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OITPENETEHUE OIITUMA/IbHOV OBJIACTU IPUMEHEHM
I'MbPUIHBIX ITIOOIIVMITHNKOB KAYEHIA

10.]1. TaBpeHTHEB lavrentev@ciam.ru

IlenTpanbHpIil MHCTUTYT ABUAIIMIOHHOTO MOTOpocTpoenu: um. IL.V1. bapanosa,
MockBa, Poccniickas @emepamus

AHHOTaIUA KiroueBbie cmoBa

ITpoBeneH aHamM3 00/1aCTY HATPY30K U YAaCTOT BpalleHusa, Kepamukad, 2ubpuoHvie noOWUnHuKuy,
IPY KOTOPBIX L1e/IeCO0OPAsHO VCIIONb30BaHNe TMOPUIHBIX  KOHMAKMHble HANPSHEHUS, Ycma-
MOAMINITHYIKOB KAueHVsI ¢ KepaMMYeCKVMI TelaMU Kade-  /I0CMHAS 0071208e4HOCIb, ABUAUUOH-
HUA. Bbllo/THeHa CcpaBHMTENbHAs OLEHKA HANpPsDKEHWI  Hbitl 08uU2amesny

B KOHTAKTE LIAPVMKOB C OPOXKKAMI KadyeHWsI B TMOPUHOM

U CTAIbHOM HOJIIUITHMKAX C YYeTOM HeJCTBUA LIeHTpPO-

6exxHbIX cul. [Ipeioxen Kpurepuit Jyisi OLieHKM HeoOXo-

AUMOCTM VICHOJIb30BAHMA TIMOPUIHBIX  ITOMIIMITHUKOB.

[TpuBeneHbl 00MACTM PEKMUMOB pPabOTHI MOAIIMITHUKOB

[JIaBHOTO BaJIa aBMALMOHHBIX ABUTaTesell (0ceBast U pajy-

@IbHAsI HArpy3Ky, 4acToTa BpAIIEHUs), I KOTOPBIX

UCIIONb30BaHye TMOPUHBIX LIAPUKOBBIX — Pajiia/IbHO-

YIIOPHBIX TOAIINITHUKOB C KepaMIYECKMMI TeflaMy SIBJIA-

eTcst 11e71ecoobpasHbIM. [IpefyioskeH MeTOR OLieHKM [JONIro-

BEYHOCTM IMOPUHBIX IIAPMKOBBIX MOJUIMITHIKOB C Kepa- Ilocrynuia B pemakuuio 13.02.2017
MIYECKMMM TeTaMM KayeH s © MITY nm. H.9. baymana, 2018

BBemenme. Bmecte ¢ pasBuTMeM aBMAIMOHHBIX [BUIaTesIell COBEPLIEHCTBYETCS
KOHCTPYKIVA IOAIINMITHIKOB OIOP POTOpOB 3Tux apurarenein [1] (puc. 1). Haunnas
¢ 60-X TOZ[OB MPOILUIOTO BeKa KOHCTPYKIVS IOJIIMITHIKA 3HAYNUTETbHO V3MEHWIACh OT
IIPOCTOI1, C BHYTPEHHMM Pa3pesHbIM KOTbLOM (p1c. 1, a), 1O KOHCTPYKIMY C Pa3BUTBIM
HapY>KHBIM KO/IbLIOM (puc. 1, 6), Bmovatoleit B cebs feMIidepHbIit a1eMeHT — Oenu-
4be KOJIECO, U C TIOABOJIOM OX/TXKIAIOIEr0 MacyIa K JOPOXKKaM KadyeHNs depe3 BHYTPEH-
H1te Korblia (puc. 1, 8).

bennune koneco
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K JIOPOXKKE KaueHUs
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a 9] 6

Puc. 1. PasBuTue KOHCTPYKLMY HOALIMIIHIKOB ITIABHOTO Bajia
aBMAIIIOHHOTO ABUTaTess [1]

VI3MeHeHMe KOHCTPYKLMY TTOALIMITHAKOB OIIOP POTOPOB Ia30TypOVMHHBIX JBUIaTe-
JIeil BO MHOTOM CBSI3aHO C YBe/IMYeHNeM J4acTOThI BpalleHus potopa. Iyist oreHKu pado-
TOCIIOCOOHOCTY TOAIINITHUKOB TIPY BBICOKMX YACTOTAX BpAllleHMsl IPUMeHsIeTCs Tapa-
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MeTp OBICTPOXOIHOCTH, IPefCTaB/LIOINII co00i MPOM3BefeHNIe CPEHEro AuaMerpa
MOAIIINITHYIKA (VaMeTp LIEHTPOB Te/l KadeHMII) Ha YacTOTy BpallleHus Bama dnn. Y co-
BPeMeHHBIX 3apyOe)XHBIX IBUTraTeIell ITapaMeTp ObICTPOXOFHOCTH MOAIINITHAKOB MIMeeT
CTIeflyIolIVie BeTMUMHBL: 1A apuratenss PW4000 — dnn =2,5- 10° MM - 06/MUH; 714 {BU-
ratenss RB211 — d,n = 2,7-10° mm-06/Mun; wis geuratens RR Trent800 — d,n =
=2,8 -10° Mm-06/Mun [1]. [Ina BHOBb paspabaTbiBaeMbIX JBUraTesIell 9TO 3HaYeHue
MOKeT gocTurath 3,2 - 10° MM - 06/MIH, 4TO CYIIECTBEHHO MOBBICUT HATPY3KM HA JOPOXK-
K1 KayeH!s HapY>KHBIX KOJIel] CO CTOPOHBI TeJl KaueHMil X CHU3UT JIOJITOBEYHOCTD IIOfI-
MINITHMKA.

PaspabarbiBaeMble TEXHOIOTMY CO3[AHVSI MOAUIMITHUKOB OIOP IO/DKHBI OBITh
HaIlpaB/IeHbl Ha obecrieyeHye X paboTOCIOCOOHOCTY B THX YC/TOBMAX. Y MEHBIIUTD
3HAUEHNS LIEHTPOOEXKHON CIIbI ¥ HANIPsDKEHMIA, IeVICTBYIOIINX Ha OPOXKKY KaueHMs
Hapy>KHOTO KOJIbIIa, MOXKHO ITyTeM IPVMMEHEHM JIETKUX KePaMUYeCKUX Tel KadeHVIA.
Vicnionp3oBaHMe KepaMuyYecKuX Tell KaueHus flaeT JOIOJHUTEIbHOE IPeMMYIIeCTBO B
TOM, YTO HUTPUJ, KPeMHNA U MOJIIUITHUKOBAS CTa/lb UMEIOT BBICOKOE CONPOTHBIIEHMEe
aJire3yy KOHTAKTHBIX Nap U, KaK CIe[ICTBYE, MeHblIlee TpeHMe B KOHTAKTe, YTO IIPUBO-
IUT K YMEHBIICHMIO TEIIOBBIfeNeHNA TpeHusA. IlofmMmHNKY, MMeIye CTalbHble
KOJIbLIA ¥ KepaMM4ecKyie Tesla KadyeH s, ITOJIyYIi Ha3BaHe TMOpUHbIe.

Meroppl penieHMdA 3agady M NPUHATbIe KOMyIeHUsA. PacdeT mOMroBeYHOCTH
MOAUINITHUKOB IpoBoanTca Ha ycramoctb. B TOCT 18855-2013 (ISO 281:2007) we
YIUTBIBACTCS JIeVICTBME IIEHTPOOEKHBIX HAarpy30K, MMEIOIUX MECTO IpPM BBICOKUX
JacToTax BpalleHus. I1oatomy B HacTosIeil paboTe pacyeT BBIIOMHSICS COITIACHO
METOJMKe pacyeTa JO/ITOBEYHOCTU aBMAI[MOHHBIX MOALIMITHMKOB, Pa3pabOTaHHOI B
LIVIAM um. I1.V. Bapanosa [2], nu meroguke NASA [3], B KOTOpOJI IPUHATO, YTO
MONTOBEYHOCTh MOJIIUIHNKA OOPAaTHO MPOMOPUMOHATbHA HOPMaIbHBIM MAaKCH-
MaTbHBIM KOHTaKTHBIM HAIIPSKEHUAM:

1
L"'_a
Gn
rme 6 — MaKCUMa/IbHbI€ KOHTAKTHbIE HAIIPpAKEHUA B IIATHE KOHTAKTa Haubonee

Harpy>kKeHHOTO Te/la KaueHNs; 11 — II0Ka3aTe/Ib CTeIeH.

CoracHo [2], mokasaTe/nb CTeIeHM KOHTAKTHBIX HANpsDKeHMit B Gpopmyrie [or-
TOBEYHOCTY /IS IIAPMKOBBIX HOAIMINITHUKOB # = 10, TOT[ja JOITOBEYHOCTD HMOAIINII-
HMKa L BBIYMCIIIETCA 10 popMyTie

107 ([0l )"

= —— 5 1
60nyZ \ oy )

e Mo — YacTOTa BpallleHus cerapaTopa (LeHTPOB MIAPUKOB); Z — YUCTIO UIAPUKOB;
[0]ew — MakKCUMaNbHO JONYCTMMbIE HANpPsDKEHMUs CMATHUS; Goy — MaKCHMAaJIbHBbIE
HaIpsDKEHMS CMATHSA B KOHTAKTe.

3ammcaB ypaBHEHME J[OJITOBEYHOCTM NopmmmHuka (1) depes KOHTaKTHbIE
HaNpsDKeHUs I TMOPUIHOTO M CTaIbHOTO IOAIIMITHMKOB, MOXKHO IIOTyYNUTDb 3aBU-
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CUMOCTb /11 pacdeTa OOJATOBEYHOCTU I‘I/I6p]/[,[[HbIX IIONIINITHMKOB Ka4d€HUA 4Ye€pe3
JOJITOBEYHOCTDb CTA/IbHOTO IMOJIIMITHNMKA:

LH = KLiHLS > (2)
Ls
n
Os
roe Ky, = (—j — K03Gb UIUEHT JONMTOBEYHOCTH, G, Gy — MaKCUMaTbHble KOH-
tH oK

Ls
TaKTHbIE HAIIPsDKEHMA B CTa/IbHOM U rmépmnHOM NoAmUITHNKaX, n = 10.
MakcumanbHble KOHTAaKTHbIE HANIPsDKEHUA B MOAIINITHUKE (4]

3Q
2mab’

Omax = (3)
roe Q — HOpMaTIbHaH COCTAaB/IAOIIAA CUJIBI B IIATHE KOHTAKTA Ha.]/[60]'[ee Harpy>KeH-
HOTO Tejia Ka4yeHu4, da, b — 607[])11135:[ " Majias IIO/TyOCH 3JINIICA IIATHA KOHTAKTa:

[3fa-e a-er|)”

22p E1 E2

/3 )
* 3 1_ 2 1_ 2
b=b Q| (1-&1) " (1-g) i

ZZp E1 E2

rae a, b — 6espasmepHble KO9PUIMEHTBI, 3aBUCAIME OT PA3HOCTH KPUBUSH I10-
. 1 1 1 1

BEpXHOCTeIl, ompefenseMble mo Tabmuuam [4]; Zp=—+—+—+— — cymma

m N2 " "
KPVUBV3H KOHTAaKTHMPYIOLINX IIOBEPXHOCTEN (Te/1 KaueHMs U 5Kelo00B JOPOXKeK Kade-
HUS B IBYX HEePIEHAMKYISIPHBIX IVIOCKOCTSX KOHTakTa (mHpekce I, II)); € — koad-
¢unuent Ilyaccona; E — mopynb ynpyroctu. VIHgekc 1 oTHOCHTCA K KO/IbLIaM IOJ-
LIMITHUKA, MHIEKC 2 — K IIapUKaM.
V3 ypaBHeHuii (3) u (4) crnenyer, 4TO MaKCMMaIbHOE HOPMa/IbHOE HaIIpsDKEHYe

3Q
Omax = 23" (5)

PR Y
nd' b 3Q | (1-¢g) N (1-g,)
p|l E E,

OueHuM, Ipy KakuxX Harpyskax M 4acTOTaX BpallleHMs 1ielecO00pasHo IpuMe-
HATHb NOJIINUITHUKIN C T€IaMI Ka4Y€HA U3 KepaMI/IKI/L B KadyeCTBe }_IOHYHICHI/IH HPI/IHI/I—
MaeM, 4TO CpaBHI/IBaeMbIC IIOOINIMUITHNKIN VMIMEIOT OI[I/IHEIKOBYIO I‘eOMeTpI/[IO (paBHbIe
9ICIO U JMaMeTp Te/l KaueHVsI, Paiychl KeJI000B JOPOXKeK KaueHVsI U [p.) U OT/IN-
YaIOTCS JIVIIb MaTepMasoM Te/l KaueHMil. 3amuineM ypaBHeHMe (5) s rMOpUEHOTO
(nupexc H) n crampHOro (MHAEKC S) NOALINMITHMKOB, 3aT€M pasfie/iIM IIepBoe ypaBHe-
HYe Ha BTopoe. I1oy4rM OTHOIIEHMe HANpsDHKEHUIT B TMOPUHOM U CTaTbHOM IIOfI-
HINITHNKAaX HpI/I OJOMHAKOBBIX YCHOBI/IHX HaFPY)KeHI/IFIZ
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23
(1-¢&)? N (1-&)?

Sn _ (Q_Hjm E B s ©)

os \ Qs (1—>31)2+(1—82)2

E, E |,
B o6uiem ciyydae
Q = QFr + QFu + QFC’ (7)
5F, E E
rne Qp =———, Qp=—"—, Qp =—— — HOpMa/IbHble (K IUIONAJKE KOH-
Z cos o Zsino cos o

TAaKTa) COCTABJIAIONINE JISICTBYIOIMX PAaMaTbHOI, OCEBOIL U IIEHTPOOEKHOI CUIT CO-
orBercTBeHHO (F), F,, F. — papnanbpHas, oceBass M IeHTPOOEXHas HArpysKu, feii-
CTBYIOIIVE HA MTOAIINITHNK); 0L — YTOJl KOHTAKTA.

[l/1s1 BHYTpeHHero KO/blja IIeHTPOOe)KHasi Harpyska OT HeVICTBUS TeNl KadeHWs
paBHa Hymo, Qr. = 0, M HaNpsD>KeHMs Ha BHYTPEHHEM KOJIblie TMOPUIHOTO MOJIINII-
HYKA IPY OfIHAKOBOJI reOMeTpuy Bcerfa OyayT Oosblie, YeM B HMOTHOCTBIO CTajIb-
HOM MOMIINITHUKE.

[l/11 Hapy>kKHOTO KOJIbIIAa C POCTOM YaCTOThI BpAllleHNs HANPsDKEHUs B TMOpU-
HOM IIOAIINIHNKe OyAyT MeHbllle, YeM B IIOJTHOCTbIO cTajbHOM. HopmanbHas co-
CTAaB/IAIOIIAs OT LIEHTPOOEXXHOI HArpy3Ky I Hapy)XHOTO KOJblla OymeT Ipomop-
LJMOHA/IbHA IJTIOTHOCTAM CTa/IM Y KEPAMMKHA.

BBezieM BcromoraTenbHbIe Oe3pasMepHble ITapaMeTphl:

A=l ] ®)

QFr + QFu S

(-aP  -e2] "

B= b Bk ; )

(1-g) N (1-g)

El EZ H
R= —ppfmm . (10)
steel

[Tapamerp A XapakTepusyeT OTHOLIEH)E HOPMATbHOI COCTABIIAIONIEN B KOHTAK-
Te OT IIeHTPOOEKHOI HArpy3Ky K CyMMe HOPMAa/IbHBIX COCTaB/LIIOIIVX OT pafuaib-
HOJ ¥ 0CeBOII Harpy30K; B — OTHOIIEHNMe YIPYTUX CBOVCTB CTATBHOTO MOALINITHIKA
(S) x ynpyrum cBosictBam rubpugHoro (H); R — OTHOILIeHVe ITIOTHOCTU KePaMUKN
K IUIOTHOCTU CTAIN. [Ipyrumu cinoBamy, A XapakTepusyeT, HACKOIbKO CUIBHOE BIINs-
HJe Ha HAIIPsDKEHHOE COCTOsIHME OKa3bIBAIOT LEHTPOOeKHbIE CUIIBL, a K0addumeH-
TBI B 11 R OTpa)kaloT pasHOCTb B (PU3NUECKUX Y MEXaHIYECKVUX CBOJICTBAX KEPAMUKU
VI CTaIN.
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ITockonbKy 3HaYeHMA HOPMAaIbHBIX COCTaB/IAIOLINX OT JeliCTBUA pafuanbHO Qr
1 oceBoit QF, HATPY30K I TMOPUIHOTO ¥ CT/IbHOTO MOAIINITHIKOB PaBHbI, TO OTHO-
IIeH/e HOPMAJIbHBIX COCTAaB/LIIOLINX CWIbI B ISITHE KOHTakTa rubpmpHoro (Qp) n

cranbHOrO (Qs) HOAMINITHNKOB MOYKHO 3aIMCaTh CIEAYIOIINM 00pasoM:

1+ (QFC)H
Q_H:(QFr+QFa+QFc)H _ QFr+QFa _1+RA

Qs (Qp +Qp +Qp)s _1_,_@_ 1+A

(11)

QFr + QFa
C y4erom (8)-(10) ypaBHeHMe (6) MOXKHO IIepenycaTh B CIeAYIOIIeM Bufie:
1/3
G—H:(”RA) B. (12)
Cg 1+A

[TpuMmeHeHVe ITMOPUAHBIX MOALINITHUKOB Ie7IeCO00Pa3HO B C/Iydae, KOTIa OTHO-
IIeHVe HaNpsDKeHUII B ypaBHeHuu (12) MeHbIlle e[MHNIIbL, T. €. KOTa HalpsDKeHUs B
rMOPUTHOM MOAIINITHNKE OYAYT MEHbIIle, YeM B CTA/IbHOM.

Yupoctum Bbipaxkerue (12), mocTaBUB 3HaUeHMUsI CBOVICTB MaTE€PUAIOB MO/IINII-
HUKOBOJ CTa/IM ¥ KepaMUKN. B Tabnuiie mpuBefeHbl XapaKTePUCTUKI OT€4eCTBEHHOI
cramu OV-347 n autpupna kpemuns SisNy, Cerbec NBD-200.

XapaKTepuCTIKHI MaTepHaioB

Koaddpuunent s

Marepuan Mopynp ynpyroctu, MIla Tyaccona ITnotHOCTD, KI/MM
Cranp OV1-347 2,1.10° 0,33 8,2-10°
SisNy, Cerbec NBD-200 3,2:10° 0,26 3,16:10°°

[lna npuBefeHHBIX B Tab/Mile MaTepuajaoB IapaMeTpbl B, R 1 OTHOLIeHMe
HaNpsDKEHUI COCTaBIIAIOT:

2/3
[(1—0,33)2 . (1-0,33)? }
S

2,1-10°  2,1-10°
B= 1,12
{(1—0,33)2 +(1—0,26)2}
H

2,1-10° 3,2:10°

R= Peeram _ 3,16-10°
Psteel 8,2:10°°

1/3
G_H=(1+O,385Aj 112
Gy 1+A

=0,385;

Gopmyna oTHOLIEHMs HAIpPsDKEHUIT BepHa MA KOHTAKTAa C BHYTPEHHUM U
Hapy>XHbIM KonbljaMu. Ha BHyTpeHHee KOJIbLIO He [elICTBYIOT IIeHTPOOeKHbIe CUIIBL 1
napaMmeTp A = 0, 1 OTHOIIIeHME HANIPsDKeHUIT Oy / os =1,12.
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HampskeHns B KOHTaKTe KepaMMYeCKOTO IapMKa C JJOPOXKKOil KadeHUs BHYT-
PEHHETO KOJbIla B I'MOPUAHOM IOALIMITHNKE 33 cUeT 60Jiee BBICOKOTO MOAY/IA YIPY-
TOCTY KepaMMKM OyfyT Bcersa Gosble: I BLIOpaHHBIX MaTepuanos 6onbuie B 1,12
pasa, 4eM B IIOTHOCTDIO CTa/IbHOM IO LINITHMKE.

3amucaB ypaBHeHuA (2) yepe3 MOTy4eHHOE OTHOIIEH)ME KOHTAKTHBIX HallpsikKe-
Huit (12) 31 rMOpUAHOTO M CTATBHOTO MOAIINITHUKOB, TT0/Ty4aeM OTHOILIEHNE JJO/IT0-
BEYHOCTY TMOPMIHOTO MOAMNITHIKA K JOJITOBEYHOCTH CTa/IbHOTO:

1/3

_LHzﬁn: (1+RA B

Kuns =775, A

O6cyxnenne pesyrbTaTroB. L1 Hapy)KHOTO KO/blLlA C YBEIMYEHNEM YacTOTHI
BpalleHus (LeHTPOOeXHON HAarpysKky) ¢ HEKOTOPOTO MOMEHTAa BpPeMeHMU 3Ha4yeHU:
KOHTaKTHBIX HaIIPSKEHUI B ITOJTHOCTBIO CTaIbHOM MOAIIMITHMKE HAYHYT IIPEBBIIIATh
3HaYeHNUSA KOHTAKTHBIX HAIPsDKeHWT B TMOpupHOM mopummmHuke. Teopermdeckun,
MaKCUMa/IbHble KOHTaKTHbIe HAIPsDKEHNUs PaBHBI MEXJY c000it Oy = Os Ipu K03d-
¢unmente A = 0,886 (12). I[Ipu Gonplunx 3sHaYeHMAX A CTAHOBUTCS BBITOJHBIM KC-
TI0/Ib30BaHMe TYOPUAHBIX MOAUIMITHMKOB C TOYKM 3peHMA oOecIedeHns MeHbIINX
HAIIpsDKEHMI Ha Hapy>KHOM KOJIblje IOALINITHYUKA (puc. 2).

cylog Puc. 2. OrtHolmmeHe MaKCUMaTbHBIX
L10E HANpSDKeHNJT B IIATHE KOHTaKTa HapyX-
1: 051 1 5 HOTO M BHyTpeHHero Komey (I u 2)
100 |l TMOPUIHOTO TOAIIMITHMKA K  HAmps-
0.9s| \3 JKEHMSAM B CTaIbHOM TIOIIINITHUKE (TIpn
0.90 ‘ ‘ ‘ OJIMHAKOBBIX T€OMETPUM U Harpy3Kax I
0 0,5 1,0 1,5 2,0 Kojtel] u3 cramy DVI347 u Ten KadeHns 13

IMapamerp A Hurpupa kpemuus Cerbec NBD-200;
3—oylos=1)

[Tapamerp A B dopmyre (11) BbIpaxkeH Yepe3 HOPMaIbHbIE COCTaBJIAIOIINE OT
HarpysK! B IIAATHE KOHTAaKTa. BbIpasyB HOpMasibHbIE COCTABJIAIONLINE OT HATPY30K Ye-
pe3 pagmanbHyto 1 oceByio cuabl (F, F,) M 4acToTy BpallleHUs 7, Ui pafyaIbHO-
YIIOPHOTO MOJIIMITHMKA C YTJIOM KOHTAKTa Ol = 26° MOMy4YUM

FC
A= Qr. _ Cos o _ EZ ~
Qrr +Qra Jg S5E . F, 5F, + Fyctga
Zcoso Zsina Jg
E.Z Cn?

" 5F +2,05F, 5F +2,05F,

rge C — KOHCTaHTa /i1 MOJIINITHNKA JaHHOTO TUIIOpa3Mepa.
Ha puc. 3 npuBepeHb! rpaduKy KpUBBIX PaBHBIX HAIPsDKEHMII I Pa3HbIX BHYT-
PEHHMX IMaMeTpOB d IIAPVKOBBIX Pafiia/IbHO-YIOPHBIX IOJUIMITHIKOB JIETKO Cepum

62 ISSN 0236-3941. Bectaux MI'TY nm. H.9. baymana. Cep. Mammnocrpoenne. 2018. Ne 1



OHPCJIC}I@HI/IC ONTUMAIbHOM 06/1acTI IIpYIMEHEHNA I‘I/I6PI/I,IIHI)IX MMOAIIMNITHMKOB KAa4Y€HUA

x10%
— d =200 Mmm

Tr —d=170 mm

| — d=160mm
T 6 d=150 mm
S — d =140 mm
Z > d=130 mm
~ 4+ —d=110Mm
t —d=95 MM
ﬁ 3
Il

2

1

0 2 4 6 8§ 10 12 14 n-103 o6/mun

Puc. 3. KpuBble paBHBIX HaIpsHDKEHMII B KOHTaKTe HAaPY)XHOTO KOJIbIA JUIA TMOPMIHBIX
¥ CTaJIbHBIX HOAMINITHNKOB

C paspesHbIM KONbLIOM. Hibke KpUBBIX HAXORUTCA K, ; ‘;H
Is ©s

0071acTb, B KOTOPOII HAIIPsDKEHMsI HAa HAPY)KHOM
KOJIblie TMOPMAHOTO HMOAIUINITHIKA OYAyT MeHbIIIe,
YeM B ITOTHOCTBIO CTaTbHOM.

Ha puc. 4 npusenens! rpaduky 3aBUCHMO-
CTM OTHOIIEHUs KOHTAKTHBIX HANPSOKEHUI
Gy /GS Ha JOPO’KKe HApPY’>KHOTO KOJIblL]a MOf-

MIMITHYKA 1 K09 uImeHTa JOMTOBeYHOCTI T16-

pupHoro nopmmnauka Ky, jpo oT mapamerpa A.

Hamnpumep, npu A = 0,886 3HaueHuA JOAroBed- 0 1 2 3 A
HOCTU TMOPUIHOTO M CTA/IbHOTO MONIINIHUKOB p. . 4 KooduienT 5onroesrocT

paBHBIL, @ IpU A = 4 JONITOBEYHOCTb TUOPUTHOTO Kiy/is W1 TUGPHAHBIX TIOJIAI-

MOALINITHMKA 6O/lee 4yeM B 3 pasa IpeBbIIIAeT HUKOB ¥ OTHOWICHME HANpSKEHIT
JIOZITOBEYHOCTD MOTHOCTBIO CTA/IBHOTO MOAIINI- 5, /Gs B 3aBICHMOCTH OT TAPaMeTpa
HUKA. Harpyski A (Q)
3akmoyenne. [MOpupgHbIe  MOAIIMITHUMKYI

C KepaMIYeCKUMI Te/laMy KaueHVsA VIMEIOT Psf IPEUMYIIECTB II0 CPAaBHEHUIO CO CTallb-
HbIMI. OJIHAaKO CYLIECTBYeT 00/1aCTh PeXXMMOB PAabOTBI (Masible YaCTOTBI BpAIlleH s, BbI-
COKIie HarpysKiu), I7ie VICIIO/Ib30BaHVe TMOPUHBIX MOAINITHUKOB C TOYKM 3PEHMsI KOH-
TaKTHBIX HAIIPsDKEHWIT HerenecooOpasHo. PaiyoHanpHas 0671acTb IpUMEHEHMs TH-
OpVIHBIX MOAIINITHIKOB XapaKTePU3YeTCsl BBICOKMMM 9aCTOTAaMM BpPAIeHVsI IIPU OTHO-

CUTEIbHO HeOO/IbIINX Harpy3Kax.

Asmop svipaxaem 6nazodaprocmy 0-py mexH. Hayk F0.A. HoxmHuyxomy u KaHo. mexH.
nayx H.J. Ilemposy 3a nonesHvie cosemvl u 3amedaHus, coenaHHvie 6 xo0e pabomuvl HAO
cmamoeti.

ISSN 0236-3941. Becthux MI'TY um. H.9. baymana. Cep. MammHocrpoenne. 2018. Ne 1 63



I0.JI. JlaBpenTbeB

JINTEPATYPA

1. Ebert F.-]. An overview of performance characteristics, experiences and trends of aerospace
engine bearings technologies // Chinese Journal of Aeronautics. 2007. Vol. 20. No. 4.
P. 378-384. DOI: 10.1016/S1000-9361(07)60058-2

URL: https://www.sciencedirect.com/science/article/pii/S1000936107600582

2. Memoouka pacueTHOI OIleHKM ONTOBEYHOCTM MOJUIMITHMKOB KadeHUS aBMALMOHHBIX
[BUTATeNell U UX arperaToB, TpeOOBaHMs K KOHCTPYKTUBHBIM IapaMerpam omop. M.: [IVTAM,
OAO «BHUIIII», 1997. 30 c.

3. Zaretsky E.V., Vicek B.L., Hendriks R.C. Effect of silicon nitride balls and rollers on
rolling bearing life // ASME/STLE International Joint Tribology Conference. 2004. Paper
No. TRIB2004-64246. P. 781-793. DOI: 10.1115/TRIB2004-64246

4. Harris T.A., Kotzalas M.N. Essential concepts of bearing technology. CRC Press, 2006.
392 p.

JIaBpenTbeB IOpuii /IbBOBMY — acnupaHT, MHXXEHep CeKTOpa MCCAeOBAaHMs MOAUIMITHUKOB
LleHTpaIbHOTO MHCTUTYTA aBUALIMIOHHOTO MOTOpocTpoeHus uM. I1.VI. bapanosa (Poccuiickas
Depnepanus, 111116, Mocksa, ABuaMOTOpHaA YL, . 2).

ITpoch6a cChUIAThCA Ha 3TY CTATBHIO CICAYIOUM 00pa3oM:

JlaBpentnes F0.JI. OmpepeneHne ONTUMAIbHOI 00/1ACTV IPUMEHEHNUs TMOPUAHBIX MMOAIINII-
HuKoB kavyeHus // Bectnux MITY um. H.9. baymana. Cep. Mammnoctpoenne. 2018. Ne 1.
C. 57-65. DOI: 10.18698/0236-3941-2018-1-57-65

DETERMINING THE OPTIMAL SPHERE OF APPLICATION
OF HYBRID ROLLING BEARINGS

Yu.L. Lavrentev lavrentev@ciam.ru

Central Institute of Aviation Motors named after P.I. Baranov,
Moscow, Russian Federation

Abstract Keywords

The paper presents the analysis of loads and speed for  Ceramics, hybrid bearings, contact
which the usage of hybrid bearings with ceramic rolling stresses, bearing fatique life,
elements is advisable. We compare the stresses in the aircraftengine

contact of the balls with the roller paths in hybrid and

steel bearings taking into account the effect of centrifugal

forces. As a result, we offer the necessity criteria for

hybrid bearing usage. Moreover, we describe the regions

of operation (axial and radial forces, speed) for aircraft

main shaft bearings, where hybrid angular bearings with

ceramic balls are advisable to use. The study presents a

method for evaluation of lifecycle of hybrid roller bea- Received 13.02.2017
rings with ceramic rolling elements © BMSTU, 2018
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