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BNMUAHUE PEXXMMOB MEXAHUYECKON OEPABOTKU CTAJIN 38XH3M®A
HA BENMYMHY OCTATOYHbIX HAMPSAXEHUIA

TexHonormyeckme ocTaTouHble MaKpOHaMpPsXKeHUs, BO3HMKaOLME B NPOLECCe U3roTOBNEHWNS OTBETCTBEHHbIX U [0PO-
rOCTOSILLMX U3OENViA MALUMHOCTPOEHNSI MeTodaMmn pe3aHust unn obpaboTkv MeTannoB AaBreHneM, onpeaensoT UX Ka4yecTso,
pecypc 1 HageXHOCTb B npoLecce akcnnyataumn. [ina psaa n3genvin ypoBeHb OCTaTOYHbIX MaKpOHAaMPSPKEHUIA pernaMmeHTupy-
eTCsi B KOHCTPYKTOPCKOW AOKYMEHTauuu, 4To TpebyeT pa3paboTkn TEXHOMNOrMI yrnpaBfieHNs UX YPOBHEM C NMPUMEHEHUEM He-
paspyLlaloLmnx MeToAoB. AKTyanbHbIM SABMSETCSH KOHTPOMb YPOBHS OCTATOYHbIX MaKpOHanpspKeHWd MeTogaMun Hepaspyluato-
LLEero KOHTPONS B MOBEPXHOCTHbIX CIOAX U3AENWN.

OnucaHbl pe3ynbTaTbl UCCNEAOBaHUS BNUSHUA PeXVWMOB 0OpaboTku Ha ypoOBeHb OCTAaTOYHOTO MaKpOHaMpsKeHus
C NPUMEeHEeHNeM MeToAa PEHTTeHOBCKOW ANGPaKTOMETPUU MPW MCMonb3oBaHNM poboTrampoBaHHoro komnnekca Xstress 3000.
Llenb paboTbl — nccnegoBaHne BAWSIHWSA PEXUMOB MexaHuyeckon o6paboTkm ctanm 38XH3M®PA Ha BenuuMHy OCTaTOYHbIX
MaKpOHanpsXKeHWn.

MpuMeHANcA MeTon PeHTreHOBCKOW AndpakTOMEeTpun, NO3BONAILWMIA ONpeaenaTb OCTAaTOYHble HamnpshkeHWs B Mo-
BEPXHOCTHOM CIl0e M3Aenuin 13 miobbiX NONMKPUCTaANIMYEeCcKnX mMaTepuanos. Vcnonb3oBancs peHTreHOBCKU AndpakToMeTp
Xstress 3000.

OKcnepyvMeHTanbHO MNomnyyYeHbl 3aBUCMMOCTU W3MEHEHUSI BenWYMHbI OCTaTOYHbIX MaKpPOHAMNPSHKEHW Ans cranm
38XH3M®A npu pasnuyHbIX pexumax pes3aHus. YCTaHOBIEHa 3aBUCMMOCTb YPOBHSI OCTATOYHbIX MaKpPOHaMNpsKeHWn oT napa-
METPOB PEXMMOB pe3aHns — NoAaym n CKOpPOCTu pesaHus. [oka3aHo, 4To B BbIBpaHHOM AnanasoHe napameTpoB PEXMMOB pe-
3aHMA MUHUManbHbIA YPOBEHb OCTATOYHbIX MAKPOHAMNPSHXKEHWUN HabnoaaeTcs Npyv UCMNONb30BAHUM PEXUMA Pe3aHns C MUHU-
ManbHOW CKOpPOCTbIO M nogadei. MNonyyeHHble AaHHbIE MOTYT MOCMYXWUTb OCHOBOW ANs co3faHua 6asbl AaHHbIX TexHomnora
1 NO3BONSAT YNPaBMATb YPOBHEM OCTaTOUHbLIX MAKPOHAMNPSHKEHWI C LIeNblo HasHaYeHNst PeXXMMOoB MeXaHn4eckoin 0bpaboTku npu
NPOEKTUPOBAHUN TEXHOMOMMYECKNX NMPOLIECCOB, YTO A4acT BO3MOXHOCTb MOBLICUTE Ka4eCTBO MPOAYKLMW, PECYPC TEXHWUKU U Ha-
[EXHOCTb.

KntoyeBble cnoBa: ocTaTOYHble HanNpsKeHWs, HepaspyLualoLMin KOHTPOSb, PEHTFEHOBCKasa AndpakTomeTpus, Hanps-
XeHHO-AedOpMMPOBaHHOE COCTOsiHWE, NlerMpoBaHHasa cranb, MexaHuyeckas obpaboTka, MPOYHOCTb, HAaAEXHOCTb, WM3HOCO-
CTONKOCTb, YCTaNoCTHasA NPOYHOCTb.
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INFLUENCE OF THE MODES OF MECHANICAL PROCESSING OF STEEL
38KHN3MFA ON THE VALUE OF RESIDUAL MACROSTRESSES

Technological residual macro-stresses that arise in the process of manufacturing responsible and expensive engineer-
ing products by methods of cutting or processing metals by pressure determine their quality, resource and reliability during op-
eration. For a number of products, the level of residual macrostress is regulated in the design documentation, which requires the
development of technologies for controlling their level using non-destructive methods. The control of the level of residual macro-
stresses by methods of nondestructive testing in the surface layers of products is actual. The article describes the results of
studying the effect of processing regimes on the level of residual macrostress using the X-ray diffractometry method using the
robotic complex XStress 3000 robotic complex. Objective: to study the effect of machining regimes of 38KhN3MFA steel on re-
sidual macrostresses. The methods used: X-ray diffractometry was used, which allow to determine the residual stresses in the
surface layer of products from any polycrystalline materials. Used equipment: X-ray diffractometer 3000. Novelty: the depen-
dence of change in residual macro-stresses for 38KhN3MFA steel under various cutting regimes has been experimentally ob-
tained. The dependence of the level of residual macro-stresses on the parameters of the cutting-feeding and cutting rates has
been established. It is shown that, in the selected range of parameters of cutting conditions, the minimum level of residual
macrostress is observed when using the cutting mode with minimum speed and feed. The obtained data can serve as a basis
for creating a database of a technologist and will allow to control the level of residual macrostresses with the purpose of design-

27



O.10. Anexcanoposa, A.A. Hlupsies, A.B. Cuecupesa u op.

nating machining regimes in the design of technological processes, which will enable to improve the quality of products, in-
crease the resource of equipment and reliability.

Keywords: residual stresses, non-destructive testing, X-ray diffractometry, stress-strain state, alloy steel, machining,
strength, reliability, durability, fatigue strength.

BBenenue

B cBs13u ¢ nosiBIEeHHEM HOBBIX MaTepHaJOB M TEXHOJOTMH MX 0OpaOOTKU B pasIM4HBIX OTpac-
JSIX MAIIMHOCTPOEHMSI, B YACTHOCTH aTOMHOI'0 MAIIMHOCTPOCHMS, TOPHOJOOBIBAIOIIEH POMBIIIICH-
HOCTH, TIPOU3BOJICTBE TPAHCIIOPTHBIX T'a30- U HEPTEIPOBOJOB, YBEINIUBAETCS KOJHMUECTBO KPUTEPH-
€B, 110 KOTOPBIM OLICHUBAETCS IPOYHOCTD U HAZIEKHOCTH MPOU3BOIUMON IIPONYKIIUH.

[Ipu mpoexTHpoBaHWK W M3TOTOBJICHUH W3/EIHIA OTBETCTBEHHOTO Ha3HAYEHHUS OJHUM U3 PEr-
JTAMEHTHPYEMBIX I1apaMeTpPOB, KOTOPBIE YKa3bIBAIOTCA B KOHCTPYKTOPCKO-TEXHOJOTMYECKOM IOKY-
MEHTAIMH, SBISICTCS YPOBEHb OCTATOYHBIX HampspkeHWd 1-ro poja mo knaccudukanmu H.H. JJaBu-
nenkoBa (OH)) [1, 2].

OnBIT AKCIUTyaTallMd PAa3IMYHBIX KOHCTPYKIUN M pe3yNbTaThl MHOTOYHCIEHHBIX 3KCIIEPUMEH-
TOB JOKa3bIBaloT, yTo OH; CyIIecTBEHHO BIUSIOT HA HAJIEAKHOCTh M JIOJITOBEYHOCTh TEXHUKH [3, 4],
a TaKk)Ke Ha SKCIUTyaTallMOHHBIE XapaKTEPUCTUKU JeTalell — W3HOCOCTOWKOCTh, YCTAIOCTHYIO IpOY-
HOCTb " T.1. [5-8].

Jns onpenenenns OH,; mmpoko mpuMeHseTcss METoJl peHTTeHOBCKOH audpakromerpun (PJI).
OH [10CTaToO4HO MPOCT M YAO0OEH, HE HapyIIaeT LEIOCTHOCTH 3JEMEHTa KOHCTPYKIHH, COYETaeTCs
C IpYTUMH METOJaMHU U MO3BOJISAET ompenenuts BenuunHy OH; ¢ TOYHOCTBIO, TOCTaTOUHOM Ui pe-
LIEHHS TEXHOJIOTHYECKUX, KOHCTPYKTOPCKUX M Hay4yHBIX 3az1ad [9, 10].

Teopnﬂ, MaTepHaJabl U METOALI HCCIICTIOBAHUA

Onpenenenue Benuunabl OH; npoBoaunock MetonoM PJ ¢ ucmonb3oBaHueM poOOTH3UPOBaH-
Horo komruiekca Xstress 3000.

Meton PJ1 siBisieTcss yHUBEPCAIBHBIM M MOXKET MCIIOJIB30BATLCSA I onpeseneHus yposHs OH,
B MOBEPXHOCTHBIX CIIOSX M3ACITUH U3 JIFOOBIX MOJUMKPHCTAILNTUMYECKUX METAUIOB U ciuiaBoB. HeoOxo-
JIMMO OTMETHTh HEJOCTATOK JIAHHOT'O METO/ia — OOJIBIIINE BPEMEHHBIC 3aTPaThl, YTO JCIACT I1eJIecCo00-
Pa3HBIM €ro UCIOJIb30BaHUE TIPU BBIOOPOYHOM KOHTPOJIE JIeTalleH.

Jlns vccnemoBaHus BIMSHUS PEXKUMOB MEXaHW4Yeckord 00paboTku Ha ypoBeHb OH; mcrnomb-
30BaNMCh OOpa3Ibl WHIMHIPHIecKoi dopmbl B117x8,5 mm u3 cramu 38XH3M®A', na mosepx-
HOCTH KOTOPBIX BBIIIOJIHEHBI NEBATH TPYII KOJBIEBBIX KaHaBOK (puc. 1), MO Tpw KaHABKA IS
KKAOTO COYETaHWs MapaMEeTPOB PEKUMOB pe3aHHsA. XWMHUYECKHH COCTaB CTalld NPUBEIEH HIDKE.
Hcrnionp3oBanabie B paboTe pekuMBI pe3aHus — B Tabmuie. Marepuan pesiia — OBICTpOpeKyIas
crains P18.

Pe3ynbraTel H3MepeHns MMOABEPTAINCH CTATUCTHYIECKOM 00padoTke. Hivke Ha puc. 2-4 mpuse-
JleHbI cpenaue BennanHel OH| .

Jns mamepenuss OH; mumHIprudeckuii oOpaserl pa3pe3ascs Ha JBE 9acTH BIOJIb MPOJIOIHHON
ocH, JIJIs1 TIOBBIIIEHNS yNoOCTBa m3MepeHus ypoBHa OH Ha BHelIHEH MOBEPXHOCTH M OOECTICUEHHS
BO3MOXKHOCTH M3MEPECHHMs Ha BHYTPEHHEH yacTu oOpasua. B nanHol pabore u3MepeHus MpOBOAUINCH
Ha Hapy»XHOUW MOBepXHOCTH oOpasua. Onpenenenue yposHs OH; mpou3BOAMIOCh B CEMHU TOYKaX JUIS
KaXI0¥ KaHaBKH (pHC. 5, 6).

'TOCT 4543-71. IIpokat U3 IErHpOBAHHON KOHCTPYKIMOHHO# cTati. TeXHHUECKHE YCIOBHSL.
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Puc. 1. O6pazern u3 cramu 38XH3M®DA: a — acku3 obpasia; 6 — o0l BUI; 8 — CEUEHHE KaHABKH

Pexnumbl pe3anud

Howmep pexxnma ITomaua S, MmM/00 CxopocTts V, M/MuH
127 5,87
2 (28) 0,035 9,18
3(29) 11,56
4 (30) 5,87
5@31) 0,042 9,18
6 (32) 11,56
7 (33) 5,87
8 (34) 0,055 9,18
9 (35) 11,56

Xumnueckuii cocraB ctanu mapku 38XH3IM®DA, mac. %

C Si Mn Ni Cr Mo A% Cu Fe S P
0,33 10,36 | 0,5 3,5 1,5 {035 ] 0,1 0,3 93 10,025(0,025
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450 453,7472 = 457,5758
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5% 26° = 130°
3,
Puc. 5. Pacnonoxxenue Touek nuzmepenust OH, Puc. 6. [Iponecc uamepenust OH; B kaHaBkax oOpasia

Pe3yabTaTthl ncciefoBaHus U UX 00CyKAeHHe

B pabore nzmepsiucey BenwunHbl riaBHEIX OH; — 61 u 6,. 1o pesynbraTam u3mepenuit 6, u o,
omnpenensuiach nHTeHcHuBHOCTE OH| — ;.

PaccMmoTpum BiIHsSTHHE pEeKUMOB pe3aHus Ha BEMUYHHY O;. Pe3ynbrarhl M3MEHEHUs O; B 3aBH-
CHMOCTH OT CKOPOCTH pe3anus V mpuBeneHs Ha puc. 2. Ha rpaduke BUIHO, YTO ¢ yBENIMYSHHEM CKO-
pOCTH pe3aHusi BelU4HMHA G Bo3pactaeT. OaHako ¢ yBenudenueM moxauu o 0,055 mm/00 Habmroma-
€TCsI CHUKEHHE YPOBHSI O.

Bimsane ckopoctu pe3anus V Ha BeMWYWHY G, IPUBEACHO HA pHC. 3. 3aBUCUMOCTD BEITUIHHBI
O, OT YBEJIMYCHHUS CKOPOCTU pe3aHus HeoqHo3HauHa. [Ipu Manbix momavax (S = 0,035 Mm/00) Benu-
YHHA O, C YBEJIMYEHHEM CKOPOCTH pE3aHUs BO3PACTaeT, a 3aTeM YMEHbBIIACTCS. AHAIOTHYHAs 3aBU-
CUMOCTh Habmrofaercs mpu MakcuManbHO# mogade (S = 0,055 MM/00) — yMeHbIIIEHUE BETMYHHEI G)
Oomnee MHTEHCUBHO. [Ipy cpeaHNX 3HAYCHUSX ITOJAYN TCHICHIMS M3MEPEHUS BEIIMIUHBI G TIPOTHBO-
MOJIOKHA (CM. puc. 3).

Ha puc. 4 npuBeneHsl pe3yiabTaThl pacueTa MHTCHCUBHOCTH OCTATOYHBIX HAMPSHKEHUN O; B 3a-
BHCHMOCTH OT CKOPOCTH pe3anus V. 3aBUCHUMOCTh MU3MEHEHUSI O; OT CKOPOCTH PE3aHUs aHAJIOTHYHA
3aBUCHMOCTH JUIA O.

3ak/aoueHne

Pesynbrarel usmepenust OH; B BbIOpaHHOM JAuamna3oHe PEKMMOB PE3aHUs MOKa3bIBAIOT, YTO
OH,; MoryT cyIiecTBEHHO U3MEHATHCS 110 MOYJIIO U 10 3HAKY:

— C yBEJIIMYCHWEM CKOPOCTHU PE3aHMA U TI0Jjaud BEINYNHA O yBEINYUBAETCS B 2 pa3a;

— MHUHHUMAaJILHBIN YPOBEHb O} U O; Ha6JHO)IaeTC$I nmpu MUHHAMAaIbHONU nmomgadye u CKOpPOCTHU
pe3aHus;

— HAIPSDKEHUS G ABJISFOTCS CKUMAROIIUMU JIJIS BCEX BBIOPAHHBIX PEKMMOB PE3aHUS,

— yMEHBIIIEHHE CKOPOCTH PE3aHus U TIOJIauH criocoOCTBYeT yMeHbIneHuo yposas OH;

— C y4YETOM TOTO, YTO BEJHMYUHA G| UMEET MOJIOKUTEIbHOE 3HAUCHHE (PACTITUBAIOIIUE HAIPSI-
JKEHUsI), a G, MaJlo BIMAET Ha XapaKTep U3MEHEHHUS G;, B KaueCTBE KPUTEPHUs, XapaKTepU3yIOLIEro
ypoBeHb OH|, MOXHO HCIIONB30BATh BEIUYUHY Oj.

PesynbTarhl paboThl MOKA3BIBAIOT, YTO, U3MEHSS PEKUMBI PE3aHUS, MOKHO MOTYyYaTh TpeOdye-
MBI ypoBeHb OHj.
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