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JOCAIJIKEHHSA BJIACHUX KOJIUBAHDB ITAPOBOI TYPBIHU BEJUKOI
MOTYKHOCTI, HABJIMKEHHX IO POBOYOI YACTOTH

Kpacnikos C. B.
XapkiBcbKHil HAIlIOHAJIbLHUI ABTOMOOIJILHO-10POKHiN YHiBepcUTeT

Anomauin. 30iticneno moldeniosanHs cucmemu mypboacpecam-gyHoamenm-ocnosa. Ilooyoosani
PO3PAXYHKO8I MOOeNi cucmemu 003601810Mb Po32aa0amu it HAtOLIb 2HYUKI YaACMUHU SIK HPOCHOPOGI
KOHcmpyKyii. 30ilicHeno pO3PAXyHKU 61ACHUX KOAueanvb. Moodentoganns cucmemu ma po3paxyeanHs
6ACHUX hOpM 30ILICHEHO 3d 0ONOMO2010 MEeMOoOy CKIHYEHHUX eleMeHmis. 3a pe3yrbmamamu npoge-
0eHo20 aHanizy 0yn0 3p0ONeHO BUCHOBKU U000 NIOBUUEHHS NPAYe30AMHOCII CUCeMU A HABEOeHO
pexomeHOayii o000 noodarbuux 00Ci0NHCEHD.

Knrouoei cnoea: mypbina, 6ibpayis, e1acHi opmu, MOOenO8aHHs, MemooO CKIHUEHHUX eleMEeHMIs,

¢ynoamenm.

Beryn

Enepreruxka kpain €Bponu Ta VYkpainu
3HAYHOKO MipOr0 3a0e3MeUy€eThCs TETIOBIMH Ta
ATOMHUMH  €JEeKTPOCTAHIIsIMA. EHeprodmoku
UX eJEKTPOCTAHLIA MaroTh MapoBi TypOiHM
CepenHbOi Ta BEMKOI MOTYXHOCTEH. Po3poOHu-
KOM Ta BUPOOHHKOM Maibke yci€i OCHOBHOI JIi-
HiliKM X TypOiH yB Hamii kpaini € AT «Yk-
paiHChKi eHepreTHyHi MamuHuy. OJTHUM 3 TUITIB
NPOAYKLiI 3a3HAYEHOr0 TOBAapHCTBA € MapoBa
typ6ina K-500-65/3000 (puc.1). Bona ckiana-

€TbCS 3 YOTUPHOX HWITIHAPIB HU3BKOTO THCKY Ta
OJTHOTO LMJIIHAPa BUCOKOTO TUCKY. Jl0 KOKHOT'O
3 MWTIHAPIB HU3bKOTO TUCKY TIPUETHAHO KOHJIE-
HcaTopu. Cama mapoBa TypOiHAa Ta TeHepaTop
(TypOoarperar) po3TailioBaHi Ha €IUHOMY 3ai-
300eToHHOMY (yHIameHTi. Jlo cucremu TypOO-
arperat-¢pyngameHT-ocHoBa (Ti00O) BucyBaroTh-
csi 0araTo yMOB, OJIHIEI 3 HaWBa)UIMBILIUX €
BiJICYTHICTh PE30HAHCIB B poOOYOMY Jiala3oHi
4acToT.

Puc. 1. Typboarperart 3 maposoro Typ6iroro K-500-65/3000
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AHnauni3 myosikanii

3aranpHuii aHai3 napoBoi TypOinu K-500-
65/3000 Ta inmmx HaBemeHwit y [1]. Hocmi-
JOKCHHS BJACHMX KOJMBAHb IMapOBHX TYpOiH
CIOYATKy 31 CHIOBAINCEH HA CHPOILECHUX MOJIe-
JSIX poTOop-PpyHAaMEHT. Y IUX MOAETSIX KOpILy-
ca Typboarperarta Ta (yHIAMEHT BHU3HAYAJINCH
yepe3 y3arajabHEHI XapaKTePUCTUKU KOPCTKOC-
Tell onop exuHOro A5 TypOoarperara BaJlonpo-
BOy 200 OKpeMoi cucTeMu i poTopis. Jocai-
JOKeHHSAMH B I[iH ramy3i 37ifiCHIOBAIM TPYIH
BueHux mix kepiBauuteoM C. 1. Boromomnosa,
0. C. Bopo6GitoBa, B. M. Xypasnesoi,
H. I'. Ulynexenko Haitbinbime HaOMIMKEHUMHU
JI0 peaJibHUX YMOB ekcrutyaraiii cucremMu TOO
Oynu momeni, pospobmeni H. I'.lllynexenko,
10. C. BopoGiioBum, B. I1. binetdaenko. VY mux
MOJICNIAX BHUKOPUCTOBYBAIACH MPOCTOPOBA MO-
Jenb QyHmaMeHTy Ta HaOip 3 aHaJIITHYHUX W
EKCTICPUMEHTAITLHUX XapaKTEePUCTUK KOPITYCiB
TypOoarperara. 3 METO MOJANBIIIOTO0 PO3BUTKY
BOT0 HAMpsIMy JAOCIIIKEHb BUKOPUCTOBYBAIH
MPOCTOPOBI MOJIENI KOPIIyCiB TypOoarperara B
enunii cuctemi TAO. ITodaTkoBi HoCimKEHHS
3 UBOTO HanpsMy Oynu 3aiicHenHi B. M. Xypa-
BieBoro Ta O. C. Cremuenko. [Ipouec po3BUTKY
mogeneit TOO TpuBaB i B iHIIMX KpaiHax CBITy.
[1-8]. Mogaeni T®O 3 mpocTOPOBUMH CHCTEMA-
MH KOPIYCIB IIWIIHAPIB Ta (QyHIaMEHTOM J0-
3BOJISIFIOTH  JIOCII/DKYBATH BJIACHI KOJHMBaHHS
yciei cucremu TDO.

Meta Ta nocTaHOBKA 3aBJAaHHS
MeToro AOCIiKEHHS € aHalli3 BIaCHUX KO-
nuBaHb cuctemu TOO, HAOMMKEHHUX 10 poOOUOT
yactotd. OO0’€KTOM JOCHIDKEHHS € CcucTeMa
T®O 3 mapoBorwo TypbiHoto K-500-65/3000.
[TpeameroM JOCTIKEHHS € BIACHI YaCTOTH Ta
(GhopMH KOJIMBaHb CUCTEMHU.

MareMaTH4YHa MOJeJIb
3a METO/OJIOTIEI0 METOAY CKiHYEHHHX
eJIEMEHTIB, [1] 3araibHe pIBHSHHS MOYKHA 3aITd-
cartu K

[MHEO}+CHaO}+[KHa®}=R, (1)

ne M — MaTpuus iHEepIiifHO-MacOBUX XapakTe-
puctuk; C — MaTpHIls XapaKTePHCTHK 3 JeMIIQi-
pyBaHHs; K — MaTpUIs XapaKTEPUCTHK KOPCT-
KOCTI; R — 30BHIIIHE HABaHTAXKEHHS.

Jdns oOumcneHHs: BIacHUX 4acToT (pPj) BH-
KOPHUCTOBYEMO PiBHSHHS

det[K—piM]=0. 2)

Jnst momryky BrnacHUX (OpM KOJIHMBaHb BU-
KOPHCTOBYEMO y3arajibHCHE PiBHSHHS

[K -piMH{V;}=0. ©)

Buacui wacroru (p;j) MoXxHa 3HalTH 3a 1OMO-
MOTOI0 METO/Y iTepaliil y miampocTopi.

Po3paxynkoBa MmoaeJib

Byio po3pobneHo po3paxyHKOBY MOJIENb CHU-
creMu TPO 3a mpocTopoBorO cxemoro. Pospa-
XYHKOBa MOJENb CKJIAJA€ThCS 3 TPUBUMIPHHX
Mojenell GpyHAaMeHTy Ta KOMOIHOBaHMX MoOJe-
Jie IWIHAPIB HU3BKOTO THUCKY. DyHmaMeHT
Ma€ JKOPCTKE KPIIUIEHHS B MICIAX CITUPaHHS Ha
OCHOBY (IpyHT Ta ()yHIAMEHT OY[iBJi €ICKTPO-
cranuii). L{uninapi HU3BKOTO THUCKY TPHEAHAHO
10 GYyHAAMEHTY CHCTEMOIO JKOPCTKOCTEH 3 ypa-
XyBaHHAM TOYOK (hikcamii. ['eHeparop 1 mumiaap
BHUCOKOTO THCKY € OCTaTHBO JKOPCTKHMHU KOHC-
TPYKIiSIMH, TOMY OyJiIH BpaxoBaHI CHCTEMOIO
Mac. O00HMH IITIHAPIB HU3HKOTO THCKY TAKOX
€ XKOPCTKUMH 00OJIOHKaMH, TOMY TaKOX Bpaxo-
BYBaJIUCh CHCTEMOIO Mac. BepxHi 4yacTHHU KOp-
MyciB NWIHAPIB HU3BKOTO THUCKY Ta €IUHHIA
BAJIOTIPOBIJl BPaxOBYBallCh 3a CIIPOIICHOIO
cxeMow uepe3 cucteMy Mac. KonneHcatopu
BPaxOBYBAJIUCS 3a JOIOMOTOI0 CUCTEMH Mac Ta
TPaHUYHUX YMOB, OCKUIBKH OUIBIIY YacTHHY
IXHBOI MAaCH KOMIIEHCOBAHO CHCTEMOIO IIPYyXK-
HUX KpimieHb. Ockinbku cucrema TAO wmae
TUIOMIMHY CHMETpii, TO MOZENOBaIach JHIIe il
nojoBuHa. Po3paxyHKOBY MOJieNib HaBeJICHO Ha
puc. 2. CKIHYEHHO-EJIEMEHTHa MOJE]b Mae
22870 By3miB Ta 18238 ckiHUEHHUX €IIEMEHTIB

JocixkeHHs1 BJaCHUX KOJIMBaHb
Bynu po3paxoBani BiiacHi yacToTH Ta ¢op-
MU BJIACHHX KOJHMBaHb y niamas3oHi 42-56 I'm.
Pesynbrartn HaBeneHi Ha puc. 3—8 Ta B Tad. 1.

Tabmuus 1 — 3aranpHuil onuc GopM KOJIMBaHb

puc. | Hacrora,I'n | Tun ¢opMu KonMBaHb
3 43,4 rinobdanLHa
4 477 JokaimpHa 1
5 49,4 riaodanabLHa
6 52,1 JIOKaJbHa 1
7 53,9 JIoKanbHa 1
8 54,2 JIOKaJIbHA 2

I'moGaneHi ¢popmu KOIMBaHB (Ha YacTOTax
43,4 T, 49, 4 I'm) BU3HAYAIOTHCSA CYMICHUMH
3HAYHUMH KOJHMBAHHSAMHU KOPITYCiB TypOiHH Ta
¢dbyHIaMeHTy.
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Puc. 2. TypOoarperar 3 mapoBoto TypOiHoro Puc. 3. BmacHa ¢opma KoaMBaHb Ha 4YacTOTI
K-500-65/3000 43,4 Tt

.

Puc. 4. BnacHa ¢opma konwmBaHp Ha 4actoTi Pmc. 5. BrmacHa ¢opma KomwBaHbR Ha 4YacTOTi
47,7 'y 494 T'ny

Puc. 6. Bnacna ¢opma xonmuBaHb Ha 4acTOTi
52,1Tn Puc. 7. Bmacma ¢opma KoIWBaHb Ha 4YacTOTI
53,9 '
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Puc. 8. BmacHa ¢dopma KonmmBaHb Ha YacTOTI
54,2 'y

®dopma konuBaHb Ha yacToTi 49,4 'l € Hali-
Oinpm HaOMIKEHOO 10 pobovoi yactoTu 50 I'm.
Sxmo Ha gactoti 43,4 I'm popma KonmBaHb Mae
Maiike OJHaKOBHH PO3MOIiN PiBHIB KOJIWBAHb 32
JOBXHUHOK (yHIAMEHTy, TO [UII YacTOTH
49,4 ' popma KOJNMBAaHb CYTTEBO BiIPI3HAETH-
cs. bimpmni piBHI KonmBaHb Mae yactuHa (yH-
JaMEHTYy, Ha SIKy CIUpaeTbesi reHeparop. Ta-
KOX JIBa KOPITyCH IWIIHIPIB HU3BKOTO THUCKY,
o HaONMKeHi JI0 TeHeparopa, MaloTh OUIbIIi
piBHI KOJHMBaHB, HDXK IHII JBa KOPITyCH TaKHX
CaMMX IWIIHAPIB HU3BKOTO THCKY, IO 3HAaXO-
JIATHCS Ha BEJIMKiH BiJicTaHI BiJ reHeparopa.

Tun ¢hopMH KONHMBaHb «IOKaJbHA 1» BH3HA-
Ya€eThCsl KOJIMBAaHHAMHU OKPEMHUX YacTHH (yHIa-
MeHTy. Bci Tpu dopmu BracHHX KONMBaHb (Ha
gactorax 47,7 I'm, 52,1 ', 53,9 I'm) Bu3Haua-
IOTBCSI KOJIMBAaHHSMHU OKPEMOi KOJIOHHW Oifsi re-
HepaTopa. PopMH BIAaCHUX KOJMBAHb HA YacTO-
tax 52,1 I'm ta 53,9 I'l BU3HAYalOThCA KOJH-
BaHHSIMHU OJIHIET KOJIOHHM TOcepe]] KpiIUIeHHS
re’eparopa.

Tun GpopMu KOJIMBaHB «JIOKallbHA 2» (Ha 4a-
croti 54,2 I'm) BU3HAYAETHCS KOJUBAHHIMHU
KOPITyCiB LMIIIHAPIB HU3BKOTO TUCKY. BonHouac
BapTO 3a3HAYMTH, LIO IMapa KOJIOH Hocepen Kpi-
TUIEHHSI TeHeparopa TaKoXX Mae MOMITHHH pi-
BEHb KOJIMBAaHb.

BucHoBkn

Bbyno moOynoBaHO poO3paxyHKOBY MOJIEIb
cucremu T®O. OrtpumaHo BIacHi 4acCTOTH Ta
¢opmu BrnacHuX KonmBaHb cuctemu TOO s
niana3zoHy 42—56 I'm.

JocmimkeHHsT BIacHUX YacTOT JIEMOHCTPYE
HasBHICTh 4acTOoTH 49,4 I'l, mo 3HAXOIUTHCS
01151 po60UOi.

Hocmimkernas GopM BIaCHUX KOJUBaHb Jie-
MOHCTpPY€ HEIOCTaTHIO >KOPCTKICTh MIOHalMe-

HIIIe OJHi€T TTapu KOJOH (YHIaMEHTY, IO 3Ha-
XOAWTBCS TOCeped KpIJICHHS TeHeparopa.
Jlns migBummenHast  BiOpariiitHoi Tpame3gaTHOCTI
CHCTEMH TOTPIOHO 3MIHHUTH I1HEPIIHHO-MacOBI
XapakTepuCcTUKU (QyHIAMEHTY, 30KpeMa MOXHa
3alpOTNOHYBaTH 3HAYHO TMOCHJIMTH >KOPCTKICTDH
napu KOJOH (YHIaMEHTY, IO 3HaXOJUThCS
nocepes; KpimieHHS TeHepaTtopa. st mogans-
IIOT0 aHAJTi3y MPOTOHYETHCS 3AIMCHUTH JTOCITi-
JOKSHHS 32 MOJIEpHiI30BaHUM (hyHIaMeHTOM abo
3MIACHUTH YTOYHEHHS pe3yNbTaTiB aHaNi3y BH-
MYIIICHUX KOJIMBAHb.
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Study of natural oscillations of a high-power steam
turbine near the operating frequency

Abstract. Problem. The natural frequencies and
features of the natural forms of the turboset-
foundation-base system near the operating fre-
quency are considered. Goal. The aim of the
work is to study the natural frequencies and
modes of natural oscillations of the turboset-

foundation-base system near the operating fre-
quency range to assess the vibrational state of the
system and determine the causes of increased
vibrations. The object of the study is the system of
turboset-foundation-base. The system consists of
a single reinforced concrete foundation on which
a steam turbine and a generator are installed.
The subject of the study is the natural frequencies
and forms of natural oscillations of the turboset-
foundation-base system. Methodology. The study
was carried out by oscillation methods and the
finite element method. The use of original meth-
ods developed directly by the author for con-
structing models of complex machine-building
systems should also be mentioned. Results. As a
result of the research, three-dimensional finite
element models of low-pressure cylinder bodies,
the foundation and the entire turboset-
foundation-base system were built. The conducted
study allows us to draw a conclusion regarding
the causes of an increased level of vibration near
the operating frequency and directions for their
prevention. Originality. Regarding the methods
of constructing a model of the turboset-
foundation-base system, their uniqueness should
be noted. The features of the applied modeling
method make it possible to take into account the
variable interaction between low-pressure cylin-
der bodies and the foundation. Fixpoints are also
taken into account. Previous studies of the tur-
boset-foundation-base system did not allow us to
determine the nature of the oscillation modes
near the operating frequency. Practical value.
The results of the work relate to direct practical
application. As a result of the work, conclusions
were made about ways to increase the vibration
reliability of the turbine unit-foundation-base
system and further research directions.

Key words: turbine, vibration, own forms, modeling,
finite element method, foundation.
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