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TEXHOJIOT YA U TEXHOJIOI' MYECKHE
MAIIINHBbI

625.02

AJITOPUTM, YIIPABJAIOUIUN KAYECTBOM APOBECTPYHHON
OBPABOTKH

Kano. mexu. nayx, npogh, I M. PbIEAKOB

Onucelgaemen HOGBIU a12opumm. Aneopumm moodenupyem usMeHenue niacmuyeckoil
deghopmayuu 6 nosepxnocmHom cnoe demanu é mewenue obpabomku Opobsio ¥ no3eonsem
noaywame 3a0annble napamempel KPUSU3HL MEMAIIUYeCKUX naHenei.

This paper describes a new algorithm. This algorithm simulates the change in plastic
deformation in the surface layer of a part in the process of shot peening, and provides the
given parameters of curvature of metal panels. The author is continuously working on
perfecting the algorithm.

[Tpumenenue apobectpyiinoi o6paborku (J1O) B aBHALIMOHHOM NPOMBIILIEHHOCTH Ha3H-
pyeTcsi, B OCHOBHOM, Ha 3KCIIEPUMEHTAIIBHBIX UcCieoBaHusIX. [109TOMY GHPMBI BEIHYKIEHBI
MOBTOPATh HCCJIEJOBAHUS B KaXKJOM CITydae, KOrJa MEHSETCS MaTepual, KOHCTPYKIUS HJTH
YCIOBHA pabOThI NETAIH.

Hamu Briepsele HaiIeHb! pyHIAMEHTANbHbIE IPUHLKITEI TOBEPXHOCTHOIO MAACTHYECKO-
ro nedopMUpoBaHus neTanei n1pobecTpyiHoi 06paboTKOM, OCHOBAHHBIE HA KIACCHUYECKHX
3aKOHaxX AeopMHpoBaHUA. AJITOPUTM, NOCTPOEHHEIH Ha 3THX IPHHIIKHIAX, Ja€T BO3MOXKHOCTE
ynpapyATh pexumamu JJO 1 nonydars HeoOXOAUMEBIE MTapaMeTphl Ka4eCcTBa JIeTajIeil; BBIHOC-
JIHBOCTD, IEPOXOBATOCTD [TOBEPXHOCTHU MM KOHCTPYKTHBHYIO (hopMy. BO3MOXKHOCTH anroput-
Ma OITHCAHbl HECKOMBKUMH CUTYALASAMM.

Curyauusn 1. YnpaBjeHHe KPHBH3HONH 06pa3uoB NpH MOMOINH
«npeackasbpiBaomed GyHKUHH

«IIpenckasprBatomas GyHKIHA» HUCIONB3YET CBOHCTBO MaTepHaa MOIJIOMATh IHEPTHUIO,
MOABOAMMYIO APOOBIO, ¥ TpeoOpa3oBkIBATE €€ B e opMaluio (KpHBH3HY) 06pasiios B rponec-
ce npobecTpyliHoi 06paboTKH.

OTO ¢BOHCTBO HCIONE3YIOT BCE COBPEMEHHEIE (PUPMBI [T KOHTPOJIA CTabHIBHOCTH APO-
becTpy#HOH 00pabOTKM NpH MOMOINH KOHTPONBHEBIX MyiacTuH (puc. 1), [Ipexne, yem rpume-
HHUTb (IPEJICKA3BIBAIOIY IO (DYHKIMIO», IOTYYalOT /iBa poruba f| ¥ f, Ha KOHTPOJIBHEIX Mlac-
THHAX (pHC. 2), NpeNBapUTENbHO BEIOHpAs TPOMEXYTOK BPEMEHH, 32 KOTOPEIH OHH TIONYYEHEI,

B KaxieI¥ creyrouui 3a 3THM TaKoH SKe POMEXyTOK BPEMEHH MaTepHas MoromaeTr
MOPLHIO 3HEPTHH, KOTOPYIO «IpeJicKa3biBaromias GyHKIHA UCIOIb3YET AN ONpeaeIeHus ce-
Ayroluero sHaueHus nporuba: f, f;, ..., f,. Ha puc. 2 noxasano geficTHe anroputMa, cHabkeH-
HOTO «Mpe/cKaspiBaromei QyHKIHeRy, KOTopas MO3BONSET, HE MPOBOAS MONHOIO 3KCIEpH-
MEHTa, y3HaBaTh, KaK OyneT MEHATHCS] KpHBH3HA INIaCTHH B rpotiecce obpaborku. Kak nokaza-
HO Ha pHC. 2, KPUBH3HA IUIACTHH, MpEACKa3aHHas aNrOpUTMOM, IPAKTHYECKH COBNANACT C
9KCIIEPHMEHTOM,
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CocTosiHme ao obpabotky  CoctosiHue nocne o6paboTku
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Cutyauusn 2. YnpaBienne KpMBH3HOH 06HLEKTOB NPH BAPLHPOBAHHH
3HEePreTH4YeCKHM YypOBHEM pexuma aApobecTpyiHol o6paboTky

OnepreTuyeckuit yposens pexuma [0 onpejenseTcs CKOpoCThio ApoBH, pa3roHseMoi
OHEPTOHOCHTEJEM JI0 HEOOXOIMMBIX 3Ha4eHHH. [IOBBIIEH LI JHEPreTHUECKHH YPOBEHE YBE-
JIHYMBACT KPUBU3HY IUIACTHH TIPH TOM XK€ BpeMeHH 00paboTKH (IKCIO3ULIHH ).

Ha puc. 3 nokasara cuTyauust, pH KOTOPO# 3HEPTETHYECKHH yPOBEHb 06pabOTKH MOBbI-
IICH 32 CYET NOBBIIEHUS CKOPOCTH ApobH ¢ 54,7 no 62 M/c. KpuBn3na nnacTHH, pacCYHTaHHAS
AJIFOPUTMOM M IIOy4eHHAs 3KCIIEPHMEHTANbHO Ha IOBBILIEHHOM 3HEPreTHYECKOM YPOBHE,
MPaKTHYECKH COBMANAIOT MO BCEM IKCIEPHMEHTANBHBIM TOUKAM.

B a10# e cuTyanuy anropuT™ ONpenenseT MOBLIIEHHE NIPOH3BOANUTENLHOCTH 06pador-
Ku. JI19 3TOT0 OH HAXONHT OMMHAKOBEIE IPOTHOBI ILIACTHH, MOTyYEHHbIE HA PA3THUHBIX JHEP-
FETHYECKUX YPOBHAX. IIporu6, nosmyyaemslit Ha pexiMe ¢ 60JIBIIHAM JHEPreTHUECKHM YPOB-

HEM, NOCTHraeTCA 3a MeHbluee Bpems oOpaboTku, 4To obecneunBaeT OGIbLILYIO TIPOH3IBOAH-
TEJILHOCTb.
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[MoBbIWeHWe 3HepreTUYecKoro YpoBHs
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Bapsupys anepretuueckiuM yposHeM JIO, MOXHO yNpaBJisiTe KpUBU3HOH 0Opa3noB u na-
HeneH, obmanaionux NepeMeHHON KECTKOCTBIO.

Curyaunus 3. Onpeaenense pacdeTHbIM NyTeM KPHBH3HbI 06pa3uos,
H3TOTOBJIEHHBIX U3 MATEPHAJIOB, OTJHYHBIX 10 (PH3HKO-MEeXaHHYECKHM
CBOHCTBAaM OT HCXOJIHOTIO

[TpHHUKIT «3TAJOHHOW KPUBOH» MOXXHO IPHMEHHTH Ul ONpEACHEHHS PACUETHBIM IIy-
TeM KPHBU3HBI 00Pa3L0B, H3rOTOBICHHBIX U3 MaTepyana, OTIHYHOrO 10 GH3UKO-MEXaHHYeC-
KMM CBOMCTBaM OT MaTepHasa o6pa3ios, Ipu o6paboTKe KOTOPEIX IOJIyUYeHa «3TAIIOHHAS KpPH-
Basi». O61as 3aBHCHMOCTSD VIS 3TOM CHTYALM¥ TaKXkKe BBIBOAHTCS U3 (GopMyIIbl 1)1l onpejiese-
HUS NOTEHIMABHON 3HEPriH M3ruba, HO IS 3TOTO CIIydast JKECTKOCTh YYHThIBaeTcd Kak EJ
I KaXKZOTO M3 pacCMaTpHBaeMbIX MartepuanoB. Jlis NpeaokeHHOM CHTyalldy 3Ta 3aBUCH-
MOCTb NPEJICTABIISIETCA B CIEIYIOIIEM BHJIE:

(1)

ODKCIEpHUMEHT IS MOATBEPXACHHA AOCTOBEPHOCTH ITONYYEHHOH 3aBHCHMOCTH IIPOBE-
JIEH HA IUTaCTHHAX, BhINOJHEHHBIX W3 MaTtepuanos 11708 u (16, oTHyaBIIMXCs 110 pasMe-
paM ToNbKo TONIHHOM. Tonumua o6pasia, H3roToBIeHHOro u3 Marepuaia /{16, Opuia pasHa
H=0,86 MM, a o6pasua u3 marepuana 11708 — H = 1,378 mm. O6pa3nsl ObUIH MOABEPrHY-
ThI ApobecTpyiHo# o6paboTke Ha OAHOM H TOM >K€ PEXHME ¥ ONHHM H TEM XK€ BH/IOM Jpo-
6H, 4T06k! 06ECIIEUNTh NPHUCYILYIO JUIA KaX0ro MaTepuala noromaeMocTs sHepruy. I1po-
ru0bl IUIACTHH H3MEPEHBI 110 OTMCaHHOM BhIle MeToauke. 1o HalaeHHBIM Nporubam noct-
POEHBI KPUBBIE H3MEHEHHUS IIPOruOOB BO BPEMEHH H MIPOBEAEHBI PACUETHI IIPH MOMOLIH MPO-
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rpammbl «RESIDUAL STRESSES»*, a pe3ynerarsl pacyeToB CBEZEHbl B TaGHIYy U Mpej-
CTaBIIEHHI Ha PUC. 4.

B Tabmiie npeacrapien npuMep pacueTa KPHBH3HEI MIACTHH 13 Mateprana DI1708 ro usse-
CTHOH, NIPHHATOH 3a «3TANOHHYIO», KPHBOH M3MeHeHHs nporuba riacTH H3 marepnaia J{16.
OrxutoneHust 3HaueHUE Iporubos F, o TIOJYUEHHBIX JKCTIEPUMEHTANBHO, OT MOJTYUCHHbIX pacye-
TOM Fpmq He IPEeBBICHIIHN 3 Y%, UTO ITO3BOJIAET CJIEIATE BEIBOJ O IOCTOBEPHOCTH 3aBHcHMOCTH (1),

Tabnma

BJ’IHHHHE cBOHCTB MATEPHAJIOB H MECTKOCTH NJACTHH HA HX KPHBH3HY NpH MOCTOAHHOM
YPOBHE NMOABOAHMOMN 3IHEPTHH

e | Foigons dum Ay, T Tomnuxa OTKIIOHEHHE

MM MIla MITa MM MIacTHHbl H, | Fpacy OT Figen
MM; %o
MaTepHal

10 [ 0,695 | 0,0601122 0,0018 - -

20 | 0,99 0,0708561 | 0,003713 - H=0,.86 -

30 1,3 0,08371 0,006532 - 116 -

60 1,91 0,1137 0,0147 - -

10 | 0,55 0,22572 0,01193 0,565 2,7

20 | 0,65 0,2483645 | 0,016815 | 0,6653 H=1,378 23

30 | 0,73 0,268038 0,21417 | 0,7433 211708 1.8

60 0,85 0,29948 0,02946 | 0,8538 0.4

* - -
Pribaxos .M. ﬂpnrpamma, Colepxallian anropHTM YIpaBieHHA KauecTBOM ApobecTpyiinofl oGpaboTkH MeTLLIH-
HECKMX meTaneH, paboTalolMx B YCIOBHAX CHOXHONO HarpysxeHus (CBHAETENLCTBO 00 OQHUHANLHO perHcTpauns

nporpammel aas 3BM. Ne 2005612514, 2005.
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Curtyauus 4. Hecnonb3oBaHue adropuTMa AJIsl ONpedesIeHus 0CTATOYHBIX
HanpsKe HUH

AJITOpUTM MO3BOJIAET NMONYYHTh PacpeNenenue 0CTaTouHbIX Hanpsokean# nocne J0, co-
BHaJarolee ¢ Kiaccuieckum Metosom Jlasunenxosa. MccnenoBaHusIMA, IPOBEAEHHBIMH Ha I1ia-
cruHax u3 marepuana JI1708 u obpaborannex JJO ¢ pasnduHBIM SHEPrETHYECKUM YPOBHEM,
YCTAHOBJICHA OXHO3HAYHAs 3aBUCHMOCTB PACTIPENENICHHIS HAIPSHKEHUH 10 I1yCHHE OT KPHUBH3-
HEI [UTaCTHH. OTH pesynbTaThl g f= 0,28 MM u f= 0,95 MM npuBeseHs! HibKe Ha puc. 6 1 7.
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Puc. 6. Tporu6 o6pasua /= 0,95 MM

Curyauus S, Mcnosib30BaHHE BO3MOXKHOCTEH aJAropuTMa JJIsl ONpeNe/eHus
ONTHMAJILHOIO Ae(OpPMHPOBAHHOIO COCTOSSHHA MaTepHaJa,
cozpaBaemoro 10O

Mcenenopanuck KOHTPOIBHBIE IUTACTHHEI M 06pasiibl, M3rOTORJIEHHEIE H3 MaTeprana D11708.
B03MOXHOCTH anropuTMa No3BOJIAIOT ONPENETUTh ONTUMANbHOE AehOPMHPOBAHHOE COCTOAHHE
M0 MaKCMMYMY «3HEPTMH CXATHs, HAKATLIMBAEMOH B IMOBEPXHOCTHOM CJIOE Ha NyOune X|, Ha
KOTOPOH HANPSHKEHUS MEHSIOT 3HaK (puc. S ¥ 6). DHEprus ckarust pacCYUTHIBAJIACH I10 TIporubam
KOHTPOJIBHBIX [UIACTHH, 10y 4aeMsbIx B riporiecce J10. O6pasiis JU1s yCTaNOCTHBIX UCITBITAHH ObLTH
obpaGoTans! Ha TeX e pexxumMax J[O, Ha KOTOPBIX MOTyUeHEI TPOrkOb! IACTUH. Pe3ynsTars! 3THX
uccneaosanui i nporubos f= 0, 0,65, 0,95 MM npeacTaBneHb! Ha puc. 7.
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Ha puc. 7 pupna sBHAs B3aMMOCBS3b BEIHOCTMBOCTH MaTepHaa W SHEPTUH CXKaTHS, Ha-
KariuBaeMol B TOBEPXHOCTHOM cioe B mpomecce J1O.



