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Pestome. Llenv. B yensx nogvluieHusi moyHOCMU PACHemos npu NpoeKmupo8aHul CUCHEMbl
€Y008020 8AIONPOBOOA NOCMABIEHA 3a0aia onpedeneHus Kod3phuyuenma iHrecmrocmu mMamepuand
0€eti08YOH020 NOOUUNHUKA C YHemoM e20 2eomempuieckux pasmepos. Memoo. Paccmompena kou-
MAKMHAA 340a4a 83aumMo0eticmeus 2pedHo20 8ala ¢ 0eti08yOHbIM NOOWUNHUKOM. Pacuembl ceoosmces
K peweHuto KOHmMakmHuou 3a0ayu 6aaKu Ha ynpy2om OCHOBAHUU, MOOETUPYIOWell 6 pAcuemHuoll cxeme
epebHoll 8an u 0etiogyousili noowuniux. Pesynemam. [lpusedena xapaxmepucmuka MexaHu4ecKux u
ynpyaux ceoticme ochosanus Bunknepa. Cocmagnenvl popmynvl 01151 onpedeneHuss COCmasisouux cui
ynpyeocmu u geauyun degpopmayuu. Ilposedeno ucciedosanue Ha cneyuarbHOM NPUCNOCOOIeHUU O
onpedenenus Kodppuyuenma dncecmkocmu oobpazyos uz kanpoiaona. Ilonyuena sasucumocms 0is
onpeoeneHus Ko3pguyuenma sdcecmrkocmu 0eld8yOH020 NOOUUNHUKA C YUEMOM e20 2eomempuye-
CKUX pasmepos u ¢hopmwi. /[ ucciedo8anuti Ovbliu U320moesieHvl 08¢ napmuu 00pa3yo8 BKAAObIULEL.:
obpazywl paznudnou onunsl (110, 90, 70 mm) morwunoti 7 mm u obpasyst oaunou 110 mm paznuunoi
moawunsl (6 - 7 mm). Oopasyvi cHcumMaiuco noo oeucmeuem 3a0a8aemol Hazpy3Ku 1adopamopHbvim
ucnvimamenvHulM cuopasiudeckum npeccom 6 mun I1-125. Beruuuna cmewenus obpazyos npu coca-
muu usmepsnace Hympomepom coenacho I'OCT 4651-82. Ilonyuennvle pezynbmamsi noO8epeauch
cmamucmuyeckol oopabomke npu dosepumenvrou seposmuocmu a = 0,95. Ilo cpeonum 3navenusm
Pe3YIbmamos uccie008anus NOCMpoeHr paghux 3a8UCUMOCIU BEIUYUHbL CHCAMUS 00pazya om 3a0a-
6aemotl Hazpy3Ku npu pasiuunou oaune oopasya. CpedHee 3nauenue Kod3phuyuenma dHcecmrocmu
00pa3yo8 onpeoensinocs 8 30He nponopyuoHarvHocmu. Ilpu Oanvheliwem yeenruuenuu Hacpys3Ku
HaOM00AICs HelUHelHbIL 3aKOH dehopmayuu 06pa3yos, 0 uem ceudemenbcmayem Oblcmpoe usmMeHe-
Hue Onunbl U Gopmel 00paszyos. Bwvleod. [Ipednoxcennas memoouka onpedenerus Kodggduyuenma
HceCcmKocmu 0ell08yOH020 NOOWUNHUKA C YYEMOM €20 pamepos no3eojisiem 0oliee mouHo onpeoe-
JUMb XAPAKMEPUCTIUKY HCECMKOCMU CUCTNEMbL U MOXCem OblMb UCHONb308AHA NPU NPOEKMUPOBOY-
HbIX pacuemax 6anonpoeooa cyoHa. JlocmosepHocmb NONYUEHHO20 pe3yabmama 2apaHmupyemcs
CMPO2UMU MAMEMAMULECKUMU BLIKTAOKAMU.

Kniouesvie cnosa: mexanuka konmaxma, 0euo8yOublll NOOUUNHUK, KOID@UyUenm dcecmrko-
cmu, nonepeunvle KoaeOaHus.
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MECHANICS OF CONTACT INTERACTION BETWEEN PROPELLER SHAFT AND
STERN BEARING UNDER THE TRANSVERSE VIBRATIONS
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16 Tatishcheva Str., Astrakhan 414056, Russia,
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Abstract Objectives In order to improve the accuracy of calculations in the design of ship
shafting systems, the problem was to determine the stiffness coefficient of the stern bearing material
taking into account its geometric dimensions. Methods The contact problem of interaction between a
propeller shaft incorporating a stern bearing is considered. The calculations are reduced to solving
the contact problem of a beam on an elastic base, which simulates a propeller shaft and a deadwood
stern bearing in the design scheme. Results The characteristics of the mechanical and elastic proper-
ties of the Winkler base are given. Formulas are composed for determining the components of the
elastic forces and deformation values. A study was carried out using a special device for determining
the stiffness coefficient of samples made of caprolon. Dependency was obtained for the determination
of the stern bearing stiffness coefficient, taking into account its geometric dimensions and shape. Two
batches of sample inserts were made for the investigations: samples of different lengths (110, 90, 70
mm) with a thickness of 7 mm, and samples 110 mm long with various thicknesses (6-7 mm). The sam-
ples were compressed under the impact of a defined load by a test laboratory hydraulic press of P-125
type. The values of sample offset during compression were measured by an alesometer according to
GOST 4651-82. The results obtained were statistically processed with a confidence level of a = 0.95.
Based on the average values of the results obtained, a dependency graph of the sample compression
value was plotted against the defined load for different lengths of the sample. The average value of the
sample stiffness coefficient was determined in the proportional zone. A nonlinear law of sample de-
formation was observed during a further load increase, as evidenced by a rapid change in the length
and shape of the samples. Conclusion The proposed method for determining the stiffness coefficient
of the stern bearing, taking into account its dimensions, allows the system's stiffness characteristic to
be determined more accurately, and can be used in the design calculations of the ship's shaft. The re-
liability of the result is assured by rigorous mathematical calculations.

Keywords: contact mechanics, stern bearing, stiffness coefficient, transversal vibrations

Beenenne. IIpoOnema MOBBIIEHUS U JOJITOBEYHOCTH BaJOMPOBOJOB CYNIOB SIBISETCS aKTY-
aIbHOM ans cynoctpoeHus. Hapymenus paboTocrnocoOHOCTH BajlONPOBO/A NMPUBOIAT K CHUXKEHHIO
CKOPOCTH X0/1a Cy/IHa WJIM MOJIHOM noTepe xoaa. OTKa3bl CUCTEMBI BAJIOMPOBOA CYHA CTOSIT HAa BTO-
pPOM MecTe MO KOJMYECTBY OTKa30B [1] M COCTaBISAIOT OKOJIO YETBEPTHU BCEX OTKAa30B 00OpPYIOBAaHHUS
Ha cyaHe (puc. 1).

CormacHo TpeOOBaHUSM MHPOBBIX KIACCH(DUKAITMOHHBIX OOIIECTB, IPH MPOSKTHPOBAHUU CY-
JIOBOTO BaJIONIPOBO/Ia 00S3aTENIbHBIM SBJISIETCS €70 pacyeT Ha KoJeOaHHs.

Oco0oe BHUMaHUE y/eIeHO TPeOOBaHUIM K pacyeTy MOMEepPEeUHbIX KoJieOaHH, B KOTOPBIX CY-
JOCTPOUTEH JIOJKHBI 00€CIeUnTh, YTOOBI XapaKTEPUCTHKH MONEPEUHbIX KoJIeOaHWi ObUIN yJIOBIIE-
TBOPHUTEJILHBIMH BO BCEM JIaia30HEe pabOYKX YacTOT BpalleHus Baionposoa [2 -3].

TouHOCTh pacuera monepeyHbIX KojeOaHUi 00ycloBlIeHa BO3ZHUKAIOUIMM HEYCTOWYHBBIM CO-
CTOSIHHEM BaJIONPOBO/IA, TPU KOTOPOM JlaXKe Ha MaJIbIX pabOYMX 4acTOTaX BO3MOKHO BO3ZHUKHOBEHHUE
SBJICHUS PE30HAHCA, IPUBOJAIIETO K IOJIOMKE CUCTEMBI [4].
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HecmoTpst Ha Hamuuue OOJIBIIOrO OMbITa B 00JIACTH MPOEKTUPOBAHMS U IKCIUTyaTallMH CyJ0-
BBIX BaJIOIIPOBOJIOB, IPUUMHBI U CIIy4Yal UX aBapUU €I1e He U3KUTHI |5, 6].

¥ [IaBHBIN IBUTATEIb
B BaJIONIPOBOJ,

14%

BCIIOMOTATEIbHBINA

JIBUTaTEIb
B cucTeMa yrpaBJICHUS

Puc.l. CraTucTtuyeckue JaHHbIe BOSHUKHOBEHHUSI 0TKA30B
Fig.1. Statistics of the occurrence of failures

IMocTanoBKa 3aga4n. B 1ensx MoBBIIIEHUS! TOYHOCTH PACYETOB MPU MPOSKTUPOBAHUU CHUCTE-
MBI CyJIOBOT'O BaJONpPOBOJa, HEOOXOJUMO PACCMOTPETh 3aJauy KOHTAaKTHOIO B3auMoJieiicTBUs rpeo-
HOTO BaJa C ICHIBY/THBIM MOIIIAITHUKOM.

Jlnist pacdera MmonepevHbIX KojeOaHuil BaolpoBo/ia CyJAHA COCTABISIOTCS PacUETHbIE CXEMBI,
r7ie JeHIBYIHBIA MOAIIMITHUK MOICTUPYETCS YIPyruM ocHoBanueM Bunkiepa [7-9]. Pacuersr cBo-
JSITCS K PEIICHUI0 KOHTAaKTHOM 3a/1aun OajKky Ha ypyroM OCHOBAaHUH, MOJCIUPYIOIIEH B pacyeTHOM
cxeme TpeOHOM BaJl U JIEHIBYAHBIN TTOAIIUITHUK.

B GonbIIMHCTBE pacYeTHBIX CXEM, peaklusl JeHCTBUS HAarpy3Kd Ha yIpyroe OCHOBAaHHUE pac-
CUMTBHIBAETCS 1O opMyJie, COrJIaCHO rUIoTe3e OCHOBaHUs Bunkiepa:

q= _ky ’ (1)

rne, k = k; * b — ko3ddUIMEHT NPONOPLUOHATHHOCTH BETUUUHBI Ie(OpPMALIUU U PeaKIuH Oc-
HOBAHUS;

k,— K03 pUIKEHT 5KeCTKOCTH pazMepHocThio H/M3;

b — mmpuHa O6aTKH, M.

MexaHnueckue U ynpyrue cBoicTBa ocHoBaHMs BHUHKIIEpa XapaKkTepu3yoTcs mapameTpoM K,
KOTOPBII HazbIBaeTCs KO3()HUIUEHTOM KECTKOCTH WM KO3(PPUIIMEHTOM MOCTEIH OCHOBAHMS.

Koaddurment nmocrenu yrnpyroro ocHoBaHusl onpenensercs mo gpopmyse [10]:

ko =1 )

TJie, P — NaBJIEHHE, IPHKIAIBIBAEMOE K yIIPyroMy OCHOBaHuUI0, H/M?;

[ — ocagka ynpyroro oCHOBaHUS OT NPHJIOKEHHON HATPy3KH, M.

OmHUM W3 TIABHBIX TPEAMOCHUIOK ISl TIOBBIIMICHHS CTEMEHH TOCTOBEPHOCTH pacdeTa KOH-
CTPYKIIHMIA HA YIIPYrOM OCHOBaHHH SIBJISIETCS] TIPABIIIBHOM BBIOOD KOO PHIIMEHTA KECTKOCTH K.

O0630p paboT mo pacyeraM BaJIONPOBOA MTOKa3aJl, YTO BO MHOTUX pab0Tax MPUBOJUTCS TOIBKO
YUCICHHOE 3HaUeHHE KOA(PUIMEHTA )KECTKOCTH MaTepHaia K Jei/IBYAHbIX MOIIUITHUKOB 0€3 cChlI-
KW Ha UCTOYHUKH. 3HaYCHHE KOAPPHUIIMEHTA )KECTKOCTH K JUIs KanpoiioHa B pabotax [11 -12] mpuns-
TO paBHbIM M Ila, B npyrux padorax [13 -14] ko3pduIUEHT KECTKOCTH ISl KallpojOHa MPUHUMAETCS
pasubM 0,5 + 10°TTa.

Hcnonb3yemble METOJIBI pacueTa He MpeaycMaTpUBAIOT KOPPEKTUPOBKY KOA(PPHUIIMEHTa KeCT-
KOCTH MaTepHalia AeWIByIHOTO MOJIIMITHUKA C YUETOM €r0 FeOMETPUUECKUX Pa3MEpOB.

MeTtoasbl uccaenoBanus. /s onpenenenus ko3 UIMeHTa KeCTKOCTH MaTepuaa JeiaBy -
HOTO MOJALIMITHUKA PACCMOTPUM KOHTAKTHYIO 3a1ady. [lepeceuemM NOAMIMIHUK ¢ HAXOAALIMMCS BHYT-
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pHY HETO BAJIOM JABYMS IUIOCKOCTSIMH, ITEPIICHINKYIISIPHBIMH OCH BaJla, HAXOSIIUMHUCS Ha PACCTOSTHUN
AS npyr ot npyra.

PaccMOTpUM IMIMHAPUYESCKHIA 3JIEMEHT CHUCTEMBI IIOIIMITHUK—BAJ», 3aKIFOUCHHBIH MEXITY
TUMU TJIOCKOCTSIMU (puUcC.2).

[I0GULLITHUK

ban

AS

— T

Puc.2. HuauHapuYecKuii 31eMeHT: I — pajuyc rpedHoro Baja; h — Tosuna aei By 1Horo
NOJIIUITHUKA
Fig.2. Cylindrical element: r - radius of the propeller shaft; h is the thickness of the stern bear-
ing
Cunras MNOAIHWITHUK HCU3HOIICHHBIM, CMECTUM BaJl HAa PaCCTOAHUC 6, TO €CTb PaCCTOAHUC
MEXTy IICHTPOM Bajia M IIEHTPOM TOIIIHMITHHKA OyIeT paBHO:
|00’| = 6. 3)
bes orpannyenust 0OIIHOCTH MOXKHO MPUHATH, YTO BaJl CMECTHJIICS TIO BEPTHKAIH BHH3.
HecMeleHHOe 1 CMEIEHHOE CEUeHHE Baa 0003HAINM depe3 S 1 COOTBETCTBEHHO S  (prc.3).

——— —

Puc.3. Cxema peakuuu ynpyroro OCHOBaHusi
Fig.3. Scheme of the reaction of the elastic base
Ha okpyxHoctu BbIOEpeM Manyto nyry PAQ c yrioBoil KOOpIWHATON ¢ W paauaHHON Mepoiu
LEHTPAJIbHOTO yria Ag.
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Otcuer yriia BeieM OT BEpTHKaiIbHOro jy4da OL. 3a MOJOXKUTENIBHOE HaIIpaBJIEHUE NPHUMEM
MIOBOPOT IIPOTHUB YAaCOBOM CTpEIKU. YTIoBas miuHa n1yru PAQ paBHa rAg.

Cuna ynpyroctu AF,, coznaBaemast MaibiM 371eMeHTOM 00bema noaumnuuka PRSQP, RS0,

(puc.4), IpuiIoKeHa K HEHTPY cMelleHHoro Baga O’ u HanpasieHa 1o npsamoi AQ'. Dra cuna packia-
JBIBACTCS HA TOPU30HTAIBHYIO U BEPTHKAIBHYIO COCTABIISIONIHE:

— —
AF, = AFj + AF(/E'_Q 4)
Haiiem Moxynb BepTHKaibHOU cocraisiomieir AFj. CornacHo 3akoHy ['yka, HOpMmaibHOE
HaINpsHKEHUE B MOMEPEYHOM CEUCHHUH AJIEMEHTA MOoAIUIHKa RR1S1S paBHO:

Hanpabnerue degaprayuy

Puc.4.971eMeHT NOAIIMITHUKA
Fig.4. Bearing element

C nmpyroii CTOpOHHI,
Ah

O'(p = En 7, (5)
rae: E,— momyip KOHra marepuana moimnHuKa,;

h — TosmMHa CTEHKH Heae(hOPMUPOBAHHOTO TOAIIMITHHKA,

Ah = |AB| — Bennuuna geopMaIiiy MAJIOrO 3JEMEHTa TTOAIIHITHHKA.

HO:)TOM}/ MOHyHB CHJIbI A] [0 paBeH:
- EqrApAEAn
|A1 (Pl =TT

h

(6)

Haiinem Benuuuny nedopmarmu Ah. Pacemorpum tpeyronsauk 00'B (puc.2):
200'B =m— ¢,|0B| =r1,|100"| = 6.
[TpumMeHuB TeopeMy KOCHHYCOB, TIOJYYUM KBaJpaTHOE ypaBHEHHE:
x2 4+ 28cospx+ 6% —1r2 =0,

rne x = |0'B|.
Ero nuckpumuHaHT:

D = 4(r? — §%sin%¢) > 0,
TaK KaK MbI CYMTaEM CMEIeHHe MajibiM § < 7.
IMostomy  x = /r? — §2sin?¢p — Scosp, torma |AB|=|0'A|—|0'Bl=r—x=r+

dcosp — /1% — §2sin?¢@

[Tonmy4ynm BbIpa)keHHE HCKOMOW BEIWYHHBI Ie(OopMaLlnu:
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Ah =1+ Scosp — \/r? — §2sin? . @)
Tornma:

|AI?(;| = %(EHrAgoAE(r + cosp —/1? — 625in2(p)). (8)

Monaynib BEepTUKAIBLHON COCTABIISIOLIEH STON CUJIBI PABEH:

|AFE| = |AF, |cosp = % (7 + 8cosp —\J12 — 82sin2¢)cosg - ApAE.  (9)

B Tl.' s
Cymmupys cunbl AF, no nyre —5 < @ <7 W Iepexoas K npefeny, mpu Agp — 0, nonyyum
BBIPAKECHUE NI BEPTUKAIBHON COCTABJIAIOLIEH CUJIBI YIPYTOCTH, IEHCTBYIOIIEH HA BaJl CO CTOPOHBI
MOJAIINITHUKA!

yup = EHZAE Jr 2(r + Scosp — \[T? — §2sin2¢) cosp dep = E“;Af (25 _
2
r2 %arcsing —Vrz —62 + zr) 10)

[Tonaras BennuMHYy cMelIeHus: § MaJlol, U packiiajiplBas MpaByro yacTh nociaenHei Gopmysl B
CTETIEHHOH PAJ B OKPECTHOCTH TOUKH & = 0, MOTy4YrM 3HAYCHHUE CHIIBI YIIPYTOCTH

g _ EarA$ (m 1 o2 1 4 6
= (25+3r5 +—=8*+0(8 )) (11)

[IpeneOperas uwieHaMH BTOPOTO MOPSIIKA OTHOCUTENBHO &, OTYYUM NPUOIHKEHHOE BbI-
paXEeHHE TS CHITBI YIIPYTOCTH, ACHCTBYIOIICH CO CTOPOHBI IMOAMIUITHUKA Ha d7eMeHT Af:
TE,TAE
Fynp =36 (12)
Takum 06pazom, KOIDPHUITUEHT KECTKOCTH AEHABYIHOTO MOAIMIUITHUKA C YIETOM €ro T€OMeT-
PUYECKHUX Pa3MepOB U (POPMBI OYIET paBeH:

TELT

OO0cy:xaenue pe3yabTaToB. /|15l OLIEHKHU BIMSHUSA T€OMETPUUYECKUX Pa3MepoB U (GOPMBI MOA-
IIMITHUKA HAa KOA((UIMEHT MOCTENM OCHOBaHHUS OBLIO MPOBEIEHO HCCIEIOBaHHE Ha CHEIMATBHOM
MIPUCTIOCOOICHUH IJIs ompeieiieHust Ko PuImeHTa >keCTKOCTH 00pa3IioB U3 KanposaoHa (puc.S).

Puc.5. O0mmii BUJ crienuajabHOro NpUCnocod1eHnst
Fig.5. General view of the special device
MeTtoauka 3KCeprMeHTa 3aKiIiodaiach B cienyomeM. [IpucnocobieHne cocTouT U3 OCHOBa-
HUs |, yCEUeHHOro WINHAPA 2, B KOTOPBIH YCTaHABIMBAETCS KalIPOJOHOBBIN BKJIAAbI 3, HAXKUMHOMN
BTYJIKHU 4 U MATOK 5.
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Jliig uccnenoBaHuii ObLITM M3TOTOBJIEHBI JBE MAPTHUH 00pa3lloB BKIAAbIIIECH: 00pa3ilbl pa3iny-
Hoit mymmHEI (110, 90, 70 MMm) TommuHOM 7 MM 1 00pa3isl ymHON 110 MM pasnuyHON ToNMHEL (6,
6.5, 7 MM). OOpasiibl CKUMATUCH T10J] ISHCTBUEM 3aJ]aBaeéMOM HArpy3KH JIAOOPATOPHBIM UCIIBITATEI b-
HBIM THUApABINYeCKHM npeccoM 6 tum [1-125. Bennunna cMmemieHus o0pa3ioB IpH CKATHH H3MEPSI-
nace HyTpoMmepoM corjiacHo ['OCT 4651-82. CornacHo TpeOOBaHUSAM IMPOBEACHUS U3MEPEHUU MPH
MaJiol BRIOOPKE, B OKCIIEPUMEHTE UCIIOJIb30BAHO HEOOIBIIIOE YHCIIO MAPAILICIbHBIX U3MEPEHUIA.

[TonydeHHble pe3ysabTaThl MOABEPIIIUCH CTATUCTHUECKON 00paboTKe MpHU JOBEPUTEIHHON Be-
positHoct @ = 0,95.

[To cpenHuM 3HaUYEHUSM PE3yNbTATOB UCCIENOBAHUS MOCTPOEH rpaduk 3aBUCUMOCTH BETUYH-
HBI CKaTHsl 00pasna § OT 3aJaBaeMoi Harpy3ku P mipH pa3iudHOM JuinHe oOpasua [ (puc. 6).

o, MM
(=70 (=90 (=710

rd

a5

04 - ,/
0 ///
oL

00 B0 200 250 300 350

Puc.6. 3aBucuMocTb c:kaTHA 00pa3ua OT 3aJaBaeMoOii HATPYy3KHU

Fig.6. Dependence of the sample compression on the specified load
Cpennee 3HaueHne Kodp(UIMEHTa KECTKOCTH 00pa3IOB OMPEEISIIOCh B 30HE MPOMOPIIHO-
HAJIbHOCTH, ITIOCKOJIbKY ITpH I[’cU'IBH@ﬁHICM YBCJIIMYCHHUUN HArpy3Ku Ha6J'IIO)laeTC${ HEJIMHENHBI 3aK0H
I[e(l)OpMaI_[I/II/I 06pa3u0B, 0 9€M CBHIACTCIILCTBYCT 6I>ICTpOC U3MCHCHHUC AJIMHBI U (1)0pMLI O6p83L[OB

(puc. 7).
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Puc.7. 3aBucHMOCTH KO3()(HIHEHTA )KECTKOCTH OCHOBAHMS OT TOJILIMHBI MOIIIMITHAKA
Fig.7. Dependence of the rigidity of the base on the thickness of the bearing
Cpennee 3Ha4YeHHEe KOA(PUIMEHTA KECTKOCTH MOAIIMITHUKA JUIMHON 110 MM, MOIy4eHHOTO
TIpU SKCIIEPUMEHTE, COCTABIAET Kyyen = 6,73 10° (H/M?) oT 3HaueHus kod(pHUIUEHTA KECTKOCTH
Kreop = 6,4 - 10° (H/M?%), mI011y4eHHOTO 110 TPE/IIaraeMoil MeTOMKE COCTABIISCT:
-100% = 5,2% (14)

k'reop —Kaken

Teop
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BeiBoa. IlonmydeHHBIN pe3yapTaT MO3BOJSAET CHElaTh BBIBOJ, YTO IPEMIOKEHHAs METOAMKA
ompezaeneHus: KO3PPUIMEHTa )KECTKOCTH JICHIBYIHOTO MOIIUITHUKA C YIETOM €r0 pa3MepoB MO3BO-
aseT 6ojee TOYHO OINpPENeIUTh XapaKTePUCTUKY >KECTKOCTH CHUCTEMBbI U MOXKET OBbITh MCIOJb30BaHa
MIpU IPOESKTUPOBOYHBIX pacyeTax BaJIOIPOBO/IA CY/IHA.
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