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lporHo3upoBaHMe pecypca KOHCONIbHO-3aKpeneHHbIX
AeTaneu npyM M3Hoce € y4eToM A0NYyCKaeMbIX
HanpAXeHUK
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! BpAHCKMIA roCy[apCTBEHHbIN arpapHbIit yHuBepcuTeT, BpaHcK, Poccns;
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06ocHosaHue. HepeaKo feTann paboumx OpraHoB MalUMH, KCTYaTMPYIOWMXCA B abpasvBHbIX CPeAaX MMEIOT KoH-
CONbHOE KpenneHue. BcnepcTBue M3HALLMBAHMA YTPAUMBAKOTCA WX Pa3Mepbl, OFOBOPEHHbIE TEXHUYECKUMU YCITOBUAMM,
W NPOMCXOAMT paspyLleHue. Pecypc 3Tux U3aennin onpepenaeTcA [OMYyCKaeMbIMU U3rMOHBIMU HaMPSAKEHUAMM C YYETOM
WHTEHCMBHOCTW MX U3HalMBaHWA. CyllecTByloLiMe TEOPETUHECKME METOfbI MPOrHO3WPOBaHMA BpeMeHW paboTbl AeTanu
[10 ee NpefenbHOro COCTOAHWA MPU, PELLEHUM 3afja4 He YUMTLIBAlOT KpUTEPUEB MPOYHOCTU U U3HALUMBAHMA B KOMMIEKCE.

Lleno pabomoi 3aKknioyaeTca B MONMYYEHUM MATEMATMYECKOTO BbIpaXKeHWs, Onpeaensiollero pecypc AeTanu npu ee
M3HOCE C Y4eTOM [10MyCKaeMbIX HaNpAXKEHWIA.

Mamepuanel u Memodbl. PackpbiTue Lenu NpoBOAWMNOCH MYTEM pelueHWes 3afayuM MpOrHo3vpoBaHUA pecypca
KOHCOJIbHO-3aKPEMN/IEHHOT0 C MCMO/b30BaHWEM KIACCUYECKOro Kypca COMPOTMBIEHWA MaTepuanoB, 3/IEMEHTOB Teopuu
yNPYrocTv U 0CHOB TPUBOTEXHUKM.

Pe3ynbmamel. B pe3ynbtate MaTeMaTU4ECKMX M3bICKAHUIA M C YYETOM MPaKTMYECKUX 3HaHWI nonyyeHa ¢opmyna
ANA onpefieNeHns pecypca AeTanu, KoTopas YYWTbIBAeT pa3Mepbl [eTanu, BENIMUMHY [OMYCKAeMbIX HanpAMeHUN, Ko3d-
dWUMEHT, pernameHTUpyIoLLMIA CTOMKOCTb MaTepuana K M3HallMBaHMIo, AaBneHMe Ha pabouylo NOBEPXHOCTb, AaBfeHue
B MECTe 3alLieM/NIeHUsA 1 JaBeHUA Ha CBOOGOAHOM KoHLe bpyca. YCcTaHOBNEHbI YCNOBUS, OnpesenfeMble ABYMA HepaBeH-
CTBaMM, Npy COb/I0AEHUM KoTopbIx AeTanb 6yaeT paboTocrnocobHa.

3arnwoyeHue. TonyyeHbl MaTeMaTUYECKMe BbIPArKeHWA, NO3BONAIOLLME NPOBOAUTL NPOrHO3MPOBaHMeE, U OMpefeneHbl
yCnoBUA paboTocnoco6HOCTU KOHCONbHO-3aKpenyeHHbIX [eTanei B NpoLecce UX U3HALLIMBaAHMA MO [OMYCKAeMbIM Hanps-
FEHUAM.
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Forecasting the resource of console-fixed parts
during wear with account of permissible stresses
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BACKGROUND: Often, parts of the working bodies of machines operating in abrasive environments have a cantilever
mount. Due to wear, their dimensions are lost, specified by the technical conditions, and destruction occurs. The resource
of these products is determined by the allowable bending stresses, taking into account the intensity of their wear. The existing
theoretical methods for predicting the operating time of a part to its limiting state when solving problems do not take
into account the criteria of strength and wear in the complex.

AIMS: The aim consists in obtaining a mathematical expression that determines the resource of the part when it is worn,
taking into account the allowable stresses.

METHODS: The disclosure of the goal was carried out by solving the problem of predicting the resource of a cantilever-fixed
using the classical course of the resistance of materials, ele-ments of the theory of elasticity and the basics of tribotechnics.

RESULTS: As a result of mathematical research and based on practical knowledge, a formula was obtained
for determining the resource of a part, which takes into account the dimensions of the part, the magnitude of the allowable
stresses, the coefficient regulating the resistance of the material to wear, the pressure on the working surface, the pressure
at the pinch point and the pres-sure at the free end timber. The conditions determined by two inequalities are established
under which the part will be operable.

CONCLUSION: Mathematical expressions have been obtained that make it possible to predict and the conditions
for the performance of cantilever-fixed parts in the process of their wear ac-cording to allowable stresses have been
determined.
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BBEOEHWUE

Pan petane paboumx opraHoB TEXHUYECKUX CPEACTB,
npegHasHa4YeHHbIX ANA 3KcnyaTauum B abpasvBHbIX cpe-
pax (MeTannypruyeckoe NpoM3BOACTBO, MPYHTO- U NOYBO-
obpabaTtbiBatowan TexHuKka) [1, 2, 3] UMeloT KOHCONbHOe
KpenneHue, HanpuMep, 3ybbA KOBLUEN 3KCKaBaTOpPOB,
HOMM CKOPOCTHLIX MAyroB, A0n0Ta rnyboKopbIxauTe-
new [4, 5]. B npouecce mx mcnonb3oBaHuA BCieacTBue
W3HALWMBAHWUA YTpPaumMBalOTCA HOPMATMBHbIE pasMepsbl
Y HepeJKOo NPOMCXOAUT MU3JI0M, YTO MPUBOAMT K OCTaHOBKE
arperara, T.e. B JaHHOM CJly4ae Pecypc TaKuX KOHCTPYK-
TUBHBIX 3/IEMEHTOB BO MHOIOM OMpeAensfeTcA JonycKae-
MbIMU B HUX U3rMOHBIMU HaNPAXKEHUAMMU C YYETOM WH-
TEHCMBHOCTM MX M3HaWMBaHMA. 0fHaKo cyliecTsylowme
TeopeTUYecKkne MeTofbl NPOrHO3MPOBAHWA BPEMEHU pa-
6oTbl geTanu oo ee npefenbHoro pabotocnocobHoro co-
CTOAHMA NpY peleHnn NofobHbIX 33fay He Y4YMTbIBaKT
napaMeTpoB MPOYHOCTM U (aKTOPOB MpoLecca M3HaLK-
BaHWA B KOMI/IEKCE.

LIESTb UCCNIEAOBAHUA

Llenb nccnenoBaHWA 3aKmIiouaeTca B NoyYeHUn Mate-
MaTMYeCKOro BbIpaxeHs, onpeensioLLero pecypc aetanm
MpU ee M3HOCE C YYeTOM [0MyCKaeMbIX HaNpAHeHUA.

PELLEHUE 3AOAYU

3a pacueTHylo cxeMy npuHuMaeTcA banka (bpyc) pnm-
HOM /, 3aLLieMneHHas Ha OHOM M3 CBOMX KOHLLOB M cBobof -
Haf Ha apyroM (6ajika — KoHconb) — (puc. 1,a).

K 6arke npunoxeHa Npou3BosibHas Harpyska g = q(x)
(0<x <), npepactaenAiowan coboit cuny, OTHeCEH-
HYlO K eAuHMUe O7WHbI 6anku (ee pasmepHoctb F/m).
CeueHune 6anku B NiobOM ee ceyeHUW MpeacTaBnseT Co-
601 NPAMOYroNbHUK WUpUHOW b 1 BbicoTol A (puc. 1,b),
4TO COOTBETCTBYET FEOMETPUM peasbHbiX AeTanent. Ecnm p(x)
(H/Mz) — [aBeHWe Ha MOBEPXHOCTb 6anKku, K KoTopoW
npunoxeHa Harpyska g(x), To

q(x)=b-p(x) (0<x<]).
Yy
0
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CxeMa, nsobparkeHHan Ha puc. 1, npegnonaraet Hepas-
HOMepHOCTb AaBneHna p(x) Ha bpyc no ero AnvHe. 3Ha-
4T, U U3HOC Bpyca (M3MeHeHWe ero TOMLMHBI /1) MOXKeET
6bITb HepaBHOMePHbIM: rAe 6onblue AaBneHue, TaM bonbLue
W3HoC.

Monaras, 4to U3HOC bpyca B Nt06OM ero ceyeHnm x npo-
nopuuoHaneH AaBneHnio p(x) B 3TOM CeYeHUM, MONYYUM
cnepyloLLee BbIpatKeHNe ANA UHTEHCUBHOCTU C U3HALLMBA-
HMA bpyca:

c=k-p(x) (m/c) (0<x<]).

3necb & — KoapdMUMEHT NpoMopLMOHANBLHOCTH, pe-
rNaMeHTUpPYeMbI M3HOCOCTOMKOCTbIO MaTepuana 6pyca.
OH onpepenAnca onbITHLIM NYTEM WM UCMONb30BaHUEM
CYMMbI HaKOM/EHHbIX HA MPAKTUKE [aHHbIX.

Ecnu 4, — nepBoHa4anbHas TonwmMHa bpyca (B MOMeHT
BpemeHu £ =0), To ero TonLWMHa /i B NPOU3BONLHBIA MO-
MEHT BpeMeHu ¢ > () ByaeT BblpaaTbcA GopMynon:

h=h(x;t)=h,—ct=h,—k - p(x)-t
t=0;0<x<]). (1

EcTecTBeHHO, MMeeT CMbICN paccMaTpuBaTh NULWbL Te
3HaYeHMA BpeMEHM £, Npy KoTopbx /2>0 B noboM ceyve-
HWM bpyca:

h, >0 = h—k-[p(x)]_ . -1>0 =
h

k- [p(30)] e

= 0<t<

UnpuHy 6pyca b nonaraeM MOCTOAHHOM MO BpeMe-
Hu (T. K. M3HawmBaHue bpyca byaeT, o4eBMAHO, Npowc-
X0AWTb NMLWbL MO ero TonwmHe). M3Hoc e no wupuHe
ecnm n byaneT npucyTcTBOBaThb, TO €ro BENWYMHA CTONb
Mana, 4YT0 el MOXHO npeHebpeyb. CnegyeT OTMETUTD,
YTO M3rUbHbIE HANPAMEHUA, BO3HMKAIOWME B N06OM ero
CeYEHWM X He 3aBMCAT OT LUMPWHbI bpyca. 3T0 CBA3aAHO
C TeM, YTO MPU U3MEHEHUU LWMpUHBI Bpyca b nponopuu-
OHanbHO 3TOMY WM3MeHeHuIo ByaeT MEeHATBCA U Harpyska
q(x)=bh- p(x) Ha KoHconb no ee anuHe. Kpome Toro,
MPaKTUYECKWIA OMBIT MCMONb30BaHUA [ieTanen KOHCONbHOro
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Puc 1. PacueTHas cxeMa (@) v npo¢uib nonepeyHoro cevenns (b).
Fig 1. Design scheme (a) and cross-sectional profile (b).
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KpennieHna noKasan Ha Mano3Ha4yuTeNbHbIA U3HOC MO UX
wupuHe [6]. Kak nokasaHo Hue, WwupuHa b bpyca B uTo-
rosbix ¢popMynax He GuUrypupyer.

Bynem nanee cumtarb, uTo Harpyska ¢(x) Ha bpyc Me-
HAETCA NIMHEeN HO No AnuHe bpyca:

‘1(")=P(x)~b:b[poJr(p1 _po)ﬂ

0=x<)). 3)

3pecb p, — faBneHue Ha bpyc B MecTe ero 3alleme-
HUA, @ p, — Ha CBOBOJHOM KoHLIe bpyca.

MoMeHT nHepLum J NpAMOYroNbHOro ceveHns uarmbae-
Moro bpyca BblpakaeTcs U3BecTHoW dopmynoii [7]:

bk’
J=J(xt)="—,
12
rae TonwwmHa /1 bpyca Bbipaxaetca gopmynon (1).
MoMeHT conpotunenuna IV ceuenuii bpyca usrmby bpy-
ca onpefensAeTcA He MeHee U3BeCTHOM dopmynon [7]:

o

W=W(x;t)= (4)

Mpu n3rnbe bpyca Ha ero BbinyKnow (cornacHo puc. 1 -
Ha HWKHEW MOBEPXHOCTM) B €ro CEYEHWAX X BO3HUKAIOT
pacTArMBaiolmMe Hanpswenna o(x), BENMYMHA KOTOPbIX
AIBNAETCA onpefensioLLen npy pacyeTe bpyca Ha MPOYHOCTD.
Kak nsBectHo u3 [7],

M(x)

: ()
W(x; t)

o(x)=

roe M (x) — u3rnbalolwmin MOMEHT, BO3HWKaIOLWMIA B Ce-
YEHUM X.
MoacunTaeM BenuumHy atoro MomeHTa. Ero cospaer

Harpyska ¢(X), NpunoxeHHan K bpycy npasee ceyeHus X,
T.e. Ha ero yuactke (x <7 </). Tax kak dF = q(t)dt -
CMNa, NPUNOXKEHHaa K Bpycy Ha ero y4acTke [t;t+a’t],
a Nneyvo 3TOM CUMbl paBHO [ — X, TO

dM (x)= (1 —x)q(¢)d,

roe dM (x) — MOMEHT cunbl dF’ 0THOCUTESIBHO CeYeHMA X.
A nonHbIn MoMeHT M (X) B CEYEHWUM X HaNOeM CyMMUpo-
BaHWeM MOMEHTOB dM(x) B CEYeHUM Ha yuacTke x < < /:

M(x)=>dM(x)=3(t —x)q(e )t =
= [t —x)g(e)dt.
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YuuntbiBas BbipaxeHue (3), nonyumm:

M(x)= b-[i(t—X){po +(p, —po)t}dt =

/

=2 (0 +2)4 (0, 25| (- (05 x50).09

Wcnonb3ys BbipareHua (4) u (6), nonyymnmM, cornacHo (5):

olx)= 1[(130 +2p,)+(p, —po)x](l —x)-

n’ [

A TaK KakK, cornacHo (1) u (3),

h :ho_k|:po +(p1 _po));]l ,

70 o(X) NPUHUMAET CReayioLLMIA OKOHYaTENbHBIN BUA:
[(po +2p,)+(p, - po)ﬂ (1=x)
2

{ho _k[po + (pl - Po)x} 't}

o=o(x;t)=

[
(t>0;0<x<1),

CBoe MaKcWMMarbHOe 3HauyeHue O, HamnpsxeHue
a(x;t) MPUHMMaET, 04eBUAHO, B MecTe 3alleMreHus bpy-
ca, 1o ecTb npn x = O

2
(;(,piz .251?1 ; t>0). O
0 0

YTo6bl 6pyc coxpaHsn cBot paboTocnoco6HOCTb, [OMHK-
HO BbIMOMHATLCA YCIOBYE:

O'(O;t)S [O']' ®)

roe [G] — MaKcMManbHO [onycTuMoe (C y4eToM 3anaca
MPOYHOCTM) Pa3pbIBHOE PacTArMBAIOLLEE HaMPAKEHWE, KO-
TOpOe AonycTMMO B MeTanne usrmbaeMoro bpyca. OHo 3a-
BMCWT OT MapKku MeTanna 1 [OMKHO bbiTb 3apaHo. C yue-
ToM (7) HepaBeHCTBO (8) npuHMMaeT BMa:

o = J(O;Z):

max

(po +2p, )Zz <
(hy—k- py-t)’

h po+2p [
—0<s<| 2 £ L ()
(Z [‘7] ]k'po

Torpa pecypc [eTanu, BblpaxKeHHbI BPEMEHEM ee 3KC-
nnyatauum, 6yaet onpenenATtbCA CNeaylowmUM Bbipaxe-
HUEeM:

lo]=
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t{ho_ /po+2pl) z
[ [‘7] k-p,

370 MaKcWMManbHbIii BpEMEHHOM Pecypc, MpU KOTOpOM
6pyc COXpaHWT cBOI0 paboTocnocobHOCTb B CAMOM OMacHOM
CBOEM MeCTe — B MeCTe 3alleMJIeHNA.

MpW 3TOM Hy}KHO UMeTb B BUAY, YTO NpK BO3pacTaHUM
Harpysku ¢(x) K cBo6oaHOMY KoHuy bpyca (mpu p, > p,)
[0 MOMEHTa BPEMEHU [, MOMET MOJHOCTbI0 M3HOCUTbCA
cB06OAHbIA KoHel bpyca. A 310 paspywmt 6pyc. Mo3Ttomy
HYKHO Y4WTbIBATb eLLe YCIoBHe (2) TOro, YTO 3TO He CIYUUT-

cA. A TaK KaK npu 3ToM [p(x)]max = p, TO HapAgy c ycno-
BMEM (9) [LOMKHO BbINONHATLCA YCIOBUE:

hy
k- p,

N TonbKo B TeyeHne BpeMeHM I, yAOBNETBOPAIOLLErO
060mM HepaseHcTBaM (9) u (10), n3rmbaeMbiit 1 ogHoBpe-
MEHHO M3HALLMBAIOLLMIACA BpyC COXpaHMT cBOIo paboTocmno-
COBHOCT.

0<¢t< (10)

BblBOAbI

1. TeopeTnyeckn nosyyeHo MaTeMaTU4ecKoe BbIPAKEHWE,
no3BoJiALLEe CMPOrHO3MPOBaTb PECYPC KOHCOMbHO-
3aKperJieHHbIX [eTanen npu WX M3HALIMBAHWK C Yue-
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