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ITpu permieHuu 3ama4y POTOPHON TMHAMUKM aBUAIMOHHBIX ra30TYPOMHHBIX IBUTaTeell UMeeT OOJbIIoe 3HAUeHUE
TOYHOCTb pacueTa XeCTKOCTHBIX XapaKTepUCTUK orop poTtopa. OMHMUM M3 caMbIX PACIpOCTPAHEHHBIX 3JIEMEHTOB OIOP
SIBJISIETCST POJIMKOBBIN TOAITUITHUK, MOJEIMPOBAHUE KOTOPOTO CBSI3aHO ¢ HEOOXOAMMOCTBIO yUyeTa KOHTAKTHBIX B3alMO-
NENCTBUI MeXy TeJlaMU KaueHUsl U KoJiblaMu. OObIYHO 3TO B3aMMOJEHCTBHUE OMUCHIBAIOT C IMOMOIIIbIO aHATUTUYECKUX
WY SMIIpUYecKuX dopmyi. B maHHol paboTe TPUBOAMTCS BBIBOM 3aBUCMMOCTH MEXIY BHEIITHEi Harpy3Koil U rmepeme-
LIEHWeM JIJIs1 3a1a4u JIMHEWHOTO KOHTAKTa MOJIOBUHBI HWIMHAPA U TUJIOCKO TTOBEPXHOCTU C MTOMOIIBIO METOAA KOHeY-
HBIX 251eMeHTOB. [loslyueHHast 3aBUCUMOCTh CPaBHUBAETCSI ¢ AMITMPUUYECKU TOJydeHHOH (opmysoii [Tanmrpena nis toi

K€ 3amayu.

Knrouesbie cnro6a: poMUKOBBIN MOAIIUITHUK, XECTKOCTD,

KOHTAaKTHOE B3aMMOJCUCTBUE.

Beenenue

[Ipu pelileHur 3amay pOTOPHON AMHAMUKHU aBUA-
LIMOHHBIX Ta30TypOouHHBIX aBurareneit (I'TH), umeer
00JIbI1I0e 3HAUEHUE TOYHOCTh PacyeTa XKeCTKOCTHBIX Xa-
PaKTEepUCTUK OMop poTopa. B ob11ieit skecTKoCTH ornop-
Horo y3na potopa I'T/l y4acTBYIOT IMOAIIUITHUKU —

IAPUKOBBIE MJIM POJIMKOBEIE, KECTKOCTh KOTOPBIX 3a-
BUCHUT OT MHOTMX (DAKTOPOB — T€OMETPUU, YKUCIIA TEJ
KayeHWs, BeIMUMHBI 3a30POB, paguaIbHBIX U OCEBBIX
Harpy3oK, CBOMCTB MaTepUaioB, TeMIIepaTypHOro Ha-
TPYKEHUS U IPYTHUX.
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Cneuucuka MOIEJIUMPOBAHUS  XKECTKOCTHBIX
CBOMCTB POJIMKOBBIX MOAIIMITHUKOB B MEPBYIO OUYepeb
CBSI3aHA C KOHTAKTHBIMU SIBJICHUSIMU MEXAY TeaaMu
KaueHusl U KoJibllaMU. B3aumoneiicTBue Ten paccMar-
pUBaeTcs KaK BHYTPEHHUM KOHTAKT JBYX LIWJIMHIPOB
BIOJIb OOpa3sylolleil. AHATUTUYECKOEe pellieHUue 3TOM
3a7a4M, MOJYyYeHHOE Ha OCHOBE KOHTAKTHOW TeOpUU
I'epua, 6b10 omnmy6anKoBaHo B padore JlyHmbepra—
[IeBamia [1], omHaKO MOIydeHHAsI 3aBUCUMOCTb MEXKITY
rnepeMelleHUeM U BHEIIHel cujioil HeyaoOHa sl uc-
MOJIb30BaHUS B MPAKTUYECKUX pacyeTax, TaK KakK He-
BO3MOXHO MPEACTaBUTh OOpPaTHYIO 3aBUCUMOCTD (T.€.
CUJIBI OT MepeMellieHus) B IBHOM Buje. B padote Xap-
puca [2], omHOI M3 OCHOBOMOJIATAIOIIMX T10 aHAIU3Y
POJIMKOBBIX MOAIIMITHUKOB, 3Ta XK€ 3aBUCUMOCTb OIH-
CBIBAETCS C TOMOIIbIO 3MIIMPUUYECKU TIOJYYEeHHOM
(opmynbl [TanmrpeHa. bojee 060cHOBaHHO TaHHYIO
3aBUCHUMOCTh MOXHO MOJYYUTh MYTeM MPUMEHEHUS
YKCJIEHHBIX METOAUK, OCHOBAaHHBIX Ha METO/Ie KOHEY-
HbIX 27eMeHTOB (MKD3). B Hacrosiieir paboTe npea-
CTaBJICHO TOJYYEHUE 3aBUCUMOCTU MEXAY BHEIIHEeH
CUJIOW U mepeMellleHeM B 3ajaue KOHTaKTa MOJIOBU-
Hbl LIWJIMHAPA U TUIOCKOH MOBEPXHOCTU C MOMOIIbIO
MKD.

Oobmas Teopus

CormracHO aHATMTUYECKOMY PEIIEHUIO KOHTaKTHOM
3a/1a9M O B3aUMOICHCTBUM IBYX LMJIMHIPOB, OITyOJIH-
KoBaHHOMY B pabote JIyHnoepra—IlleBanna [1], mepe-
MeIIleHNe B TOYKe KOHTaKTa paBHO
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ITocTanoBKa 3ama4M U omucaHue
KOHEYHO-3JIEMEHTHOM MOJIeJIH

Ji1s1 TIoTy9eHMsT 3aBUCUMOCTHY MEXKIy BHEIITHEN Ha-
rpy3KOl 1 TiepeMellieHUeEM pelliajiach 3aa4a O KOHTaK-
T€ TOJOBUHBI LMJIMHAPA C TUIOCKON AedopMUpyeMOit
MOBEPXHOCTBIO (IUJIMHIP ¢ OECKOHEYHBIM PaglyCOM)
MpY pa3IMYHBIX IJIMHAX KOHTaKTHON auHumM (puc. 1).
Hmmxa BappupoBanach ot 0,5 7o 50 M.

Puc. 1. [locTaHoBKa 3a1a4yy 0 KOHTaKTe LIUJIUHApPA U TIOC-
Koctu: L — njiMHA KOHTAKTHOW JUHUM (Bapbupyemasl Be-
JINYMHA)

Hna MomeaupoBaHUs WCITOJb30BAIMCh TeKCadI-
pajbHbIE JTMHENHBIE 8-y3710Bble KOHEUHBIE 3JIEMEHTHI.
KoHeuHo-3/1eMeHTHas ceTKa MoKasaHa Ha puc. 2. B me-
CTe KOHTaKTa MMeeTCs CrymeHne ceTku. KommaecTBo
y3/10B B Mozean — 62096. Mecrta Harpy>KeHusl U 3aK-
perIeHns TTIoKa3aHbl Ha puc. 3. Mofenb 3aKperniseT-
s TI0 TIOBEPXHOCTH TT0 BCeM CTeTleHsIM cBoOoabl. Ha-
Ipy3Ka MPUKIIAIBIBAETCSI 10 TTOBEPXHOCTHU B HampaB-
JICHUH, TIPOTUBOIIOJIOXKHOM OCU Y, BeJIMYMHA HATPY3-
ku 2000 H. Marepuan — u3oTponHsbIii, Momyab FOHra
2-10° MIla, koaddunment ITyaccona 0,3. KonraktHas
3aaya pemnrajgach MeTomoM Jlarpamxka.

PesynbTaTsl pacuera

IMonydeHHbIe B pe3y/IbTaTe pacueTa JaHHbIE MPe/-
CTaBJIEHBI B BUJE 3aBUCUMOCTH BEPTHKAJILHOTIO IEpe-
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MEIIEHUS OT JJIMHbI KOHTaKTHOI JuHUM (puc. 4). s
HaTJSIHOCTU Ha TpaduKM HaHECEHBI PEIIeHUs I10
dopmynam ITanmrpena u Jlynaoepra—IlleBanna.

OnHako, TTOCTPOMB TpaMK OTHOCUTEIBHON pa3HM-
LBl MEXIY peleHusiMu ¢ rmomoiisio MKO u no ¢op-
myje IManmrpena (puc. 5), 3aMeTuM, 4To popMmya
[TasMrpeHa BepHa ¢ TOTPEITHOCTBIO B 5% IUIS IJTUH
KOHTaKTHbIX JIUHUI OT 10 1o 20 MMm.

IMocne anmpokcUMaIuy MOJTyYeHHBIX TIPU peliie-
HuM ¢ nomouiblo MKD pesynbTaToB ObLIa BbIBEIECHA
3aBUCUMOCTD
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Puc. 2. KoHeuHO-371eMeHTHAs ceTKa MOOCIN

[lobepxHocme HazpyxeHus

Toyka HazpyxeHus

floBepxHocmb 2akpenneHus

Tauka 3akpensaedus

Puc. 3. Mecra HarpyXeHusl ¥ 3aKperUICHUs
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Puc. 4. 3aBUCMMOCTb BePTUKAJIBHOTO MepeMelleHNsT OT JJIMHBI IIWJIMHAPA 110 Pa3JIMUHBIM METOJIaM pacyera: CIUIONIHAs
KpuBasi ¢ KBaapaTamu — pacyeT ¢ noMouiplo MK3D; ToueuHast KpuBasi ¢ TpeyrojbHUKaMu — no ¢opmyie [laiMmrpeHa;
MYHKTUPHAs KpUBasi ¢ Kpyxxkamu — 1o dopmyiie Jlynnoepra—IlleBaina
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Puc. 5. OtHocuTenbHas pasHulia pelieHus mo dopmyie IMaamrpena (IyHKTUpHAs KpUBask ¢ KpyKKaMu)
u 1o opmyie (5) (crtolnrHasi KpuBasi ¢ KBaapaTaMu) OTHOCUTEIbHO peleHus B MKD

Dopmyna (5) naet He 6ojiee 4% pacxoXIeHUs ¢
pacueToMm ¢ romoibio MKD (puc. 5).

Ha puc. 6 moka3aHbl 3HaY€HUST KOHTAKTHBIX JKEC-
TKOCTEM, MOJIy4eHHBIX MO (Gopmyisie [lasmMmrpena u

dopmyne (5).

dopmyna, garoiias pe3yabTaThl ¢ MOTPEITHOCTHIO HE
6osee 4% Ha BceM mpomexyTke ot 0,5 10 50 MM uc-
CJIeMyeMBbIX JUTMH KOHTAKTHBIX JUHUM. [lonydeHHBIC
pe3yabTaThl MOTYT OBITH MCIOJIb30BAaHbl B KOHCTPYK-
TOPCKMX OI0pPO, BEAYIIMX MPOSKTUPOBAHNE aBUAITNOH-
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Puc. 6. 3HaueHUs KOHTAKTHBIX XECTKOCTEN

BbiBoapl

B nanHoli paboTe ObUIM TTOKa3aHbl pellieHus 3a1a-
Y1 0 KOHTAKTHOM B3aMMOACCTBUY TTOJIOBUHBI IIATNH-
Jpa 1 TUTOCKOCTH TIPY Pa3IMIHBIX UIMHAX KOHTAKTHOM
Juauu (ot 0,5 no 50 mMm) ¢ nnomoripio MKD. TTony-
YeHHBIC Pe3yJIbTaThl CPABHUBATINCH C IMITMPUUCCKHU
noyyeHHou (popmyinoii ITanmrpeHa. bruio rmokasaHo,
yTto (hopmyia [TasimrpeHa gaeT pe3yabTaThbl, OTINYAIO-
pecs oT perreHus ¢ momoiibio MKD no 30% B 30He
InuH KoHTakTa oT 0,5 1o 50 mMm. ITyrem anmpoxcuma-
IIUY TIOJTyYEHHBIX Pe3yJIbTaTOB OblIa BhIBEIEHA HOBasI

HBIX Ta30TYPOMHHBIX IBUTATENCH 1, B YaCTHOCTHU, TIPU
peleHnu 3a1ad POTOPHON TUHAMUKH.
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Abstract

When solving rotor dynamic tasks of rotating
machines, including aviation gas turbine engines,
calculation accuracy of the system elements is highly
important. Bearings, and roll bearings in particular are
one of the most widespread elements of rotor systems
bearers. Stiffness characteristics of roll bearings are
dependent primarily by the contact phenomena,
originated between rolling elements and rings. The effect
of the other roll bearing elements, such as inner and
outer rings, on stiffness is of no more than 5% taken
together. The roll and the ring interaction may be
considered as a linear contact between two cylindrical
solids with parallel axes. For the first time solution for
this task was obtained by Lunberg and Sjovall [1].

However, the equation in [I] has an implicit
dependence of external force on emerged displacement,
and thus cannot be used for tasks of stiffness
characteristics determination. In Harris’ work [2]
empirical Palmgren equation [2] was implemented to
solve this task:

8 10
0=8,0610%/98°,

where Q — contact force, / — contact length, § —
displacement in contact line.

To verify the results in reference [2], the task of
contact interaction between a half cylinder and a plane
was solved using FEM. We found that significant
divergence (up to 30%) exists between solutions obtained
by Palmgen’s equation and FEM. We also found that
Palmgren’s equation converges with an accuracy of 5%

e-mail: lemk@alfatran.com
e-mail: vvpopov.bmstu@gmail.com
e-mail: romashin@alfatran.com

only for contact lines lengths within the range of 10 to
20 mm. According to the results obtained with FEM the
new dependence for linear contact tasks was proposed.
It gives the results with no more than 4% divergence with
contact lengths ranging from 0.5 to 50 mm

10
0=57865/"1159 .

The dependence obtained may be used for stiffness
characteristics simulation of roll bearings, and describing
linear contact in tasks of contact interaction mechanics.

Keywords: roll bearing, stiffness, contact interaction.
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