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Estimation of the intensity metal surfaces destruction by the shot blasting torch action

The article deals with experimental-analytical quantitative estimate of the intensity shock-abrasive
fatigue fracture on a surface metal layer during drain-flow cleaning of machine-building equipment products and
their parts, for optimization of technological regimes.

It shown that the fracture coefficient characterizes the destructive effect intensity of a shot blasting torch
during the cleaning of metal surfaces The value of the shock-abrasive fatigue fracture coefficient is estimated by
the ratio between the experimentally determined volume of the removed metal and the experimentally
determined or analytically calculated volume of the deformed metal on the workpiece surface, which (volumes)
are determined depending on the specified technological regimes of the purification process.

The presented methodology described allows the technological services of machine-building plants to
calculate the value of the fracture intensity coefficient of the surface layer on the tested samples by the
experimental-analytical method. The coefficient varied from 0,1 to 0,2.
shot blasting, coefficient of impact fatigue failure, elasto-plastic deformation, fracture mechanism, trace
volume
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[ligBUIIIEHHS TOBrOBIYHOCTI IPYHTOOOPOOHHUX POOOUMX
OpraHiB

[IpoanamizoBana MaTeMaTHYHAa MOJENb IIPOTHO3YBAaHHS  JIOBTOBIYHOCTI  POOOYMX  OpraHiB
TPYHTOOOPOOHMX MAIIKH 3 METOIO BHOOPY €(EeKTHBHOTO METOTY iX BiTHOBJICHHS.

HAIUIABJICHHSI, BiIHOBJIEHHSI, CHJIa TePTH, TEXHOJOIYHUIl Npouec, JOBIrOBiYHICTb, PiKy4YUil eleMeHT,
MaTeMaTH4YHa MO/Ie/Ib
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IHoBbIIeHNE 10JITOBEYHOCTH MOYBO0OPAOATHIBAKIIMX PAa00YHUX OPraHOB
Ipoananu3upoBaHa MaTeMaTHYeCKas MOJENb IPOTHO3UPOBAHHS JONTOBEYHOCTH PAabOYMX OPraHOB

MOYB00OPaOAaTHIBAIOIIMX MAIIIHMH C IETbI0 BEIOOpa 3(P(PEeKTUBHOTO METOAAa X BOCCTAHOBIICHUSI.

HAIUIABKA, BOCCTAHOBJIEHHE, CHJIA TPEHHsI, TEXHOJOTHYECKHiH NpoIecc, JOJrOBEYHOCTb, PeXYyIIUii

3JIEMeHT, MaTeMaTH4YecKast MoJeJIb

IlocranoBka npobdaemu. [Ipu poGoTi rpyHTOOOPOOHUX MAIIMH BUHUKAE MpoOiema
3HIDKEHHS TXHBOI ITPAIe3/IaTHOCTI B HACIIIOK 3HIDKEHHS 1X pOOOYNX OpraHiB.

OpHuM 3 HampsSMKIB BHPIIICHHS AaHOiI MpPOOJEMH € 3aCTOCYBaHHS JOIATKOBHX
€JIEMEHTIB, OTPUMAHMUX NPU HAIUIABJICHHI 3HOCOCTIHKUMH TOKPHUTTSAMH, IO 3a0€3Me4yl0Th
[T ABUIIEHHS JOBIOBIYHOCTI.

Teopernuni THWTaHHS 3HOUIYBAaHHS pPIKYYOro Jjie3a, HI0 BPaxOBYIOTh aOpa3uBHE
CepeIoBHINEe, 10 TEMEepINIHHOro Yacy e He MoBHICTIO BHpimieHi [1]. lumM oOyMoBIOETHCS
AKTyaJIbHICTh JOCIIKEHb.

AHaJi3 ocTaHHiX aociigxenb i myOaikaniii. [locTiliHuil KOHTaKT poOOYNX OpraHiB
IPyHTOOOPOOHMX MalivH 3 aOpa3uBOM NMPU3BOAUTH 1O IIBUIKOTO 3HOIIYBAHHS X PLKYyYHX
€JIEMEHTIB Ta BUXOY 13 1aJy B HACIHIJOK CTUPAHHSI.

B peMoHTHOMY BHPOOHHMITBI 1HKOJIM 3aCTOCOBYETHCS HAIUIaBJICHHS CIUIaBOM
copMaiiTa i3 3aCTOCYyBaHHSIM ra3oBoro nouym’s. [Ipore eQpexkTUBHICTh OO METOY BETbMU
Mmana [2].

TOB «I'CKb «Opecarpyntomann» 3 IE3 imeni €.0. IlatoHa po3poGnenuil meton
MIiBUIICHHS JIOBIOBIYHOCTI POOOYMX OpPraHiB CUIbCHKOTOCIIOMAPCHKUX MAIIMH TOYKOBUM
3mirHeHHsM [3]. B mporieci excrutyaTariii jie3, BiTHOBJICHUX JaHUM METOAOM, Ha iX MOBEPXHi
YTBOPIOETHCS MIIIONOA10HA popma.

[TepeBaru Takoi opMu — 301IbIIEHHS PKYYOi JOBKUHU 1 MJIOLI KOHTAKTY 3 IPYHTOM
1 Oijple YUCIIO KOHIIGHTPATOpiB pyiHYBaHHs IpyHTY. [IpanesmaTHicTe poOouYMX OpraHiB
nopiBHAHO 3 cepiiiHumMu B 1,5-2,0 pasu Bumie. I[Ipore, BapTicTh KyIbTUBATOPHUX JIaIl,
00pOOJICHUX TaHUM METOJIOM, Ha0araTo BHIIIE.

HesBakaroun Ha HasBHI JeAKi TEXHOJOTIYHI pIIEHHS MO MiABHUILEHHIO Pecypcy
JeTalieil TPYHTOOOPOOHMX MAaIlMH Ta 3HApsab, MpoOjeMa TMiJABHINEHHS iX JOBTOBIYHOCTI
3alUIIA€ThCA aKkTyanbHOW. lle, 30Kkpema, BUpPaKaeTbCcsi B 3HIDKEHHI PECypecy IUTYKHHX
nememriB (5...20 ra Ha KopIyc), Jian KyiabTuBatopis (7...17 ra Ha gerans) [1].

OpnuM 13 HampsAMiB pilIEHHA MNpoOJeMU MiJBUIICHHS pecypcy poOodMx OpraHiB
IPYHTOOOPOOHMX MAIIMH € BHKOPHCTAHHS C€(PEKTHBHHUX TEXHOJOTIH iX BimHoBIeHHS. [lo
YyHhClla TaKUX TEXHOJOTIYHHX TMPOILECIB MOKHA BIJHECTH HAIUIABICHHA 3 TBEPAMX
3HOCOCTIMKUX MOKPHTH, K1 I03BOJISTFOTH 3HAYHO ITiIBHIIIUTH JIOBIOBIUHICTb.

BuxopucTtanHs 1yroBoro HaruiaBieHHsS 3a0e3Meuye BiIHOBJICHHS PECYpPCY 3HOIIECHUX
KyJIbTHBATOPHHUX JIAIl, ITiJIBHIIECHHS JOBIOBIYHOCTI HOBUX KYJbTHBATOPHHUX JIAll, 3MiHY
oprany. Takuii miaxiJ B JaHUX YMOBaX € MEPCHEKTHBHUM PECYpPCO30epirarouuM HampsiMoM
MiBUIICHHSA JIOBIOBIYHOCTI KYyJIbTUBATOPHUX JIall 3 OJHOYACHUM [MOKpAIIEHHSM iX
arpoTEXHIYHUX 1 CUIOBUX XaPaKTEPUCTHUK.

IlocTanoBka 3aBaaHHs. MeTo MaHOi POOOTH € TMIJBHINECHHS JIOBFOBIYHOCTI
I'PYHTOOOPOOHMX poOOUMX OpraHiB 3a paXyHOK IOKPAILEHHS 1X arpOTEXHIYHUX Ta MIITHICHUX
XapaKTEPUCTHK.

Bukiaang ocHoBHoro martepiaay. Ilpu BubGopi cnocoOy BiTHOBICHHSA JAeTanen
BHUXOJMMO 3 HEOOXIAHOCTI BIAHOBJICHHSI T€OMETPHUYHHX PO3MIPIB 1 BIACTUBOCTEH OKPEMUX
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MOBEPXOHb TPYHTOOOPOOHOTO pOOOYOro OpraHy 3 BpaxyBaHHSM OTPUMAHHS TOKPHUTTS 3
MaKCUMaJIbHO MOKIIUBOIO 3HOCOCTIHKICTIO.

AHaJi3 cnoco0iB, MPOBEICHUI Ha OCHOBI JIITEPATyPHHUX JKEPEIT 1 JOCBITY PEMOHTHHUX
HiANPUEMCTB J03BOJIIE 3pOOMTH BHCHOBOK IMpO T€, IO B 3araJbHOMy 00’eMi poOIT 1O
BIJIHOBJICHHIO JIeTajeii BaromMe MicIie 3aiiMae qyroBe HariaBiaeHHs [3].

MopenioBaHHsl Ta PO3KPUTTSI OCHOBHUX 3aKOHOMIPHOCTEH mporecy abpa3uBHOTO
3HOCY PIKYUYHX €JIEMEHTIB pOOOYMX OpraHiB IPyHTOOOPOOHHMX MamuH 1 (OpPMYBaHHS iX
ONTUMAIILHUX KOHCTPYKTHBHHMX PO3MIpIB SBISETbCA BAXKJIMBOIO 3a/Ja4yei0 B IMpoOseMi
MiIBUIIEHHS €(EKTHBHOCTI X POOOTH 1 HamidHOCTI. TepTs Ta 3HONIYBaHHSA TOBEPXOHB iX
poOOUYMX OpraHiB € BUMAJAKOBUM MPOLIECOM, 00YMOBJIEHUM 3MIHOIO KOHCTPYKLIHHUX PO3MIpiB
1 hopMU PIKYUIHX €JIEMEHTIB, 3HOC SKUX MOYKHA OMUCATH TU(PEPECHITIATPHIM PIBHSIHHSIM:

=gl 1)+l L), (1)

u(t .
ne U(t)= ut) _ (yHKILis BITHOCHOTO 3HOCY;
p
u(t) — MOTOYHHH 3HOC;

uzp — I'PaHUYHUUA 3HOC;

(p(u, t) i \|/(u, t) — (yHKII1, 10 XapaKTepU3YIOTh IHTEHCUBHICTh 3HOIIYBAHHS;
{ — TPUBAIICTh 3HOIIYBaHHS.
BunaakoBuii mporiec 3HOCY OIIIHIOETHCS BIPOTIAHICTIO, SIKa B 3arajJbHOMY BHII

3aJI0BOJIbHSIE THTETpaJIbHE PIBHSAHHS MapKoBa, sike, IPH MEBHUX MPUITYIIEHHSIX, 3BOIUTHCS 10
PIBHSIHHS:

oo _ da(U,t)o
ot oU

%6(U,t)o
ou?

1

+§ ) (2)

Ie a(U ,t), 6’(U ,t) — BIAMOBITHO, KOCQIIIEHTH, IO OMUCYIOTh CEPEIHIO MIBUAKICTH
BUIIAJIKOBOTO MPOIIECY 3HOCY.

[inbHICTh PO3MOALTY JOBTOBIYHOCTI B JJAHOMY BHUNAJKy BHU3HAYAETHCS BEIMUYHUHOIO
3HOCY Y BIJIIOBITHOCTI 3 OAHOPITHUM IporiecoM MapkoBa:

0

J0)= [ glele—1,)at, (3)

0

ne g(t) — IIIIBHICTH PO3MOJUTY BIPOTTHOCTI MOEIHAHHS JOCHIKYBAHOTO TPOIIECY
JIOITyCTUMHUM 3HAYCHHSM 3HOCY;
y(t - to) — IIUIBHICTh PO3MOALUTY TOYATKOBOI CTAJil MPOLECY 3HOCY;

a t
gl)=-— I Uy, 1y, U, 1)t )
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CrinbHe pimeHHs1 piBHSAHB (2) 1 (4) M03BOJSE BU3HAYUTH 3aKOH PO3IMOAUTY 3HOCY
PLKYYHX €JIeMEHTIB.

OCKUIBKH JTOBrOBIYHICTH PIKYUYOTO €JIe€MEHTa BUSHAYAETHCS, HACAaMIIEPE/I, BEIIMUYNHOIO
3HOCY, TO JUIsi BA3HAYCHHSI 10T0 3aKOHY PO3IMOJILTY, TOMYCKaEMO, 1110 3MiHa HOTO CepeTHbOTO
3HAYCHHJ 1 Iucrepcii Moxke OyTH omucaHa JIIHIHHOO 3aJIeKHICTIO:

dU
E_Il +12§(t)> (5)

ne [,,I, — TOCTiIiHI BeNIWYMHH, IO XapaKTEPH3YIOTh IHTEHCHBHICTH BHIIAJKOBOI
CKJIAJIOBOI MPOIIECY 3HOCY.
Bennuuna 3HOCy eneMeHTa po0Oouoi MOBEpPXHI PLKYUOro elieMeHTa MoXe OyTu

BH3HAUEHa:
Au(At) = u[?} - u{lﬁ} (6)

S . S ) . :
ne u[— 1 u| — | — BIONOBIAHO, BUMAAKOBI (PYHKIII, IO XapaKTepU3YIOTh 3HOC
tl t2

€JIeMEHTa TIOBEPXHI B MOMEHT 4acy #; 1 £2;
At =t, —t, — TPUBAJIICTh 3HOCY;
S — msAx TepTs.
MaremaTruHe O4YiKyBaHHS 1 JUCIIEPCis MPH IIbOMY OYAyTh PiBHI:

M, =M u[?j -M u[?] ; (7)

2 _ 2 E 2 E
G, =0 u(tlj +c u(tzj. (8)

Bpaxosytoue piusHH (7) 1 (8), oTpuMaemMo BUpa3 st KoedimieHTiB piBHSHHS (2):

Moo

a(U.1)= AT TR 9)
(U.)=—L2 " (10)
o (tz 4 )Aug ’
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ne Au, — yMOBHHUH I'paHMYHHMH 3HOC, SIKMM BHOMpA€ThCA 3 PO3PAXyHKy, 00 MIXK

: S)1. (S . ,
GyHKIIAMU u| — | 1 u| — | He OyJI0 O KOpENSLIIHOrO 3B 43Ky .
tl t2
[Mincrasusmm Bupasu (9) ta (10) B piBHAHHSA (2), @ TAKOK BPaxOBYIOYH PiBHSHHSA (3) —
(5) 3HaXOAMMO HIITBHICTH BETUYMHHU 3HOCY:

£(t)=— —exp| - i 1)
T L2m 203t |
M
e I =—" 12
8 : AtAu,, (12)
1
I, . Su_. (13)

:A—uo \/E’

ne At — TpuBamicTh poOOTH 10 TPAHUYHOTO 3HOCY .
[HTEerpanBbHUi 3aKOH PO3MOALTY 3HOCY, IO BiATOBiNae qudepeHiinomy 3akony (11),

Mae BHII:
F()=@| D7 |y exp 2 g AL (14)
12\/; 12 12\/;
ne @'(z) = ! Tezdx — inrerpai Jlamraca
2T 2, '

Buxonsuu 13 piBasHHsA (11), oTpuMaemMo Bupa3 ajis MaTEMaTUYHOTO OYIKyBaHHS 1
JUcTiepcii JOBrOBIYHOCTI.

I I
M, =—; o, =—=2. (15)

Il Il

Takum 4YMHOM, BHU3HAUCHHMH 3aKOH PO3IMOJALTY IOBTOBIYHOCTI PIXKY4OrO EJIEMEHTY,
BUXOJISTYH 13 IHTErpaIbHOTO PiBHAHHA MapKoBa.

KpuBa 0IinbHOCTI pO3MONLTY BENIWYMHHM 3HOCY IIMPHHU PIXKYYOTrO €JIeMEHTa HOBOI

KyJIbTUBATOPHOI Jlan# i3 ctaii 651 npeacrasiena Ha puc. 1.
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Pucynok 1 — I{isbHICTD PO3MOALTY BEIMYMHU 3HOCY PIKYUOTO EIEMEHTY

[{i7bHICTh PO3MOALTY 3HOCY PIKYYOTO €JIEMEHTY € BHUIIQJKOBOIO BEJIMYMHOIO 1 Ha
4acOBOMY BIJIPi3KY # HIAMOPAIKOBYETHCS 3aKOHY HOPMAJILHOT'O PO3MOILITY.

BucHoBok. B  pesynbraTi mpoBeNeHHMX — AOCHIKEHb  BH3HA4YEHA  CHJIOBA
XapakTepUCTHKa 3 BPaxyBaHHSAM CWJI TepTs, IIO i€ B TMpoueci poOOTH cTpiryaroi
KyJbTUBATOPHOI JIali, pO3paxoBaHa IIUIBHICTh PO3MOJLITY BEIMYMHH 3HOCY PIKYYOTro
€JIEMEHTY, BU3HAYCHUN 3aKOH PO3IO/ILTY HOro JOBIOBIYHOCTI.
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Improvement of durability of soil working machinery

The mathematical model of prediction of durability of working bodies of soil-working machines with
the purpose of choosing the method of their restoration is analyzed.

The process of formation of the geometry of the working surface during its restoration by reinforcing
surfacing has been researched and its influence on the increase of durability of the cutting element of the
stiffened cultivar leg is estimated.

As a result of the conducted research the power characteristic, taking into account the frictional forces
acting in the process of working on the arrowhead cultivar paw, is calculated, the density of the distribution of
the size of the wear element of the cutting element is calculated.
surfacing, restoration, friction force, process, durability, cutting element, mathematical model
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