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'MI'TV um. H.D. baymana, Mocksa, Poccus

W3yuyeHne MexaHHMKHM TIpollecca pe3aHHs BO  MHOToM  0Oasupyercss Ha  pe3yibTaTax
MeTaiorpaduuecKix UCCIIe0BaHuil ¢ HCIIOIb30BaHUEM KOPHEH CTpykeK. PaccMoTpeHo ycTpoiicTBO
npucnocobienuss koHCTpykmmr MITY mm. H.D. Baymana nns momydeHHs KOpHEH CTpPYKEK C
MTHOBEHHBIM (PMKCHPOBAaHHEM 30HBI CTPYKKOOOpa3oBaHUS Ha omepanuy crporanus. Ormedaercs
BBICOKAsT HAJEKHOCTh €ro paboThl, CTAOWIBHOCTh M OOJbIIAs TOYHOCTH (DUKCHPOBAHMS KOPHS
CTPYXKH B KOHKPETHO 33JaHHOM Maloi o0xacTh o0pabOTKH, YTO CHIKAeT TPYIOEMKOCTh
MIPOBEJCHUS KCIICPUMEHTOB U YBEIWIHMBACT JIOCTOBEPHOCTD pe3ynbTaToB. [IokazaHO HMCIIONB30BaHHE
MTHOBEHHOTO OCTAaHOBa JUIA PACKPBITHS 3aKOHOMEpHOCTeH (OPMUPOBAHUS  HANPSHKEHHO-
J1e(OpMHUPOBAHHOTO COCTOSIHUSI MaTepualia 30Hbl CTPYKKOOOPa30BaHUs B YCIOBHAX TPAJAUIIMOHHOTO
Ipolecca Pe3aHus U pPe3aHHsi C ONEePEeKaroUIUM IUIACTUYECKUM Je(opMHpOBaHHEM C MOMOUIBIO

METOJAa KOOPAUHATHBIX JACIIUTCIIbHBIX MUKPOCETOK U UBMEPCHUSA MUKPOTBEPAOCTH.

KuaroueBble ciioBa: 06paboTka pe3aHueM, CTPYKKOOOpa30BaHHE, MTHOBCHHBIH OCTAHOB, PE3aHHE C
OTEPEKAIOIINM IACTHYECKUM Je(hOPMUPOBAHUEM, MeTAILIOrpadHueCcKre UCCIeJOBAHUS, MEXaHHKA

pe3aHusl, KOPCHb CTPYIKKHU, MOBBINICHHUE MPOU3BOANUTCIIBHOCTHU

AnHanmu3 U3MKO-TEXHOJOTHUECKOM Mojienu mponecca peanus [1, 2] 1 cooTBeTCTBYIOLIEH
eil cucremarusanuu [3] pa3paboTaHHBIX K HACTOSILIEMY BPEMEHHU METOJIOB, CIIOCOOOB U CPENICTB
yIIydlIeHus: 00pabaTbiBa€MOCTH PE3aHUEM Pa3HbBIX TPYI KOHCTPYKIIMOHHBIX MaTtepuanoB [4-11
U Jip.] MOKa3bIBaET, YTO pEIICHNE NMPAKTUYECKUX 3ajay, CBSI3aHHBIX C MOBBIIIEHUEM [TPOU3BOIH-
TETLHOCTH W KadecTBa 00pabOTKH, a ClIeIOBATEIbHO, H POCTOM KOHKYPEHTOCIIOCOOHOCTH MPO-
ITYKIIMH, 3aBUCUT BO MHOT'OM OT COCTOSIHMSI HAYYHOU 0a3bl B 001aCTH U3YUYEHHS] OCHOBHBIX 3aKO-
HOMEPHOCTEH MPOTEKaHUs MPOLECCOB U SBJICHUI MPU CTPYKKOOOPA30BAaHUU W UX BIHMSHUSA Ha
pe3yabTUPYIOLINE NoKa3aTeasiMu 00padoTku. Cpean 3KCIePUMEHTAIBHBIX METOI0B UCCIIEeI0Ba-
HUS mporecca pe3anus [12] Gonbinoe MecTo 3aHUMAIOT MeTaiorpadudyeckre Mmerosl [13], ko-
TOpBIE UCMOJIB3YIOT JJIi U3YYEHHs HalpsHKEHHO-1e(OPMUPOBAHHOIO COCTOSHUSI MaTepHaia B
30HE CTPYKKOOOpa3oBaHMs, KOHTAKTHBIX SIBJIEHUI, HAPOCTOOOPA30BAHUS U JP.

[Ipu pa3zpaboTke TEOPETUUECKUX OCHOB METOJ/Ia pe3aHUsl C ONepekKarolIUM MIaCTUYECKUM
nedopmupoBanrem (OI1[]) kak ogHOTO U3 CPEICTB COBEPIIEHCTBOBAHMS 00paOOTKH pe3anus [7,
14, 15], nns u3yuenus BozaerictBus OIIJl Ha oTaenbHBIC (QU3HUECKHUE TTApAMETPHI U BBIXOIHBIE

MoKa3aTey Ipoliecca MHUPOKO UCIOIb30BAIN PE3YNIbTAaThl METAUIOrpauIecKUX U MeTauiopu-
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3MYECKHX HCCIECIOBAHUHN, YTO MO3BOJIMIO MPOU3BECTH AHATUTUYECKOE OMHCAHUE OCHOBHBIX SIB-
JICHUH CTPYKKOOOPa30BaHUsA C yYETOM cHenu(uyuecknx ocoOeHHOCTE! naHHoro merona [7, 15-
17]. Ocoboe BHMMaHHE OBUIO YAEICHO PACKPHITHIO 3aKOHOMEpHOCTEH (OpMUpOBAHUS HAIPS-
KEHHO-IE(POPMHUPOBAHHOTO COCTOSIHUSI MaTepuaia, Kak Ompeesnsioniero (¢akropa s Tpaau-
LIMOHHOTO Mpolecca pe3anus, Tak u pe3anus ¢ OIIl. Dra 3amayua pemanacsk ¢ MOMOIIBIO METOAA
KOOPJMHATHBIX JEIUTEIbHBIX MUKPOCETOK, OpUTHHANIbHAS TEXHOJIOTUS KOTOPOro Obuia paspa-
6orana B MI'TY um. H.D. baymana [18, 19], u u3aMepeHnuss MUKpOTBEPAOCTH B KOPHSIX CTPYKEK
[20].

HccnenoBanue 1eGpOpMUPOBAHHOTO COCTOSIHUSI MaTepuana B 30HE CTPYKKOOOpa3OBaHHS
npu pe3anuu ¢ OIIJl, koTopoe sBIsSeTCS Pe3yabTaTOM MOCIEI0BATEILHOIO HATPYKEHUsI MaTe-
pHaia cpe3aeMoro cios AByMsi OOJIBIIMMHU TUIACTHYECKUMHE JIeOpPMAIIUU OT IBYX MEXaHUYECKUX
HMCTOYHUKOB DHEPTHH —TIOBEPXHOCTHOTO Iactudeckoro nedopmuposanwus (I1I111) u venocpen-
CTBEHHO TMpoIlecca pe3aHusi, TPOBOAWIN Ha MONEPEYHO-CTPOraJbHOM cTaHke mozaenu 7b32. B
3TOM CIIy4ae HCIOJIb30BalU CXEMY MPSIMOYTOJIBHOIO CBOOOIHOrO pe3anus. [[is npeaBapuTenb-
HOTO IJIACTHYECKOTO J1e(hOpMHUPOBAHHS MaTepHala Cpe3aeMoro Cjaos MPUMEHSIIN BbITIaKUBaIO-
WA HAKaTHUK, OCHAIIIEHHBINA MJIACTUHOM TBeporo criaBa BKS.

KopHu crpykek B 3KCHEpUMEHTaxX MOJy4Yalld C MCIOJIb30BAaHUEM CIELMAIBHOIO MPUCIIO-
cobnenust koHcrpykuun MI'TY um. H.D. Baymana (puc. 1), obecneunBaroniero MrHOBEHHOE

(buKCUpOBaHKE 30HBI CTPYKKOOOPA30BaHMsI B IPOLIECCE PE3aHMS Ha ONEPAIlH CTPOTAHUSL.

Puc. 1. [IpucnocobaeHne Ist MTHOBEHHOTO MPEPBIBAHMUS MPOIIECCa Pe3aHus

HpI/ICHOCO6HCHI/IC COCTOUT H3 KOpITyCa ], KOTOpBII71 HCMMOABUXKHO 3aKPCIIACTCA Ha CTOJIC
CTaHKa, U II0JI3yHa 2, NnepeMeIaromerocd B MPOAOJbHBIX HAIIPABIIAIOIINX KOpPITyCa. HOJ'I3YH,
cny;xanmﬁ AJid YCTAHOBKM C ITOMOIIBIO BHUHTOB 3 mIacTHHYATHIX o6pa3u03 4, HCIIOJBHXKHO

(buKcupyercss OTHOCUTEIBHO KOpIyca MPUCHOCOOIEHUS HUIMHAPUUYECKUM IITU(TOM, KOTOPBIN
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yCTaHABIMBAETCS ¢ HEOOJBIIUM HATSATOM, YTO UCKIIOYAET MOSBICHUE 3a30pa U COOTBETCTBEHHO
CMEILEHUS B TUIOCKOCTH CThIKA MOJI3yH-KOPITYC, 0OecreunBasi, TaKUM 00pa3oM, TOUHOCTh 1103H-
[IUOHUPOBAHMS UCCIEAYEMbIX 00Pa3lOB OTHOCUTEIBHO PEXKYIIEro MHCTpyMEHTa. B oTkuIHOMN
pesnenepkaTenb CTaHKa BMECT€ C HHCTPYMEHTOM YCTaHABIIMBACTCS CIIELUANbHBIA OOeK J,
oOecrieunBarOIINi cpe3aHue mTudTa.

TudTel M3roTaBIUMBalOTCA U3 XPYNKOro mMarepuana. X KOHCTpyKuus U pa3Mep more-
PEYHOT0 CEUYEHHUS TOJKHBI YAOBIETBOPATH YCIOBUIO, P KOTOPOM pa3pyllieHue mrudra HacTy-
MaeT MpH YCUIIUAX, HE3HAUUTEIbHO MPEBBIIIAIOIINX CUTY PE3aHUs JJIsl MPUHATHIX PEXKUMOB 00-
pabotku. B sxcniepuMeHnTax MCHONb30BaIH ITU(THI U3 TEKCTOIUTA.

B koHCcTpykumu mrugTa mpeaycMaTpuBaeTCs HaJIM4YUe KOJbLIEBOM KaHABKH, CIyXKalleH
KOHIICHTPATOPOM HAIPsDKEHWN U 00ecreunBaroield MrHOBEHHOE €ro pa3pylieHue OT YAapHOH
Harpy3ku. C 3To#l nenpio npu padore ¢ MpUCIIOCOOIEHHEM POpe3b Ha MTH(TE J0KHA HAXO-
JUTHCSI TOYHO B TNIOCKOCTH CTHIKA KOPITYC-MIOJI3YH.

[Ipu paboTte ¢ nmpucnocobIeHNEM MPOLIECC PE3aHusl MOCIe Bpe3aHusi HHCTPYMEHTA B 3aro-
TOBKY OCYIIECTBIISIETCS IO COyIapeHus O0IKa ¢ MOI3yHOM, B pe3yJbTaTe KOTOPOTO MPOUCXOIUT
Cpe3aHHe MPeIoXpPaHUTENbHOTO MTU(TA, TOCIE Yero MpoIecc pe3aHus MpeKpamiaeTcs, a HHCT-
PYMEHT C 3allleMJICHHBIM B 30HE PE3aHUs JIE3BUEM MPOJ0JIKAET COBMECTHOE JIBUKEHUE C 3aro-
TOBKOH, YCTAaHOBJICHHOH B ToJI3yHe. TakuMm 00pazom, JocTUTaeTCs MOdydeHUue KapTHHBI 1edop-
MHUPOBAHHOI'O COCTOSIHUS 30HBI CTPYKKOOOpa30BaHUSI B KOPHE CTPYKKHU 0€3 MCKaKEHUH, CBs-
3aHHBIX C MEPEXOJHBIM JAePOPMAIIMOHHBIM IPOLECCOM B ClIy4yae TOPMOXKEHHSI MHCTPYMEHTA B
npouecce pesanus. Ha ¢ororpadum (cMm. puc. 1) 3adukcupoBaH MOMEHT MOTYYCHHS] KOPHS
CTPYKKH.

Jlns onpenesnenus 1eOpMUPOBAHHOTO COCTOSHUS MaTepHralia B 30HE pe3aHUs Ha MOJIUpPO-
BaHHOI OOKOBOI MOBEPXHOCTH IIACTUHYATOIO 00pa3lia HAaHOCUTCS MPSAMOYTOJIbHAs KOOpUHAT-
Has JIeUTeNIbHAas MUKPOCETKA MO0 TEXHOJIOTHH, U3J10’)keHHOH B [18, 19].

Ha puc. 2. B kauecTBe nprumMepa IpeacTaBIeHO Ae(POPMUPOBAHHOE COCTOSTHUE KBaJApaTHOU
JeNUTeNbHON MUKpoceTkH ¢ 6a30ii 0,06 Mmm B kopHe cTpyxku u3 cranu 40XCII. U3menenue
TEOMETPHUH 3JIEMEHTOB MUKPOCETKH BBI3BAHO B JIAaHHOM CIIydae IOCIEA0BaTEIbHBIM BO3JEICT-
BHEM Ha oOpaszell IByx Oonbiux miaactudeckux aedopmanmii: [I1J] (B cpezaemom cnoe I — 4) u
pe3anus (pesyabTupyromue nedopmanuu B ctpyxke [/ — 47). [lo MCKaXeHUIO MHKPOCETKU B
KOpHE CTPY)KKH CYIHJIM O paclpeleleHuu JeGopManuil B 30HE pe3aHus, ONpEeIeNsuld BUA U
cTenenb aedopmaiinu oOpadaTeiBaemoro matepuana [13, 17].

Kopnu ctpyxek ¢ nepopmMupoBaHHOW MHUKPOCETKOM MOJIydaad ¢ YIETOM CIEAYIOLUUX Me-
TOAMYECKUX OCOOEHHOCTEW: JUIsl MCKIIIOUEHUS BO3MOXKHOCTH IEPEKOCOB MHUKPOCETKH OTHOCH-
TEJIbHO HaNpaBJIEHUS BEKTOpPA CKOPOCTU MPHU PE3aHUM MOATOTOBJIEHHBIE JUISI HCCIEI0BaHUM 00-
paslbl IpeaBapUTEIbHO MOMAPHO YCTAaHABIMBAIKUCH B TOJM3YHE MPUCIIOCOOICHUS MOIHPOBAH-
HBIMH TIOBEPXHOCTSIMHU BHYTPh U MOJPABHUBAINCH. 3aTEM Ha OJTHOM U3 HUX HAHOCHUJIACh MUKPO-
CEeTKa YKa3aHHBIM BhIIIe criocodom [18, 19], mocie yero oOpasisl B TOM K€ COYETaHUU TTOBTOP-
HO YCTaHABIIMBAJNUCh B mpucnocobnenne. YToOwsl n30exarh pacKpbITUS CTHIKA, a, CIEI0BATENb-

HO, KpaeBoro 3¢ dexra y 00pa3iioB B pe3yibTaTe MOMEPEUHbIX AedhopMaliuii B 30He CTPYKKO00-
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pa30BaHUs M MOJYYUTh YETKYIO KApTHHY MCKaKEHHOM CETKU B CTPY)KKE MPHU yCTAaHOBKE 00pa3-
II0OB B HpI/ICHOC06HCHI/II/I AOIMYCKAJIOCh UX BBICTYIIAHHUC 3a IMPCACIIbI 3a’KMMHBIX I‘YGOK IMPpUCIIO-
cobnenust He Oonee, yeM Ha 1 MM. PaBHOMepHOE 00kaTue MecTa HaHECEHUS MUKPOCETKH OCY-

IIECTBIISUIOCH OOJITOM Uepe3 CIEHATIbHYIO KECTKYI0 METAIIMUECKYIO IPOKIIAIKy

Puc. 2. Mukpodororpadus 1edopMUPOBAHHOTO COCTOSHHSA NPSMOYTOJILHOM JETUTEIILHONH MUKPOCETKH B KOPHE
ctpyxku nipu pezanun ¢ O[] (x487) (ckopocTs pesanms v = 0,29 m/c, TonmuHa cpesa ¢ = 0,2 MM, IIHPUHA cpe3a
b =3 mm).

[Ipu onpeneneHun HanpsLKEHHO-1€()OPMUPOBAHHOIO COCTOSIHMSI MaTepuaa Mo pacipese-
JIEHUIO TBEPJOCTH B IUIACTUUYECKH JepopMUpoBaHHON oOnactu [21] cHauana U3 UCCIEqyeMOro
oOpa31a ¢ MoJIy4eHHbIM KOPHEM CTPY>KKH M3rOTaBIMBAETCS MUKPOLUUIU(Q 30HBI CTPYHKKOOOpa30-
BaHHA. 3aTe€M C MOMOIIBIO TBEPAOMEPA HAXOIUTCS PACHPENECICHUE MUKPOTBEPAOCTH B KOpPHE
CTPY’KKH, 4TO TO3BOJISIET, puMeHss meron I'.J1. Jlens [21], onpeaenuTs pacnpenesieHue Belu-
YMH HaNnpsDKeHUH 1 JepopMariuii B 30He pe3aHusl.

Ha puc. 3 npuBenen npumep mutrda KOpHs CTPYKKH € pacipeieleHHeM MUKPOTBEPIOCTH,
MOJIyYE€HHBIM T10csie 00paboTKU pe3aHHeM C MOMOIIbI0 MUKpoTrBepaomepa [IMT-3 .

Merannorpaduueckre uccie0BaHusl, BHIITOJHEHHBIE C UCIIOIb30BaHUEM MTPUCTIOCOOTIECHUS
AT TTOJTYUCHUA KOpHeﬁ CTPYKCK, IMOKa3aji, 4TO MPOCTasA KOHCTPYKIHUA MIHOBECHHOTO OCTaHOBA
mpolecca pe3aHus, UMEIOIas MUHUMYM IOJIBUXKHBIX 3JIEMEHTOB, 00€CIEeUnBaeT BBICOKYIO Ha-
JIe)KHOCTh €ro paboThl, CTAOMIBHOCTh M OOJBIIYI0 TOYHOCTh (PUKCHPOBAHUS KOPHS CTPYXKKH B
3aJJaHHOI Masiol 001aCTH HAHECEHHBIX MUKpOCeTOK. [locnenHee cynecTBeHHO CHUXKAeT TPYyHIo-
€MKOCTb IIPOBEJECHMS DKCIIEPUMEHTOB U OJHOBPEMEHHO YBEJIIMUMBAET FAPAHTHIO JOCTOBEPHOCTH
[I0JIy4a€MBIX PE3YyJIbTaTOB.
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Puc. 3. Pacnpenenenue mukpotsepaoct (MIla) B kopre ctpyxku cioiaa XH77THOP (ckopocts pesanus v = 0,29

M/c; TommmHa cpe3a a = 0,2 MM; mupuHa cpeza b = 3 Mm)

OTMeUyeHHbIE TEXHHUYECKHUE BO3MOXHOCTH MTHOBEHHOI'O OCTaHOBA IO3BOJIMJIM HUCIOJIb30-
BaTh HOBBIM METOJI UCCIIEAOBaHUS OONBIINX IIACTHYECKUX naedopmariuii [17], koTopbiit obecte-
YMBAET COXpaHEHUE Ha (pOoHE TEKCTyphl MaTepuana CTPYKKH KOOPAMHATHBIX JIE€IUTEIbHBIX MUK-
poceTok, HaHeceHHbIX ¢ marom (,05...0,06 MM MOJ MUKPOCKOIIOM TpU OOJBIIIOM YBEIMUYECHUU
(x487), B ycnoBUsIX pealbHbIX (HOPMATHUBHBIX) PEKUMOB 00paOOTKH U YIJIOB 3aTOYKH PEXKYILEe-
ro HHCTpyMeHTa. B pe3ysnbrare BriepBble B IPAKTUKE pe3aHUsl HA MUKPOYpPOBHE Obljia MOTy4eHa
HarJsiiHasi KapTUHa 1o 1eopMaliiy B 30HE CTPYKKOOOPAa30BaHUsI OT CYMMapHOI'O BO3/IEHUCT-
BUS Ha MaTepHall ABYX IOCJIEI0BATEIbHBIX OONBIINX MJIACTHYECKUX Aedopmannii — 06paboTku
JIaBJICHUEM M HEIMOCPEICTBEHHO MpoIiecca pe3aHusl, Kak 3TO UMEET MeCTOo Mpu oOpadoTke pe3a-
HUEM C OINEPEKAIOIINM IIACTUYECKUM Je(POpMUPOBaHNEM. DKCIIEPUMEHTAIIbHBIE UCCIIEI0BaHUS
IPOBOJMWIIMCH JJIl  Pa3IMYHbIX TpyAHOOOpabaThiBaeMbIXx cTanedl u cmiaBoB (40XCII,
12X18H10T, XH77TIOP u np.), OTHOCSAMIMXCS K pa3HbIM rpynnaM o0padaTbiBA€MOCTH pe3aHu-

CM.
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Cutting with leading plastic deformation (LPD) was for the first time BMSTU-proposed,
studied, and implemented in the industry to provide a high effect in terms of performance, accu-
racy of machining, quality of the surface layer, and possibility of sustainable chip breaking. To
build a physical model and obtain an analytical description of the basic phenomena of chip for-
mation based on specific features of this machining method, BMSTU has developed a new
method to determine parameters of plastic deformation for metal machining experimentally.

The proposed method of metallographic studies (method of coordinate dividing micro-
grid) uses a number of tricks to enhance the image contrast and thereby save the pattern of
changing geometry of micro-grids against the chip material texture after the cut off layer has
been successively under the two large plastic deformations - pressure and cutting, which are spe-
cific for LPD machining. The pitch of micro-grids of 0.05-0.06 mm is provided using a micro-
scope at high magnification ([1487) to ensure their accuracy. However, the reliability of research
results depends not only on the method of research and its technical capabilities, but also on the
equipment used to ensure the process of chip roots, which are the source database for metallo-
graphic investigations to study mechanics of cutting.

To produce chip roots, BMSTU has developed a special device that instantaneously stops
cutting and provides fixing the area of chip formation when chipping.

The device has a case with longitudinal guides along which, after the forced stop of cut-
ting, the slider with mounted thereon specimens is moved.

The case is fixed to the machine table. The slider is fixedly locked with respect to the case
by a cylindrical pin, which is set with a slight interference fit. In the clapper-type tool-holder of
the machine a special striker is set together with the tool to cut off a pin. In cutting the safety pin
is cut off when the striker hits the slider. Since then, the cutting process stops, and the tool with a
blade clamped in the cutting zone continues to move together with the work-piece set in the slid-
er.

The device was used to study the regularities of forming stress-strain state of chip for-
mation zone, contact phenomena, built-up edge and other phenomena in traditional and LPD cut-
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ting. The metallographic studies with instantaneous stop used have shown that a simple device
design with few moving components provides high positioning accuracy of the specimens under
investigation with respect to the cutting tool and its operation reliability and also allows us to
have a great stability and high accuracy of fixing the chip root in a specified area. The latter sig-
nificantly reduces the complexity of the experiments and at the same time raises a guarantee of
reliability of the results obtained. The device under consideration together with the BMSTU-
developed method to implement the coordinate micro-grids of enhanced contrast allows us, for
the first time in the cutting practice at the micro level, to obtain a visual deformation field pattern
in chip area because the material is under the total impact of the two consecutive large plastic
deformations — pressing and, directly, cutting process, as it is in LPD machining.
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