHEM AaMIUTUTYIbl JTUHAMU4YecKkuX nedopmanwmii [19]. 3aBucumocts MOIyIs

YyOPYrOCTA OT AaMIUIMTYIbl JAWHAMUYECKUX Jedopmanuil omnpeaensercs CTPYKTYpou
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MaTepHalia U XapaKTepu3yeTcs HEMMHEHHOCTHIO U3-3a pejlakcallii Ha TOY€UHBIX JedeKTax
HpU TIEPECTPOUKE BHYTPEHHEW CTPYKTYpbl Matepuaia [20].

Cnengyer MMeTh BBUIY, YTO y pPa3HbIX (HOpM KoJeOaHW MPU IMHUPOKOTOIOCHOM
CIEKTpPE YaCTOT BO3MYIICHH, OyAeT onpeneieHHas ¢opMa U 4acToTa, B KOTOPYIO BHEIIIHUE
CHUJIBl © MOMEHTBHI «TIEPEKAYMBAIOT» OCHOBHYIO YHEPTHIO BO3JICHCTBHUS, K HMEHHO 3Ta (hopMa

6y,Z[eM ONTUMAaJIbHOM JIIs1 oOecrneyeHNsT MaKCUMAJIBHOTO CHIDKCHHS BI/I6pOHan}I)K€HHOCTI/I.
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PucyHOK 5. AMIUTUTY/TbI YCKOPEHU B 3aBUCUMOCTH OT IPUMEHEHUS
BuOpouzoaupyroiiero nmokpsitust (BUIT)

PabGoTocniocobHOCTh neMI(PUPYIOIEro MOKPHITUS HANPSMYIO 3aBUCUT OT KayecTBa
KpEIIeHUS! U TPABMIIBHOCTU MOKPBITUS IOBEPXHOCTH KOHCTPYKIIMH (BaKHO ONTUMATbHOE
pacmoyioKeHUe JeMII(PUPYIONEro MOKPBHITUS OT (HOpMBI TIOBEpXHOCTH). [loaTomy st
ONpPE/ICJICHUS] MECT BO3HUKHOBEHHSI MAaKCUMAJIbHBIX HAIPSKEHUN M3THOHBIX KOJIeOaHUM

HEO0XO0IMMO 3HAHHUE MPEICTABISIOMUX HHTepec Gpopm koebanuii [21].
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Abstract

The article deals with experimental studies on the vibration level reducing of
spacecraft electromechanical actuators by increasing the structure damping properties by
application of a multi-layer damping coating with reinforcing layer.

A vibration-absorbing self-adhesive coating made of multilayer aluminum foil and
rubber-based polymer interlayers was being studied as a damping coating. A structural
element bending at lateral vibrations causes cyclic tensile-compressive deformation in the
damping layer and damping forces corresponding to them.

The tests were being performed on a force-measuring test-bench. A frame with a self-
adhesive vibration-absorbing coating was fixed on a multicomponent measuring platform,
on which electromechanical devices with moving masses were being installed. While these
mechanisms operation, besides controlling impacts of the orientation system, negative
forces and moments transferred over the spacecraft structure to the precise equipment occur
causing its improper functioning. The force-moment reactions and vibration accelerations

appearing herewith were being rasterized and processed by the special software.
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The authors revealed experimentally that damping coating with a reinforcing layer
application could reduce the vibration activity level of a structure in the entire frequency
range of electromechanical devices with moving masses (up to 7 %) operation. The levels
more meaningful at the vibration activity reduction (up to 15%) were being registered in the
peak regions of the high-frequency vibrations.

The experimenters revealed that the damping coating operability directly depends on
the fastening quality and correctness of the structure’s surface coating. Preliminary shapes
determining of the vibrations of interest is required to determine the places of maximum
stresses of bending vibrations occurrence. The damping coating should be fixed in the places
of maximum stresses occurring at vibrations, so that temperature effect of mechanical
energy into heat energy converting, and amplitude-frequency effect of the vibrations
damping by the reinforcing layer manifest simultaneously and with maximum effect.

At the authors’ opinion, different modes of vibrations with a broadband spectrum of
disturbance frequencies will have a certain shape and frequency, into which external forces
and moments “pump over” the main energy od disturbance, and it is this shape that will be
optimal to ensure maximum reduction in vibration loading. The article suggests
recommendations for locations selection for the damping coating with reinforcing layer
installing.

The test results may be applied to ensure the vibration loading level reduction of

structural elements while a spacecraft design and pilot testing.

Keywords: vibration, damping coating, spacecraft.
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