Hayunblii Becthuk MI'TY T'A Tom 22, Ne 02, 2019
Civil Aviation High Technologies Vol. 22, No. 02, 2019

YK 629.735
DOI: 10.26467/2079-0619-2019-22-2-38-48
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B Npouecce OSKCIUTyaTallMM TaKWX MalllH, KaK aBUAllMOHHBIC JIBUIATCIIM W HA3CMHBIC I aSOTyp6I/lHH])Ie YCTaHOBKH,
BBITIOJIHSICTCSL  OOSI3aTeNIbHBIA  BUOPALMOHHBI MOHHMTOPHMHI, HAlpaBIeHHbIH Ha MPEIyNPEeKIEHHE WX BO3MOXHBIX
TOBPEXKACHUI U pa3pyLICHU pH paboTe Ha PE30HaHCHBIX PEKMMAaxX MM M3-3a YCTaJIOCTU MaTepralia. B Hacrosiiiee Bpems
JUISL TAKOTO KOHTPOJISL, KaK MPaBUJIO, UCTIOJIB3YETCs IITATHAS MITM JIOTIOTHUTEIIbHAS allllapaTypa, BKIIIoYalolas B CBOIM coCTaB
OJTHOOCEBbIE TAaTYMKH BHOpALMM Pa3NIMYHBIX THIOB. KOHTpONL B OOJIBIIMHCTBE CIIydaeB OCYIIECTBISIETCS HENPEPHIBHO, &
Y4acTOTa PErUCTPALK MOXKET Pa3iIM4aThcsl OT HECKOJIBKHUX 3HAUEHHH 3a TI0JIET 10 HECKOJIbKUX 3HAYeHUH B ceKyHy. JlaHHEbIe,
MOJIyYeHHbIE B XOJ€ INTATHOTO BHOPOMOHMTOPHHIA, MPECTABISIIOT COOOM aMIUIMTY/HbIC 3Ha4eHus BuOparwmit. Mx
MOJIBEPraroT IMArHOCTUYECKON 0OpabOTKE C MCHOJIB30BAHHEM JIOITYCKOBOTO KOHTPOJSL M Psifia CIOCOOOB CrIIAXKUBAHHS U
OLICHKaM TEHJICHIIMM W3MEHEHHs] BHOpAalMK B MpOLecce AKCIUTyaTaliy. Bee Oosbliie pacrpoCTpaHsIOIIUecs B HACTOSIIEES
BpeMs MHKpOdJIeKTpoMexanndeckue cuctemsl (MEMS), kak TpaBuiio, mo3BOJISIOT MOMy4YaTh JaHHBIE O BHOPOYCKOPEHUH, HE
MPEIOCTAaBIIsAsE CBEJCHUI O 4YacTOTHBIX XapakTepucThkax BuOpaimu. Ho ¥ mitaTHas ammaparypa KOHTpOJISi BUOpaliuu,
UCTIONb3yeMasi B MPOILECCEe OKCIUTyaTalldd pPacCMaTpHBaeMbIX MalllH, HE IIPEIOCTaBIsiET CBEJECHWH O YaCTOTHBIX
XapaktepucTukax BuOpamuy. OJHAKO MHKPOIJIEKTPOMEXaHWYECKHE YCTPOWCTBA MO3BOJSIOT IOJTyYaTh JaHHBIE C
CYILIECTBEHHO 0oJiee BBICOKOM 4acTOTOM oTcueTa (B JECSTKM M COTHH pa3), 0 CPaBHEHUIO C UCIOJB3yeMOH B HACTOsILEe
BpEMs1 MaccoBO# armaparypoil BAOPOKOHTPOJIS, M OCYILIECTBIIATh OIHOBPEMEHHBI KOHTPOJIb BUOPALMHK 110 TPEM OCSIM TIpH
MCIOJI30BaHUN OJTHOTO JaTdrKa. Kpome Toro, ukcupyercst He MpOCTO aMIUIMTYAHOE 3HaueHHe BUOpaLiH, HO U TTOJI0KEHUE
OTHOCHTEIILHO Hadaja orcyera. Vimeer jm OONbLIMIT AMAarHOCTHYECKHH MOTEHLMAN MH(OopMaIws, HoiydaeMas C y4eToM
OTMEYEHHBIX BBIIIE OcoOeHHOcTel? He craHeT nmu mpemsTcTBHEM K ONEpaTWBHONW 0OpabOTKE pasMEpHOCTh MACCHBOB,
MOJIy4aeMbIX B MPOLIECCe KOHTPOIS AaHHBIX? Marepuaibl HACTOSIIEH CTAThbH SIBJSIOTCS TOIMBITKON JaTh OTBETHI HA 3TH
BOIPOCHI M COCTaBUTh MPEJCTABICHUE O BO3MOKHOCTH U OCOOCHHOCTSIX OLICHKM TEXHHYECKOrO COCTOSIHHS MAIIUH 110
pe3ynbraraM o0pabOTKH BPEMEHHBIX PSIZIOB BUOPOYCKOPEHHH, MOTyYEHHBIX C HCTIONIB30BAHUEM MUKPOIJICKTPOMEXaHUUECKHX
CHCTeM, U crocobax Takol o0paboTku. IIpeacraBisieTcs, YTO pacCMOTPEHHBIH B CTarbe CHOCOO OOpPabOTKHM JaHHBIX
BHOPAIMOHHOTO MOHMTOPHUHIA IIPU JIOCTATOYHOW MPOCTOTE pEeaIM3alli TI03BOJSIET PELINTh 33/auy OLECHKHA TEXHUYECKOTO
COCTOSIHHSI KOHTPOJIMPYEMOTO O0OBEKTA.

KunroueBble ci10Ba: aBHAIMOHHBIA JIBUraTellb, BHOpAlMs, JATYMK BHOpAIMH, MOHHTOPHHI, CHCTEMa MHKPOJIEKTPO-
MEXaHIIECKast, COCTOSIHIE TEXHUIECKOE, CIIOCO0 00pabOoTKY JaHHBIX, yCKOPEHNE BHOPAIIFIOHHOE.

BBEJIEHUE

Onenka BHOpaIMIOHHOTO COCTOSIHUSI MallMH (B TOM YHCJIE€ aBUAI[MOHHBIX JIBUraTesiel) —
HEOThEMIIEMast 4acTh POLECcca TEXHHUECKOH KCITyaTaun '~ Mamm [1-5]. AKTyalnbHa U 3a1a4a
pa3paboOTKH CIIOCOOOB CHIKEHUS BEPOSATHOCTH TPOSIBIICHHS OTIACHBIX BUOPALIMI M UX MTOCIICICTBHH.

Panee, B paborax [6—7], ObUIM pacCMOTpPEHBI CIIOCOOBI BUOPAIIMOHHOIO MOHHTOPUHIA PO-
TOPHBIX MaIIMH U CIIOCOO MOHUTOPHUHTA C UCIIOJIb30BAHUEM YCTPOMCTB, HUMEIOLUX B CBOEM COCTABE
MHUKpO3JIEKTpoMeXaHnueckue cucreMsl (nanee — MEMS). MonutopuHr ¢ ucnoias3zoBanueM MEMS
o0ecrieuynBaeT pacuIMpeHre BO3MOXKHOCTEH IITATHBIX CHCTEM BHOPAaMOHHOTO MOHHUTOPHHTA PO-

" TOCT P 52526-2006. YCTaHOBKH ra30TypOMHHBIE C KOHBEpPTHPYEMbIMH AaBHALMOHHBIMU JBHTaTeIsMH. KOHTPOIH
COCTOSIHUS 10 pe3yJibTaTaM M3MEpeHMid BUOpaIMi Ha HEBPAIAIONIUXCS YaCTAX: HAIlMOHAIBHBINA cTaHAapT Poccwuii-
ckoit @enepanuu. M.: Crangaptunadopm, 2006. 12 c.

> TOCT 31320-2006. BuGparms. MeToasI H KpUTEpHH GalaHCHPOBKH IMOKHX POTOPOB: MEKIOCYApCTBEHHBIH CTaH-
napt. M.: Crannaptungopm, 2006. 12 c.
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TOPHBIX MAIllMH — IIPU UX HAJIMIUH, WA OpPraHU3alun BI/I6paI_[I/IOHHOFO MOHHUTOpHHTIA B CJIydac OT-
CYTCTBHUSI IITATHBIX CUCTEM BUOPOMOHUTOPHUHTA.

Ero oTanunTenbHBIMU qCpTaMU ABJISICTCA TO, YTO:

1) ocymiecTBiIsIETCS OTHOBPEMEHHAsI TPEXOceBasi OIleHKa BUOPOYCKOPEHUI M BEKTOpa BHO-
panuu € I‘pa(i)I/I‘-IGCKI/IM 1 CUMBOJIBHBIM MPECACTABIICHUCM JAHHBIX B PC)KUMEC PCAJIbHOI'O BpCMCHU,

2) BO3MOKHO pa3MelleHre MOOMIBHOTO YCTPONCTBA Ha Pa3IMYHbIX MECTaX KOPITyCOB M ar-
peraToB pOTOPHBIX MAIIINH;

3) obecrieunBaeTCsl MEHbBIIIEE 3ama3bIBAHUE B OLICHKE BHOPOYCKOPEHHH MO CPaBHEHHUIO C
JATIUKAMH CEHCMUYECKOTO THUTIA;

4) BO3MO’KHA apXHBallHsl PETUCTPUPYEMBIX JAHHBIX Ha BHYTPEHHUH WM BHEUIHHI HAaKOIH-
TEJIb MOOMJIBHOTO YCTPOMCTBA MM MOHUTOPHHT B PEKUME PEaTbHOTO BPEMEHH, B TOM YHCIIE C Tie-
penayell Ha BHEIIHUE YCTPOMCTBA.

OCO6CHHOCTBIO MOJIy4aCMbIX MAaCCUBOB NAHHBIX ABJIACTCA UX 60.]]]:1].[8.51 Pa3sMECPHOCTH BCJICA-
CTBHE BBICOKOM YacTOTHI orpoca u peructpanuu (nopsaka 1000 I'x), mocturaemoi npu npuMeHe-
HUHU MUKPOSJICKTPOMCXAHUYCCKUX CUCTCM. C OHHOﬁ CTOPOHBI, MOJTYYCHHBIC MACCUBBI 1OCTATOYHO
MH(GOPMATUBHBI JIsI OLICHKH BHOPAIIMOHHOTO COCTOSIHHMSI MalllMHbI, HO, C JPYTON CTOPOHBI, TpeOy-
FOT 3HAYUTCIIbHBIX BBIYUCIIUTCIIBHBIX PECYPCOB JIA I[I/IaFHOCTPI‘-IGCI(Oﬁ 06p3.60TKI/I.

Hacrosmast ctatbst mocBsiiieHa croco0y o0paboTKH JaHHBIX BHOPOMOHHUTOPHUHTA, TIOTYYEH-
HBIX ¢ ucnonb3zoBanueM MEMS.

OCOBEHHOCTHU COBPEMEHHON OBPABOTKHU JAHHBIX BUBPAIIHOHHOI'O
MOHUTOPHUHI'A ABUAIIUOHHBIX IBUT'ATEJIEHU

BuOpannoHHblii MOHUTOPUHT U CBA3aHHBIE C HUM HCCIIEOBaHUS B oOUIeM ciayyae 0azupy-
IOTCS HA METOJIaX aHaJK3a YaCTOTHBIX XapaKTEPUCTHK, CIICKTPATBLHOTO U TUCKPUMUHAHTHOTO aHa-
JiM3a BPEMEHHBIX PAIO0B [3, 8], 10myCcKOBOro KOHTpouis [1, 2] U B nepcrneKkTuBe HEMPOHHBIX CETEH.
JUis aBUAIIMOHHBIX JBUraTeNIeii OHU pealu30BaHbl B psifie CIOCOO0B M METOJUK 00paOOTKU JaHHBIX,
PETHCTPHPYEMBIX B SKCILTyaTaLlHH .

C uenbio yCTaHOBJICHHS MOMEHTOB BPEMEHU U PEKHUMOB PAa0OTHI IBUTATENSI, HA KOTOPBIX
OTMEYaJiCsl CYLIECTBEHHBIH POCT BUOpaIM, MOTYT HCHOIb30BaThcs rpaduku Buaa puc. 1. OHu
NPEJCTaBIAIOT cO00H Trpaduueckoe n300pakeHNe BPEMEHHBIX PSJIOB JaHHBIX, MOJYyYEHHBIX C UC-
MOJIb30BaHUEM OOPTOBOM CUCTEMBI KOHTPOJISI, OCYIIECTBIISIONIEH cOOp JaHHBIX C 4acTOTOM 5 I,

JIig criaXuBaHUsST MEKIIOJIETHBIX JaHHBIX MCIOJb3YETCs MPOLEAYypa CKOJB3SILEro CpeaHe-
ro o 10 moneram.

B mpaxtuke skcrutyatauuu TP/IJl BUOpOMOHUTOPUHT, KaK MPAaBHIIO, CBOJUTCS K JIOITYCKO-
BOMY KOHTPOJIIO W TPEHI-aHAJIN3y BUOpAIHi M0 HapabOTKe ¢ pacueToM 0a30BOTO 3HAYEHUS Tapa-
MeTpa 1o nepBbIM 10 moneTaM (WM ¢ yueToM paboT Mo TeXHHYEeCKOMY o0ciyxuBaHuio). Eciau 06-
Hapy’>KMBAEeTCSl OMACHBIM TpeHJ Tmapamerpa W (uiau) Oojiee ABYX BBIXOJOB 3a TIPEACIBHO-
JIOITyCTUMOE OTKJIOHEHHUE, TO TPeOyeTCsl BBIMOIHUTH ICHCTBHSI B COOTBETCTBHM C yKa3aHHSIMU JTHa-
THOCTHYECKOro broyieTeHss KOHKpEeTHOTO THUIIa JBUTATES.

3 Bromrerens Ne 94148-B3-T". Mznenue: Jsurarens [1C-90A. ITo Bompocy: Baenpenus B skcrutyaTanuio 2-ii ouepenu
HAa3eMHOI aBTOMAaTU3UPOBAHHOM cucTeMbl AuarHocTupoBanus «AC/I-/Iuarno3-90» neurarens IIC-90A Ha camonere
Nn-96-300. ITepmb: ABuaasurarens, 1996. 71 c.
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Puc. 1. [Ipumep u3meHeHns 3a oieT 000pOTOB Kackaja BEICOKOTo AaBienust (NBI) 1 BuOpauuu B paiioHe
pasnenutensHOTO Kopiryca TPII/I, rerepupyemoii komrpeccopom Beicokoro aasneHus (Vpk_KBJI)
Fig. 1. An example of a rotation change of a high pressure spool (NBx) and vibrations of intermediate case of bypass
turbojet vibration, generated by the high pressure compressor (Vpx_KB/I)

CIIOCOBb OBPABOTKH JAHHBIX BUBPOMOHUTOPHUHI A,
INOJYYEHHBIX C UCITIOJIbB3OBAHUEM MEMS

[Ipennaraemslii ganee cnoco® 06pabOTKU JaHHBIX BUOPOMOHUTOPHHIA YUUTHIBAET OCOOEH-
HOCTHU MACCHBOB JIaHHBIX, MOJy4aeMbIX ¢ Hcnonb3oBaHueM MEMS. DTo odeHb BbICOKas 4acToTa
OIpoca JaTYUKOB M PETUCTPALUU JaHHBIX, OJJHOBPEMEHHOE M3MEpEHUE MapaMeTpoB BUOpaIMK 1O
TPEM OCSAM U OLIEHKA HE TOJIbKO aMILIUTYJHBIX 3HAYEHU BUOpAIK, HO U MOJIO)KEHHUS OTHOCUTENb-
HO Hayaja oTcyera.

C ucnonszoBanueM MEMS 0Obln mosydeHbl BpEMEHHBIE Psiibl BUOPOYCKOPEHMH Ui Ta-
30TYpOMHHOIO JBUraTessl B pa3IMYHbIX TEXHUYECKUX COCTOSIHUAX U AJIS 1a00OpaTOpHOM yCTaHOBKU
«pPOTOP-KOPILYC», B TOM UUCIIE C UCKYCCTBEHHBIM HapyIIEHUEM BECOBOW CUMMETpUHU Kopiyca [7].

PaccmarpuBaemMble TaHHbIE U3MEPEHUS TapaMeTPOB BUOPALIMU MOTYT OBbITh ITPEJCTABICHBI B
BU/JIE BPEMEHHBIX Psi1oB (puc. 2—4).

K sTtum psnam nmpumeHsieTcs mpoueaypa CIVIaXHBaHUS C MCIOJIb30BAaHUEM CKOJIB3SILEro
cpeaHero. Pe3ynbTaThl aHanM3a CKONbB3SILEr0 CPEAHEr0 NO3BOJISIIOT BBIIBUTH HAIIPABICHHE BEKTOPA
BUOpaIMM C aCUMMETPUYHBIM paclpe/ieIeHUeM, YTO MOXET YKa3blBaTh Ha COCTOSIHME OOBEKTa
BUOPOKOHTPOJIS, OTIIMYHOE OT UCIPABHOTO.

JlaHHBIM OPUHIUI NMPUMEHUM M JUIS aHAJIM3a CIJIaKEHHBIX BPEMEHHBIX PSJ0B HalpaBlIsiio-
IIEro KOHyca yria BeKTopa BUOpaLUH.
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Puc. 2. Bpemennoii psin BuOpoyckopeHui 1o ocu X U CKOJIB3SILEE CpeHee
Fig. 2. A time series of vibro-accelerations on axes X and a moving average
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Puc. 3. BpemenHoit psi BuUOpoyckopeHuid 1o ocu Y U CKOJIB3SILEe CpeIHee
Fig. 3. A time series of vibro-accelerations on axes Y and a moving average

Bubpoyckopenne 1o ocu Z, m/c?
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Puc. 4. BpemeHHO psix BUOPOYCKOPEHUH 110 OCH Z M CKOJB3SIIIEe CpeTHee
Fig. 4. A time series of vibro-accelerations on axes Z and a moving average

Onucanue B MOJSPHBIX KOOpAUHATAX XapaKTepU3yeT BHOPAIIMOHHBIM CUTHAJI B BEKTOPHOM
dbopMe A OLIEHKH KaK MOJHOTO 3HAUYEHHUs BUOPALIMU, TaK M HAMIPABJICHUS €€ BEKTOPA.

JlnmuHa BeKTopa BUOpAIMH B i-M M3MEpEHHH L; B TpEXMEPHOM MPOCTPAHCTBE (pUMEp AH-

HAMUKHU Ha puc. 5):
:\/xl.2+yl.2+zl.2. (1)

TTonoxenue BekTopa BuOpamuy onpenenserca yrnamu &, &, 0z u onmceiBaercs Hampas-
JISFOIIUMH KOCHHYCAaMH 3TUX YTJIO0B (puc. 6).

L,

]

41



Hayunblii Becthuk MI'TY T'A Tom 22, Ne 02, 2019

Civil Aviation High Technologies Vol. 22, No. 02, 2019
L, m/c?
18 :
16 g
i 4 i
12
10
3
6
a4 '
2 L
0 5000 10000 15000 20000 25000 30000 35000 Homep U3MEpEHUS
Puc. 5. BpeMeHHOI psin IIHH BEKTOpa BHOPAITUHI
Fig. 5. A time series of lengths of a vibration vector
Y
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Puc. 6. ITonoxxenue BekTopa BUOpanun
Fig. 6. The position of a vibration vector
Hamnpapnsrorye KoCHHYyChl yTII0B (pUMep JUHAMUKH Ha puc. 7):
X; : Z.
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Puc. 7. CpaBHeHHE HANIPABIIAIONIETO KOHYCA yTiia BEKTOpa BUOPALIMY 1O OCH X JIJISl ICIIPABHOTO
1 HEUCIIPaBHOTO COCTOSIHUSI 00bEeKTa BHOPOMOHUTOPHHTA
Fig. 7. Comparison of a director cone of an angle of vibration vector on axis X for operational
and failed condition of a vibromonitoring item
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B menom kputepuem, Hampumep, CYIMIECTBEHHO HECUMMETPUYHOTO M3HOCA KOHCTPYKITUH
OTIOpBI JBHTATENs BIONb ONMPEIEneHHON och (puc. 8, 6) ckopee BCEro MOXKET CIIyKHTb SBHAS
acumMMmeTpus rpaduka, MPEICTaBIAIONIETO BPEMEHHOW psijl aHAIM3HPYEeMOro BHOpomapameTpa
(cm. puc. 9).

IIpenMyIecTBeHHOE HANPABIEHHE
H3IMeHEeHHA BEKTOPa mlﬁpamm

MECTO H3HOCA

—_— 6 i

Puc. 8. K ycraHoBIICHHIO CBSI3M MEX/Ty N3HOCOM JIETANIN KPEIUICHHUS IBUraTels K BO3AyIIHOMY cyaHy (0)
U NIPENMYIIECTBEHHBIM HallpaBjIeHHeM BeKTopa BuOpauui (a)
Fig. 8. To establish the connection between the wear of the engine mount component ()
and a primary direction of a vibration vector (a)

Bubpoyckoperue

Bubpoyckopenne

Howmep otcuera

a

Puc. 9. Xapakrep BpeMEHHOTO psijia BHOponapamMeTpa JJisl HCIIPaBHOM (a) U HEUCIpaBHOW oropsI (0)
Fig. 9. Pattern of a time series of vibro-accelerations for an operational engine mount (a)
and a failed engine mount (6)

OOBEKT HccleoBaHus C Pa3BUTHEM TPEIIMHBI BaJia B OKCIUTyaTallid B HACTOAIIEH pabore
He HaOJro/1aCsl, OHAKO JaHHbBIC MCCIeIOBAaHUN YKA3bIBAIOT HA aHAJIOTHYHBIC, IO CYTH, OCOOCHHO-
CTH MOBEJEHUS aMILTUTYTHO-4aCTOTHBIX XapakTepuctuk (puc. 10) [5].

Bubparus gepes 515 yacor HapaboTKH
yepe3 159 yacoB HapaboTKH

6e3 TpeluHbI

15 25 35 |
YacToTa BpaieHus Bajia, o0/c

Puc. 10. PocT BuOpanuy Ha KpUTHIECKOI YacTOTE BPALICHNUS BaJla, CBA3aHHBIA C POCTOM TPEIIHHBI
Fig. 10. Vibration growth on critical frequency of a shaft rotation because of a crack growth

* HccrnenoBanue BO3MOXKHOCTH HCIIONB30BAHMS MOOHIBHBIX YCTPOHCTB (CMApT(OHOB H IIAHIIETOB) JUIsl HPOBEICHHS
BuOpaunonHoro Monuropunra: oraer o HUP. Ne 'ocperucrpannu 115102260032. M.: MI'TY T'A, 2018. 80 c.
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[TonmyueHHbIe pe3yabTaThl U3MEPEHUS] BUOPAIIN MOTYT OBITh TaK)Ke IMOABEPIHYTHl aHAIHU3Y
pacmpenenenuii (puc. 11) ¢ mocnenyromen OIeHKON TUIIOTE3 O BUJIC PaCIpeIeICHHUS.

KoaunuectBo HOHa,HaHI/Iﬁ B HHTCPBAJI
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Puc. 11. IIpumep rucrorpaMMbl 1 KPHBOH HOPMATBHOTO PacIpeelIeHIs] BHOPOYCKOPEHHHA
Fig. 11. An example of the histogram and a curve of a normal distribution of vibro-accelerations

OpHaKO MOXHO MPEUIOKUTH U MEHEE TPYAOEMKHUI CIIOcO0 aHai3a MOTyYaeMbIX JaHHBIX B
paMKax OLEHKH TEXHHYECKOT0 COCTOSIHMSA 00beKTa. /[y 3Toro okaszanoch JOCTaTOYHO OTCOPTUPO-
BaTh JIAHHBIC BPEMEHHOTO Psijia IO BO3pACTaHMIO 3HaYeHHH [9] 1 peAcTaBuTh ero Ha rpaduke.

Pe3ynbraThl aHain3a MO3BOJSAIOT CHOPMHUPOBATH KPUTEPUl OTHECEHUs OOBEKTa BUOPO-
KOHTPOJISI K MCIIPAaBHOMY WJIM HEMCIIPAaBHOMY COCTOSIHUIO, UCXOJSI U3 CUMMETPUH YacTell KpUBOM,
OIHCBIBAIOLIEH psifl, MOJYyYCHHBIH COPTUPOBKOI B MOPSIKE BO3pAaCTaHUs 3HAYCHUN MapaMeTpa BUO-

patuu (puc. 12—-14).

A 1
JJTA UCTIPaBHOTO o0BeKTa BI/I6p0KOHTp0J1§I i

/
|

20000 30000 40000
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/' 1ns obbexTa BUOPOKOHTPOIIS C
/ HENCIIPaBHOCTHIO

Homep m3mepenus B
OTCOPTHPOBAHHOM psjie

Puc. 12. Pa3nuare B TOBEACHNH PSAAOB TapaMeTpa BUOPAINH 111 00bEKTOB BHOPOKOHTPOJIS

C pa3sHbBIM TEXHUYECCKHUM COCTOAHHUEM

Fig. 12. Distinction in behavior of series of vibration parameter for items in a different technical state
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Puc. 13. [ToBeneHue psiioB napamerpa BUOpaLnu Uit 00beKTa
BHOPOKOHTPOIIS ¢ AUCOaTaHCOM POTOPa, HO B IIEIIOM HCIIPABHOTO
Fig. 13. The behavior of series of vibration parameter for an item with a rotor misbalance,
which is in an operational order
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Fig. 14. The behavior of series of vibration parameter for an item with a misbalance of a rotor
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Paznuumne B moBeneHUU psAAOB MapaMeTpoB BUOpaluu 1mo ocsiM Y U Z B 3aBUCHMOCTH OT
BUOpaIHii Mo ocu X JUIsl pACCMOTPEHHBIX CIIyYaeB MPEeACTaBICHO Ha puc. 15.
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Fig. 15. Behavior of series of vibration parameters on axes Y and Z depending on vibrations on axis X
for a case fig. 13 (a) and fig. 14 (0)
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PesynbraThl BUOPOMOHHTOpPUHTA Ui PACCMOTPEHHBIX CIIy4aeB MOATBEPIKIAIOT KPUTEPUI
HECUMMETPUYHOCTH PACHpelesieHs] MapaMmeTpa BUOpaluil B ciyyae, KOrja COCTOSIHUE OObEeKTa
BUOPOMOHHUTOPUHTA OTJIMYHO OT MPEANHUCAHHOIO HOPMATHBHO-TEXHUYECKOW TOoKyMeHTauueil. B
OTIIMYME OT Cllydas M3HOCA y3J1a KPEIUICHUS IBHUIraTelld, NPU HAPYIIEHUU MAaCCOBO-KECTKOCTHBIX
XapaKTepUCTUK KopIlyca HabJrogasach aCUMMETPUs pachpereneHHi BUOpOYyCKOpEHH, 3apUKCH-
POBAHHBIX 10 BCEM TPEM OCSIM.

3AKVIIOYEHUE

B coBpeMeHHBIX yCIOBHSIX BCe OOJbLIEEe PACIPOCTPAHEHUE MOJIyYal0T MUKPOIJIEKTPOMEXa-
Huueckue cucremsl (MEMS), Bkitouaroniye pa3inyHble TUIIBI JaTYUKOB.

JUis sKcllyaTallMy pa3iMYHOrO pojia MAaIlMH (B TOM 4YHCIIE ABUAIMOHHBIX JABHUraTesei)
HanOOJBIINK UHTEPEC MPEICTABIAIOT YCTPOHCTBa KOHTPOIISI BUOpAIMU. DTH yCTPOHCTBA MO3BOJIS-
IOT BBIIOJHATH OLEHKY BUOpoycKkopeHHid. OT MaccoBO 3KCILTyaTUPYEMbIX B HACTOSIIEE BPEMs CH-
cteM KoHTposs BuOpauun MEMS oTinyaer cymecTBeHHO 0osiee BBICOKAs YacTOTa PETrHCTpalyu
Y BO3MO>KHOCTb U3MEPEHUS BUOPOYCKOPEHUH OJHOBPEMEHHO II0 TPEM OCSIM.

C ucnons3oBannem MEMS Obutn mosydeHbsl BpeMEHHBIE psifibl BUOPOYCKOPEHUH i ra-
30TYypOMHHOIO JABUraTelsl B pa3IMUHbIX TEXHUUECKHX COCTOSIHUAX U AJIs 1a00paTOpPHOM yCTaHOBKU
«POTOP-KOPILyC», B TOM YHCJIE C UCKYCCTBEHHBIM HApYIIEHUEM BECOBOM CUMMETPUM KOPITyCa.

Jis popMupoBaHUs KPUTEPUEB OLICHKH TEXHUYECKOTO COCTOSHUS 00BEKTa BUOPOKOHTPOJIS
ObUTM BBITOJIHEHBI OIICHKH BPEMEHHBIX PSAIOB MapaMeTpOB BUOpAIMM HCXOTHBIX, CIVIAXKEHHBIX C
WCIIOJIb30BAHUEM CKOJIB3SILErO CPENHEro, aHalIHW3a PacHpEleICHHH, AWHAMHUKHM JUIMHBI BEKTOpA
BUOpAIMH U HAMIPABIISAIOUINX KOCUHYCOB.

ITpenyiosxxen kpurepuil OTHECEHUs 00BEKTa BUOPOKOHTPOJIS K UCIPAaBHOMY WJIM HEHUCIIPAB-
HOMY COCTOSIHMIO MCXOJS U3 CUMMETPHUH YacTed KPUBOM, OIMUCBHIBAIOLIEH psill, MOJYyYECHHBIH COp-
TUPOBKOM B MOPsAKE BO3pacTaHMsI 3HAUCHUI ITapamMeTpa BUOpaLUH.

[Ipy MMHUMAaNIBHBIX BBIYHCIUTEIBHBIX 3aTpaTax MpPeUIOKEHHBIH croco0 aHaln3a BPEMEH-
HBIX DPSJIOB 3HA4eHUH BHOPOYCKOPEHHUH, OTCOPTHPOBAHHBIX B IOPSJIKE BO3PACTaHHUS IO3BOJISET
pa3nuyaTh UCIPABHOE COCTOSHUE 00bEKTa BUOPOKOHTPOJIS M pa3BUTHE HeHCIIpaBHOCTH. [l oOpa-
OOTKHM JaHHBIX PEKOMEHYETCsl MCIIOJIb30BaTh COBPEMEHHBIE BBIUMCIUTEIbHBIC YCTPOUCTBA HE Me-
Hee yeM ¢ 6 ['6 ¢pusnueckoii onepaTuBHOM MaMSITH.
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TECHNIQUE OF PROCESSING OF VIBRATION MONITORING DATA,
RECEIVED BY THE USE OF MICROELECTROMECHANICAL SYSTEMS

Boris A. Chichkov'
"Moscow State Technical University of Civil Aviation, Moscow, Russia

ABSTRACT

During the operation of such machines as aviation engines and land based gas turbines, the obligatory vibration monitoring is
carried out which is focused on the prevention of their possible damages and destructions during the work on resonant modes or
because of material fatigue. Nowadays, as a rule, the standard or additional equipment is used for such control which includes
as a component various types of one-axial vibration gauges. In most cases, the control is carried out continuously, and the
frequency of registration can differ from several values for a flight to several values in a second. The data received during
routine vibration monitoring is peak values of vibrations. They are diagnosed, using the pre-start control and some ways of fit
and the tendency of changes of vibration during the operation. Microelectromechanical systems gaining now the increasing
distribution (MEMS), as a rule, allow to obtain the data about vibro-acceleration without giving data about the frequency
vibration characteristics. But also the regular equipment of vibrational control used during the operation of considered machines
does not give data about the frequency vibration characteristics. However, microelectromechanical devices allow to obtain the
data with the essential higher frequency of sample rate (in tens and hundreds times) in comparison with mass equipment used
now for control, and to carry out the simultaneous control of vibration on three axes using one gauge. Apart from the vibration
peak value the position relative to a reference point is fixed. Does the information received according to mentioned above
features have better diagnostic potential? Will the array dimension received during data verification be an obstacle to the
operational processing? Materials of the present article are an attempt to give answers to these questions and to make
representation about possibility and features of an estimation of a technical state of machines by the results of processing of time
series vibro-accelerations received with the use of such processing microelectromechanical systems. It is represented that the
way of data processing of vibrating monitoring considered in the article at sufficient simplicity of realization allows to solve the
problem of an estimation of a technical state of monitoring item.

Key words: the aviation engine, vibration, the vibration gauge, monitoring, microelectromechanical system, a technical state,
data processing procedure, vibrational acceleration.
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