On the basis of numerical calculations of the stressed-deformed state of wheel the prognosis of life time
is done. The results are shown relations between the number of cycles to failure and maximally possible
stresses and displacements. Relation of cumulative fatigue damage is researched depending on the num-
ber of cycles for the different modes of vibration on resonances frequencies.

Keywords: high-cycle fatigue, life time, damageability, cyclic loading.
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NCCIEJOBAHUE BA3KOYIIPYTI'OI'O JE®@OPMUPOBAHUA
COCTABHOI'O IWWIMHAPA

Ha ocHoBe npuxnuna Bonbsreppa periena maockas 3afaya JUisl IBYyXCJIOHHOTO HUIMHIPA € BA3KOYIPY-
ruM cioeM. Vickomble BeTHYHMHBI B BHAE (GYHKIHH BpEeMEHH HalJeHbl ¢ MOMOLIBIO OJHOCTOPOHHETO
HHTErpaJbHOro npeodpasoBanus Jlammaca.

KimoueBble c10Ba: miockas 3aaua, BI3KOylpyrocTs, mpeodpasosanue Jlamnnaca.

bannaxxupoBaHue cumTaeTCAd B HACTOSINEE BpeMs OAHUM u3 Hamboisee 3¢-
(EeKTHBHBIX CIIOCOOOB PEMOHTA MarkCTpalbHBIX TPYOONpOBOJIOB. B kadecTBe Ma-
TEpUaJIOB PEMOHTHOM HaKJIaJIKU 1eJIecO00pa3HO MPUMEHSTh KOMIIO3UTHI Ha MOJH-
MEpHOH OCHOBE, COYETAIONINE ONaronpusTHeIe (PU3NKO-MEXaHUUECKHE CBOWCTBA C
JOCTYITHOCTBIO TE€XHOJIOTHH, YTO JaeT BO3MOXKHOCTH ISl OBICTPOTO BOCCTaHOBIIE-
HUsI pabOTOCIIOCOOHOCTH NEHUCTBYIOIIET0 TPpyOOIpoBoia 6e3 BhIBOJA M3 DKCILIya-
TalK MOBPEXKICHHOIO y4acTKa. [lepcreKTUBHOCTh JaHHON METOAUKH ONpPENENseT
HEOOXOJMMOCTh TEOPETHYECKOTO M3yUYEHUs Pa3IMUHBIX aclleKTOB €€ pealn3anui,
IIPU 3TOM IOCIIEA0BATEIBHOE YTOUHEHHE NMPHMEHSAEMBIX MMOAXOJ0B MMEET LEIbI0
TMIOJIHEE TTPOSICHUTH OCOOEHHOCTH MOJTy9IaeMbIX perieHnid. Cpenn 3HaYMMBIX aCIeK-
TOB MOYXHO YKa3aTb ()OPMHUPYIOLIEECS B XOJE OTBEPKACHHS HANPSKEHHOE COCTOSI-
HHE BCIEICTBUE OOBEMHOM YCaIKH IOJMMEPHOTO CBS3YIOLIETO, YTO OKa3bIBAET
OnaronpusATHOE CXKMMAloIlee Bo3JeicTBIe Ha TpyOy. B nanbHeiimem 3To Bo3Jeii-
CTBHE OcCja0eBacT 3a CUeT pelaKCallii HAINPsDKEHHH. B 3TOM CBsI3W MpencTaBiseT
OTIpe/lelIeHHBIl MHTEpeC HCCIIEJOBAaHHE pPa3BUTHA BO BPEMEHH HAIPsHKEHHO-
neopMHUPOBaHHOTO COCTOSTHUS TPYOOIIPOBO/Ia COBMECTHO C OaHa)KOM, TIPH 3TOM
ONKCaHWE MOJMMEpa MOJENBI0 JHMHEHHO BS3KOYNPYrod cpenbl MO3BOJSIET pac-
CMaTpuBaTh He3aBUCHMO 3((EKTHl OT YCaJOYHBIX HANpPsDKEHWH W Harpy>KeHHs
TpyOBI BHyTpEHHHM JaBJeHUEM. AHAJIMTHYECKOE PEIICHHE, OIUCHIBAIOIIEE BSA3KO-
ynpyroe JieopMHpOBaHHE OJMHOYHOTO IWIMHApA, npuBeneHo B [1]. Pemenue
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U BA3KOYIPYTOTO IMIIMHAPA BHYTPH YIIPYToil 000I0YKH MOTy4YeHo B [2] MeTo-
JIOM amnmpoKcuMaIii. B HacTosmel paboTe mpeaoKeHo 3aMKHYTOE PEIIeHHe IS
COCTaBHOI'O IIWJIMH/ApPA HA OCHOBE OJJHOM M3 YaCTHBIX MOJIENEN BA3KOYNPYTOW cpe-
b,

PaccmatpuBaetcs parMeHT TpyOONpoBOAa ¢ PEMOHTHON HaKJIaaKOH W3 IMo-
JMMEpHOTO MarepHuaia. PacueTHas Mopenb HpencTaBiseT coOOW COCTaBHOM Lu-
JIUHJIP TTOJT ACUCTBUEM BHYTPECHHETO JIABJICHUS, B YCIOBUAX INIOCKOW JedopMaItim.
BHyTpeHHHI TWIMHAP CYUTACTCS YIPYTUM, HAPYKHBIH IFUTHHAP 00JIagaeT BI3KO-
YOPYTUMH CBOWCTBAMH.

B obmem ciydae cI0KHOTO HANPSHKEHHOTO COCTOSHESI OIIPEIEIISIONINE CO-
OTHOIICHHS JJIS JTUHEHHOU BA3KOYIIPYTO# Cpelbl HACIEICTBEHHOI'O THIIA MMEIOT
BUJ [2]

50(1) = 2G, | ey ()= [ R(t =)y ($)d |, (k,I=13); (1)

o,(t) =K, 9(1)—JV(I—§)9(C)d§ ; 2

e G, =5E /(1+v,) n K =1E, /(1-2v,) — MrHOBEHHbIC MOYIIh CIBHIA H 00B-

2 . . —1
€MHBIi MOJIyJIb COOTBETCTBEHHO; Vo — Kodbuuuenr [lyaccona; o, =50, —cpen-

HEC HOPMAJIbHOC HAIIPSIKCHUC, 0= €kk — OTHOCHUTENIEHOE M3MEHEHHEe 00beMa apu

e e —g —1 _ -
Manbix aepopmauusx; s, =o, —o,0, u €, =&, —300, — KOMIOHEHTHI JIeBHa

TOPOB HAINPSHKEHHOTO U 1e(OPMUPOBAHHOTO COCTOSHUHN; Jy — cuMBos KpoHekepa;
R u V- saapa caABUroBoit 1 00EeMHOM peslakcaliii COOTBETCTBEHHO.

PeanbHble MonMMepHbIE MaTepUalbl MPAKTHYECKH HE OOHAPYIKHBAIOT 00bEM-
HOM BSI3KOCTH [2], UTO MO3BOJISET B MPUKIATHBIX pacdeTax BMecCTO (2) MCIOJIb30-
BatTh 3aKkoH ['yka:

o, =K,0. (3)
[Mpumenenne oJHOCTOPOHHETO TipeoOpazoBanms Jlamiaca
7 ()= [ f@) exp(-pr)dt (4)
0

k 3aBucuMocTsM (1) mpu ycnoBun Gy(f) = const 1aeT CBsI3b N300paKeHUH
S0(P) =262, (PI-R(p)]. (k1=13), (5)
BHEIIIHE 110/100HYI0 3aKOHY ['yKa /iIsi KOMIOHEHT JIeBUAaTOPOB, C 3aMEHOIM MOAYJIst
casura Ha G[l— E’( p)], rae p — napametp npeodbpazoBaHusl.
ITpunun Bonsreppa [1] gaetr Bo3MOXHOCTH TpakToBaTh KOoMIoHEHTH HJIC
B PEUICHHH YNPYroil 3aJaudl Kak W300paKeHUs COOTBETCTBYIOIIMX BEIMYHMH U3
3aJayyl BS3KOYNPYTOH, €CIIM B YINPYIOM DPELICHHH BBINOJHEHA yKa3aHHAas BBIIIE

3ameHa. Ha ocHOBe 3TOT0 mMojaxoza paccMaTpHBaeTCs IUIOCKas 3ajada O B3aUMO-
JICHCTBUU yIpyro# TpyOosl a < r < b ¢ BA3koynpyrum Oangaxom b <r < ¢ mox Jei-
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CTBHEM BHYTpEHHero napieHus P, HampsbkeHus n paauanbHOE IepeMeIleHUE B
TpyOe (BepxHmii nHACKC /) U B ynpyrom Oannaxe (BepxHuit nHACKC 1) BRIpaskeHBI
qepes C)]BI/IFOBOﬁ 1 00BEMHBIN MOIYJIN COOTBCTCTBYIOIINX MATEPUATIOB U 3aBHUCAT
OT BCJIMYHUHBI KOHTAKTHOT'O JABJICHUA Pkl

1 a’h’
0, == z[ﬂaz—ﬂbz—(l’a—ﬂ) ; }; (6)
b"—a r
1 azbz ] 3K1 _2G1
I - 2_pp? _p4P o 2 pr2].
O-ﬁﬁ - bZ _aZ |:Paa Pkb +(Pa Pk) rz :|, O-zz - b2 —a2 3K1 +G1 [I)aa Pkb ],
; 1 Pa’-Bb P -P a’b’
u = b4 ;
26 -a*)| 3K'+G' G' r
1 sz (22 yig sz cz
0, == —3|l-=3|; op=7—3|1+3|; (7
¢ -b r ¢ -b r
i __Bb 3k"-26"  u_ Rb 3. 1<
= P 3Kk G 2(02—b2) 3K+ G Gl

Y4er cIBUTOBOI BSI3KOCTH HApy>KHOTO IWJIMHApA IO NMpHHIMITY BombTeppa
npu P, = const Tpebyer 3amenst P, Ha P, /p, K" na Ky, a G" na G,[1- R(p)]. dus
MOJIENIN CTaHAAPTHOTO BSI3KOYyHpyroro Tena [3] ¢ siapoM penakcaiu

R()= I_Tﬂ exp(—i) , ®)

rne f=G, /G, <1; G, — IIATENbHBIA MOJIYJIb C/IBUTA; T — BPEMS PENAKCAIMH, B

dopmyax Buaa (7) OTHOCHTEIBHO M300paXkeHuii Ha MecTe G’ OKaKeTCs BeTHUH-
wa G, 2HPT

p+l/t
KHM BBIP@KEHUSIM, TI03TOMY BBOJSITCS IIPOMEKYTOUYHBIE 0003Ha4YeHus. B dacTHO-
CTH, IIPH OTCYTCTBHH PaJHajbHOTO HATAra M300pa)keHHe KOHTAKTHOTO JIaBJICHHUS
orpezensercs GopMyion

. I[aﬂbHCfIHIPIG npeo6pa30BaHI/I$1 OPpUBOAAT K JOBOJIBHO T'POMO3A-

B Alp+ B/t p+x/7) )
O pB(p+1/7) +D(p+ 1T p+ BlTy+ H(p+ Bl o) p+xl7)]

2 I 1 2 2 2
Pa (4G +3KG (G +3K,) . 3K, _ B +NG,

rne A= ;D

b -aHG' (G +3k") ¢ —b c-b
1= Go(Gy+3K,) 3 d o Gp+3K,
b —-a’ G +3k" G G, +3K,

KoHrakTHOE naBieHue, HailieHHoe TyTeM ooOpatienus (9), uMeeT Buj
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3 A ﬂKl 1 o & ot
Pk(t)_B+D+H{u 'p—zKﬂ” S ]exp( ’%j*

+(p—ﬂ—x+z%jexp(—,0£ﬂ}

[ [ 2B+(1+p)D+(f+Kx)H
=+ A= s p=A— P s A= :
e x Hep H 2(B+D+H)

_ B+ D+ prdd
B+D+H

BonpimacTBO BennuuH B popmynax (6) u (7) mo xapakTepy 3aBUCUMOCTH OT
BPEMEHH TTOBTOPSIIOT KOHTAKTHOE aaBieHHe. OceBoe HalpspKEHWE W paJuaibHOe
nepeMenieHne B OaHAaXe MOMUMO P; 3aBUCAT TaKXe HEIOCPEICTBEHHO OT
CBOKMCTB BSI3KOYHpyroro marepuaina. [loaToMy Ui OTBICKAHMS 3THX BEJIWYHH B
Busie QyHKIMI BpEMEHU NIPUMEHSETCS ONMCaHHBIA BBIIIE ITOJX0, OCHOBaHHBIN Ha
NIPUHIMIIE COOTBETCTBUS. B pe3ysbrare momy4eHsl BEIpaKeHN]

o0 M(ZK ]{cvﬂ P2z /}(p—ﬂ)@—@ex . pﬁﬂ'(”)
3 4 xon) ) plp—y) 7))’

(10)

u (t)— (Mﬂr+N j Z—_l{M(ﬁ—;{)r+N’(—Z}exp(—;{£j+
r r T

2(p=2) (12)
+p—1[M(p ,b’)r+Np }exp(—pij,
pp=x) T
3K,~2/G :
e _3KZ28G, -y, 34b ;
3K,—2G, 2(B+D+H)(c -b")(G,+3K,)

34b°c’
2B+D+H)(-b")G,

HarnspHoe npencrtaBieHHe O XapakTepe MOJYYEHHBIX 3aBUCUMOCTEM MOTYT
JIaTh MPEJCTABICHHBIE HUXKE JUarpaMMbl, TOCTPOEHHBIE NMPH CIEAYIOIUX HCXOA-
HBIX JaHHBIX: pa3Mepbl 00bekTa a = 0,485 M, b = 0,510 M, ¢ = 0,560 m; naBiIcHUC
B Tpy6e P, = 7 MIla; ynpyrue cBoiictsa Tpy6s! £ = 2,1:10° MIIa, V' = 0,3; xapax-
TEPUCTHKH BS3KOyIpyroro Ganmaxa E, = 3,410 MIIa; v, = 0,35; S = 0,65;
7=2400 c. Puc. 1 nwmmroctpupyeT nporecc pelakcalid KOHTAaKTHOTO JIaBJICHUS.
Ha puc. 2-4 mokazaHbl HaIpsDKEHUS U IIepeMeNIeHus B TpyOe u OaHmaxe B 3aBH-
CHMOCTH OT PafiuaJIbHON KOOPIMHATHI U BPEMEHH.

IIpn anammse Bs3KOyNpyroro aehOpMHUPOBAHUS H30TPOIHOTO IIMIMHIpA
n3obpaxenuss komrnoHeHT HJIC mnomywarorcs B Buae IpoOHO-panvoHabHBIX
(GyHKUMA  TEepeMEHHOHM p, YTO MO3BOJISIET HAXOIWTh OPUTHHANBI B 3aMKHYTOW
¢dopme. Iy KOMIo3uTa Ha MOJMMEPHONH OCHOBE y4YeT OPTOTPOIHMH CBOMCTB IpH-

N =
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BOJWUT K TPAHCIEHICHTHBIM 3aBUCHMOCTSM OT p B M300paXEHHUSX, 4TO Tpedyer
MIPUMEHEHHUS CTICIMANBHBIX IPUEMOB /IS IOUCKA PELICHUS.
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Pucynoxk 1 — I3MeHeHne BO BpeMEHU KOHTAaKTHOTO JTaBICHUS

I
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Pucynok 3 — OceBble HanpsDKeHHS: @ — B TpyOe, 6 — B OaHIaxe
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Pucynox 4 — PaguansHele nepeMerneHus: a — B TpyoOe, 6 — B OaHmaxe

Cnncox jauteparypbl: 1. Marunun H.H. TlpukinagHas Teopus IDIAaCTHYHOCTH M MON3YYeCTH. — M.:
MammHoctpoenue, 1975. — 400 c. 2. Mockeumun B.B. ConpoTHBIIEHHE BA3KO-YIPYTHX MaTEpPUAJIOB. —
M.: Hayka, 1972. - 328 c.

Ilocmynuna 6 pedkonnezuio 05.07.2013

VJIK 539.3

Hccnenopanue Bs3KOynpyroro aeopMHpoOBaHMsi cocTaBHoro uuiauuapa / I''U.JIbBoB,
B.I'.Cyxuacos // Bicuux HTY «XIII». Cepist: J{unamika i minaicts MamuH. — X.: HTY «XII», 2013. —
Ne 58 (1031). — C. 119-124. — Bi6miorp.: 2 Ha3B.

Ha ocHoBi mpunimny Bonbsreppa BupilieHa miocka 3agada Iuisi JBOIIAPOBOrO LUIIHIPA 3 B'I3KOIPYIK-
HuM mapoMm. Illykani BennuuHN y BUIILAAl GYHKIIH dacy 3HaifeHi 3a JOIIOMOTOI0 OJXHOCTOPOHHBOTO
iHTerpajgbHoro neperpopenHs Jlamnaca.

KuarouoBi ciioBa: mocka 3agaya, B'sI3KONPYXKHICTh, epeTBopeHHs Jlamnaca.

On the basis of Volterra principle a planar problem for a two-layer cylinder with a viscoelastic layer
was solved. Unknown quantities as functions of time were found using one-way integral Laplace trans-
form.

Keywords: plane problem, viscoelasticity, Laplace transform.
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