N3BECTHUMYI

TOMCKOI'O OPZEHA TPYIOBOTI'O KPACHOI'O 3HAMEHH TMOJHUTEXHHUUYECKOI'O
HMHCTHUTYTA umenu C. M. KIIPOBA

Tom 157 1970 r.

ONNPEAEJIEHUE HANPY)KEHHOIO COCTOAHHA B 30HE
PE3AHHUSI METOAOM U3MEPEHHA TBEPAOCTH

B. M. KAPHOB, T. 0. AEJIb

(TIpepcTaBsieHa HayYHEIM CEMHHAPOM KadeIp CTAHKOB H PE3aHHA METAM/IOB
H TEXHOJOrHH MaU.[HHOCTpOBHHH)

HcenepoBannio HanpsKeHHOTO COCTOSIHHS, BO3HHKAIOLIEro B Iporecce
pe3aHusl MeraJJioB, NOCBfLleH weabldt psig paGor [1, 21 B stux paborax
paccMarpHBaIOTCs HANPsXKeHHs HpH o0pa3oBaHWH CJAHMBHOI CTPYXKH. Hunxe
NPUBOASITCA PE3YJbTATH HCCJAEIOBAHUsI HAMPAKEHHOTO COCTOSHHS B 30HE
pe3aHua npu o0pa30BAHHM CTPYKKU ckKanbiBanuf. HMccaepoBanue sbimo.-
HEHO MeTO/0OM H3MepeHHsI TBepAOCTH [3], MO3BOJSIONIUM B Cjydae MJIOCKOM
AedopMalUK ONpeNeNuTh BCe KOMIOHCHTHI HAMNpPSKEHHOrO cOCTOSAHUS [4].
Peszanuio nojasepranace JgatyHb JIC-59-1, mexanuyeckue cBOHCTBA KOTOPOI
NO3BOJISIIOT OTHECTH ee K paspsiy MaJoNJacTHYHBIX MerajanaoB. Pesanue
JATYHH BBINOJHEHO HA MHUKPOCKOPOCTAX  (CKOPOCTb IIEpEeMEILLEHHA pe3ua
V=19 — 98 mm/mur). BBugy TOro, 4t0 pasMep IJacTHUCCKOH obaactd
B paccMaTpHBaeMOM cJayuae oueHb MaJj (rayOuHa pesanud {=0,8—1.2 mum),
a rpajHeHT HpejiesJa TEKyueCTH BeCcbMa BeJHK, H3Mepanach MHKPOTBep-
aoctb Ha npubope IIMT-3 npu marpyake ua ungedrop B 100 r.

TapupoBouHblfi rpaduK, CBSI3HIBAOIIME TBepLOCTb TV ¢ HHTEHCHBHO-
CTbIO KacaTesbHbIX HanpsikeHu#l K, GblI moJydeH N[O pe3yJabTaTam HChbITa-
HUS MCCAeYeMOro MaTrepwana Ha oceBoe cxkarue. lllectn oOpasuos aua-
meTpoM 12 mm wu BeicOTOH 24 mm ObBlIM  CXKATHl A0 Pa3jiUyHOH CTelleHH
aedpopmanuu. Cxatele o6pas3nubl pas3pe3anuch MO MEPHAHOHAJBLHOMY ceye-
HHIO, HA MOJYYCHHOH MOBEPXHOCTH TOCJE MOJMUPOBKH H3MEpPsiach TBEPAOCTh
B nsaTtH toukax. CpefaHee 3THX H3MEpeHUH COMOCTABJIAJNOCH C HHTEHCHBHO-
CTbIO KAacaTeJbHOr0 HalpsXKeHHs.

4P
K= —/————,
V'3 =D?
rae P — pedopmupyoniee ycHiHe.

D — pnameTp cxkaroro obpasua.

Hanpsi;keHHOe cocTOsiHHE ompelefeHo s TpeX CJydaeB: AJs KOHeu-
HOHl cramuu oOpa3oBaHMA 5JeMeHTa npu mepepnux yraax B 30° uw— 10° u
npu 509% BHenpenus pesua c mepeaHum yriaom — 10°. Pacmngposka Bbi-
MOJIHEHA TO MeToMuKe, M3J0KeHHOH B ctarthe {4l KoMmoHeHTe HampsizkeHHs
VJOBJIETBOPSIOT YPaBHEHHIO:

(o, — 3,)2 + 41,2 = 4K (x, y). (2)

[Mpu pacuimcdpoBke ypaBHeHue (2) paccMarpHBaeTCsi COBMECTHO C ypaBHE-
HUSIMY PaBHOBECHS
ds, 0t 4y :
= 0, XV + =0, (3)
Ox + dy ox dy

(1)
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Cucrema ypapheHuil (2, 3) pewraetcst METOJOM JHHHH CKOaAbKeHHs. COOT-
HOLIEHHs Ha 3THX JAHHHAX [4]:

3 [*]
—GZ_A, — QZ_ASy (4)
rjae 5
R (AP R S (2 ) (5)
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3JeChb ¢ — CHAPOCTAaTHUECKOE [aBJEHHE,
@—erJl MEX Ly KacaTe bHOH K JIHHEI CKOJbLXEHHs s o U OCbi0 X,

—H —— — TPOU3BOAHbIE BLOJb JHHHH CKOJBXKEHHA a u §. Hanpsmenus o,
do. 0p
5,, T,y CBS3aHM C ¢, K, © cooTHOLIEHUAMH

s, =0— Ksin28; o, =04 Ksin28; T,y = K cos26. (6)

Kouryp AB sjemeHta cTpyXku (pHc. 1) siBaserca csofoaubim. Pac-
npejeneHde HanpsKeHHH BROJMb NepefHed TpaHd pe3llda HEH3BECTHO.
B coorBerctBuH ¢ 3THM npu pacmudposke B o6iacty ABC pemaercs 3a-
pava Kowwu, a B obnacru BC/ — HavyanbHasg XapakTepHCTHUeCKasd 3ajaua.
KacaTtenbHoe Hanpsizkenue B Touke B KOHTypa OB NpHHATO PaBHBIM HYJIO.

Puc. | CxeMa k onpedefelinio HANPSAKCHHA B 30He CTPYHKKOOOpaszosauus.

HanpskenHoe cocroanre B obaactu OBD, npumpikaonled K nepejHeft
rpaHi pe3ua, OCTAeTCs HEeU3BeCTHBIM. Baoab rpauunsl AB crpaseliusbl
CJACAVIOWUe COOTHOIIEHMUS:

e = — K A, =0 4 0,5
Q@ =o  45° As =0,0—0, (7)
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rle ¢ — yroja MexJy KacaTeJbHOH K KOHTYDY B TOPH3OHTa/bHOH OCBIO X.

3nas O, A, Az Broab rpanunsl AB, ompejeisieM 3TH Ke BEJHYHHbBL
B caeAywolueM cace. Tak, HanpuMmep, NMOJOMKEHHE TOYKH 3 ompefensercs
crenyouM o6pasom. M3 Touek 1 u 2 NpOBOAATCS JyuH NMOA yr/amu

0, + 5 u 8, x ocu x. Ha mepeceuenun 3THX JydyeHd HAXOKAHM TOUKY 3,

B KOTOpOH
1 Ky—K;
(Aa )3:(Aa )2— - .8 I €93
2K3 €57 1
o 8= (A —4). ®)
(Ag)s = (Ag); — Pt e
21[(3 €45
Wnaekcol npun A., Az 1 © ykaswBaloT, K KaKUM TOYKAM OTHOCATCH 3TH
pennunnnl. Uepes lp3, /i_3 ... 0603HaUEHH PACCTOAHHS MEXKAY COOTBET-

CcTBylomuMa Toukamu. Otpesku 6—7, 4—5H nepneHAHKYJsIpHBl K OTPe3KaM

1—3, 2—3 u NpoxoasAT 4yepe3 ux cepeluny. IlosydyeHHOE pellieHHe yTOu-

Hsaoch. [aa atoro u3 touexk 1 m 2 mpoBoAuauChH Ayuu NOA yruamu 90° -+

L8 +8 88,
2 2

-Touka 3’, AJs KOTOPOH BHOBb ONpejessiuch BeJuuuHw A,, Ag, 6. Ta-
KuM 00pasoM CTpoOWJOCh pelleHue BO BCed oGnactu ABC.

Touka B sapasgerca ocoOOH, Tax Kaxk NPH JABHXEHHH BJOJb [PAHHLLHI
o, 8 n A. H3MEHAIOTCA CKauKkoM. Uepes 3Ty TOUKY HPOXOLHUT Beep ceMeii-
CTBA JUHHUH ckosabxkeHus o. MuTerpan Ag y Bcex 3THX JuHull B Touke B
OMVMHAKOB ¥ paBeH uHTerpany Ag B Touke B koHrypa AB. Ilpu orcyrct-
BHM CHJ TpeHus B TOuke B JuHuA CKOJIbXKeHUs DB Hak./oHeHa HoA yr-
JoM 45° K nepeAHed rpaHu pesLa.

3nas A, u Ap B J1000H TOUKE NJACTHYECKH Ae(OPMHPOBAHHOH 30HHI,
MOJKHO ONpeJeJuTb THAPOCTATHUYECKOE JaBJEHHE

o =HK(— A, —As), (9)
a cJefoBaTeNbHO, H BCe HampsAxXeHHsg Ho dopmynam (6).

OnblTel Ha MHKDOCKODOCTSX NPOBOAUJIHCH Ha YHHBEPCadbHO-(pesep-
HOM cTaHKe 1yJbckoro 3aBofa. PesaHnio HouBeprajuch NpefABapHTEJIbHO
npouln(pOBaHHbIC IIMTACTHHKU TOJIIMHOM 3 MM HHCTPYMEHTOM C pasiny-
HEIMH NepefHHMH yriaMd. [Ipy MrHoBeHHO! OCTaHOBKe Hpollecca pe3aHHus
N0JYy4aJHCh KOPHH CTPYXeK B PasJIMYHBIX CTajusfix oOpa3oBaHHs 3JEeMEHTA.
MamepeHne TBepIOCTH KOpHeH CTPYXKeK B 30He AedopMamuH NPOH3BOLHIOCH
o KOOpZHHATHOH ceTke co cropoHol keaapara B 0,1—0,2 mm.

ITo TBepaocTH, H3MepPeHHOH B 30He pe3aHUs, W3 TApHPOBOYHOTO Tpa-
¢ika HV — K crTpounnch JIMHHMM paBHBIX HHTEHCHBHOCTEH KacaTeabHOTO
Hanpsixkenus. Ha puc. 2 mpuBegeHa ceTka JUHUH CKOJbXKEHHd Mjia OJHOIO
M3 TpeX HCCAe0OBAHHBIX CaydaeB ([IJs1 KOHGUHON  cTamuu  obpa3oBaHud
3J€MEHTA TIPH PEe3aHuH HHCTPYMEHTOM ¢ mepeiHuaM yraoMm 7 = — 10°). Kax
BIIHO M3 MPUBeAeHHON (UTypHl, KpaflHMe JHHHH ceMeHcTBa f Mpu IBUKe-
HIHM OT TPaHUIBl K BeplIHHE pe3na cOauKarTcd (NHHWHM B, HCXOMSILHE H3
touexk 1....B). 3To NOATBEpXKIAET TEOMETPHIO JHWHUHA CIBHIOB, NPHHATYIO
B TEOPHH pe3aHud MeTaJIoB (9).

IIpencrapasier GONbIIOH TEOPETHYECKHH H MPaKTHUECKUI HHTEpPeC onpe-
JeJIHTb HANPSI’KeHHsI B IJIOCKOCTH CHABHTA.

Ha puc. 2 nposeaena aunusi OO’ napannenbHo JunuM  ckogaa. Ilpu
MaJblX BHEAPEHUsX pesiia yroa mMexny Jjunuelt OO’ u JUHHSAMU CKOJbMKEHHUS
61130k K 45°. C pocToM BHepeHMs PekyIlero UHCTPYMeHTa 5TH JHHHH BCe
.Goapiie W GoOJBlle 1O CBOEMY HaNmpaB/JeHHIo NpUOJAMIKAIOTCH K JHHHAM
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cxonp:keHus B. Opgmako make B MOMEHT, NpeAIIECTBYIONIHH pa3pylIeHUIO,
HX COBNAJIeHHEe SIBASIETCA NAJIeKO He IIOJIHbBIM,

Ha puc. 3 npeacrasnens smopbl HanpsxeHnil BRoap aueuu 00’. drtu
HanpsAXKeHHA ompeneseHst mo gopmynam (6), B Kotopsix BMecTo yria ©
noiacrasiasgemM yroa @ — o (puc. 1).
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TUHUR ce?t?uza

Puc. 3 3miopbt KacaTebHbIX H HOPMaJIbHBIX HaNPAMXKEHHI 3/M0Jb JAHIHU CABUrA.

Ananus 3MIOD NOKa3elBactT, UYTO C¢ POCTOM BHCIADPEHHA pE3la pacrnpene-
JICHHE KacaTCJbHOIO HAallpAXKEHHUA CTAHOBHTCA BCe 6onee PaBHOMEPHLIM,
OJHAaKO H B MOMECHT, HpeJIH.IECTByIOI_U.HI:I CKOJIYy 2JIEMCHTA, HEPAaBHOMEPHOCTDL
3THX 3MIOP O0CTaeTCs 3HAYUTEJbHOH. HaHpH}KEHHH O, ABJAITCA CXKHUMAIO-
NIHMH. HOpMaJIbele HanpsaXeHusa o6, BO BCeX HCCJeJOBaHHLIX Cayuasnax
HMEIOT HWICHTHIHBIH XapakTep: BHauaJsme Npr OBUKEHHH OT TPaHULLI K Bep-
IIHHe pe3lla 3TH HanopaxKCeHHsA SIBJAAIOTCSA CHMHUMAKWIMHKMH, 34aTEM OHHU
H3MEHSAIOT 3HAaK. O,lIHaKO B JlaNbHeWllleM OHY BHOBbL ABJIANOTCS C2KHMAalIigH-
MHU H DE3KO BO3pacTalOT B HAallpaBJACHHH K BCpIIHHe pe3iia.
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BrinosineHHbifi pacder Obl NMPOBEpEH NyTeM CONOCTABJIEHHS KacaTesb-
HBIX Hanpsi’keHHH, HaHJEeHHBIX 10 pe3yabTaTaM OHHAMOMETPHPOBAHHSI
B IIpoijecce pe3anus, c¢ pacueTHoIMH. [lo pedyabraTam AMEaMOMETPHPOBAHHUSI
MaKCHMaJbHOEe 3HAUCHHE KacaTeJbHOTO HANpsIKEeHUsl B IJIOCKOCTH CABHCA
IIPH pe3aHHM JaTyHH paBHO 26—27 ke/mm? [6]. DTu HanmpsAKeHUs NPeICTan-
AA10T cO60it He UTO MHOE, KAK CPeJHee HATpPSXKEHHe T.y BLOAb JuHup OO’
E MOMEHT, IPEIIIECTBYIOMHA CKOMYy 3JEMEHTA.

Tak Kak Hampsi:KeHHsl onpejeneHsl He no Bceil obaacru OO’, npHilioch
OrPAaHHYHTLCS ONpeAeJeHHeM CpPeIHUX KacaTeJbHLIX HalNpfiKeHHH T,y
B/IOJIb PACCYMTAHHBIX YYacCTKOB 3THX JHHuIL. ConocTaBjieHHe 3THX HANPAKC-
HHUIl ¢ MAKCHMaJIbHbIM KacaTeJbHbIM HalpsKeHHeM [PH pEe3aHHH Kazketcs
BO3MOXKHbBIM, TAK KaK HEJAb3d OXKHAATh DE3KOr0 M3MEHEHHUs T,, Y BepuIH-
Hbl peslla (B CHJY HepaBEHCTBA Try < K).
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