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AuHorauus: B nanHoi paboTe mpeacTraBieHa METOJMKA pacdeTa 4acTOT COOCTBEHHBIX KOJEeGaHUM JIOMaTOK
0ceBOro Kommpeccopa. IIpuBeeHsl pe3yabTaThl PACUETOB YaCTOT HU3MIMX (POpM KosiebaHUi KOMITPECCOPHBIX
JIONIATOK B 3aBHCHMMOCTH OT HW3MEHEHHMS TEOMETPUYECKUX XapakTEPUCTUK I[epa JIOmaTKd. IIpoBeaeH
CPaBHHUTENLHBIM aHAIHU3 MMOJIYUYEHHBIX PE3YIIHLTATOB.

Abstract: This paper presents calculating method the natural oscillation frequencies of axial compressor blades
and the calculations results of lowest frequencies modes compressor blades depending on the change in
geometric characteristic. The article provides comparative analysis of results.
Kniouesvle cnoea: J0OmATKA KOMIIPECCOPOB; TEOMETPHUYECCKHE XapaKTEPHCTHKU;
KoJieOaHuH.
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YacTOTEl COOCTBEHHBIX

BBEJIEHUE MpOrpaMMHBIX ~ KOMIUIEKCOB Ha ocHoBe MKD

o o TO3BOJIIET HAUOOJIEE MTOTHO PEeUINTh JaHHYIO 3a/1a4vy.
COBpeMeHHOI/I TCHACHIIHUCH OTCYCCTBCHHOI'O u

MHpPOBOTO TypOOCTPOEHHS SIBIISIETCS IOBBIIIEHHE
9HeprodPpHeKTUBHOCTH yCTaHOBOK. OMHUM U3 IMyTel
JOCTHKEHUSI BBICOKOM 3((EKTUBHOCTH  SIBJISETCS
MpOo(QUINPOBAHUE JIOMATOK OCEBOr0 KOMIIPECCOpa C
y4ETOM  MPOCTPAHCTBEHHOrO  TEYEHHS  IIOTOKA.
OpHako MpU MPOEKTHPOBAHUM HOBOT'O JIOIMATOYHOTO
amnmmapara BO3HUKAIOT 3aJayd 00eCrevyeHus BBICOKOM
BUOPOMPOYHOCTH JIOMATKH, KaK OJHOI'O M3 OCHOBHBIX
9JIEMEHTOB yCTaHOBKH. CYIECTBYIOIIUE METOIUKH
pacyeta He [O3BOJIAIOT KOMIUIEKCHO — OILCHUTH
BJIMSIHHE Pa3IMYHBIX T€OMETPUUECKUX XapaKTEPUCTHK
JIONIATKH, KOHCTPYKTHBHBIX HEOTHOPOTHOCTEH |
CBOWCTB MaTepuaja Ha YacTOTBl COOCTBEHHBIX
konebanuii (UCK) mepa nomatku. Mcmonb3oBaHue
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[TOCTAHOBKA 3AJJAYN

Heo0xonuMo BBINONHUTH HUCCIEJOBAHHE BIMSHHS
OCHOBHBIX T'€OMETPHYECKUX XapaKTEPUCTHK JIOMATKU
Ha 4acToThl €€ COOCTBEHHBIX KojebaHuil. B kauecTBe
o0beKkTa HcceqoBaHus Oblla BHIOpaHa jonarka 1-oif
CTYIEHH BBICOKOHArPY>XEHHOT'O 0CEBOT0
kommnpeccopa ycranoBku I'TK 10-4.

METOIAMKA PACUETA

B xome paspaboTku pacueTHOHl Monenu Oblia
NpoBEZCHAa  OLEHKa  BJIMSHHUSA  Ha  3HA4YCHHE
COOCTBEHHBIX  YacTOT  KoyieOaHMH  CIEQYIOIINX
TPaHUYHBIX YCIIOBHIA:

- THII DJIEMEHTOB CETKH,

- pa3Mep JIIEMEHTOB CETKH,
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- CBOIiCTBa MaTepHana,

- CrI0co0 3aKpPeIUICHUS JIOMATKH.

Ilpy pemieHMM 3aayd IO OIPEICICHUIO YaCTOT

COOCTBEHHBIX KONeOaHMIl B cpefie Ansys BO3HHKaeT

pacxXoxJeHUe TONydYaeMbIX JaHHBIX (Tabmunal),

CBSI3aHHOE C BHIOOPOM THIIa KOHEYHOT'O DJIEMEHTA.
Tabmuna 1.

ITorperHocTh OIpeAeeH s YaCTOT

dopvi solid 186 | solid 185 HorpemHocTs, %
yacrora, 111 ’
1 361.1 328.3 9.09
2 1056.6 981.2 7.14
3 1852.2 1856.4 0.23
4 2642.7 2522.8 4.54
5 3074.8 3345.8 8.81
6 4520.2 4848.2 7.26
IIpu BBIOOpe KOHewHOro osmementa solid185

norpemHocts omnpenenenuss UYCK nomatku mo 1-i
¢dopme mpesbicuna 9%, moaToMy I pacdyera ObuI
BBIOpaH 3JIeMEHT OoJiee BBICOKOTro mopsiaka [1].

OnTuManbHbIA pa3Mep SYEHKH CETKU BBIOMpACs U3
YCJIOBHS, YTO KOJMYECTBO JJIEMEHTOB pPACUETHOM
MOJIENIU JOKHO cocTaBiATh nopsaaka 500...550 Tsic.
stueek. Tum ceTkn rekcaroHanpHb (Hex Dominant
Method). lmenHo Takue mapaMeTpbl  MOJIEIH
obecrne4nBaoT MaKCUMaJbHOe OTKJIOHCHUE
PacUeTHBIX JaHHBIX OT YKCIEPUMEHTAIBHBIX He Ooee
8%, uTo sABIAETCA JONYCTUMBIM IIPH PEIICHUH
JIaHHOM 3a1auu [2].

Yacrora COOCTBEHHEIX KoJieOaHmi JIOIIaTKu
OTIPEIETAETCS CIEAYIONIEH (POPMYIIOM:
f= (kD? [ EI 0
27 A pAl*
Kak BUOHO, BJHWAHHUEC MaT€puajia JIOIIATKU Ha

COOCTBEHHBIE  4YacTOTHl  KojneOaHWH  JIOHMATKH
ompenensercd KBaJApaTHBIM KOPHEM COOTHOIICHUS
MOAYJIA YHOPYrocTH K IUIOTHOCTHM MaTepuana. Jlns
OONBIIMHCTBA KOHCTPYKIMOHHBIX MAaTepUalioB 3Ta
BEJIMYMHA HU3MEHAETCS HE3HAUUTENIbHO, II0ITOMY
YacTOTa M3TMOHBIX KOJIeOaHMH He 3aBUCUT OT
Matepuana Jonatkd [3]. B xome pabor mo
BuOpannoHHo# noBonke OK ObUT MIPOU3BENEH pacuer

JIONAaTOK Il JBYX  Pa3iU4YHBIX  MaTephajioB
(Tabnual).
Tabnuma 2.
CBoiicTBa MaTepuasa JIONaTKU
CBolicTBa
1\
Marepuan E*I\I/I(l)'[a-s’ p, Kr/m® T
DU-961-111 2,00 7800 5,18
20X13 2,18 7670 5,33

VCTaHOBIIEHO YTO OTHOCHUTEILHOE U3MEHEHUE YaCTOT
HE IMpeBbICHIO 5.6%, YTO HECKONBKO BBIIIE IIO
CPaBHEHUIO C TEOPETUUECKUMH JTAaHHBIMU.

Jlis peneHus 3a7a49u 10 ONPEeNICHNI0 COOCTBEHHBIX
YacTOT  JIONATKHM  HEOOXOAMMO  HMCIIOJIB30BAaTh
KOHEYHBIE DJIEMEHTHI 00Jie€ BBHICOKHX MOPSIKOB, 4TO
TIPUBOAUT K 3HAYUTEIBHOMY YBEIHMYECHUIO
TpedyemMoro MammHHOro BpeMeHH. CokpaieHue
BpEMEHM pelleHHs] 3aJa4d HE MOXeT ObITh
JIOCTUTHYTO ITyTEM YMEHBUICHHUS YHUCa DJIEMEHTOB
pacyeTHOM CeTKH, T.K. 3TO MOXET NPUBECTH K
pacxoaumoctu 3Hadenuit YCK.

Jpyrum criocoOoM yBeTM4eHHs MPOU3BOIUTEIBHOCTH
SIBIISIETCS YIPOLIEHUE TEOMETPHUU UCCIIETyEMOro Teja
(;ronmatkn). MHOXKECTBEHHBIE PacyeThl MTOKa3allH, 4To
BO3MOKHO JIOCTATOYHO TOYHO OIPEACIUTh
COOCTBEHHBIE YAaCTOTBI JIOMATKH HCCIEAYIO TOIBKO
nepo KonudecTBo 351eMEHTOB MPU TaKOH MOCTaHOBKU
3amaun cokpamaercsi B 10 pas, T.K. XBOCTOBHK
SIBJIIETCSL TOBOJILHO OOLEMHBIM TeoM. BoszeiicTBue
XBOCTOBHKa B JIaHHOM CIlly4ae Ha IIepO 3aMeHsieM
KECTKOM 3aJelKkoil IO TOPLEBOW IOBEPXHOCTU

(puc.1).

Puc. 1. Coco0 3akperuieHust IonaTku

Tpebyemoe MammHHOE BpeMsl [1si 00pabOTKHU JaHHBIX
mpu  wucmoib3oBanuu OBM ¢ mponeccopoM
Intel(R)Xeon(R) 3.5I'ru, u onepaTuBHOW NaMsTHIO
16I'6, cokpamaercs B cpenHeM ¢ 1-1.5 waca mgo 10-15
MUHYT IPHU TAKOH IIOCTAHOBKE 3aJlauM.

PE3VJIbTATBI PACUETA

B mnporecce uccnenoBaHus OLIEHUBAJIOCH BIMSHUE
CIIETYIONIHX TeOMETPUYECKHX XapaKTEePUCTUK
CEeYeHHH JIOIaTKHU:

- KOOpAMHATa yIpaBIsiome Touku X3,

- oceBas miuHa (O]]),

- paJuyc BXOJHOW KPOMKH,
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- paxuyc ¥ BEIXOAHOW KPOMKH,

- MakcuMaubHast TonmuHa npoduis (Cmax).
[locTpoeHne reoMeTpuu JIONMATOYHOIO AammapaTa
MPOU3BOJMIIOCH 10  CIEIMANBHO  pa3padoTaHHOU
Metoauke mnpodunupoBanus. Jlomatka umeer 11

KOHTPOJIbHBIX CeYeHui, BCE rapameTpsbl
WHTEPIONUPYIOTCS  OT KOPHEBOTO  CEYEHUsS K
nepudepuitHoMy.

J1s1 oLleHKM BIMSHMSA CMELIEeHHs KOOpAWHAThl X3
yIIpaBJISIFOLIEH TOUKU Ha KpuBOH be3be ObLT poBe/ieH
psn skxcriepuMeHToB. Touka X3 cMmemranack mo ocu X
¢ 55% nmo 75% (puc.2) ¢ marom 5%.

g
——Normal Layer Thckness

Theew
.

Tormal Layer

%
3
i/

10 15 E) % 0 EJ 0] [3 ) RG] [E] % ®
WiLEWTE)

0 H
(49.9048.7.5682)

Puc. 2. CpaBuenue npoduiieli JIONaTKu ¢ Pa3TUIHBIM
3HauYeHUuEM X3

Pe3yspraThl pacueToB mokasaiH, YTO IMPH U3MEHEHHH
nojoxeHus koopauHatel X3 Ha 20%, W3MeHeHHe
4acTOT COOCTBEHHBIX KOJicOaHUil He mpeBbimact 2%.
DTO CBSI3aHO C TEM, YTO ILIOMIA/Ib CEYSHUSI K MaCCOBO
MOMEHTHBIE XapaKTePUCTHKH JIONATKU W3MEHSETCs
HE3HAYHUTEIHHO.

Jns BeiaBnenust xapakrepa 3aBucumoctd YCK ot
0CeBOW JUIMHBI OBLIM MPOCYMTAHbI 5 BapUaHTOB, B
KaXIOM M3  KOTOPBIX, JaHHBIH  Mapamerp
yBenu4uBaics Ha 5% MO CPaBHEHMIO C NPEIbLAYLIeH
nonatkoi. [TapameTp U3MEHsJICS OJJUHAKOBO BO BCEX
ceyeHusix Jomatku. [lo pesymbraram pacuera
OTHOCHTEJIIFHOE  W3MEHEHHE  M3TMOHBIX  (opM
npeBbicuio 16%, B TO BpeMsl Kak KpPYTHWIBHBIX HE
npeBbicuiIo 4% (Tabmuma3l).

OTHOCHUTEJILHOIO HU3MEHEHUsS 4YaCTOTHEI OT OCEBOM

JUIMHBI JIOIIaTKH.

Af, %
25

0 AOJT, %

] L3 10 15 20 25
Puc. 3. 3aBucHUMOCTB YacTOT KOJIEOAHUI OT 0CEBOM
JUIMHBI JIOMIATKU.

U3 rpaduka BUIHO, YTO 3aBUCUMOCTH JUIS 4acToT 1-i,
3-it, 4-i1, 6-ii (M3ruOHBIE) (QOPM HMMEIOT CXOXKHH
Xapakrep, B OTIMYMM OT 2-i u 5-ii  dopm
(KpyTHIIBHBIE).

AHanu3 3aBHCUMOCTH CBHJIETEIBCTBYET O TOM, YTO
npu yBenuueHun OJ] Bcex ceueHUl JIOMAaTKH,
4acToThl BceX (opM KojeOaHHMil BO3pacraer, dYTo
CBS3aHO C YBEIMYEHHUEM >KECTKOCTH JIONATKU.

YBenu4yeHue OCEBOW JJIMHBI Ha TMEPUPEPUH JIOMATKA
Ha 25% naer CHIWXCHHE 4acTOT BeeX opM, KpoMe 6
(Tabiuna 4).

Tabnuma 4.
3aBHCUMOCTD YaCTOT KOJICOaHMI OT OCEBOM JUIMHBI Ha
nieprdepun

Ne yacrora f, I'rg OTtHOCHTETIH
bopm HOE
Bl HC);HH OH(H:IZ)?(%EPM) HU3MEHEHNE
f, %
1 2453 225.1 -8.97
2 946.6 804.3 -17.70
3 1201.9 1175.4 -2.25
4 1661.3 1587.9 -4.62
5 2668.1 2616.0 -1.99
6 3289.0 3477.1 5.41

Tabmura 3.

3aBUCUMOCTh YaCTOT KoJeOaHUil OT OCEBOM JJIMHEI

uactora f, 't OTHOCHUTENILHOE

Ne gopmer | mexon O%—QS m3menenue f, %
as %0

1 2453 307.3 20.19

2 946.6 982.5 3.66

3 1201.9 | 1469.0 18.18

4 1661.3 | 1991.9 16.60

5 2668.1 | 2737.9 2.55

6 3289.0 | 3772.0 12.80

Paznuna mexny 2- um 5-ii ¢opmaMu KonebaHHHA
octaercia nocTosHHOW Ha ypoHe 1740 I'm. Ha
puUCyHKe 3 TpeACTaBlieH TpapuK 3aBHCHUMOCTH
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[lo pe3synpTaTaM pacuera BUAHO, YTO yBEIHMYEHHEM
oceBoW JUIMHBI Ha mepudepun Ha 25% MOXKHO
JIOOWTBCS  CHIDKEHHSI 4YacTOThl 10  KpyTHIBHOM
¢opmbl Ha 17%, W yBEIMYUTH YACTOTY HW3THOHO-
KpyTtuibHOM (GopMmbl Ha 5%. g moaTBepkIacHUS
MIOJTYYEHHBIX PE3yNbTaToB, ObUI IPOCYMTAH BapHAHT
JIOMATKK C yBEJIWYEHHOW OCEeBOW JUIMHOW Ha
nepudpepun Ha 5%. YBenmmuenue OJ] Ha 5% Ha
nepudepun, 1aeT aHATOTHYHYIO KapTHHY U3MEHEHHs
4acToT, NpUYEM OTHOCUTEIbHOE H3MEeHeHHe B %
COCTaBMWJIO B 5 pa3 MeEHbIIE [0 CpPaBHEHHUIO C
MPEABIIYIIMM BapuaHTOM, YTO TOBOPHUT O JIMHEHHOU
3aBHCHMOCTH BJIMSIHUSI OCEBOM JIIMHBI Ha Mepudepun
n YCK nomatku. Taxue pe3yiabTaThl CBA3AaHBI C
YBEIMYEHHEM MacChl JIONATKH Ha Tnepudepun,
KOTOpO€ TMpPHUBOIUT K YBEIMYEHUIO aMIUIUTYIIBI



Koundgepernyus monoowvix yuenvix — 2017

YparDHUH, PI'AOY BO «YpD@Y»

KoeOaHus JIONaTKH, u Kak CJIICACTBUC K
YMEHBIICHUIO  4aCTOT COOCTBEHHBIX  KOJIeOaHUi
JIOIIaTKH.

VYBenuueHue paguyCcoB BXOAHBIX W  BBIXOAHBIX

kpoMok Ha 50% maeT uU3MEHEHHE YACTOT, HE
npesbimatomiee 2%. IloaTomy Ha paHHOM JTame
nanbHeimee uccnenosanue 3aBucumocty UCK ot
panuycoB BXOOHBIX M BBIXOJHBIX KPOMOK Iiepa He
npousBonurcs. Cromb  HEOONbIIOE  W3MEHEHHE
OOBSCHSETCSI TEM, YTO PpaJAUYChl KPOMOK HMEIOT
Mayible 3HAa4YeHHs, [0 CPaBHEHUIO C pa3MepaMu
JIONAaTKA ¥ WX W3MEHEHHWE He BIICUeT W3MEHEHUs
IUIOLIA CEYCHUH JIOMATKU W paclpeselieHus
MacCOBO-MOMEHTHBIX XapPaKTEPUCTHK.

Jns BeiaBnenust xapakrepa 3aBucumoctd YCK ot
MaKCHMaJIbHON TOJIIHEI npoduIIs ObUTH
MPOCYHUTAHBI 5 BapUAHTOB, B KaXKJOM U3 KOTOPBIX,
JaHHBIM mapameTp yBenuuuBajics Ha 5% 1o
CpaBHEHMIO C TpeAbIAylIei jonaTkoi. Pe3ymbrarhbl
pacyera MpeAcTaBIeHbI B Ta0nuIe 5.
Tabnuna 5.
3aBHCHMOCTh YacTOT KOJIeOaHH OT MaKCHMaIbHON
TOJIIIMHBI IPO(UIIS

No gactoTa f, I'l OTHOCUTETBLHOE

¢dopmbl | mcxomu | Cmax+25 | nsmenenue f, %
ast %

1 2453 284.3 13.71

2 946.6 1158.1 18.26

3 1201.9 1336.2 10.05

4 1661.3 1782.6 6.80

5 2668.1 3488.2 23.51

6 3289.0 4166.8 21.07
OTHOCUTEIbHOE  W3MEHEHHWe  M3THOHBIX  (opM
IIpeBBICUIO 6%, a KpyTUIBbHBIX 18% COOTBETCTBEHHO
VBenuueHne 4YacToT CBSI3aHO C  YBEJIMYCHUEM
KECTKOCTU JIOMATKH, YTO BEIeT K CHIKEHHIO
aMIUTUTYAbl KoleOaHuid. 3aBHCHMOCTh HW3MEHEHHs

UCK or Cmax uMeeT HeJIMHEeHHBINH XapakTep (puc.4).

Af, %
25

20

bopma 1

thopma 2
15
¢dopma 3

hopma 4
10

bopma 5

bopma 6
o ACmax, %
0 5 10 15 20 25

Puc. 4. 3aBucUMOCTD YacTOT KOJIEOAHUI OT
MaKCUMAaJIbHO! TOJIIIMHBI TPOQIIIS JIOTATKH.

Ananmmz TTOJTYYCHHBIX 3aBUCHMOCTCH IIOKa3hIBa€T, 4TO
HU3MCHCHHUC napamMeTpa Cmax OKa3bIBacT

MUHAMAIIbHOE  BIIMSIHUE Ha HM3THOHBIE  (OPMBI
KoJneOaHui ¢ 1-M u 2-Ms y3JIOBBIMH JHaMETPaMHU.

Ha cnenyromiem stame Obuta NpoW3BeJEHA OLEHKA
BIUsAHUS n3MeHeHHss Cmax Ha y3J0BOM JUaMeTpe.
MaxcumanpHas ToamuHa mpoduist B cedeHun 80%,
YTO COOTBETCTBYET PACIOIOKEHHIO Y3JIOBOM JIMHUU
(puc.5) Obu1a yBemuuena Ha 20%.

L00.00 {rrarri)

Puc. 5. Kaptuna pacnpenenenus y3J10BbIX JUHUNA S-i
(hopMBI KOJICOAHHIA JTOTIATKH.

Bbu1o ycTaHOBIIEHO, YTO BO3JEHCTBHE Ha 3Ty 30HY,
OKa3bIBaeT 3HAYMTEIBHOE BIMSHHE Ha BTOPYIO
KPYTWIBHYIO ¥ U3TUOHO-KPYTWIBHYIO  (opMy
koneOaHui. M3meHenue wacror S5-d um 6- ¢opm
npeBbiclin 8%,  YacTOTBI  OCTANBHBIX  (opM
CHHU3WIINCh, YTO CBSI3aHO C YBEIMUYEHHEM MaccChl Ha
nieprdepun JonaTKy.

3AKJIFOUEHUE

Haubonee cunbHOEe BJIMSHHE Ha CIHEKTP YacTOT
KoNeOaHUH JIOMATKK OKa3bIBaeT M3MEHEHHE TaKUX
napamerpoB kak OJ wm Cmax, oco0eHHO Ha
nepudepuiiHpIX cedeHusX Jomatkh. OcraibHbIE
rapameTpbl He OKa3bIBAIOT CYIIECTBEHHOT'O BIIMSHHS
Ha YCK nepa KOMIIPECCOPHOM JTOMATKU.
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