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AHoTanisa Y BiOpariiiHiil qiarHocTuii o06epTarouoro obiagHaHHs BEAETHCS PO3POOKA METOIB 1
3ac00iB MOHITOPUHTY Ta JIarHOCTHKHU. JliarHOCTHYHE OOCIYrOoBaHHS CYJHIBOTO YCTaTKyBaHHS.
Bibpariist 1o3Boss1€ 320€3M€UNTH MaKCUMAIBbHUNA 00CAT 11arHOCTUYHHUX (HOPM.

KarouoBi ciaoBa YcraTkyBaHHs, IiIIIMITHAKOBI BY3JM, BiOpaIliiiHi IMOKa3HHWKH, KOJHMBAJbHI
CHJIH, T1aTHOCTHKA

Po3Butok cywacHoro ¢iaoTy, SIK 1 TEXHIKH BILIJIOMY, CTaBHUTh OCHOBHI BHUMOTH TMpH iX
excrutyararii. Ha ¢uoTi e mos'si3aHo 3 iHTEHCUBHUM 3pOCTaHHSIM 00'€MiB HOBOTO YCTaTKyBaHHS Ta 31
3MEHBIIEHHAM KUIBKOCTI 00CIYTrOBYIOUOTO MEPCOHAITY.

B ocranHi poku mpu BiMOBiI Big OOCIyroBYBaHHS Ta PEMOHTY TEXHIKH 3a PETJIAMEHTOM ii
BUBEJICHHS B PEMOHT Ha MPAKTUII BAKOPUCTOBLETHCS TPU OCHOBHHUX CHOCOOY TOO-TO: *

— poboTa ycTaTKyBaHHS JI0 BiJ]MOBH;

— BUKOPHUCTAHHS TEXHIYHOT'O OOJIaJIHAHHS B TECTI 3a pe3yJbTaTaMU OKPEMHUX ITyHKTIB;

— BHUKOPHCTaHHS TEXHOJIOTii B TECTI NUIAXOM BHUPINICHHS MiarHOCTHKH Ta IPOTHO3YyBaHHS
CUTYaIlii.

Ane OunbIn HAaTiHWIA Ta Ja€ 3HAYHUN €KOHOMIUHUH e(eKT TiIbKH TpeTii crocid. Posrmsaemo
HaNOUIBII BiAMOBIIATBHHUM BY301 TI000T0 MEeXaHi3My, TaK 1€ MiAIUITHUKOBUN By30IL.

YcnimHe BUKOPUCTaHHS HOTO CIIOCO0Y T03BOJISE:

— CKOPOTHUTH 4ac, 00CST pEMOHTY Ta KUIbKICTh 3allaCHUX YaCTHH HE MEHILIE HIJK Ha TPETIO;

— 3MEHUIMTH YHUCJIO MO3aIUTAaTHUX BIIMOB B KUIBKO pa3iB;

— CKOPOTHTH BTPAUY€HOT0 MPUOYTOK 13-32 MPOCTOIB Y KiJIbKa pa3iB.

Jliist octaHHBOTO CcrOco0y HEoOXiTHA MMOBHA JIarHOCTHKA 00'€KTa, I 4oro 0a)kaHO BHSIBSITH BCI
neexkT, 1o BIUIMBAIOTh HAa PECypC, 3aJ0Bro 10 BIAMOBH, 100 MiArOTYBaTUCS 10 MOBTOPHOIO
MOHITOPIHTY.

VY MexaHIYHOMY Ta €JIeKTpPUYHOMY O0JIaJIHaHHI, SK MOKa3aja MpakTHKa, HAHOUIbII epeKTHUBHA
J1arHOCTHKA MOJKJIMBA, B OCHOBHOMY, 3a TIOKa3HHUKaMU BHOpaIlii, Tak sK:

— KOJMBallbHI CHJIM BHHHKAIOTh OE3MOCEPEIHbO B MICI NPOSBY AEPEKTy, a MEXaHi3M €
"mpo3opuM" 1is BiOparii;

— BiOpaig 3a0e3neuye MakCUMaIbHUN 00CsT AlarHOCTUYHUX (hopMm;

— JIarHOCTHKA CHUTYyalii 3a SKHiCh OOMEXeHHWH yac, 0e3 po3OupaHHs Ta iHmMUX did. Taki
3araJIbHONPUMHATHI METOJM SIK KOHTPOJIb TeMIIepaTypH, aHaii3 3Ma3Kd Ta iHIII OPU HNPaBUIBHOMY
IiIXO/1 MPAKTUIHO HE BUMArarOThCsl — I ITOKa3HUKHU 3aMIHIOE aHaITi3 BiOpaIlii.

[Tpu niarHOCTYBaHHI € Bl 00OB'SI3KOBI CKJIQJOBUX YaCTUHU:

— 0a3a [aHMX IO BHMIpPY BEJIMKOI KUIBKOCTI OOJagHAaHHA NPOTATOM TPHUBAIOTO dYacy 3
MO’KJIMBICTIO ONIEPATUBHOIO OTPUMAHHS OyAb-SKUX JaHHUX 1 IPOBEACHHS IX PETEIbHOMY aHaJi3y;

— CIIOCOOH MPUUHSATTS JIarHOCTUYHUX PIlICHb.

VY nepumoMy nutaHHi Jgigepamu 3aBxau Oymu ¢ipmu CIIA ta ®panuii, 1m0 CTBOpPIOBAIH
IpOTSTOM 0aratbOX pOKiB e(EeKTUBHI KOMITIOTEPHI CHUCTEMH MOHITOPHUHTY, TOO-TO TIOCTiiHE
CIIOCTEPE)KEHHS 3a ICHYIOUMMHU IpPOIlecaMu, B TOMY YMCIHI 1 3a BiOpauiiiHOIO yCTaTKyBaHHs. Y CKiIaj
MIPOTPaMHOTO 3a0e3MeYeHHs BXoArna 0a3a TaHUX 3 XapaKTePUCTUKAMU KOHTPOJIBOBAHOTO OOJIa JHAHHS
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Ta pe3yJjbTaTaMy BUMIPIOBaHb, 3pyYHUH 1HTEepENC 11 KOPUCTYBAHHS 3 PI3HUMHU PIBHIMHU, MOXKIIUBO-
CTIO rpadiyHOro aHamizy 3 moOyIOBOIO TPEHMIB, Ta IHIIUMH 3aco0aMH IpelncTaBiieHHs iH(opmarii
(haxiBISIM — J1IarHOCTHKH.

Jlpyre muTaHHs B OUIBIIOCTI CHCTEMHOI JIarHOCTHKH BUPINIYBajIOCsS OJHHM CIIOCOOOM —
3JIy4eHHSIM €KCIepTa 3 JIIarHOCTHUKKA KOHKPETHOTO BUIy oOnagHaHHSA. Y OaraThoX KpaiHaX, 1CHY€
crcTeMa MiArOTOBKHU 1 IePEeMiArTOTOBKH TaKUX €KCIIEPTiB.

VY Hac Taka MiAroTOBKa CHEIIaNiCTIB — BIICYTHSA. AJie € IIe JIBa HANPSMKH BUPIMICHHS JPYTrOro
MUTaHHA — pO3poOKa MTY4YHOro iHTenekry. OIUH HampsiM — HaBYAaeMHUM IITYYHUH IHTENEKT, 11
HaBYaHHS IPOBOJAUTH CIOYATKy pPO3POOHMK CHUCTEMH, IOTIM KOPHCTyBaud JONOBHIOE CHUCTEMY
noTpiOHUMH Homy BUMoOru. Jlpyruil HampsM — caMOHaBuYaeMa (aJlalTHBHA) CHUCTEMA 3 KOPCTKUMHU
QITOPUTMaMH HaBYaHHSA, 33JaHUMHU PO3POOHUKAMH.

JliarHOCTHKA — IIe, B OCHOBHOMY, MOINYK CTA0KUX KOMIIOHEHTIB CHUTHaly Ha ()OHI CUIBHUX.
Popi3HsArOTBCS ClIabKi Ta CHIIbHI KOMITOHEHTH pOOOYOro YCTaTKyBaHHS 3a3BH4ail mo dvactoti. Ilo
MOTYXHOCTI BUMIPIOIOTh HE X MOTYXXHICTh, a aMIUTITYQy 1 PI3HHUIIO MK CIaOKHUMH 1 CHIBHHUMH
KOMIIOHEHTaMHU 3HAYHO TOHIKYEThCS y Kilbka pa3iB. Ho cmabky KOMITOHEHTY HEOOXiTHO HE TUTbKH
BUSIBUTH, allé 1 BU3HAYMUTU i1 BIACTUBOCTI. ToMy aHamizaTop CUTHaldy MNOBHUHEH 0e3 Oyab-iKhX
MEPEeKITIOYEHb 3a0€3MeUyBaTH TMHAMIUYHUH [liaria30H aHawi3y.

VY BiOpamiiiHiii JlarHOCTHIN 00epTarodyoro oOIagHAHHS BENEThCS PO3poOKa METOMiB 1 3aco0iB
MOHITOPHUHTY Ta J1arHOCTHKHU.

3amaya JIarHOCTUKM — BHSIBUTH Je(QEeKTH Ha paHHIA CTafii pO3BUTKY, cIOCTEpiraTv 1
MIPOTHO3YBATH iX PO3BHUTOK, IJIAHYBAaTH PEMOHT MAIlIMHU. A SKIIO CTaBHTHCS 3aBIAHHS NEPEXoay Ha
00CIIyroByBaHHSI Ta PEMOHT MAIlIMHU 3a (AKTUYHUM CTAaHOM, TO 3aBJaHHS JIarHOCTHKH CTa€ JOCUTh
CKJIaTHOIO — HEOOXIHO BUSBIIATH BCI NEeEKTH HA PaHHIN CTaii pO3BUTKY. A TO, 10 HEMA€E 1e(eKTIB,
[0 PO3BUBAIOTHCSI HECTOIBAHO (KpiM MPUKPUTHX Ne(EKTiB BUTOTOBJICHHS Ta MOHTAXY)— II€ BXKE
J0Ka3aHo, M0 KpalH1i Mipi, JUIsl POTOPHUX MAILUH.

BucHoBku. /{11 Gecrieunoi poOoTu t000OT0 yCTaTKyBaHHS HEOOXIHO BHUSBUTH AC(PEKTH Ha
paHHIN CTaii pO3BUTKY, CIIOCTEPIraTy 1 MPOTHO3YBATH iX PO3BUTOK, IUTAHYBAaTH PEMOHT MAaIllMHU. A
SKILO CTaBUThCS 3aBJIaHHS MIEPEX0/y Ha 0OCIYrOoByBaHHS Ta PEMOHT MAIIMHU 32 PAKTUYHUM CTaHOM.
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Abstract. In vibration diagnostics of rotating equipment, methods and means of monitoring and
diagnostics are being developed. Diagnostic maintenance of ship equipment. Vibration allows to
ensure the maximum volume of diagnostic forms.

Keywords. Equipment, bearing units, vibration indicators, vibration forces, diagnostics
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Abstract. The paper outlines a finite elements refined mathematical model of the stress-strain
state of single shaft gas turbine engine that can be used in ground or floating power plants. The
mathematical model is taken into consideration the contact thermoelasticity problem in the joint area
of disk and blades. On the base of the developed mathematical model the fields of turbine rotor
dynamic stresses and displacement have been found too. To make the clear decision about the
developed mathematical model adequacy mostly loaded impeller dynamic stresses field has been
found and verified by comparison with the calculated results without contact and experimental data.
The turbine rotor displacements and dynamic stresses have been found for different forced vibration
modes. The obtained results along with the previous studies of this rotor fluid flow and thermal state
could be used in further studies of the turbine rotor creep and fatigue strength and blades crack
researches.

Key words: Gas turbine rotor, contact thermoelasticity problem, dynamic stresses field, finite
elements method, experimental verification.

The research object is the turbine rotor stress-strain state taking into the contact between the
blades and disks. The whole rotor should be considered as an assembly of three impellers, connected
together. Each impeller also is an assembly that consists of the disk and working blades of the same
shape and geometric characteristics. The research subject is the influence of contact in the joint of
rotor blades and disks on its fields of dynamic stresses.

Thus the aim of the research is to develop a refined mathematical model for calculating the gas
turbine rotor stress-strain state taking into account the rotor contact thermoelasticity problem solution.

To achieve this aim, the following tasks must be solved:

Develop a refined mathematical model of the turbine rotor on the base of FEM, using the layer
of contact finite elements between the blades and disks surfaces;

Determine the contact finite elements displacement and temperature fields;

Determine the field of rotor dynamic stresses, taking into account the results of contact
thermoelasticity problem solution.

According to the generalized Hooke’s law [1 — 3] the solid body stress-strain state can be
described by the next matrix dependence:
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