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COMPUTATIONAL ANALYSIS OF STRESS CONCENTRATION NEAR
AN ELLIPTICAL HOLE IN FUNCTIONALLY GRADED PLATES
WITH DIFFERENT MATERIAL TYPES

Computer simulation and finite element analysis of stress concentration near an elliptical
hole in thin plates made of functionally graded material (FGM) under uniaxial tension were
carried out. The effects of the direction and variation law of the plate material heterogeneity
on the value of the stress concentration factor was analyzed. Rational parameters of the
FGM plate heterogeneity were found for the considered problems, which allow reducing the
stress concentration factor to ~70%. At the same time, a mechanical effect is observed.: the
use of FGM for a plate with the proposed law of change of the elastic modulus leads to a
decrease in the intensity of both stresses and strains near the hole.

YJK 621.924.9

OIIHKA 3HOITYBAHHSA TEXHIYHOI'O IPOBY IIPHU
APOBOCTPYMIHHI METAJIEBUX BUPOBIB

TI'opuk O.B., a.T.H., npo@d., KoBaasuyk C.b., 1.T.H., npod.,
bpukyn O.M., K.T.H., 101l., Pa6oB A.M., acnipanTt

INonraBcekuii nep>kaBHUIT arpapHUil yHiBepcureT, M. [Tonrasa

Iig crifikicTIO 0 3HONIYBaHHS (IIPale3JaTHICTIO) TEXHIYHOTO Npoly CIifg
PO3YMITH KiJIBKICHY OIIHKY 3a OJHHUM a00 IEKiTbKOMa IMOKa3HHUKAMH CTYHCHS
BIAMOBITHOCTI Apo0y CBOEMY NpW3HAYEHHIO IIPH BUKOHAHHI TEXHOJOTIYHOL
omepamii JIpOOOCTPYMHHHOTO OYMIICHHS METaJeBUX BHPOOIB Bil OKHCHHUX
BIIKITaJCHh | MEXaHIYHUX BKIIOYCHb. B 3B’S3Ky 3 UM CIiJ BiAMITHTH, IO
IpoOOCTPYMUHHE OYMIICHHS € OJHHM 3 HaWOIMBII TIOMHPEHUX CII0COOIB
CTpYMHUHHO-a0pa3uBHOT 00poOku [1-2]. Tomy mpu owmiHmi CTIHKOCTI TEXHIYHOT'O
JpoOy 3HOIIYBAaHHIO CIIUPATUMEMOCS Ha BiJIOMi KpUTEpii OLIHKK Mpale3aaTHOCTI
abpa3uBHUX i1HCTpyMeHTIB [3-4]. Takumu KpuTepisiMH € HaCTyNHI: HHTOMA
nponykruBHicte P=Q,/Q, ; murommii 3Hoc aGpasuBy =Q,/Q ; nmroma

M2
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IIPOYKTHBHICTH Ha OAMHAUIIO HOpManbHOI cr K =Q, /F  rta inmi. I1i kpurepii
NoB’s13aHi O6e3nocepeniHbo 3 00’eMOM 3HOmIeHoro abpasuBy Q, (macoro M), Ta
susroro merany Q. (M, ) 1 HOpMalbHOIO CKIIAJOBOX CHIM Aii abpa3uBy Ha
0o0pobmoBany moBepxHio F, . IlpakTukoro BCTAaHOBJICHO, IO IHTEHCHUBHICTDH
3HOIIYBaHHSA TexHiyHoro Jpody U, m§pomopuiiina Maci apody M,

3aBaHTA)XEHOT'O B CUCTEMY JKUBJICHHS JPOOOCTPYMHUHHOIO arnapaty. [HTeHCHBHICTh
3HOILIYBaHHS po0y BU3HAYaIOTh TakuM 4uHOM. Hexail y momeHT wacy t maca
npoby ckiaamana M, a'y moment t+At — maca M —AM . ToGro 3a yac At maca
npoly 3Menmmiacs Ha Bemuuudy AM . Bignomenus AM/Ate cepennboro

IHTEHCUBHICTIO 3HOmyBaHHs. Ilpu At—>0 wMexa 1BOro  BiJHOIICHHS

gn}) AM /At =dM[dt =U,, i € iHTEHCUBHICTIO 3HOLIYBaHHs APOOY Y MOMEHT Yacy

t.

3H

OCHOBHHUM KPHTEPIi€EM Ipare31aTHOCTI a0pa3sMBHOTO IHCTPYMEHTY BBa)KaroTh
NOKasHWK (=1/p, AKAH BCTAHOBIIOE CHIBBIAHOINEHHS MK 00’eMOM

BUTpayeHoro abpas3us i 00°eéMOM BHIQJIEHOTO MeTalla . s
p p Y A u

JIpOOOCTPYMUHHOTO OYMINEHHS IiKaBUM Oyjae i TpeTiii mokasHuk K, OCKinbKM

HOpManbpHa cuina F, mponopuiiiHa MmMBUAKOCTI aTakyrodoi APOOMHKH V 1 KyTy

aTakd « , SIKi € TEXHOJOTTYHUMH PEKUMaMU APOOOCTPYMUHHOT 0OPOOKH.

OmiHka Impamne3aTHOCTI ApoOy 3a TEepUIMM  KPHUTEPIEM  ITHUTOMOIO
npozykruBHicTio npouecy ( p=Q, /Q, ) namu poskpuruii B [5]. Ty posrisHemo
HACTYITHI KpUTEPii CTOCOBHO JPOOOCTPYMHUHHOTO OYMIIEHHS CTaJeBUX BUPOOIB 1
MOB’s3aHI 3 HHUMHU JIesIKi OCOOJNMBOCTI JIWHAMIYHOI B3a€MOJIl IPOOWHOK 3
ATaKOBaHOIO MOBEPXHEIO.

XapaKkTepHUM MOKA3HUKOM e(EKTHBHOCTI IPOOOCTPYMHUHHOTO OYHIICHHS
SIBIISIETBCS TUTOMHN 3HOC a0pa3sMBHOTO MaTepiany ( , SKUi Mo)ke OyTH BUpaXKCHUN

Y BUIIIAI HACTYITHOTO BiHOIICHHS

q:U3Ht/MM:Mdp/M,vt ’ (1)
ne M, — BTpaueHa 3HONIYBAaHHSM Maca TEXHIYHOTO 1po0y HAa OUMIIEHHS 32
nesikuii yac t edexktuBHOT poOOTH JPOOOCTPYMHUHHOIO COILIA, HAPHUKIA[, 32 Yac
crifikocti poby T ; M — maca BHAaJI€HOro MeTaly 3 IOBEPXHI 00pOOIIIOBAHOrO

BUpOOY 3a Toii e yac t=T .

3a HaBEJICHUM BIJHOLICHHSIM MOXKHA CYIUTH, sSKa Maca TEXHIYHOIO JApPOO0yY
BUTPAYa€ThCsI HA BUJAJICHHS 3 MOBEPXHI 00POOIIOBAHOIO BUPOOY OIMHHUII MacH
Metany. YunMm MeHIe BimHOWmIEHHS (, TUM e(QeKTHBHilIE ApoOOCTpyMHHHE

OYHIIEHHS.
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Peanizauis Bupasy (1) npuBoIuTh 1O Takoi KiHIEBOT (OPMYJIH BH3HAUCHHS
MTUTOMOTO 3HOIIYBaHHS TEXHIYHOTO APOOY

q=28,(1-¢")/Q,dp, (1+¢°)n, @)

ne B, — momaua mpoGy wepes MPOGOCTPYMHHHE COIUIO 33 OJMHMIIKO 4Yacy, Kr;
p=d,,/d - xoediuieHt, BU3HAYCHHI SK BIAHOLICHHS [0YAaTKOBOTO AiaMeTpa
npobuHkH d, 10 HHKYE HACTYIHOTO miamMerpa d, , mapaMeTpuIHOTO psy 3a 4ac
epextuBHOi  pobotm  t=T; Q, —  TIOBepXHEBAa  IPOJYKTUBHICTh

JpOOOCTPYMHUHHOTO COIUIA; & — BENWYMHA (TOBIIMHA) 3HIMAEMOTO INPUIYCKY -~
mapamMerpy IIOpCTKocTi o0pobneHoi mnosepxHi R, [6]; p, — rycruHa

00pOOITIOBAaHOTO METaTy; N — KUTBKICTh HUKJIIB BUKOPHCTaHHS APO0Y.

Tak, Hanpukiaa, ApoOOCTPYMUHHE OUYHWIICHHS 3BAPHUX KOPIYCiB EMHICHHUX
amapariB, BUTOTOBJICHHX 3 JIMCTOBOI HH3bKOBYyrJeneBoi ctami 10, 3a HacTymHHX
MOKa3HHUKIB TEXHOJIOTIYHOTO KOMIUIEKCY: IpoOOCTpYMUHHUIT arnapaT HarHiTalibHOT
nii 3 emuicTio kKamepu 200 ; aOCOMOTHUI THUCK CTHCHCHOTO IOBITPS B Kamepi
amapaty P, =7 0ap; TexHiuHui Jpi0 — cTanesuit rocTpokyTHui 3rigHo 3 JCTY

3184-95, nomep 1,0; miamerp ApOOHMHKHM, JOBEACHOI IO KPUTHYHOrO cramy, d,
=0,8 mm, micist N =400 nukimiB; MacoBa mojada apoOy depes3 ApoOocTpyMHUHHE
commo B, =25 xr/x; ToBmmHa mpumycky O ~0,1 MM;  moBepxHeBa

HPOJyKTUBHICTE JipobocTpymunnoro comia Q; =0,1 M%/xB xapakrepusyeThcs,

mpu ¢ =(d,,/d, )’ =0,8 =0,512 i ryctmmi oGpoGmoBaHoro merary
P, =7800 kr/m*, napamerpom ¢ =0,52. Takuil IOKa3HUK CBIJYHTH TPO Te, L0
Ha BUJIAJIEHHS Macu MeTaiy | kr Burpadaerbest ~ 0,52 Kr TeXHIUHOTO JIpo0y.

[Turome 3HOIIYBAaHHS TEXHIYHOrO Jpo0y XapakTepu3y€e EKOHOMIYHICTH 1
e(eKTUBHICTh JIPOOOCTPYMUHHOTO OYMIIECHHS, a€ MOXJIMBICTh PO3paxyBaTh
TEXHOJIOTIYHY cOOiBapTiCTh APOOOCTPYMHHHOTO OYMILECHHS, BU3HAYUTH TEXHIUHY
XapaKTEePUCTUKY TPHUCTPOIO ISl BUJAAIECHHS METAJIEBOro IMWIy 3 poOouoi 30HM
JIpOOOCTPYMUHHOI'O OYMIIECHHS 1 3BEPHYTH yBary TEXHOJIOTIB Ha BCTAaHOBJICHHS
paIioHaTHFHUX TEXHOJOTIYHUX PEXKUMIB IPOOOCTPYMIiHHS.

[1]. Basdeki M., Apostolopoulos C. The Effect of Shot Blasting Process on Mechanical
Properties and Anti-Corrosive Behavior of Steel Reinforcement. Metals. 2022. 12(2) : 275.
https://doi.org/10.3390/met12020275

[2]. ®i3uko-maremaTnyHa Teopis TpoIeciB 0OpoOKM MaTepianiB  Ta  TEXHOJIOTiT
MammHOOyyBaHHs: [MoHorpadis]; B 10-tm 1. T. 4: Teopis abpa3uBHOI Ta anMasHO-
abpas3uBHO1 00poOku MatepianiB / 3a 3ar. pen. ®@. B. Hosikora, O. B. flkimoBa. Oneca :
OHITVY, 2002. 802 c.
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ASSESSMENT OF WEAR OF TECHNICAL SHOT DURING SHOT
BLASTING OF METAL PRODUCTS

The issue of assessing the wear of technical shot used in the process of shot blasting of
metal products is considered. It is noted that for the analysis of shot efficiency, it is
advisable to use known criteria for assessing the performance of abrasive tools, in
particular, specific productivity and specific abrasive wear. Particular attention is paid to
the specific wear rate of shot, which determines the ratio between the mass of abrasive
consumed by wear and the mass of metal removed. The influence of the main technological
parameters of shot blasting on the specific wear rate and the possibility of using this
indicator to evaluate the efficiency of the process and determine rational cleaning modes
are shown.
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