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[ oporon UHCTPYMEHTaNbLLMUK,
Hal yBarmaeMbl 3aKa34MK 1 Kosanera!

Hak narotosutesnb pexyLiero MHCTpymeHTa, Mbl BUAWM CBOIO MaBHYKO 3aja4vy B obecnevyeHnn Bawero npoussoacTea
CaMbIM COBEpPLUEHHbBIM 1 BbICOKONPONU3BOAUTE/IbHbIM MHCTPYMEHTOM, OTBEHatoLWmMMm Tpe6OBaHVIFIM cospemeHHoﬁ
TEXHO10rnu.

Pesatb MeTann 6biCTpee 1 TOYHEE - 3TO COKPATUTbL BPEMA MEXAHUYECKOM 06paboTKM U CHU3UTL eé
€eb6eCcToMMOCTb. BO MHOTMX C/ly4aAx MMEHHO PEXYLLMIA MHCTPYMEHT, YHaCcTo paccmMaTpvMBaeMbli B Ka4eCcTBe
Masio3Havallen cocTaBnALen ce6eCcTOMMOCTH, NPeACcTaBAAeT CO60M MaBHOE NPENATCTBUE HA NYTU NOBbILLEHUA
NPOMN3BOAUTENBHOCTU. Mbl, COTPYAHMKM KoMnaHun MCHKAP, XxopoLwo noHMmMaem gaHHoe 06CTOATENIbCTBO, M Hallm
MOCTOAHHbIE UCCNEeA0BATENIbCKUE U KOHCTPYKTOPCKUE pas3paboTKM HanpaBs/ieHbl Ha CO34aHNe TaKoro PEyLLEero
MHCTPYMEHTA, KOTOPbIW MO3BOJIUT YBEIMYMTb MPOU3BOAUTE/IBHOCTb, YIY4LIMTL NOKa3aTenv Bawero npeanpmatua n
cAenatb NpoLece U3roTOB/IEHNA LUTAMMOB W Npecc-hopm 60siee NPUBbLUTbHBIM.

HenpeKpalyatoLpecs nccnefoBaHns, MOMCK HOBEMLIMX KOHCTPYKLMIM U BHELPEHWE NEPEAOBbLIX TEXHOOMMM
NPUBOAAT K MHOMMM OPUTrMHAJIbHBIM M NePCNEKTUBHbIM pelleHuAM. MNporpamma nHetpymeHta MCKAP HacbiweHa
MU, OHa 6oraTta 1 pasHoobpasHa, TaK YTo NOPOM COBCEM HEMPOCTO CAENATb ONTUMasIbHbIM BbIOGOP M OCTAHOBUTLCA
Ha Hanbonee NOAXoAALLEM BapuaHTe. M Mbl HageeMmcs, 4To npegnaraemoe Bawemy BHUMaHUIO KpaTKoe CnpaBoYyHOe
PYKOBOZCTBO MOMOXET CBO60AHEE OPUEHTUPOBATLCA B MPOrpaMMme U YNpOCTUT NOMCK HEOBXOAMMOro MHCTPYMEHTA,
BEAb paccmarpyBaeMblii Matepuas yuMTbiBaeT NPeae BCero xapakTepHble 0CO6EHHOCTU MPOM3BOACTBA WTamMMNoB
1 npecc-hopM, a akLEHT feNaeTca Ha NocnesHWe pa3paboTKM M NPOrPECCUBHbIE KOHCTPYKLMKU MHCTPYMEHTA U Ha
Ha3Ha4YeHWe HayasIbHbIX MapameTpPoOB PEHUMA Pe3aHus.

Kpome Toro, Mbl BK/IOYMM B PYKOBOACTBO 06LLETEXHUYECKME CNPaBOYHbIE JaHHble, NPaKTUYECHWE COBETbI M Aame
HEKOTOpPbIE NCTOPUYECKUE DaKTbl, OTHOCALLMECS K OCHOBHOMY MaTepuany, u 6yaem pagbl, ecnv Bol Haitaéte nx
NONIE3HbIMM.

Mbl 6yaeM npuaHaTeIbHbl KaxA0My 3aMeyaHuio, MPeLI0KEHMIO U ONOHEHMIO MO l060MY paszenly PyKOBOACTBA.
MbI paccmaTpuBaeM cebs He TO/IbKO KaK M3roTOBUTE/IN PEMYLLEro MHCTPYMEHTA, HO Npemae Bcero Kak Balero

HacTosLLero napTHépa B MPOM3BOACTBE LUTAMMOB M Npecc-hopM Ha Ballem npeanpusaTum 1 6yaem no-HacTosLemy
pagbl, EC/IM YAOCTOUIUCH TAKOW He OLEHKM U1y Bac.
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CemeUncTBa peHyLLEro MUHCTPYMEHTa
UCHAP, paccmaTpuBaemble B

PYKOBOACTBE
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lMpegucnoBue

MHoroe BOKpyr Hac, byab TO NpeaMeTbl NOBCELHEBHOIO GbiTa, 3aroTOBKU WJIW NMOIHOCTbIO
3aKOHYEHHbIE NPOMbILIEHHbIE M3LE/NWs, BbiNyCKaETCA B LUTaMMNax M npecc-popmMax: 670K
LMAMHAPOB ABUraTeNsa BHYTPEHHErO CropaHnsa Man JeTcKasa UrpyLuKa, NiacTMacCoBbIi KOHTEMHEP
WJIW KOJIEHYaTbIM Basl, By TbI/IKA MM TYPOUHHAA JI0NATKa, OJIOBAHHbLIM COAATUK WM NI0AKA. ..
TexHonormsA N3roToBIEHMSA BCErO NEPEYMCIEHHOIO, CTO/b Pa3HOro No Gopme, MaTepranam,
pasmepam 1 MexaHM4YeCKMM CBOMCTBaM, NPAMO CBA3aHa C NPeccoLITamnoBbIM MPOM3BOACTBOM.

LLITamnbl 1 npecc-popMbl MPEACTABAAIT CO60M COOPOYHbIE Y3/1bl M COCTOAT M3 Pas/IMYHbIX
9/1EMEHTOB - Y3/10B M AeTasieN, YacTblo CTaHAAPTU30BaHHbIX U YHUDULMPOBaHHbIX. OgHaKo,
OKOHYaTesIbHbIV BUA U3aenus, NPOU3BOAMMOro B WITamne AMbo npecc-popme, onpeaensaerca
npemae BCero HECKObKUMM MaBHbIMW KOMMOHEHTaMW: MaTpULIEN, MyaHCOHOM M T.4. MIMeHHO
M3roTOB/IEHWE TaKMX KOMMOHEHTOB U AB/IAETCA Hanbonee OTBETCBEHHbIM MOMEHTOM B U3rOTOB/IEHUM
wramna uam hopmbl, TPEBYIOLLMM BbICOKYO NPOdeCCMOHaNbHYI0 NOAFOTOBKY M OMbIT. HecnyyaiHo
CNeLnanmCTbl-MHCTPYMEHTAIBLLMKN TPASULMOHHO CYMTANIMCh HaMboee KBanMpuLMPOBaHHbIMK
paboTHWKaMW B 3aBOACKMX Liexax. BHeapeHne MHOFOKOOPAMHATHBIX CTAHKOB C YXC0BbIM
nporpaMMHbIM ynpasaeHuem (HITY) u cuctem aBToMaTnanMpoBaHHOro npoektuposanua (CATP)
KOpEHHbIM 06Pa30M M3MEHWIO U3rOTOBAEHME LUTAMMOB M Npecc-GopM U NPUBENO K CO3AaHMI0
OTZEe/IbHOM 0TPac/In: MPECCOLLTaMNOBOrO MPOM3BOACTBA COBPEMEHHOW MeTa1000padaTbiBaroLLen
WHAYCTPUK.

TexHONOrM4ecKuii NPOLLECC BbIMyCKa LUTAMMOB WKW NPECC-hOPM 3aBUCHT OT MX MPOdUAA, pa3mMepoB
n matepuana. lMpodunb 1 pasmepbl onpeaenanTca NPOU3BOAUMbIM U3LENUAMK, a MaTepuan -
METOLOM M OGBEMOM BbIMyCKa U3AENUN.

[naBHbIM NOTPEGUTENIEM NPECCOLUTAMITOBOIO MPOM3BOACTBA ABAAETCA aBTOMOOUIECTPOEHHE.
lpumepHo 60% u3rotoBAeMbIx LWTamnoB U 40% npecc-popm 418 NAacTMacc 3aHATbI BbIyCKOM
aBTOMOOW/IbHbIX AETa/IEN.

Cpeau 60/bLLOro pasHoo6pasus LUTAMMOB M NPEecc-GOpM MOMHHO BbIAEMTb CefytoLMe OCHOBHbIe
rpynMbl: LUTAMIbI A8 KOBKU U O6bEMHOM LUTAMMNOBKM, LUTaMIbI A1A IMCTOBOM LUTAMMOBKMY,
npeccyolLpe WTamMnbl, KOKUWIW U A8 IUTbA MO AaBAEHUEM W NPecc-(hopMmbl.

Cno¥HOCTb M3roTtoBieHusA Wwramna (npecc-popmMbl) ONpeaenseTcs, maBHbIM 06pasom,

ero npoousiem 1 pasmepamu:

lMpocTble Wwramnbl 1 npecc-hopMbl OTIMYAKTCA NPOCTbIM NpoduaeM (“npocTas rpastopa’),
Herny6oKMMKU NOIOCTAMM U T.A.

[na wramnos v npecc-hopm CpeaHew CIOKHOCTU XapaKTepHbl 6os1ee TPYJOEMKUIA AnA
NpPOn3BOACTBA pefibed, yBeNNYeHHbIe rabapuTbl M NOOCTH, AOCTATOYHO KPYTble CTEHbI Mp.

B TpyAHbIX 418 NPOM3BOACTBA WTamnax 1 npecc-popmax NpUCyTCTBYIOT C/I0KHONPODUIbHBIE
NOBEPXHOCTH (“CnoXHasn rpastopa”), y3Kkue 1 MyboKue Noa0CTH, 3HA4YMTENbHBIN Nepenag no BbICOTe
AN OTAE/IbHbIX YHaCTKOB U T.N. Kpome TOoro, CI0KHOCTb M3rOTOB/IEHUSA 3aBUCUT U OT
06pabarbiBaeMOCT! MaTeprana Wwramna uam npecc-hopmbl pe3aHueM.

HKntouom K nponssognTensHOMY M adEeRTUBHOMY BbIMyCKY LUTAMMOB M Npecc-hopM ABAAETCSA
TEXHOJIOrMYECKUIA NPOLLECC - AeTaslbHAA NOCAE0BaTE/IbHOCTb TEXHOIOMMYECKMX OnepaLymii, KoTopas
BKO4aEeT 06paboTKy pesaHnem, CO0pKy 1 goBoaKy. CAIP 1 cuctemMbl aBTOMaTtM3MpOBaHHOM
NOArOTOBKM ynpasAstoLyx nporpamm (YI1) no3BoNAT 3HAYUTENBHO YNPOCTUTb U YCKOPUTL aHaIn3
KOHCTPYKLMM LUTaMna Wan npecc-hopMbl Ha TEXHOIOMMYHOCTb, ONpeseneHre cTpaTermm o6paboTHu,
cosganue Y 1 cuMynaumio onepawmm TEXHOMOMMYECKOro npoLecca A8 Toro, YTobbl HAUTH camoe
LEeNCTBEHHOE peLleHne 1 B Hanbo bLIEeN Mepe UCNOIb30BaTb MPENMYLLECTBA COBPEMEHHbIX
CTaHKOB.
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HasHaueHHana cTpartervsa MexaHM4ecKom 06paboTKM NPAMO CBA3aHa C NpaBu/ibHbIM NOL60POM
peXyLLero MHCTpyMeHTa. MMeHHO MHCTPYMEHT, TOT HEOO/IbLLOM M KamyLMINCs BTOPOCTENEHHbIN
9/1EMEHT B MpOLLeCcCe NPOM3BOACTBA LUTaMMa WK NPecc-popMbl, MOXET CTaTb CYLLECTBEHHbIM
pPEe3epBOM MOBbILLEHUA NPON3BOAUTENBHOCTU M peHTabenbHocTU. Mbl, coTpyaHnkn MCHAP,
OTYET/IMBO NPEeACTaB/IAEM Ero posib B META/I006pab0TKe BOOOLLE M B MPECCOLLTaMMTOBOM
NPOM3BOACTBE B YACTHOCTU U MNbITaEMCA 06€CNEYNTb HaLEro NOTPEOUTENA-UHCTPYMEHTAbLLMKA
HaZEXHbIM M 3PPEKTUBHBIM MHCTPYMEHTOM, KOTOPbIM ByAET 0TBEYATh HACyLHbIM TPEOGOBaHMAM
oTpacau. Belbop MHCTPyMeHTa 3aBUCHT OT pasnyHbiX GakTopoB. MNonbiTaemMs KpaTKo pacCMOTPETb
WX CKBO3b NPU3MY XapaKTepHbIX 0COGEHHOCTEN TOrO UM MHOTO MHCTPYMEHTA, NMOCTPOMB TaKUM
06pasom OCHOBY AJ15 BEPHOro Bblbopa.
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Matepuanbl gna nponsBoaCcTBa
LUTaMMoB U npecc-popm

Kak ye oTMeuanoch, B KOHCTPYKLMK LITAMMNa Win Npecc-hopMbl MPUCYTCTBYIOT pasfinyHble
CTaLMOHAPHBIE W NMOABWHHBIE JETAIN: MPYHWHDBI, 6OTbI, LUTUDTHI, BTY/IKW, GUKCATOPLI, ONOPHbIE
CTOMKM U T.4. OHW U3rOTOBNIMBAOTCA M3 Pa3HbIX MATEPUAIOB, HaYMHas C NIaCTVKA U 3aKaHYMBast
TBEPAbIM CMN/12BOM.

OpfHaKo, CyLeCTBYIOT rpynmnbl MaTeEPUAoB, N3 KOTOPbIX BbINMYCKAKOTCA K/KOYEBbIE, BAKHEWLLME

C TOYKM 3PEHUS NPeAHA3HAYeHNs, AeTasu WTamna namn npecc-popmMbl. C 06paboTHOM Takmx
mMaTepuasnoB W CBA3aHbl cneumndryecKkmne NoTpebHOCTH NPECCOLLTaMNOBOro MPOM3BOACTBA, M Ha HUX
CTOMT OCTAHOBUTLCSA NMOAPOGHEE.

MHCcTpymeHTanbHble cTanu:

Kak cnegyet U3 camoro HasBaHuA, MHCTPYMEHTasbHbIE CTasIn CAyaT Npeme BCero ANs
W3roTOB/IEHWA MHCTPYMEHTOB A1 pe3aHuA MaTepuasioB UK MX 06paboTHM JaBeHUEM.
PazninyHble HaLMOHa/IbHbIE M MEHAYHAPOAHbIE CTaHAAPTbI ONPeaenstoT CUCTEMbI 0603HAYEeHUA
MHCTPYMEHTa/IbHbIX CTasiel. Bonee Toro, MeTanypruyeckme KoMnaHum, CTPEMACH HaUTK OTBET
Ha HY} bl CBOMX 3aKa34YMKOB, BblMyCKAIOT CTa/IM B COOTBETCTBUM C COBCTBEHHbIMI CUCTEMAMM
KoZMpoBaHuA. /18 TakMX cTasiei YacTo OTCyTCTBYeT 0603Ha4YeHWe No CTaHAapTY, M BMECTO HEro
MCMo/b3yeTCs TOproBas MapKa. B crnpaBo4YHOM MHbOPMaLMK B KOHLIE PyKOBOACTBA NPUBOAMTCA
Ta6nuLa ¢ 0603HAYEHMAMU MaTepuasios, MPUHATLIMU CTaHAAPTaMKU Pas3nYHbIX CTPaH.

[Mpn 3roToBAEHMM LITAMIOB M NPECC-QOPM CTA/IKMBAKOTCA C HEOOXOAUMOCTbLI0 06pabOTHN
cTasied B LUNPOKOM Amana3oHe TBEpA0CTH: oT HU3Kow (HB 200 u Hume) Ao Boicokor (HRC 63).

B cooTBETCTBMM C CUCTEMOM 0603HAYEHMA MaTepranoB AMEPUKAHCKOTO MHCTUTYTa YEPHOM
meTannyprim (AlSI) n O6ecTBa aBTOMOOMIbHBIX MHIEHEPOB (SAE) onpeaeneHbl 6 Kateropmi
MHCTPYMEHTA/IbHBIX CTaIEN LUMPOKOTO NMPUMEHEHMA U 2 Knacca cneumanbHbIX MHCTPYMEHTabHbIX
cTanem. 13 HMx HanbobLLee pacnpoCcTpaHeHWe B NPOM3BOACTBE LUTAMMNOB M NPecc-GopM HaLwam
cnegytowpe:

MHCTpyMeHTaNbHble CTann A8 X0N04HOro AeopMMpOoBaHmMs, BRAYas A-cepuio
(cpeaHenernpoBaHHas C 3aKanKom

Ha Bo3ayxe), D-cepuio (BbICOKOYrnepoaucTas BolICOKOXpommcTas) n O-cepuio (C 3aKanKon B macne)
MHCTpyMeHTanbHaA ctasib And ropadero gedopmuposaHua H-cepun

MHCTpymeHTanbHasA cTasb ¢ 3aKanKow B Boge W-cepum

MHCcTpymeHTanbHas ctanb Ans npecc-popm P-cepmm

YoaponpoyHasa MHCTPYMeHTaslbHasA cTab S-cepuu

Hu3KonermpoBaHHaa MHCTPYMEHTa/IbHAA CTaslb A/1A CeumanbHbIX NPUAOHKEHUN L-cepum
CranenvtenHas MHAyCTpUA NOCTABAAET MeTa/I006pabaTbiBaloWMM NPEANPUATHAM CTaslb

B Pa3/IMYHbIX COCTOAHUAX: OTOXIKEHHYIO, 3aKaNEHHYIO W OTMYLLEHHYIO 40 NPEABAPUTENBHOM
NOBbILLEHHON TBEPAOCTH, a TaKIKE BbICOKOM TBEPAOCTU. B pesynsrarte npeccowtamnoBoe
MPOM3BOACTBO CTA/IKMBAETCA C HEOOXOANUMOCTLIO 06PabOTHM MHCTPYMEHTA/IbHBIX CTaNel B
LUMPOKOM AmanasoHe TBépaocTu: oT HB 200 v Huke (HM3Kon TBépgocth) fo HRC 63 u gaxe 6onee
(BbICOKOWM TBEPAOCTHM). KaK npaBnnio, 3HaYMUTENbHbIN TEMN (MHTEHCMBHOCTD) yAA/IEHUA MeTana
HabogaeTca NPy YEPHOBOM pe3aHUM MArKUX CTaJier, B TO BPEMS KaK HEOOXOAMMOCTb 06eCneYeHUs
HECTKMX JOMYCKOB AUKTYET HEOO/bLUME NPUMYCKU MPY YUCTOBOM Pe3aHUM TBEPAbIX CTa/EN.
MoHATHe “cpefHasa TBEPLOCTL” MOKA He HaLL10 CTPOroro onpegeneHve. OHO roOBOPUT, YTO CTaslb
3aKasieHa 1 OTnyLLeHa 10 OTHOCUTEIbHO HEBbICOKOM TBEPAOCTU, OLHAKO CTaneIMTENHbIE KOMNaHWK
OPUEHTMPYIOTCA Ha pas/inyHble 3Ha4YeHNA TBEPAOCTU B AaHHOM Bonpoce. O6bIYHO NogpasymeBaeTcs
TBEpAOCTb HUKe HRC 45, X0TA B TEXHNYECKOM IMTEpaTypeE TaKWE 3HAYEHMA 4aCcTO OTHOCAT U K
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CTa/IfM BbICOKOM TBEpA0CTU. O4eBMAHO, OTCYTCTBME EAMHCTBA B OTHOLLEHWM ONpeaeeHns
CBSI3aHO M C Pa3BUTUEM PEIYLLEro MHCTPYMEHTA M ero Cnoco6HOCTLI0 06pabaTsiBaTh Bcé 6onee
TBEpAble MaTepuasibl. TeM He MeHee, B 3aBUCUMOCTH OT TBEPAOCTU CPEeAM MHCTPYMEHTaIbHbIX
cTasiei, pacnpocTpaHEHHbIX B MPECCOoLITaMMNOBOM NPOWU3BOACTBE, MOMHO BbILEIUTb Ceaytolme
TUMWYHbIE TPYNMbI:

e Markue ctanun TBEpLOCTHIO A0 HB 250
e Cranu cpegHen TBEPAOCTH ABYX BUAOB:

- HRC 30-37
- HRC 38-44

e CTanu BbICOKOM TBEPLOCTU TPEX BUIOB:

- HRC 45-49
- HRC 50-55

- HRC 56-63 n pawe 6onee.

B Tabs1ue 1 npeAcTaB/ieHbl TUMMYHbIE UHCTPYMEHTasIbHbIE CTaW, Hanbosiee YacTo
BCTpeYaloLLMecs B NPOU3BOACTBE LUTAMIOB M MPecc-hopm.

Ta6nuvua 1. TMNMYHbIE MHCTPYMEHTAasIbHbIE CTa/IM B NPOU3BOACTBE LWITaMMNOB U npecc-popm

0603Ha4yeHue BapuaHT noctaBKu 3aKanka o
Hareropua AISUSAE rocT Mocne CpegH. Bl:lcouoﬁ MNpumep npumeHeHUA
OTHMUIa TBEPAOCTH el
BbIpy6Hble rMGOYHbIE LWTaMMbI,
A2 95X5I'M HB 220 HRC 56-60
9KCTPY3MOHHbIE MaTpULbl
LLItamnbl na xonoaHoM
D2 HB 210 HRC 56-62 LUTaMMOBKM, BbIPYOKM, KOBOYHbIE
X12BMd
Cranu LITamnbl,
Ans macTep-nyaHCOHbI
X0JI0AHOro LLITamnbl a5 XonoaHoM
R D3 X12 HB 240 HRC 56-62 | LUTaMNOBKM, BOIOYEHWSA, BbIPYOKM,
poBahuA KOBOYHbIE LUTaMMbl
PacoHHble MaTpuLbl, LUTaMMbI A1A
01 | 95XrB® | HB200 HRC 58-62 el A
XONIOZJHOW LUTAMMOBKM, BOJIOKM
Cranu
ana DopMbl /18 FOPAYETO NPECCOBAHUA
ropAa4ero H11 4X5MdC HB 180 HRC 46-52 1 3KCTPY3WU, IUTEVHbIE GOPMbI
aedopmu- [ON5 NETKMX CNNaBoB
poBaHuA
VHeTpy- JInTbeBble GOPMbI, MyaHCOHbI
MeHTanbHan H13 | 4X5M®1C | HB 190 HRC 44-54 PMBL, Y ’
npecc-Gopmbl
cTanb
Cranu gna
P20 4XC HB 280 HRC 32-36 HRC 48-52 Mpecc-hopmbl Ans niacTmace
npecc-popm
MosnoToBble WTamnbl, MacTep-
YpaponpoyHble
crann S7 5X3M2d HB 200 HRC 50-58 MYaHCOHbI, SKCTPY3NOHHbIE
maTpuLpl
Cranu
MonoToBble WTamnbl, TMTbEBbLIE
AnA cnewy. L6 5X3M2d HB 230 HRC 36-44 HRC 50-60
npUNOKeHMit dopmbl, npecc-hopmbl
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MapTeHCUTHO-CTapetoLme CTanun, KOTopble He OTHOCATCA K rpynne UHCTPYMEHTasIbHbIX
cTasiei, BCE yalle 1 Yalle NpUMEeHsATCA B NPECCOLLTaMNOBOM NPOM3BOACTBE, HANpUMep,

ANA U3roToB/IEHMA Npecc-hopM s naacTmace. B Takux ctanax cogepranve yrnepoga
HHEBO/bLLIOE, a NMPOLLEHT HUKENA M KobanbTa OTHOCUTE/IbHO BEIMK. B COCTOAHMM NOCTaBKK
MapTEHCUTHO-CTapetoLLMe CTaam MMelT cpeaHtoto TBépaocTb (HRC 30-36, Maraging 250 and
Maraging 300,Hanpvmep) 1 B pesy/bTaTte NocaeaytoLlen 06paboTKM MOryT ObiTb JOBEAEHbI A0
TBepgocti HRC 58. Tem He MeHee, HECMOTPSA Ha BbICOKYH CTAOUIbHOCTb Pa3MepOB 1 XOPOLLYHO
MOJIMPYEMOCTb, flaHHble CTa M NoKa eLé 3Ha4YMTeIbHO JOPOHE MHCTPYMEHTA/IbHBIX CTanen

ANA npecc-popMm, YTO OrpaHNYMBaET UX MPUMEHEHME B COBPEMEHHOM NPECCOLITaMMNOBOM
NMPOM3BOACTBE.

HepaBelowue ctanu

DeppUTHbIE N MAPTEHCUTHbIE HEpKaBetoLme cTanu (Takme Kak 20X13, 30X13) Hawm wrpoKoe
npUMeHeHWe B Ka4ecTBe MaTepuasna as M3roToBaeHWA npecc-hopM As U3gennii M3 nnactMmace
MasibIX U CPEAHMX rabapuToB, OT/IMHAIOLLMXCA CIOMHBIM NPODUIEM M CYLLECTBEHHLIM USMEHEHUEM
CeyeHuA BAOJIb KOHTYpa. TunuyHaa TBEPAOCTb B COCTOAHWMM nNocTaBku - HB 200, nocneayiollee
TEPMUYECKOE YNPOYHEHME MOCe 06PabOTKN PE3aHMEM HE BbI3bIBAET 3aTPYAHEHUN.

ﬂerMPOBaHHbIe U yrmepognucTtbieé HOHCTPYKLUHUOHHbIE CTa/Inu

MHorve pgetanu LWTamnoB 1 npecc-hopM: 31IEMEHTbI KPenIeHWA, KONOHHbI, CTEPHHM, KoMbLia M T.M.
M3roTaB/IMBAOTCA U3 IETMPOBAHHBIX U AaXe YINepOAUCTbIX KOHCTPYKLMOHHBIX CTanen. A B LUTamnax,
npegHasHaYeHHbIX 419 BbiNyCKa HEGOIbLIMX NapTUM, COBCTBEHHO (GOPMUPYIOLLME 3/IEMEHTbI YaCTO
NPOn3BOAATCA U3 TaKMX cTaner Kak 20XM, 30XM nam 40XDA. Takue cTanm 06bl4HO NOCTaBAAKTCA
B OTOXKEHHOM COCTOSIHUM UM TepMOobpaboTaHHble A0 TBEpAocTM HRC 32-35. MNocne 3aKkanku nx
TBEPAOCTb NEXMT B npegenax HRC 44-52.

LiaLue BCero ripu n3rotoBJieHuu LTamrios 1 npecc-qbopM UCI0/Ib3YeTCA MHCTPYMeHTa/ibHaA
cTa/ib. (HeCMOTpFI Ha 7O, 4TO BCTpevaeTCA NMpuMeHeHne npaKkTu4eCKn BCex BUA40B MaTepmanos).

HyryHbl

YyryH (0co6eHHO cepbii) HE TaK PEeLOK B MPECCOLLTAMMNOBOM NPOM3BOACTBE. 13 Hero
BbINYCKalOTCA KpynHorabapuTHble geTanu (ManTbl, Kopnyca), BTY/IKW, Mb3bl, BKAAAIWK U Apyrue
Masion3HallBaeMble KOMMNOHEHTblI KOHCTPYKLUMN. B OTAE/IbHbIX C/iyHaAx MaTpuLbl, MyaHCOHbI,
CTOMKM, HBallMaKun 1 gaxe camv GopMbl AENAIOTCA U3 BbICOKOMPOYHOIO YyryHa

LiBeTHble MeTa/ibl

ANIOMUHWUI - AANIEKO HE CaMblli pacnpoCTaHEHHbINM MaTepuas B NPeccoLwTamMmnoBOM NPOU3BOACTBE.
Tem He MeHee, Grarofapsa NpocToTe B 06paboTHE pe3aHNEM U HEBLICOKOW CTOMMOCTM a/IlOMUHMI
4acTo NPUMEHAETCA NPU U3rOTOBNEHWM OMbITHLIX 06Pa3LOB, NPecc-GopmM C ManbiM PECYPCOM U
9KCTPY3MOHHBIX HOPM, a TaKKe ANA BbICTPOro TUPaXMPOBaHWA OGHOTUMHBIX OpM. 10 cpaBHEHMIO

C MHCTPYMEHTa/IbHbIMUW CTaIf MM TEMJI0NPOBOAHOCTb, 06pabaTbiBaEMOCTb M MOJIMPYEMOCTb Y
aJIIOMMHMA 3HAYUTENIBHO BbILLE, M KaK Pe3ybTar, OH BCE aKTUBHEE UCMOb3YETCA B IMTENHbIX 1
3KCTPY3MOHHbIX (opMax ana NnoIMMEPOB 1 cMosl. CerofHaA TakMe MapKu antoMUHUEBBIX CNIABOB, KaK
416, A133 1 B95 cTaHOBATCA NPUBbIYHBIMK MaTepuanamv B 0Tpaciu..

BepunnneBo-meaHbIe U LMHKOBbIE CM/1aBbl HALLIW CBOE NMPUMEHEHME B BblAyBHbIX OpMax, BCTaBKax
M HEKOTOPbIX KOMMOHEHTax npecc-hopM ANA IMTbA NoA AaBneHnem. CoBpeMeHHas LBeTHas
MeTannyprus npeaaaraeT noTpebuTeNto 4OCTaTOYHO NPOYHbIE GEPUIIMEBO-MELHBIE C1aBbl C
XOPOLLEN CONPOTMUBAAEMOCTbLIO M3HOCY M Koppoaun. Obnaaan nyyluer o6pabarbiBaeMOCTbIO,

4YeM MHCTPYMEeHTa/IbHble CTaIn, OHW MO3BOJISIOT COKPaTUTL OnepaLmu pesaHus B 2-3 pasa. B
3aBMCMMOCTHM OT MapKK TBEPAOCTL crnaaBoB Konebnetca B npegenax HRC 30-42. Takmum o6pasom,
€CTb JOCTaTOYHO OCHOBaHMWM nosaraTb, YTO TaKME CJiaBbl MOTYT 3aMEHUTb MHCTPYMEHTaIbHbIE

M MapTEHCUTHbIE HEPKaBEILLME CTaNN, TPAAWULMOHHO NPUMEHAIEMbIE 418 ONPELENEHHBIX BUOB
npecc-Gopm.
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LiBeTHble MeTaN/Ibl LUMPOKO MUCMO/b3YETCA B 3/1€KTPO3PO3MOHHOM 06paboTKe, OAHOM U3
TEXHOJIOTMYECKUX METOZO0B MPECCcOoLITaMMNOBOro NPO13BOACTBA, B Ka4ecTBe Marepuana ais
3/71eKTpofoB. Hanbosnee 4acTo B 3TOM Ka4yeCcTBe BCTPEYaKTCA: 1aTyHb, Mefb, BOSbdpamo-MeaHble

cnnaebl (C copeprannem Bonbppama 60-70%) 1 rpaduT.

O6pabaTbiBaeMOCTb 3apy6eHbIX MaTep1anoB WTaMnoB U npecc-¢popm

Hue npuvBeaeHbl CpaBHUTENbHbIE AaHHbIE, KOTOPbLIE MO3BOJIAT OLEHUTb O6pa6aTbIBaeMOCTb

pesaHneM pas/iMyHbIX 3apyBerHbIX MaTeprasioB, MPUMEHAEMbIX AJ1 U3rOTOB/IEHWS LITAMMOB
n npecc-dopm. O6pabaTbiBaeMOCTb MaTepuasioB NpeacTaBaeHa B NPOLEHTHOM OTHOLIEHWUMU K

ob6pabaTbiBaeMoCT aMepuKaHCcKoM asTomaTHowm ctanun AISI/SAE 1212 (npyMepHO COOTBETCBYET

poccuiickom ctanm A12).
B crkobrax npuBoaaTca 6anmwanwme aHanorvn no FOCT.

YrnepoaucTtble ctanu

1020 (20) 72% 1030 (30) 72% 1045 (45)  57%
1060 (60) 51% 1212 (A12) 100% 1215 136%
JlerupoBaHHble cTanu

4130 (20XM)__ 72% 4140 (40XPA)_ 66% 4340 (40XH2MA)_57%
5015 (15X) 78% 8620 (20XITHM)__ 68% 8720 (19HMA)__ 68%
UHcTpymeHTabHbIE CTa/IMN

A2 (95X5I'M) 42% D2 (X12BM®) 27% D3 (X12) 28%
D7 (X12Md4) 25% H11 (4X5M®dC) H12 46%
H13 (4X5M®1C)_ 46% H19 43% H21 (3X3B8®)_ 36%
L6 (5XHM) 39% O1 (95XIBd) 42% 06 57%
P2 42% P5 (15X5M) 42% P20 (4XC) 38%
P21 38% S1 (56XB2C®P) 36% S5 (60C2IrMd)_31%
S7 (5X3M2D) 45% W1 (¥8-1) 48% W2 (¥10-Y) 45%
MapTteHcuTHO-cTapetouana ctanb Maraging 300 33%

MapTeHCcUTHble HepaBelowwme cTanum

403 (08X13) 55% 420 (20X13) 45% 430 (12X17) 45%
Cepbilii 4yryH (no craHgapty ASTM A48-76')

20 (CH10) 73% 40 (CY25) 48%

BbicoKonpoyHbIM 4yryH (no ctaHaapty ASTM A 536-80)

65-45-12 (BY 50-2) 61% 80-55-06 (BY 60-3) 39%
ANIOMUHMEBbBIE CN1aBbl

6061-T (A433) 200% 7075-T (B95)_140%

80%-120%

Meab 1 megHble cnnaBbl

' ASTM - AMepH1KaHCKoe 061LeCTBO MO UCMbITAHWIO MaTepranos



Mpumepbl TUNUYHBIX geTaneun
LUITAaMNoOB U popm

MosioToBbIM WTaMnN

JeTalb. ..o marpuua
Matepuran...........cooeeviiiii, S7 (~5X3M2d no MOCT)
TBEPAOCTD. .. HRC 52

prp,HOCTb U3FOTOBJIEHUA.....cevvvvvieennn cpeaHsasn

Tun BbINyCKaeMOM NPOAYKLMM. ............. HOBKa KPYMHbIMU NapTUAMU
dJOpMMpyemoe M3[ene............ooeeai 3aroToBKa LaTyHa

LUtamn gnsa xonopHoM WTaMMnoBKU

LEeTaNb. ..o, MyaHCOH
Matepuran...........cooeeiiiiiii, D2 (~X12BM® no FOCT)
TBEPAOCTD. .. HRC 60

prp,HOCTb U3FOTOBJIEHUA.....cevvivviiennn HeBblCcOKad

Tun BbINyCKaemMol NPOAYKLMM. ............ WITAMMNOBKA KPYMHbIMM NapTUAMM
DOPMUPYEMOE USLEIUE. ....cveeeeeieeenns KanoT

dopma gna nuTbA Nog gaBneHuUs

JeTalb. ..o marpuua
MaTepran.........coooveiiiiii e H21 (~3X3B8® no MOCT)
TBEPAOCTD. ... HRC 51

prp,HOCTb U3FOTOBJIEHUA.....cevvvvvieennen ymepeHHas

Tun BbINyCKaeMOM NPOAYKLMM. ............. JNTbE CPeaHUMM NapTUAMM
dJOpMMpyemoe M3OENNEe.........coeiiil KOpnyc BEHTU/IA

dopma gna nuTbA Nog gaBnieHuUs

JEeTaNb. .o, marpuvua
MaTtepran........c.covvveiiiiiiiee e, H13 (~4X5M®d1C no MOCT)

[ L=12] 02T o 1 Y HRC 54

TpYyAHOCTb UBFOTOBEHUSA. ..o BbICOKad

Tun BblnyCHaeMOVI NpoAyKUMA............. NUTLE KPYMNHbIMKW NapTUAMK
dJOpMMpyemoe M3OENNEe.........coiiiiiil 3aroToBKa KoJieH4yaToro sana

Mpecc-popma gaa nnacTtmacce

JeTalb....ocoiiii i rHesao npecc-hopmbl
MaTepuran...........cooeeviiiiii, H13 (~4X5M®1C no FOCT)
TBEPAOCTD. .. HRC 50

prp,HOCTb U3FOTOBJIEHUA.....cevvivvieennn HeBbICOKasA

Tin BbINyCKaemMom NPOAYKLMM. ............ cpefiHve napTum
POPMUPYEMOE USAEIME. ... KOpryc coToBOro TeniedoHa

Mpecc-popma gaa nnacTtmacce

JeTalb....ocoiiii i rHes3ao npecc-hopmbl
Matepuran...........coeeeviiiii, P20 (~4XC no FOCT)
TBEPAOCTD. cevvneeeeeeiiee e eee e e e e HRC 48

prp,HOCTb U3FOTOBJIEHUA.....cevvivvieennn cpeaHsasn

Tun BbINyCKaemMom NPOAYKLMM. ............ KPYMHble NapThm
dJOpMMpyemoe U3OEJNE. ..., 6a|v|nep aBToOMObOMNA

g

A

i LJ,:
Die:
| g

Ly

J’Mold 9
3 .4 F 4 N



o )

PeXyLWHUN MHCTPYMEHT B NPOU3BOACTBE
LUTAaMNoB U npecc-popm

TexHoNorms U3roToBNEHUA LUTAMMOB W NPecc-hoPM MCNOb3YET PasnyHble METOAbI 06PaABOTHM:
pe3aHvem (ppesepoBaHne, CBEPIEHUE, pa3BEPTbIBAHUE U T.4.), abpasvBHbIMKM MaTeprasamm
(wnmdoBaHWe, NOIMPOBAHWE, XOHUHTOBAHWE U Ap.), ANIEKTPO3PO3NOHHYI0. [lare HETPaAMLMOHHbIE,
9K30TMYECKME CEerofHs, Cnocobbl, HaNnpuMep, pesaHue BOAAHOW CTPYEN, TOKE BCTPEYAOTCA B
NpeccoLITaMnoBOM NPou3BoAcTBe. Ho BCE-Takun GOpMUpPOBaHME NOBEPXHOCTEN NYTEM CHATUA
martepuana pesaHuem no-npexHemy JOMUHUPYET B OTpac/u.

Mpodurnb WTamnoB 1 Npecc-popm 0TIMYaeTCA 601bLLIMM MHOFO06pa3neM, a onpegensioume

€ro pasMepbl USMEHSAIOTCA B LUMPOKMX Npegesiax. Bo MHOrmMx cnyyasax B npoLecce U3roToBaEHNM
TPebyeTCA yaaNeHne 3HaYMTEIbHOro 06bEMa MaTepuana, No3TOMy MapLIpyTHas TEXHOIOMMA
COCTOWT M3 YEPHOBbIX M YACTOBbIX onepaumi. na 4epHOBOM 06pabOTHU XapaKTEPHbI 3HAYUTENbHbIE
MPUMNYCKU U MHTEHCMBHbIM CbEM MaTepuasa, B TO BPEMS KaK 419 YUCTOBOM 06paboTKM Ha NepBbIv
nJaH BbICTYNAT TOYHOCTb W YACTOTA MOBEPXHOCTMU.

PasBuTtne metannoperylmx ctaHkos ¢ YUY, CATP n aBToMatu3npoBaHHOrO ynpas/ieHns
NPOn3BOACTBOM KapAnHaIbHO USMEHWO0 M3rOTOBIEHME Npecc-hopM U WTaMNoB, Hae B
MHCTPYMEHTA/bLLMKOB NPUHLMMNUABHO HOBbIMW METOAAMM MHOrOKOOPAUHATHOM 06paboTHU U
nepesoBbIMX CPEACTBaMM KOMMbIOTEPHOIO MOZAENIMPOBaHMA TEXHONOMMYECKMX onepaumii. PesaHne
TBEPAbIX MaTepPMasioB, BbICOKWE NOKa3aTe M CTOMKOCTH, HALEKHOCTU U NMPOMU3BOANTENILHOCTH,
HanpaB/IEHHbIE HA 3HAYUTENBHOE CHUKEHWE U AAKE UCKITIYEHME 3NIEKTPOIPO3UOHHOM 06PaBOTHM U
PY4HOM JOBOAKM - BOT Te TpeBOBaHWA, KOTOPbIE NPEABABAET CEroAHA NPeccowTaMnoBas oTpacib K
PEXYLLEMY MHCTPYMEHTY. M TONbKO MHCTPYMEHT, AEUCTBUTE/IbHO OTBEYAIOLLMIA MM, MOKET CHMTATBCA
no-HacTosfLemMy 3pGEKTUBHBIM B MPOU3BOACTBE LUTAMMOB U Npecc-hopM.
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Ppe3sbl

@pe3bl BbINOHAT K/OYEBYIO POJIb B MPECCOLUTAMMOBOM NMPOU3BOACTBE. [JeNCTBUTENBHO,
dpesepoBaHue yaansaet 60abLUYy0 YacTb MaTepuana u NnpuaaéT Gopmy byaylemy paboyemy
npodunto. O6bI4HO NPU pas3paboTKE TEXHOIOIMYECKOrO Npouecca hpesepHbie onepauum
pasgensaoT Ha YepHOBbIE, MOYYUCTOBBIE U YACTOBbIE. TpaAMLMOHHBIM MOAXOA, K HEPHOBOMY
thpesepoBaHUIo NpeaycMaTprBaeT 06paboTHY Ha 3HAYUTENbHBIX MyOMHE U LIMPUHE pe3aHus,

4TO OnpesenseT UCMNONb30BaHWE MOLLHbBIX U JOCTATOYHO TUXOXOLHbIX CTAHKOB U Gpe3s 60/1bLLOoro
anameTpa. ObecnevyeHne MakcrMasibHOM NPOM3BOAMTENBHOCTHM NPY TAKOM CTpaTerMm gocTuraeTcs
dpe3epoBaHMeEM MATKOro matepuana. Tak Kak K M3rotaBavMBaemMomy wtamny (hpopme)
NpeabABAATCA onpeaenéHHble TPe60BaHNA TBEPAOCTU, U K TOMY e, TAKENOHArpyHeHHOe
4yepHOBOE hpe3epoBaHNE NPUBOAUT K MOABIEHWUA OCTATOYHbIX HANPAXKEHUN, CNEAYIOLLUM
Heo6X0AMMBIM LIaroM CTaHOBUTCSA TepMUYecKan 06paboTka. OTMEYeHHbIM NoAX0 0ObIYHO
XapaKTepuayeT NPOM3BOACTBO KPYMHOrabapuTHbIX LWUTaMMoB 1 GOPM C CyLLECTBEHHbIMM Nepenagamu
Mo BbICOTE W IMy6uHe. MHOrne Npon3BOACTBEHHMKM ABNAIOTCA CTOPOHHMKAMKM TaKOro Noaxoaa B
CUNY OrPaHNYEHU MMEIOLLLEroCs CTAHOYHOro napka, nporpamm YIMY n onpeaenéHHbIX YCTOABLUMXCA
MPUHLMNOB pa3paboTKu TexHonorun. OgHako, BpeMA NPUHECO HOBbIE BEAHUSA, U CErOAHA TEXHUKA
thpesepoBaHUA C BbICOKOM Nogayei Ha 3y6 NPOYHO YKOPEHWNACh B HepHOBOM 06paboTKe. OHa
Hanpas/ieHa Ha ppe3epoBaHMe 3aroTOBOK MArKOM U cpefHen TBEPAOCTH C HeBONbLLIOW FyOUHOM
pe3aHuA 1 UCKIYUTEIbHO BbICOKOM nojayen Ha 3y6, o6ecrneymBasn 3Ha4UTeIbHOE YBEIMYEHWE
NPOU3BOANTENBHOCTH.

Jpyroi TEXHONOrMYECKUI METOZ, BbICOKOCKOPOCTHOE (hpe3epoBaHnNe, NPeAHa3HAueH NPe e BCEro
A5 YUCTOBOM 06PabOTKM 3aKNEHHBIX CTanem. Tem He MeHee, OH MOXKET ObITb 04EeHb ADDEKTUBHBIM
M Ha YEePHOBBIX WJIM NOYYUCTOBBIX ONepaLmax, 0COBEHHO AN1A AeTaNen MasbiX U CPEAHUX Pa3MePOB
WK B ciydae HebobLUMX Nepenazos Mo BbiCOTe M IyGUHE, TaK KaK MO3BOASET HENOCPELACTBEHHOE
pe3aHuve TBEPAbIX MaTepuanos. [ancHellee pasBuTre aHHOroO METOAA NPUBENO K NOABEHMIO
TEXHUKM TPOXOMAAIBHOTO hpe3epoBaHus.

B coBpeMEHHOM NPeccoLLTamMnoBOM NPOM3BOACTBE BCE 60/IbLUYO MONYAAPHOCTb NPUOBPeTaeT
elLle OAMH MeTof;: YepHoBOE pe3epoBaHue C 0OCEBOM NoAauen (MIyHKUPOBaHUe), Korga pesaHiue
BeféTcA ¢ nojayei, Hanpas/IeHHOW BAOb OCU MHCTPYMEHTa. Ero npumeHeHve obecneyvBaeT

3 dEKTHBHYI0 06paboTKy BHYTPEHHMX W HapyHHbIX NOBEPXHOCTENW C0MHOM hopMbl. MHoraa
NNYHKMPOBAHWE HA3bIBAKOT TaKME U CKYNbNTYPHbIM hpe3epoBaHUEM, YTO OTparKaeT HEKOTOPoe
CXOZCTBO C TEXHWKOW NPEABapUTENBHOMO BasHUS.

LATAY
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MporpeccuBHble MeTOAbI hpe3epoBaHus, X LOCTOMHCTBA M NPOB/IEMHbIE CTOPOHbI, & TaKKe
TPe6oBaHMWsA, KOTOPbIE OHM BbIABUrAOT K PEHYLLEMY MHCTPYMEHTY, OYAYT 3aTPOHYThHI HA CTpaHUL,ax
PYKOBOACTBA.

Hak v B gpyrvx oTpacnsax Metannoo6paboTU, B USFOTOBIEHUM LUTAMMOB M MPECC GopM
NPUCYTCTBYIOT BCE OCHOBHbIE TWMbl PPE3EPHBIX OnepaLui: ppesepoBaHre NPSMOYTrobHbIX
YCTYNOB, NJIOCKUX NMOBEPXHOCTEN, MA30B, KPOMOK, PacoK M acOHHbIX NOBEPXHOCTEN. [ocneHuM
TUM, BAIIOYAKOLLMIA M Dpe3epoBaHne CIOKHONPOMUIBbHBIX TPEXMEPHBIX MOBEPXHOCTEN, ABNAETCS
MaBHbIM, CTEPHKHEBbIM B MPECCOLUTAMNOBOM NPOM3BOACTBE. MICnob3yeMbli HCTPYMEHT hpe3epHOM
rpynnbl NpeAcTaB/eH B Pa3/IMYHOM KOHCTPYKTUBHOM MCMOSIHEHWMW: CO CMEHHBIMW MHOTOTrPaHHbIMM
naactuHamu (CMI) 1 peryLmmMm roloBKaMK, a TakKe LenbHbIM (MOHOUTHBIN).

O6LwmMe NpUHLMNbI NPaBUbLHOrO BbiGopa dppe3

PaccmarpurBasn Bonpoc BbI6opa pemyLLero MHCTPYMEHTA B LUMPOKOM CMbIC/E C/10Ba, HEO6X0AMMO

He yMyCTUTb MaBHOE: Ce6eCTOMMOCTb eAMHULIbI NPOAYKLMW, ANA BbINyCKa KOTOPOM OH U
npegHasHavaeTcs. HecmMoTpa Ha TO, YTO A0/ COBCTBEHHO PacXO40B Ha MHCTPYMEHT B 06LLEN
BE/IMYMHE CEOECTOMMOCTHM HEBEJIMKA, KOCBEHHOE B/IMSIHWE MHCTPYMEHTA HA CHUMEHWE
ce6eCcTOMMOCTU 1 CNef0BaTe/IbHO, NOBbILLEHWE PEHTAOENBHOCTU MOMET ObITb 3HAYUTENbHBIM.
MMEeHHO MHCTPYMEHT, 39TO MaJIEHbKOE 3BEHO B TEXHOIOMMYECKOM LIENM, 4acTo ABAAETCA [aBHbIM
NpenATCTBUEM A7 YMEHbLUEHUS OCHOBHOrO BpeMeHU. Takum 06pasom, obecneveHe MakcmasbHOM
NPOU3BOANUTENBHOCTM 06pabOTKM TPEeByeT NPUMEHEHNA BbICOKOIMMEKTUBHOIO PEHYLLErO
MHCTPYMEHTA.

[Jpyrvm BaxHbIM 4515 Bbibopa GaKToOpoM ABAAETCH WMPOKasa GYHKLMOHAIbHOCTb MHCTPYMEHTA, €ro
CMOCOGHOCTb AENCTBEHHO BbINOHATL pas/inyHble hpe3epHble onepauun. Hanpumep, He TONbKO
thpesepoBaHue ycTyna, HO 1 Bpe3aHue nof YoM, U MYHKUpOoBaHWe. Takaa pasHOCTOPOHHOCTbL B
NPYMEHEHUM NO3BOJIAET NPU 06pabOTHE 3aroTOBKU NMPUMEHATb OMH U TOT e MHCTPYMEHT B PasHbIX
NPWIOKEHNUAX U TEM CaMbIM CHU3WTb BCNIOMOraTe/IbHOe BPEMS, CBA3AHHOE C 3aMEHOM MHCTPYMEHTA.
[JononHuTenbHble BO3MOXHOCTU pacluMpeHuna dyHKLUMOHAIbHOCTHW NPeaoCcTaBAAT MHCTPYMEHTI
CO CMEHHbIMW BbICOKOTOYHBIMU PEHYLLMMM FOIOBKaMK, KOTOPbIE AENA0T BO3MOXHbIM 3aMEHWUTb
rO/I0BKY, HE BbIHMMAasi MHCTPYMEHT M3 LUNWHAENS CTaHKa, U TEM CaMbIM U36EeKaTb BPEMEHHbIX
3aTpar, CBA3aHHbIX C MOBTOPHOM HACTPOMKOM.

MpuHMMas BO BHUMaHWE 3TW O4EBUAHBIE, HO MHOTAA YNyCKaeMble U3 BUAY haKTopbl, BbiGop
MHCTPYMEHTa ONpeaensieTca CNeayoLLemn IOrMYeCKOoM LEEMOYKON “onepauma-peryLuasn reomeTpumsa-
MHCTPYMEHTA/IbHbIV MaTepuan’, KoTopas B KpaTKoM (opme 03Ha4aeT NOMCK OTBETOB Ha PAL

06LLeN3BECTHbIX BOMPOCOB, BeAyLWMKnX K nNpaBU/IbHOMY PELLEHUIO:

Onepauumsa H Kakomy Buay 06paboTKKn pe3aHnemM OTHOCUTCA JaHHas onepauua?
ObpabaTbiBaeMas 3arotoBKa: marepuan, TBEPAOCTb HA MOMEHT OnepaLyu.
Tpebyemble noKasaTesiM TOHHOCTH U LLIEPOXOBATOCTH MOBEPXHOCTH.
BennunHa cH1MMaemoro npunycka.
Ctparerva o06paboTKy.
XapaKTepucTiKa 06paboTku (Nérkas, cpeaHaa, TAXENan).
[JaHHble cTaHKa (MOLLHOCTb, YacToTa BpalleHWs WNMHAENA, obLiee
COCTOAIHME).
HeécTtrocTb cuctembl CMNL (xopoLuasn, ymepeHHas v 1.1.).
Cmaso4HO-oxaKaatoLLme TEXHUYECKNE CPeaCTBa
(Tvin, BO3MOXHOCTb MOAA4YM HEMOCPEACTBEHHO YEPES WNUHAENb U T.4,).
Pemywan reometpua HaKoi M3 BO3MOMHbIX BAPUAHTOB PEYLLEN reOMETPUM PEKOMEHAYETCA
N5 06paboTKM
3aroTOBKM B COOTBETCTBMM C YKa3aHHbIMM Bbille AaHHbIMM N0 onepauun?
Heobxoa1Mmo paccMOTPETb BCE BOZMOMHbBIE KOHCTPYKTUBHbIE PELLEHWA:
CO CMEHHbIMW MHOFOrPaHHbIMM naacTuHamm (CMIT), pemxyLumMmm ronoBKamu,
Lle/TbHbIN MHCTPYMEHT.
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MHcTpymeHTanbHbli matepuan Hakaa mapKa MHCTPYMEHTaIbHOrO MaTepuasa B HaMbosbluew
Mepe O0TBeYaeT yKa3aHHbIM TpeboBaHWAM 06paboTKM, KoTopas
OCYLLECTBNAETCA UHCTPYMEHTOM BblOpaHHOM pEXYLLEN FEOMETPUN?

Mapku TBépp,OI'O cnnaBa ANnAa CMEeHHbIX MHOrorpaHHbIX NJAacTuH

CMeHHble MHOrorpaHHble NIacTUHbI 418 hpe3epoBaHnA MaTeEPMaOoB LITaMMoB M Npecc-hopM
NPOU3BOAATCA U3 PasINyYHbIX BUAOB TBEPAOro cniasa. Kak npasuio, A5 NOBbILLEHWA paboumnx
napameTpoB Ha NAACTUHbI HAHOCATCA 3aLUMTHbIE U3HOCOCTOMKME MOKPBITUA PUSUHECKUM UK
XMMUYECKMM ocamaeHnem. MapKa crnnasa onpeaensieTcs KoMO1HaLumMen Buaa cniaasa (HasblBaeMoro
OCHOBOM) C MOKPbLITUEM, a EC/IM MOKPbITUE OTCYTCTBYET, TO OHA COBNAZaEeT C MapKOM OCHOBbI.
dur3MYeCKoe ocaxaeHne NyTéM KoHAeHcaummn ¢ MoHHoM 6ombapauposkon (KMB, PVD - physical)
HaLw1o0 WrpoKoe pacnpoctpaHenune ans CMI v uenbHbIx TBEPAOCMNABHBIX MHCTPYMEHTOB
(pesepHOM rpynnbl, TaK KaKk He NPUBOAMUT K 3aTYMNAEHUIO PEXKYLLEN KPOMKM M COXPaHAET eé OCTPOM.
KWB nponsBoauTcA npy CpaBHUTEIbHO HU3KKMX Temnepatypax (okono 500 °C). TonwmHa NOKPbITUH,
HaHOCUMbIX XMMUYECKUM OCaxaeHneM 13 naporasoBor cpeabl (CVD - chemical vapor deposition),
60/1blLie, a UX CONPOTMBIAEMOCTb M3HOCY 0ObIYHO BbiLLe. [1POLECC XMMUYECKOro OCaMmaeHMA TpedyeT
3HauuTeIbHbIX TeMnepaTyp (nopsaka 1000 ‘C). CoBeplieHCTBOBAHNE METOAA MPUBENO K TEXHOIOMMK
CpepHeTeMNePaTypHOro XMMnYecKoro ocamgeruns (MT CVD - Medium Temperature CVD),
CYLLECTBEHHO YBE/IMYMBLLErO aAre3uio NoOKpbITUA. JanbHenwee pasBuTe NO3BOANIIO MOAYHUTb
KOMOWHMPOBaHHbIE NOKPbITUSA, CoYeTasa 06a MeTofa OCarKAeHMUA.

A cerofiHa Nnporpecc HaHOTEXHOIOMMI yiKe fLaET BO3SMOKHOCTb MCMO/Ib30BaTh
HaHOCTPYKTYPUPOBaHHbIE MOKPbITHA.

Homnanusa MCKAP npepnaraet 60oratbivi BbIGOP pasHbiX MapoK TBEPAOro crnsaea. Mbl KpaTKo
OCTaHOBMMCSA Ha NOCNeAHMX pa3paboTKax, KOTopble Hanboee NOIHO OTBEYAKOT TPEOGOBAHMAM
pe3aHusa MaTep1anos WTamnoBs 1 npecc-gopM. 3a uckaoydeHrem DT7150 paccmaTtpuBaemble

B pasgenie mapku npomssogAtca no texHonorn SUMO TEC - meTogy, npegycmarpusatoLlemy
cneumanbHyto 06paboTKy NOBEPXHOCTU C Ye HAHECEHHbIM MOKPbITUEM ANA YyYLIEHUA
3KCN/lyaTaumMOHHON XapaKTEPUCTURM. B cxaTomM 0630pe HUMKe 1 B Tabauue 2 npeacTasieHbl oblme
JaHHbIE MO HEKOTOPbIM MapKam TBEPAOro cniasa.

IC808 - npoyHbIM TBEPARIN CMNJIaB ¢ 0COBOMENKO3EPHNUCTOM (CyOMUKPOHHOM) OCHOBOM U
HaHOCTPYKTYPMPOBaHHbLIM aIlOMOHUTPUATUTAHOBBLIM MOKPLITUTUEM, HAHOCUMBIM PUSUYECKUM
metogom (PVD). B nepByto o4epep npeaHasHaueH 418 06paboTKM 3aKanEHHbIX CTaslel Ha CpeaHMX
1 BbICOKMX CKOPOCTAX pe3aHna. OTinyaeTcs XopoLLer CONPOTUBAAEMOCTbIO aAre3MoHHOMY M3HOCY U
06pa30BaHUI0 TOYEYHbIX 3a3yOPUH U 3a4MPOB MO y6UHE Gpe3epoBaHums.

IC5100 - TBEpApIM crnaB ¢ MPOYHOM OCHOBOM M MHOFOC/IOMHBIM MBHOCOCTOMKUM MOKPbITUEM

no cpegHeTemMnepaTypHoMy xummyeckomy metogy MT CVD (B TOM Ymcne n cnon anbda OKMcK
antommHmA). OCHOBHOE NpUMeEHeHMWe - hpe3epoBaHne Ceporo YyryHa ¢ BbICOKOM CKOPOCTbIO
pe3aHus.

IC810 - TBEPAbIV cnnas ¢ nokpbiTMeM AITIN no dusmyeckomy metozy (PVD), obnaaatoLmii
3HAYUTENIbHOM COMPOTUBAAEMOCTBIO OKUCUTENBHOMY M3HOCY M KaK pesynbTar, NO3BOJIAOWMMI
pes3aHune Ha BbICOKMX CKOPOCTAX. B TO e BpemaA ABAAETCA XOpoLunM Bbi6opom ansa hpesepoBaHms
BbICOKOMPOYHOIO M CEPOro YyryHa C HUSKUMM U CPEAHUMU CKOPOCTAMU Pe3aHUs BCIEACTBME
HemécTKom cuctembl CIMAL.

DT7150 - TBEpabli cnias c NPOYHOM OCHOBOM M KOMBUHMPoBaHHbIM MT CVD u TiAIN PVD
NOKPbITUEM. [NTaBHOW 0COBEHHOCTbLIO CriaBa ABAAETCA ero XopoLuaa ConpoTUBAAEMOCTb
BbIKpaLLMBaHWUIO M CKONaM PeXYLLEN KpOMKK. PeKomeHayeTca A8 06paboTHM YyryHa U CTasIbHOro
JIMTbA, 0COBEHHO NP HAIMYMKU KOPKK, 6OraTor NeCKOM, paKOBUHAMM U MP., C BICOKUMU U
CpPEeLHUMU CKOPOCTAMM pe3aHuA.

IC830 - mapKa npo4YHOro TBEPAOro cnaasa C HAHOCTPYKTYpUpOBaHHbIM NoKpbiTem PVD TiAIN

Ans dpesepoBaHnA IerMpoBaHHOM M HepKaBsetoLlen cTanm. Cnnas NoKasbiBaeT BneyatasoLLme
pesynsTaThl Npy 06paboTKe NPEPLIBUCTLIX MOBEPXHOCTEN U PE3aHWMU B TAKENBIX PEXMMAX.
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1C330 - NpoYHbIM CNiaB LWMPOKOro NPUMEHEHWA C YNPOYHAOLWMM MOKPLITUEM HATPUAA TUTaHa
(TiN)/kap6onuTpuaa TutaHa (TiCN). UcnonbayeTtca ana dpesepoBaHus LWMPOKOro CneKTpa
mMaTepuasnoB NPEecCOLITaMnoBOrO MPOM3BOACTBA C HUSKUMU U CPEAHUMU CKOPOCTAMM pe3aHuA.

TBépAbivi cnaaB u TexHosorna SUMO TEC

YnpouHstowasa texHonorna SUMO TEC 3aknto4yaeTcs B crieynasibHoM 06paboTHe n1aCcTUHbI
MoC/1e HAHECEHNS M3HOCOTOHMKOIO MOKPBITUA M MPUBOAUT K 3HAYUTESIbHOMY Y1y HLLIEHUIO
roKasaresies CTOMKOCTH U HAAEHHOCTH. [JaHHbIv MpoLecc NoBbILAET MPOYHOCTb U
COMPOTUB/IAEMOCTb BbIKPALUMBAHUIO, CHUKAET TPEHUE M HapOCTO0bpa3oBaHHUe B rpoLecce
pe3aHus, yBeanunBas CTOMKOCTb NaacTuHbl. Hak npaBuo, ynpo4HeHuto no metogy SUMO
TEC nogBepraeTcA nepesHAA NoBepXHOCTb MAaCTHHbI, MpuobpeTaroLyan B pesy/ibtare
XapaKTePHbIN YEPHBIN UBET C MIAHLEBbLIM 671eCKOM. He npoLueaLuas ynpoyHeHne nepugepms
0CTaéTrcA 30/10TUCTOM, 0b1er4as Bu3yasibHoe 06HaPYHEHNE N3HOCA Ha 3aHEH NOBEPXHOCTH
nAacTuHbl. [10N0HUTE/IbHBIN SQOEKT HOBOK TEXHO/IOMMU 3aK/II04aEeTCA B TOM, YTO BO3AEHCTBYA
Ha nepeaHtoto nosepxHocTb, SUMO TEC genaet eé rnagKov u 04HOPOAHOM, NPesesbHO
YMEHbLIAET BHYTPEHHUE HaNPAKEHWUA U KanaeBUAHbIe BKPar/eHWA B OKPbITUM, YTO B UTOre
obecrne4ynBaeT MArKUK CXO4 CTYKMN M MOBBILLEHHYIO CTOMKOCTb. A 3a/HAA MOBEPXHOCTb,
cBobogHas ot obpabotrm no SUMO TEC , ocTaétes JoCTaTO4YHO LLIepOX0BaTOH 4/18 XOPOLUErO
KOHTaKTa C OMOPHbIMM MOBEPXHOCTAMM rHe34a NaacTuHbl B MHCTPYMEHTE.

Tabnuua 2. XapaKTepucTMKa HEKOTOPbIX MapoK TBEpAoro cnaasa Asa ppesepHbix CMI

Mpynnano ISO TeéppocTh < T — » YnapHas BA3KOCTb

(DIN/ISO 513) IC808 IC5100 IC810 DT7150 IC830 1C330
P15-P30 P10-P25 P15-P30 P20-P50 P25-P50
M20-M30 M20-M40 M30-M40
K20-K40 K05-K20 K05-K25 K05-K25 K15-K40
H20-H30

Tvn NOKpbITHA PVD MT CVD PVD Hom6uHuposanHoe |PVD PVD

[ Nepgait BbiGop cnnasa.

bonee nogpobHyto nHGopmaymto o Mapkax TBEPAOro crniaBa U TEXHOAO0MM HaHeceHNsA MOKPbITui MCHAP MoxHO
HawiT1 B Katasorax, PyKOBOACTBaX M TEXHUYECKMX BPOLLIOPAX KOMIaHUH.
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bpe3epoBaHUe NPAMOYro/ibHbIX YCTYNOB

HoHuesble dpesbl MCKAPa, KoTopble npegHasHayYeHbl Npexae BCcero s GpesepoBaHmsa
NpsMOYrosibHbIX (90°-X) YCTYMNOB, HO NPUMEHSIIOTCS TaKKe W aaa 06paboTHM Na30B M KaHaBOK,
pasBMBaIOTCA B CEAYIOWMX HANPaBAEHNAX:

HoHueBble dpesbl CO CMEHHbIMM MHOrOrpaHHbIMK naactuHamu (CMI) gnametpom 8-50 Mm
LlenbHble TBEpAOCNNaBHbIE (MOHOUTHBIE) Bpe3bl AMamMmeTpoM 0 25 MM

CMeHHble pexyLLme ronoskm ansa dpes cuctembl Mynstu-MacTep (HasblBaeMble 4acTo NPOCTO
ronoskamv Mynstn-MacTtep) gnameTpom 6-25 Mm

HoHueBble dpesbl ¢ yaIMHEHHBIM HAOOPHBIM 1€3BUEM (AIMHHOKPOMOUHbIE) AMameTpom 12-100 mm

Ecnu B/ IMHHOKPOMOYHbIE Ppe3bl UCMONBb3YIOTCA /15 YHePHOBOM 06PabOoTKK, TO BCE OCTasbHbIE
13 yKa3aHHbIX MPUMEHUMbI 4151 BCEX BUAOB Pe3epHbIX ornepaLyii: HepHOBbIX, MOMY4YUCTOBbIX U
YWCTOBBIX..

MnactnHa co cnupasibHOMH peryLLyeli KPOMKO#H

B peBaHocTbix rogax MCHAP 06bsaBuU 0 BbinycKe ¢ppes, ocHalyéHHbIXx CMIT u3 TBépgoro
cniaBa APKT 1003 PDR-HM. Hosas naactvHa m 6bina nepsori CMI co cnivpasibHbiMm
pEKyLUEN KDOMKOM M 3a[HeH noBepxXHOCTbI0. CerofHA NPUHLMIT KOHCTPYMPOBaHUA peXyLLei
KPOMKM M/1aCTHUHbI, NPEACTaB/IALLEH cOBO YacTb BUHTOBOM JIMHUM, KAmeETCA COBEPLIEHHO
0YEBWAHBIM, M MHOMME MPOU3BOAUTE/IN MHCTPYMEHTA YCrELIHO NMPUMEHSIOT ero B CBOEH
npoayKuymu. Torga me, B JEBAHOCTbIX, 3TO 6bL/10 AEHCTBUTE/ILHO KapAnHaIbHO HOBOE PELLEHME.
CnuvpasnbHasa KpoMKa 06ecrneymBaeT MOCTOAHCTBO PEKYLLEN reOMETPHM, MIaBHOE pe3aHme

M 3HAYNTESILHOE YBEIMYEHUE CTOMKOCTH. MOHO/IMTHBIE (pe3bl N3 BbICTPOPEHYLLEN CTa/IM U
TBEPAOro criaBa, MNOABMUBLUMECA HAMHOIO PaHbLUe, TOKE MMEOT CrIMPasibHyo KPOMKY, OfHaKO
OHa obpasyeTcA B pe3y/bTare LIMGoBaHHUA. M3rotoBaeHue e na1acTUHbI CO CrMpasibHOM
KPOMHKO¥ TO/IbKO METOAaMM MOPOLLKOBOHM METasI/lyprm ABAAI0CH CEPLE3HOM NPo6EeMON B

TO Bpems, u npegnoxeHHoe MCHAPom peLueHme npruBeso K paguKaibHbIM M3MEHEHNAM B
WMHCTPYMEHTa/IbHOM MPOMbILLIEHHOCTH.

HoBas nnHuna ¢pes nonyumna HassaHme HELIMILL, ob6pa3oBaHHOe aHmmkCcKuMm cioBamum helix
(cnnpans) n mill (ppesa).

HoHueBble ¢ppe3bl o CMeHHbIMW MHOrorpaHHbiMu naactuHamu (CMI)

B Tabavuax 3 u 4 npMBeaeHbI IMaBHbIe TEXHUYECKUE NOKa3aTen Hambonee NonynAapHbIX ppes
¢ CMI npounssoactea MCHAP. Tabnvua 3 npeacTaBaseT YNCIO0 3yObeB Ppesbl KaK PyHKLMIO eé
AMameTpa M MakCMManbHOM ry6buHbl pe3aHus, a Tabavua 4 No3BONSAET OLEHUTb BO3MOXKHOCTH
WMHCTPYMeHTa Npu Bpe3aHnu nog yr/ioMm.

W3rotoBneHue LwTamnoB v npecc-popm xapaKTepn3yeTcs 06uaMem onepawumid, CBA3aHHbIX C
06paboTHOM Pas/IMYHbIX MO/IOCTEMN, BbIEMOK M KaPMaHoB. [109TOMy BOSMOMHOCTb COYETATb
3acBep/ImMBaHne C MOCIEAYLMM (ppe3epoBaHNEM ABIAETCA BaHbIM TPebOBaHUEM, KOTOPOEe
NpeabABAAET K MHCTPYMEHTY NPECCOLUTaMIMOBOE MPOM3BOACTBO. JpyriuM 3Ha4MMbIM Ka4€CTBOM
ABJIAETCA CNOCOBHOCTb (hpe3epoBaThb HaK/I0HHbIE MOBEPXHOCTH, KOrAa ABUKEHHUE NMogaym
MPOUCXOANT OfFHOBPEMEHHO B ABYX HanpaB/eHUAX: paamasibHOM U 0CeBOM. Ecv aBueHue
B/I0/1b OCH Hanpas/IEHO BBEPX, NPOUCXOAMUT (pe3epoBaHME C NOALEMOM (KaK MHOr[a roBOPAT

B NpogeccroHaIbHOM Cpeae, "Ha BbITAMKY"), a eCaim BHU3 - ¢ Bpe3aHneM. MaKcmumasibHO
AOMyCTUMBIN YroJl Bpe3aHUA C/TyMNUT OFHUM U3 [1aBHbIX KPUTEPUEB BbI6OPa MHCTPYMEHTA.
BenuanHa yrna 3aBUCHT OT PEKYLLEN reOMETPUMN U HOMMHA/IbHOIO AnameTpa ¢pessbl. [pn pabote
€ 60/1bLUMM BbIJIETOM (pe3bl 3Ha4YEeHNE yia CeAYET YMEHbLUMTb [OMOHUTE/TbHO.
bpesepoBaHre no BUHTOBOM IMHWK (CriMpasibHas UM BUHTOBAS MHTEPIO/ALMSA) NPeACTaB/seT
COb6OV LUIMPOKO PacnpoCTpaHEHHbIN Crnocob 06paboTKU OTBEPCTUH, OCOBEHHO 3HAYUTE/IbHOIO
Anametpa. [BumKeHne nogayv no Crvpasm BpalarLerocs MHCTPYMeHTa ONpPeaEAeTcA
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Of/HOBPEMEHHbIMU NepeMELLEeHNAMU BAOb TPEX KOOPAMHATHbIX OCEH, MPUBOAALLMX K BUHTOBOM
TpaeKTopun Gpesbl Mo GopMUPYEMOri MOBEPXHOCTH OTBEPCTUA.

HasHauyeHune paboyero yrna npu cnmpaabHOM MHTEPMONALMM 3aBUCUT OT JOMYCTUMOrO yiia
Bpe3aHuA. BuHToBas TpaeKTopua coxpaHaeT MArKoe BpesaHue B Matepuasl v paBHOMEPHOE
HarpyeHne NHCTPYMeHTa.

B posim 4acTHOro cay4as BUHTOBOV MHTEPMOALMM BbICTYNAET KPYroBas MHTEPNoALUA, Koraa
ABUIKEHME N0Ja4u NPOMCXOAMT B pesyibTaTe nepemMeLleHmii AuLlb o ABYM OCAM, & TPAEKTOPUA
pe3sbl CTaHOBUTCA N/IAHETAPHOM 0 OTHOLLEHWIO K MAMETPY OTBEPCTHUA.

[y6uHy oTBEpCTUA ONPEAENAT MaKCUMa lbHasA r1ybuHa pe3aHua M KOHCTPYKTUBHbIE
0CO6eHHOCTH (pesbl (BbicOoTa LLUEHKH, Hanpumep).

[pu 06paboTKE NOAOCTEN U KAPMaHOB NPUXOANTCA CTAIKMBATLCA C HEMA/I0BaHHbIM
OTpurLaTe/IbHbIM aKTOPOM: 3aTPYAHEHHOE yAaNEHUE CTPYHKM M KaK CAEACTBUE, €€ BTOPUYHOE
pesanue. [laHHOe AB/IEHNE MOMET CyLUECTBEHHO CHU3UTbL paboymne rnoKasaresim MHCTPYMeHTa 1
YMEHBLUNTb €ro CTOMKOCTb.

Tabnuvua 3. YRazarenb Bbi6opa KOHLEBbIX (pes ¢ CMI
AN1A 06paboTHM NPAMOYro/ibHbIX YCTYMNOB

T490 ELN -08
T290 ELN -05 HP E90AN T490 E9OLN -08 H490 E90AX -09 HM90 E90A T290 ELN -10
ap 5 7.7 8 8 10 10
[vawm. dpesbl D Yucno 3ybbeB (SPHEKTHBHBIX)
8 1
10 2 1 1
12 2,3 2 1
14 3 1
16 4,5 34 2 2 2
17 2
18 2
20 4,5 2;3 3 2;3 2;3
21 3
22 3
25 57 3:4 4 2;3;4 3:4
28 4
30 4
32 6;8 3,5 5 3,4;5 4:5
40 8;10 4:6 3;5;6
50 7
HM90 AP...10
MnactuHbl T290 LNMT 05 HP ANKT T490 LN..T 08 H490 ANKX 09 AP...10 T290 LNMT 10
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Tabnvua 3. YKasatesnb Bbi6opa KoHuUeBbix dpe3 ¢ CMIM ana 06paboTHM NPAMOYroibHbIX

yCTYynoB (NpoposiHeHue)

H490 E90AX -12 T490 ELN -13 HM90 E90AD T490 ELN -16 H490 E90AX -17
ap 12 12.5 14.3 16 16
[vawm. ppesbl D Yucno 3ybbeB (SPHEKTHBHBIX)
8
10
12
14
16
17
18
20 1
21
22
25 2 2
28
30
32 3 2;3 2 2
40 34 2,34 3 3
50 4,5 5 4 4
HM90 AD..15
MnactuHbl H490 AN..X 12 T490LN..T 13 AD..15 T490LN..T 16 H490 AN..X 17

Tabnvua 4. Yron Bpe3aHus y KoHUeBbIX ppe3 ¢ CMIM gna 06paboTHMU NpAMOYro/ibHbIX YCTYNOB

T490 ELN -08
T290 ELN -05 HP E90AN T490 E9OLN -08 H490 E90AX -09 HM90 E90A T290 ELN -10

ap 5 7.7 8 8 10 10
[nam. dpesbl D Makc. yron Bpesanms. *
8 25
10 2.3 25 5
12 2 2.7 32
14 1.5 He npurogHa He npurogHa 7
16 1 3.2 15
17 /1A BPE3aHuA 4719 Bpe3aHuAa 15/4.5*
18 75
20 2.4 MO/ Yr/IOM 1oz, YoM 7.5 4
21 7.5/2.8°
22 75
25 2 5 2.2
28 2
30 2
32 1.4 3 1.6
40 1 2.7 1.2
50 2.7

HM90 AP...10

MnacTuHb! T290 LNMT 05 HP ANKT T490 LN..T 08 H490 ANKX 09 AP...10 T290 LNMT 10

* MeHblUMe 3HaYeHus - Ans bpes ¢ yBeNMYeHHOMN 06Lei AIMHOM.
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Tabnvua 4. Yron Bpe3aHuA y KOHLeBbix (ppe3 ¢ CMIN
AN 06paboTHU NPAMOYro/IbHbIX YCTYNOB (NPOAOIHEHHUE)

H490 E90AX -12

T490 ELN -13

HM90 E90AD

T490 ELN -16

H490 E90AX -17

ap

12

12.5

14.3

16

16

[vawm. dpesbl D

Makc. yron Bpesanms. *

He npurogra

He npurogHa

He npurogHa

[ON1A Bpe3aH1A

404 BpesaHua

[ON1A Bpe3aHuA

20 nog yrnom 1og, yrnom 3 1og, yrnom

21

22

25 11.5

28

30

32 5.3 6.5"

40 4 4.4

50 5 3.8™
HM90 AD..15

MnacTuHbl H490 AN..X 12 T490 LN..T 13 AD..15 T490 LN..T 16 H490 AN..X 17

** TONIbKO B c/ly4ae yctaHoBku nnactnH H490 ANKX 1706R15T FF.

MporpeccusHbie ppesbl ¢ CMI npoussopactea UCKAP, npegHasHa4yeHHble
ANA 06pPabOTKU NPAMOYro/IbHbIX YCTYMNOB

No mismatch - HeT HecoBnageHuro!

OyeHb YacTo BbicoTa ycTyrna 60/1bLUe MaKcUMaslbHOH r/1y6uHbl pedaHus gpessi ¢ CMI,
KOTOpas OnpesenfaeTca A/IMHON PEYLLEH KDOMKU N1acTUHbI. Torga, a TakKe B C/ly4ae NHbIX
BO3MOHbIX OrpaHU4YeHu no riybuHe Gpes3epoBaHus, NPUXOJMTCA BECTH 06paboTHy 3a ABa

n 6osee npoxogos. ObecnevyeHune fercTautesibHo 90°-ro npogua B npegenax Tpebyemoro
Jonycka 6e3 BbipaxeHHOM rpaHnLbl MeXay Mpoxogamu, CTYNeHeK, PUCOK M 3a3yBPHH - BarHOe
Ka4yecTBO COBPEMEHHbIX (pe3 NoBbILLEeHHOH ToyHocTH ¢ CMI, co3gaBaembix 4151 06paboTHM
MPAMOYroJibHbIX YCTYMOB.

Ucronb3oBaHue Takux pes 3HaYMTEIbHO MOBBILLIAET MPOM3BOAUTE/ILHOCTb, TaK KaK
M03BOAAET M36emaTb HEO6XOAMMOCTH B MOCAEAYIOLMX YACTOBBIX POX0Zax, rapaHTnpysa
BbICOKOTOYHbIV MPOGH/Ib M XOPOLLEE KAYECTBO MOBEPXHOCTH. HenepneHaMKyAApHOCTb CTEHKU
ycTyna OTHOCUTE/IbHO ero 0CHoBaHuA He 6o1ee 0.02 MM rpy MHOIOMpPOXo4HOM ppesepoBaHn
- CErofHA TaKoe TpeboBaHne CYUTAETCA 0BbIYHbIM 419 COBPEMEHHbIX MHCTPYMEHTOB ¢ CMIT,
OT/IMYUTE/IbHON OCOBEHHOCTbIO KOTOPbIX cTan geBu3: “No mismatch - HeT HecoBnageHUo o
npoguar!”

HELITANG T490 - cemeicTBO (hpe3 € TaHreHLUMaIbHO 3aKPENIAEMbIMM NAaCTUHAMM, B KA 0N
N3 KOTOPOW MO 4 pexyLLen KPOMKU. KOHCTPYKTUBHBIV pAZL NAaCTUH COAepHUT 3 Tnopasmepa ¢
OJIMHOM KPOMKM 8, 12.5 1 16 MM. HanMeHbLUIWIA HOMWHA/IBbHBIV ArnameTp dpesbl - 16 MM, 1 B Hel
Bcero 2 3y6a. BapnaHTbl UICNOMHEHUA GPEe3 pas/nyHbI: KOHLEBbIE, HACaAHbIE TOPLEBbIE, pEXYLLME
ronosku ¢ CMIT ana c6opHoro nHctpymeHta cuctem MULTI-MASTER v FLEXFIT. Kpowme Toro,
BbIMycKatoTCA Gpesbl KaKk C KPYMHbIM, TaK 1 C MEJIKMM Luarom 3yobeB. B 601bwMHCTBE ped
MMEITCA BHYTPEHHKWE KaHanbl ana noasoga COH HenocpeacTBeHHO Yepes Kopnyc. OcCHOBHOE
HasHa4yeHue - BbICOKONPOM3BOAMTENbHAA 06paboTHa NPAMOYTO/IbHbIX YCTYMNOB, HO MHCTPYMEHTbI
CeMeMncTBa NPUrogHbl 1 Ans GpesepoBaHnsa OCEBbIM BPE3aHWEM.

CouyeTaHre B KOHCTPYKLMM TAHTEHLMANBHOMO KPENAeHNA NAacTUH, NOCNELHWUX LOCTUHEHMN
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TEXHO/I0MMK MPECCOBAHWUA U NEPELOBLIX MAapOK TBEPAOIO CriaBa Nno3BOMI0 3HAYUTENIbHO MOBLICUTb
CTOMKOCTb M HAAEKHOCTb MHCTPYMEHTA.

MHTepecHO 0TMETUTb, YTO cerogHsa nnactiHa T490 LN.. 0804PN-R sBnaetcs camon manom
TaHreHunansHo 3akpennaemon CMIT ¢ 4 pexyLmmMm KPOMKaMKU U HE MMEET KOHKYPUPYIOLLMX
aHasoroB.

CewmeitctBo dpes ¢ yrom B nnaHe 90° HELIDO H490 npeactaBnseT cobon 3BOHOLMIO NEPBUYHON
i ISCAR HELIMILL. PagnanbHo 3aKkpennsemMble ABYyXCTOPOHHWE NIaCTUHLI CEMENCTBA TOHE
MMEIOT 4 MPaBOPEMYLLMX KPOMKHM M BbINYCKAIOTCA B TPEX Pa3MEpPHbIX MCMOIHEHUAX MO A/IMHE KPOMKHM
8,121 16 mm.

HOHCTpyKUMA NnacTMHa OT/IMHAETCA BbICOKOM MPOYHOCTLIO, @ €€ YCTaHOBKA B THE3AE C

npoduaem “NacTO4YKMHOMO XBoCTa” 06ecneymBaeT HaAEKHOe 6a3NPOBaHNE U UCKIOUYMTENBHO
HKECTKOE KpensieHue. s nonyYeHma XOpoLLEro Ka4yecTsa NnoBEPXHOCTN 06paboTKM naacTnHa
CHabMeHa BcrnomoraTtesibHOM 3a4MCTHOM KPOMKOM. [poYHaa KOHCTPYKLUMA, YHUKaIbHaa dopma
CTPYHKODOPMMPYIOLLLEN NOBEPXHOCTU U MOJIOHUTENBHBIN NEPESHNI YTrON B COMETAHUK C HOraTbim
BbIGOPOM MapOK TBEPAOrO CrnJiaBa rapaHTUPYIOT HAAEKHOCTb, CHUKEHME CUT PE3aHNA U BbICOKYIO
CTOMKOCTb. Bce dpesbl BbINOAHATCA C BHYTPEHHUMM KaHanamu anqa nogsoga COH B 30Hy
pesanus. Cpeau MaBHbIX NPUIOKEHWUI MHCTPYMEHTOB BbIAENNM Ppe3epoBaHme NPAMOYTo/bHbIX
yCTynoB, 06paboTKa OCEBbIM Bpe3aHWeM, ppe3epoBaHme NIOCKUX NMOBEPXHOCTEN U Na30B.

B cBOEM pasBuUTUM JaHHOE CEMENCTBO yaa4yHO BoGpasio B ceba JOCTOMHCTBA CBOMUX
NpeALECTBEHHUKOB: CNIMPaIbHYIO PEHYLLYIO KPOMKY B COMETaHMU C MEPELHWUM YIJIOM JIMHUK
HELIMILL v BbicOKOMpoYHyt0 KOHCTpYKUmio MILL2000, faroLime oy TUMble NpemMyLLecTsa npu
TAMEN0HArpyHEHHOM hpe3epoBaHUM.

3P ISCAR Premium Productivity Products -

MpopgykT, NMoBbiwarownii [Pon3BoJNTESIbLHOCTD

HauuHas ¢ 2007 roga, cumson “3P Premium Productivity Products” cTasn nosiBAATbCA Ha
ynaxoBKe nagesnii MICHAPa v cTpaHuuyax TeXHUYeckux 6roaneteHes. OH xapaKTepeH 414
WHCTPYMEHTOB, MACTHH M OCHACTKH, CO34aBaeMbiX Ha 6a3e HOBEHLIMX KOHCTPYKTUBHbIX
PEeLUEHUI 1 MEPEAOBOM TEXHO/IOMMM, KOTOPbIE MO3BOAT NOTPEOUTE/IIO 3HAYUTE/IbHO NOAHATD
MPON3BOAUTEILHOCTb MEXAHNYECKOMN 06paboTHU. B ONO/IHEHNE K MPOrPEeCCHBHON PEXYLLEH
reoMeTpum XapaKTEPHOM 0CO6EHHOCTbIO M/1aCTHUH, OTMEYEHHbIX TAKMM CUMBOJIOM, ABAAIOTCA
TBépAble cnaaBbl SUMO TEC ¢ oco6o#i TexHo1orner 06paboTKM MoBEPXHOCTH M0C/1e
HaHeCceHHs YMPOYHSAILLEro M3HOCOCTOMKOIO MOKPLITHUSA.

SUMOMILL T290 - cemeicTBO Gpe3 C TaHreHLUMabHbIM KPENnIeHNeM NAacTUH C ABYMSA PEKYLLMMU
KpOMKamu. [1nacTuHbI, KOTOPbIE BbINYCKAOTCA B C/IEAYIOLLEM Pa3MEPHOM UCMOIHEHWM: C 5- 1
10-MUNIMMETPOBOM [/IMHOM KPOMKM, MOABUINCb B KAYECTBE OAHOMO U3 Hanpas/eHWH MoNyAPHbIX
CMTI nvHmMM HELIMILL. MNMprHUMN TaHreHUManbHOro KpenaeHus naacTUH NO3BOJIAET KOHCTPYKLMIO
Kopnyca dpesbl C YyBEIMYEHHON CEPALEBUHOM, NOBbILLAA TEM CambIM MPOYHOCTHBIE XapPaKTEPUCTHKM,
B 4aCTHOCTM, CNOCOBHOCTb NPOTUBOCTOATL YAAPHOM Harpy3sKe. [1o cpaBHEHWIO C aHaIOrMYHbIMM
nHctpymeHtamu anHuii HELIMILL v HELIPLUS dpessi SUMOMILL otanyatoTca NoBbILEHHBIMM
npeaesioM A IMTeNIbHOM NPOYHOCTU M CTOMKOCTbIO, & TaKMKe M/I0THOCTbIO 3y6a (T.€. NO3BONAT
pasmMecTUTb Ha TOM e HOMUHA/IbHOM auameTpe 60/bliee KONMYeCcTBO 3y6LeB).

Dpe3sbl cemencTBa 06ecneymBatoT XOPOLLEE KAYECTBO MOBEPXHOCTM 06PaBOTHM 1 OTCYTCTBUE
OTKJIOHEHWW NMPOdKUAA YCTyna NPr MHOFOMPOXOAHOM PE3aHUK, OHM TaKKe NPUIOAHbI AJ1A BPe3aHusa
noZ, yr/om 1 oceBoro Bpesanusa. CneunduryecKkan peryLlan reomeTpmsa ¢ yBeNMYEHHbIM NepesHUM
YI7IOM B paZiMasibHOM U OCEBOM CEYEHUAX BEAET K CHUKEHWIO CUIbl PE3aHUA, YYHLLIEHWIO
YCTOMYMBOCTM M NOBbILLEHMIO CTOMKOCTU KPOMKM.

YHuKanbHaa dopma naacTuHbl caenana BO3MOMKHbIM U co3gaHue mManopasmepHbix pes ¢ CMI ¢
TakvMu guametpamu (8 mm!), KOTOpble TPAAULMOHHO OTBOAMIMCH /LB MOHOIMTHBIM KOHCTPYKLUMAM.

LATAY

i
Die"IMold
I n 8 w s t & Yy



TaHreHuymasibHoe UKn pagnasibHoe?

Bonripoc: KaKov Buj pasmeLyeH1s n 3aKpenieHuA MAacTuH - TaHreHUMa bHbIN Nan pagamasibHbik
- 6os1ee 3 PEKTUBEH, YACTO NPUBOAMUT NMOTPEOUTEIA K KOSIebaHUAM Npu nogbope paboyer
@pe3sbl, 0CO6EHHO, €CIM MHCTPYMEHT C 6/IM3KUMM MU Aare TEMU e pasmepamm JOCTYNEH B
pasHbIX MCMOHEHNAX: KaK C pagmnallbHoO, TaK U C TaHreHuynasibHo 3akpenisaembivm CMI1. Hak

M BO MHOIMX MPaKTUYECKMX Cly4asx, 3TOT BOMPOC HE MMEET CTPOro 04HO3HaYHOro OTBeTa.

Ero akagemnyecKoe nceaefoBaHue BbIXOAUT 3a paMKU pyKOBOACTBA. Ho KpaTkui 0630p
JOCTOMHCTB M M3BAHOB KaX[0ro M3 BUAOB 3aKPEMIEHUA MOKET MOMOYb B NpaBu/IbHOM Bbi6OPE.
Cneays obLyemy npaBuay, TAHFEHYMAbHOE 3aKPEn/IEHNE M1aCTUH MO3BOAAET YBE/IMYUTL
rnogady Ha 3y6, TaK KaK OKpYyHasA cuia, riaBHas CoCcTaB/ALWAanA CU/lbl Pe3aHus, AeHCTByeT
npoTmB 60/1€€ paunoHaIbHO PacnooHeHHOro cevenHus. [pu npaBu/IbHOM KOHCTPYMPOBaHUM
@pe3sbl ¢ TaHreHymaabHbiMu CMIT obecneqymBaeTca onTUMAaIbHOE HarpyHeHNe 3amnMHbIX
BMHTOB, U Pe3y/IbTUPYIOLasa CHIa Pe3aHNA BOCMIPUHNMAETCA HEMOCPEACTBEHHO KOPITyCOM
MHCTPYMEHTA, CEPALEBMHA KOTOPOro TOLE, YEM y Gpe3sbl C paamnasibHbIMU MAacTUHAMM.
TaHreHumasibHoe pacrno/lOKEHUE YpoLaeT co3gaHme aByxcTopoHHMx CMIT co cnvpaibHbiMm
PEKYLMMU KPOMKaMK. M HaKOHeL, OHO AaéT BOBMOMHOCTb pasMeLLleHus Ha nepugepum
pe3bl 60/1bLLIEro Yucaa NNacT1H, TO eCTb yBE/IMYNUTb NJIOTHOCTb 3YObEB, a C1EA0BATE/bHO,

M CKOpOCTb nogayn. lprMeHeHne MHCTPYMEHTA C TaHreHuuasabHbiMi CMIT TunmyHo 414
BbICOKOMPOM3BOANTE/IBHOIO (ppe3epoBaHmA YyryHHbIX 3aroTOBOK.

B 10 e Bpems Mo cpaBHEHMIO C ppe3amu ¢ pagnasibHbIMU N1aCTUHAMM TaHreHUMaIbHoe
pacronoHeHne 06bIYHO OrPaHNYMBaET BOSMOXHOCTH 10 (POPMUPOBAHMIO NEPERHEN
nosepxHocTi CMIT 1 yBem4eHmio nepesHero yr/ia B 0CeBOV MI0CKOCTH. bosbLumnii 06bEm
KapmaHa /19 BbIX0Z4a CTPYHHKM B C/ly4ae pasnasibHbiX NAacTUH 3HAYUTE/IbHO y/lyyLiaeT
CTPYKOyAaeHne npu 06paboTKe Taknx MaTepUasoB, KaK CTa b, HanpUMepP, 0CO6EHHO NMpu
(ppesepoBaHmm rny60KUX NOIOCTEN U BMALMH.

B nHcTpymeHTax MCHAPa HoBeviLer KOHCTPYKLMH YAaI0Ch NPEO0A0IETL HEMA/I0 HEAOCTATKOB,
CBOVCTBEHHbIX 417 060Mx B1A0B pasmelyeHna CMI1. CemerictBo ¢pe3 H490 ¢ AByXCTOPOHHE
paamanbHo naactuHor H490 AN...X - HacToALel “TAr0Bov olwaablo” ppe3epHbix paboT

- C yCriexoM NPpUMEHAETCA B TAMEIOHArpyHeHHbIX Orepaumax ¢ yBeMYEHHOMN nogaqen Ha

3y6, a cemerictBo T290 ¢ TaHreHunabHov naactmHou T290 LN...T seMOHCTpUpyeT xopoLume
SKCMJlyaTayMOHHbIE MoKa3aTesm npu Bpe3aHmu nog yrsiom. Cie[oBatesbHoO, BOrpoc o Hanbosee
paLroHaIbHOM Bbi6Ope (pesbl Mo pacnonoxeHuo u 3aKpenieHno CMI HeobxoamMmo peLuaTtb
B COOTBETCTBUU C KOHKPETHbIM MPUIOEHNEM MHCTPYMEHTAa M 0COBEHHOCTAMM onepaumu. U
creymanmncTbl Mo BHeapeHuto KomnaHmnm MCHAP 6yayT pasbl MOMoYb Bam cae/laTb BEPHOE
onpeseneHue.

C yero HayaTb: NapameTpbl peuma pesaHus

O6wue nonoxeHun
CropocTb pe3saHusa Ve 1 nogaya Ha 3y6 fz, KnoueBble napaMeTpbl pexMma pesaHnsa npu
(hpesepoBaHnK, 3aBUCAT OT pas/IMiHbIX HaKTOPOB.

MNpexae Bcero, TBEPAbIN cnnas. Ero 6onee TBEpAbIE M MISBHOCOCTOMKUE MapKM NO3BONAIOT
MOBbILLEHNE CKOPOCTH pe3aHus, B TO BPEMA KaK 6o/iee yaapHOBA3KME NpegnonaraioT 06paboTHy ¢
MeHbLLEN CKOPOCTbIO, HO C YBE/IMYEHHOM nofjayen Ha 3y6.

HOHCTPYKUMOHHbIE MaTepuabl UMEIOT pasHyto 06pabaTbiBaeMOCTb Pe3aHUEM, U Aare A1 OAHOro U
TOrO e MaTepuana ero 06pabarbiBaeMOCTb MOXKET CYLLECTBEHHO Pa3HUTLCA B 3aBUCUMMOCTM OT €ro
COCTOSIHMA (Hanpumep, cTaslb HU3KOW, CPpefHEN U BbICOKOM TBEPAOCTH). COOTBETCTBEHHO MEHSETCS
W yaenbHasA cuna pesaHua, HeobxoamMmasa Ana yaoaneHusa eguHuLbl naowaan hpesepyemoro
marepuana, a 3Ha4uT, U Harpy3Ka Ha MHCTPYMEHT. ACHO, YTO NMPKU HA3HAYEHUM PEKUMA Pe3aHnA
Heobx0AMMO y4ecTb M BAMAHUE 06pabaTbiBaeMOoCTy.

3ameTHa posib 1 pexyLuen reometpun. OCcTpas, HO XpynKasa pexyLian KpOMKa HE MOMKET
NPOTUBOCTOATL TAXKENIOMY HarpyeHUIo, YHem orpaH1MymMBaeT nogady Ha 3y6. B cBoto ouepeap
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oTpuuaTesibHanA 3awmTHas ynpoyHaALwan dacka Ha KpOMKe CTaBUT nNpeaes fonyCTUMOMY
CHUMKEHMIO NOAAYM, TaK KaK eé CMLLIKOM Manas BE/IMYMHA MOMKET NPUBECTU K PE3KOMY
BO3pacTaHU o CWbl pe3aHus.

JononHutensHbIM akTopoM ABNAETCA Kopnyca dpesbl. Ero npoyHas KOHCTPYKUMA B COYETAHUM C
HaAEXHbIM NPUHLMMOM 3aKpEnIeHUs NAaCcTUH NO3BOAET YHECTOUYEHUE NApaMeETPOB

pemmma pesaHus.

[Janee, cobcTBEHHO onepauma. 115 4ero npuMeHAeTca MHCTPYMEHT? YepHoBOe ppe3epoBaHmm

CO CHAITMEM 3HaYMTEeNbHOrO 06 bEMA MeTa1a BeAETCA Ha CPeHUX CKOPOCTAX pe3aHus 1 60/1bLLOM
nogade. s YNCTOBbIX e onepawmi, o6ecneymBatoLLMx HE06X04MMblE TOYHOCTb M NoKasaTenm
LLIEPOXOBATOCTM NOBEPXHOCTH, HA3HAYAIOTCA Masible MPUMYCKK, BbICOKAA CKOPOCTb Pe3aHua u
YMEpPEHHbIE Nogayn. MHble OrpaHUYeHns, TaKMe KaK M3PASHbIN BbIET MHCTPYMEHTA (Ppe3epoBaHme
ryBOKNX MONIOCTEN MM BbICOKMX YCTYMOB, HANPUMEP), HEHECTKOE CTaHOYHOE NPUCTIOCOGEHME,
TOHKOCTEHHas 3aroToBKa M T.M. NPUBOAAT K HEOOXOAUMOCTM CHUIKEHMA CKOPOCTHM UM NOjauK, a
4acTO 1 0BENX BEJIUYMH.

HaKoHeL, COCTOAIHWE CTaHKa U MHCTPYMEHTA/IbHOM OCHACTKM - €C/IM HECTKOCTb 9TOM COCTaBAAOWEN
CUCTEMbI CTaHOK-NprcnocobneHne-uHCTpymeHT-getans (CMNUA) HegocTaTouHa, NnoABAAETCA elé
OfMH 6apbep A/1A NOBbILLEHUA NapaMeTpa peXnMa pe3aHus.

HasBaHHble paccyaeHnA 04eHb 0OLLME U, HECOMHEHHO, M3BECTHbI KaA0My, CBA3AHHOMY

C pe3aHvem MeTannoB. TeM He MEHee, OHWM XOPOLLO WAIOCTPUPYIOT COKHYH 3aBUCMMOCTb
napameTpoB pexmma pesaHua OT pasHbix Nokasartenen. OgHaKo, KaK e NnepenT oT obLLero K
4aCTHOMY M OMPEAENNUTb Ha4asIbHble BEIMYMHBI NapamMeTpoB?

MoHO y4ecTb haKTop onepauum n coctoaHua cuctemol CIMNI nyTém BBEAEHMA OLEHKM
06pabOTKM KaK JIErKoM, CpegHen n TAKENON. 3aTeM NOATOTOBUTL COOTBETCTBYIOWME TabuLbl C
PEKOMEHAYEMbIMM 3HAYEHUSAMU CKOPOCTH Pe3aHuaA 1 Nogayum ANA Kamgoro cemencTea gpes 1 Tak
npefocTaBUTb NOTPebUTENt0 HEOOXOAMMbIE BEMYMHBI. [laHHbIM noaxos 6yAeT BEPHbIM, M eMy HacTo
CNeayoT NPU NOArOTOBKE NOJHBIX CNPaBOYHbIX MOCOBMM, pa3paboTKe MPOrpamMMHOro obecneyeHus
1 COCTaBIEHMN MHCTPYKLMM MO SKCNIyaTaumm.

3ajava e faHHOro pyKOBOACTBA - CHABAWTL NONb30BaTe A MPOCTOM METOANKON HAa3HAYEHUS
CTapTOBbIX CKOPOCTW pe3aHnsA 1 NOAa4uM ¢ COOTBETCBYHOLLEN NOMPABKOM Ha NEPEUNCIEHHDBIE
(aKTOopbI C TEM, 4TOObI NPUCTYNUTL K hpe3epoBaHUIO paccmaTtprBaemMbiMmn MHCTpymeHTamn MCKAP
C BEPHO ONpeaenéHHON UCXOLHOM TOYKM.

B aHrnoA3bI4HOM TEXHUHYECKOM anTepaType nogaqa Ha 3y6 yacto umeHyetcsa “chip load” (o ecTb
6yKBa/IbHO "Harpy3ka Ha 3y6"), a “advance” ("nepemeLyeHme") 03Ha4yaeT He 4TO MHOE, KaK TOXKe
nogady: “advance per revolution” - nogadya Ha 060por, “advance per minute” - CKOpoCTb nojayu
(MMHyTHaA nogaya, nogaya ctona).
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22%

HavyanbHasa nogaya

B Tabnuue 5 cogeprarca gaHHble AnA NpeaBapuTebHOr0 HasHaueH s HaqanbHOM nojaym Ha 3y6.
BAnblume 3HaYeHns OTHOCATCA K YUCTOBOMY Ppe3epOBaHmI0, MEHbLLIME 0ObIYHO XapaKTEPU3YIOT
YepHOBbIE OMepaum.

B cnyyae 3HaunTeNbHOrO BbIIETA MHCTPYMEHTA M HeJOCTaTOMHOM HECTKOCTH cucTembl CIMN/
(TOHKOCTEHHAaA 3aroToBKa, HEMPOYHOE 3aKpenaeHne 1 T.n.) TabanyHbie 3Ha4YEHUA caegyeT
CHU3UTb Ha 20-30%.

HayanbHan CHOPOCTb pe3aHunAa
Ve="VoXKs XKt ¢

fne: Vc - HavanbHas CKOpPOCTb pesaHus,
Vo — 6a30Bas CKOPOCTb pe3aHus,
Ks — KOS UUMEHT YCTONUMBOCTH,
Kt — KOapPULMEHT CTOMKOCTW.

a) basoBaA CKOpPOCTb pe3aHua

Tabnuua 9 No3BONAET YCTAHOBUTL 6a30BYI0 CKOPOCTb pPe3aHusa A4/1A neproga CTOMKOCTH 20 MUH. B
3aBMCMMOCTHM OT MapKu TBEPAOro Cnaaea, Matepuasna 3arotToBKM 1 Tvna 06paboTku. Tun 06paboTKu:
NETKWI, CPEAHUIM N TAKENBINA, ONPEAENAETCA C MOMOLLBIO HECTIOKHOIO ABYXCTYNEHYATOr0 METOAR,
OCHOBAHHOTO Ha NMOHATUM “HarpyeHue 3y6a”.

HarpyeHue 3y6a

Mpu hpesepoBaHMM yCcTyna HarpymeHue 3yba ABnaeTca GyHKLMEN 4BYX OTHOLLIEHWI:

rMy6uHbl pe3aHua h K aMHe pexyLuen KpOMKM ap,

LUMPUHBI pe3aHunsa b K HoMmrHanbHOMY anameTpy dpesbl D.

HarpyeHue 3yba oTpamaeT fO/0 PEHYLLEN KPOMKH, MPUHMMAIOLLEN y4acTUe BO Ppe3epoBaHnu,
W TOT NyTb, KOTOPbIM LMKINYECKW NPOXOAUT 3y6 dpe3sbl Npy paboTe OT Bpe3aHua B MaTepuan ao
BbIX0Za M3 Hero 3a oAunH 060poT hpesbl.

Yem gonbLue 3y6 HaxoamTcs HEMOCPELACTBEHHO B MaTepuasne, TeM MHTEHCHMBHEE BO3AENCTBUE Ha
Hero TENJ0BOM Harpy3Kku, BeayLLee K YMEHbLIEHUIO CTOMKOCTMH.

[Jvarpamma Ha puc. 1 NO3BOSIAET YyCTAHOBUTL HarpyeHue 3yba rpadmnyecku, a gasa 6oICTpom
NPUBIM3UTENBHON OLLEHKW MOXHO MCMO/Ib30BaTh AaHHble Tabauubl 6.

Tun 06paboTkM

Harpy:eHue 3yba B co4eTaHUM C nojader onpegenset Tun 06paboTku (Tabnvua 7). MHTepBan
3Ha4YeHU Nofaym OT MMHMMasIbHOrO fz min 40 MakcuManbHOro fz max oTHOCUTCA K BENMYMHAM
HayanbHOW NMoJaym Ha 3y6, pacCMOTPEHHbIMM BbiLe. PagymeeTcsa, He CTOMT ByKBasbHO
BOCMNPUHUMATb NOHATUA “MUHUMAIbHAA”, “MakcuManbHasa” unu “ymepeHHasn” nogada: ecnm
YMCNIEHHOE 3HaYeHWE BIMIKE K HUKHEN rpaHuLe MHTepBaa, TO ClefyeT OPMEHTMPOBATLCA Ha fz min,
NpW CPeaHMX 3Ha4YeHUAX OpaTb B pacyET yMepeHHyo nogady fz moderate, a ecnv e peyb UGET O
BE/IMYMHAX B parioHe BepXHeN rpaHuLbl, NPUHATL fz max.

BbiBaeT, 4TO N0Ib30BaTEb 3aTPYAHAETCA B HA3HAYEHNM KOHKPETHON Ha4yaIbHOM Nogayum Ha 3y6 13
WHTEepBana, ykasaHHomy B Tabaumue 5. B Takunx cayyasx peKOMEeHAYETCA NPUHATE CPEAHIO BENNYUHY
M COOTBETCTBEHHO, N0JIb30BaTbCA fz moderate Ana nomMcKa TMna 06paboTKM No Tabamue 7.
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Ta6nuua 5. OueHKa HauyanbHOM Nogaym Ha 3y6 fz

lpynna no
ISO
DIN/ISO 513

TeépaocTb e » YAapHas
BA3KOCTb
Matepuan 3arotoBku HavanbHas nopava fz, mm/3y6, ana TB. cnnaea
Tin foynna | or | TBEPAOCTe | |cgng | |c5100 | IC810 | DT7150 | IC830 | 1C330
varepuana| Hiwve HB
1-4 <850 <250 0.1-0.25 0.1-0.25 0.1-0.25 0.1-0.35 0.1-0.4
YrnepogucTan 850
CcTanb 5 <>1 000 >250 <300 | 0.1-0.25 0.1-0.25 0.1-0.25 0.1-0.3 0.1-0.4
6,7 <1000 <300 0.1-0.25 0.1-0.2 0.1-0.25 0.1-0.3 0.1-0.4
89 | 21000 . a00<350| 0.1-02 | 0.4-0.18 | 0.1-02 01025 | 0.1-03
JervposaxHas 1 <1200
HHCTPYNeTATISHA 10 <850 <250 | 0.08-0.18 | 0.08-0.15 | 0.08-0.18 0.1-0.25 | 0.1-0.25
11 >1100 >325 0.08-0.15 | 0.08-0.12 | 0.08-0.15 0.08-0.2 | 0.08-0.25
<1450
Hepx.
MapTeHcUTHast 12,13 <850 <250 0.08-0.12 0.08-0.15 | 0.08-0.2
CcTanb
Cepbiii byryH 15-16 <1000 <300 0.2-0.35 0.2-0.4 0.2-0.4 0.2-0.3
Bb'coﬁify:“”"'” 17418 | <1000 | <300 02035 | 02:04 | 02:04 | 0203
>1480
38.1 <1700 HRC 45-49| 0.07-0.12 0.07-0.1
BbicokoTBépapble 382 >1700 HRC 50-55| 0.06-0.09
cTab U YyryH <2000
>2000
39 <2500 HRC 56-63| 0.05-0.08

* [pynna matepuanoB MCKAP no ctangapty VDI 3323.

[ NpeanouTuTenbHLIN BLIGOP CRNaBa.

[na dpes cemerictea T290...-05 v -10 TabanyHble 3HA4EHUA CNeayeT YMEHbLUMTb Ha 30%.
[ns Topuesax ¢pes ¢ nnactuHamm HP ANKX...07 1 T490 LN...T...08 Ta6a14Hble 3Ha4YeHus cHuKarTes Ha 20%.
B nocnepytowyx rnasax npuBeAeHbl JOMNONHUTENbHBIE JAHHbIE MO PPe3epoBaHuUI0 CTaNen U YyryHOB BbICOKOM TBEPAOCTHU.

L Pue. 1. Q0nacTu. HarpyHeHua.3y.6a
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CpeaHee
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Ta6nuua 6. HarpykeHue 3yba

h/ap
b/D 1/4 1/2 3/4 1
1/4 néxoe cpegHee cpegHee cpepHee
1/2 cpeaHee cpeaHee cpeaHee TAXENoe
3/4 cpefHee TAMENOE TAHENOe TMENoe
1 cpegHee TAMENoe TAmENnoe TAmENoe

Ta6bnuua 7. Tun 06paboTKU

Harpy:eHve 3y6a

Tun 06paboTKK A/ nogayu Ha 3y6 fz

MWUHMMasIbHOM fz min

ymepeHHot fz moderate

MaKcumasnbHowM fz max

nérxkoe Nérkwmi (J1) Nérkumi (J1) Cpeghui (C)
cpegHee Nérrmi (J1) CpegHuii (C) Taménoin (T)
TAKENOe CpegHuii (C) Tawénbivi (T)) Taménoint (T)

6) KoadduumeHt yctoitunsoctu Ks

KoaddurumeHT, yunTbiBatoLLmii BAMAHUE OnepaLmMoHHON YCTOMYMBOCTH, OCHOBBLIBAETCS Ha OOLLEN
OLIeHKe }écTKocTu cmuctembl CIMNA;

° [IPU HOPMaJIbHOM HECTKOCTU Ks = 1,

° NpU HeJOCTaTO4HOM HECTKOCTH Ks = 0.7

B) KHoadduuneHT croitkocTu Kt

HoadduumeHT oTparkaeT 3aBMCUMOCTH CTOMKOCTM OT CKOPOCTH pe3aHna 1

Ha3Ha4vaeTcA no Tabauue 8.

Ta6nmua 8. KoadduumeHT cTorikocTh Kt

CTOMKOCTb, MUH.

10

20

40

60

Kt

1.15

0.85

0.8

Mpumep

Mpun cocTaBneHNM TEXHOMIOMMYECKOrO NpoLiecca 06paboTKM AeTanun U3 NerMpoBaHHOM
WHCTpyMeHTanbHoM ctanu 4XC tBépaocThio HRC 32 Ha onepauymn 4epHOBOrO-Moly4McTOBOro
hpesepoBaHUa NPAMOYrObLHOIO YCTyna BbICOTOM 4 MM M LWUMPKUHOM 16 MM NpegnonaraeTca
MCMo/Ib30BaHne KoHueBor dpesbl H490 E90AX D25-4-C25-09 ¢ nnactnHammn H490 ANKX
090408PNTR IC830. 3arotoBKa HafiEHHO 3aKpPenIAeTCca B CTAHOYHOM NPUCTOCOGAEHUHN, U B LLESIOM
WécTrocTb cuctembl CIMN/ oueHmBaeTca KaKk gocTtatoyHas. MogobpaTe HavyaslbHble 3Ha4YeHUs
CKOPOCTW pe3aHma 1 nojayu.

O6pabarbiBaemblii Matepuan NPUHAANEKUT K AeBATOM rpynne no ctaHaapty VDI 3323,

Knaccudurauma no Kotopomy npunatTa MCHKAPowm. Mo Tabaunue 5 HasHavaeM HadvasibHyto nogady fz
=0.2 MM/3y6 (3Ha4YeHWe 6I1KE K BepXHEW rpaHuLe MHTepBana).
Mo gaHHbIM KaTanora unm U3 Tabauupl 3 cneayert, YTo A/IMHA PEHYLLEeR KPOMKM NIaCcT1HbI OKOJO 8
MM. Takum obpasom, h/ap=4/8=0.5 n b/D=16/25~0.6.
Tabnmua 6 N03BONAET 3aKOUUTb, YTO HArpyKeHue 3yba cpegHee, a Tabaumua 7 - YTo B JaHHOM
cnyyae Tvn 06paboTku cpegHui (C). CornacHo naparpady 6) KoahduuMeHT ycTonymBocTr Ks
NpUHMMaETCA paBHbIM 1.

CooTBeTCTBEHHO, 6a30Bas CKOPOCTb pesaHnsa a1 20-MUHYTHOro Nepuoaa CTOMKOCTM NIacTHH
Vc=135 m/MuH (Tabaumua 9).
[na pacyéTtHon cToMKoCTH 60 MUH KO3 dULUMEHT cToMKoCcTH Ki=0.8 (Tabamua 8), 1 Ana Takoro
CNyyasn HavanbHas CKOPOCTb JONKHA 6biTb 108 M/MUH.
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LlenbHble TBEpAocnnaBHblie ppesbl

MCKAP npeanaraeT npeccoliTamnoBoMy NPOM3BOACTBY 60raTbii BbIGOP LebHbIX TBEPAOCNIABHbIX
(MOHOMMTHBIX) KOHLEBBLIX Ppe3 ¢ yriom B naaHe 90° aas 06paboTKM NPAMOYTrobHbIX YCTYMOB.
HomurHanbHbIM guameTp Takux ppes 3akayaeTcs B npegenax ot 0.4 mm go 25 MM, a 60/1bLLIoe
pa3Hoobpasne BapuaHTOB UCTOJHEHUSA NO3BONAET pe3epoBaHMe BCEX TUMOB MaTepPUasos,
BCTPEYaloLLMXCA B U3rOTOBJIEHUM LUTAMMOB M NPecc-QOpM: 1IETMPOBAHHbIE U UHCTPYMEHTa/IbHbIE
cTanu, GeppuUTHbIE U MAPTEHCUTHBIE HEPKABEIOLLME CTaM, YYTyH U T.4. KOHCTPYKTMBHbIE
MCMOJIHEHMA OT/IMYAKOTCA PEKYLLEN reOMETPUEN, YITIOM BUHTOBOM CTPYHEYHOM KaHaBKM
(MMeHyeMOro TaKKe W yrJioM nogbéma 60 HaKaoHa cnvpany amn 3yGbeB), YUCIOM 33YOLEB,
LNMHOM (KOPOTKME, CpefHen ANWHbI, AJIMHHbBIE W T.N.) M NO3BONAKT OCYLLECTBEHME BCEX BULOB
(hpesepoBaHUsA: HEPHOBOE, NOYYUCTOBOE, YACTOBOE.

Kartanoru n TexHmyeckue 6powtopbl MCHKAPa cogepar nogpo6Hble yKasaHnsA no NpuaoKeHuo
MOHOJIMTHbIX dhpe3 K 06paboTKe ycTynoB. Hak npasmno, 06bi4HAA NPaKkTUKa roBOPUT, YTO
[BYyx3y6ble Gpesbl, UMeLLME HAUBONBLLNIA OOBEM CTPYHEYHON KaHaBKM, MCMONb3YIOTCA MMaBHbIM
06pa3om A4/1A 4epHOBOrO Gpe3epoBaHna, 06paboTKM Nas3oB u hpe3epoBaHUs OCEBLIM Bpe3aHMeM
(nnyH*KMpOBaHWEM), @ MHOTO3ybble PPe3bl MPEVMYLLECTBEHHO NPUMEHSIOTCA B YUCTOBbBIX ONepaLmax
C VX BbICOKMMW TPEOOBAHUAMM MO TOYHOCTU U LLIEPOXOBATOCTY.

OcHoBo# A nogbopa MOHOAMUTHBIX Bpe3 CayKaT, pasymeeTca, Tpe6oBaHNA TEXHONOMMYECKOro
npouecca v matepuan 3arotoBku. Cneayet nog4epKHyTb, OAHAKO, YTO rOBOPSA 06 OrpaHNYeHUAX
no nogade, BarHbIM GaKTOPOM ABAETCA HE TOIbKO NPOYHOCTb 3ybHa U IECTKOCTb hpesbl, HO U
OTBOZ, CTPYHKM, onpeaenfembii opMon 1 rmyBrHON CTpywevHON KaHaBKM. COOTBETCTBEHHO,
JMMUTUPYIOLLMMK NOKa3aTeNAMKU /1A NOAAYN CTAHOBATCA HOMMHABbHBIM AuameTp Gpesbl U YUCIo
3y6beB, KOTOPbIE HAZO0 TaKIKEe NMPUHATL BO BHUMAHME.

Pa3BuTHe 3aTo4HbIX CTaHKOB ¢ UMY NpMBENO K TOMY, YTO CErofHs pasnyHble NPOoM3BOaUTENN
Lie/IbHOTO TBEPAOCN/IaBHOTO MHCTPYMEHTA, OT HEGO/IbLUMX MECTHBIX DMPM M A0 KPYMHEMLLMX
KOMMaHWii MMPOBOTO YPOBHS, MPOU3BOAAT MOHO/IMTHbIE DPE3bl OAHUX M TEX HE PasmMepos,

KOTOpblE BHELLHe CMOTPATCA OAMHAKOBbLIMU, BYZATO KOMWK ofHa ApYroi. Tem He MeHee, HECMOTpS

Ha BU3yasIbHOE CXOLCTBO, NOPOM NPOCTO NOPa3UTEIbHOE, MEAY TaKUMU hpe3amu CyLLecTByeT
OrpoMHast pasHuLa B hyHKLMOHUMPOBAHUM U CTOMKOCTU, NPUYKMHA KOTOPOM IEHMUT B TBEPAOM Cr/IaBe,
TEXHOJIOTMM 3aTOYKM M, KOHEYHO e, HEBUAMMbIX [1a3y 0COBEHHOCTAX PEHYLLEN reoMETPUM.

C COH{ nnu 6e3

O6paboTra 6e3 nogayn cMa3oyHo-oxaamgarlen xmngroctn (COM) uan ncrnosab3oBaHne
BO3/yXa B KAYeCTBE OX/1aXAaroLLero CpeACTBa MPeArnoYTUTEbbI /1A Lie/IbHbIX
TBEpAOCnAaBHbIX ppe3s. [py 06paboTKe cTasner n MaTepuasioB BbICOKOH TBEPAOCTH (rpyrnnbl
npmumeHsaemocTtu no ISO P v H cooTBeTcTBEHHO) ppesamm u3 cniasos ICI00 n ICI03 nogaya
COM{ BoobLye He pekomeHayeTcA. Ecan we ycaoBua onepauymm AUKTYOT npumeHeHne COH
(Hanpumep, ppesepoBaHUe ayCTEHUTHOM HEPABEIOLLEH CTallu), B KA4eCTBE NepBoro Bbibopa
MapKwu criaBa CTOUT oprneHThpoBaTbcA Ha IC300.

MoHOMNTHbIE Ppesbl BbIMYCKATCA U3 CEAYIOWMX MapOK TBEPLOro criasa.

BonbWMHCTBO MOHOMTHBIX hpes nponsBogATca U3 IC900 - NPOYHOrO CyGMUKPOHHOMO TBEPAOrO
cnaaea € 3aWwmTHbIM M3HOCOCTOMKNM NOoKpbITMEM PVD TiAIN (¢pusnyeckmnm). JaHHbiv cnias
AB/IAETCA LUMPOKOYHNBEPCA/IbHBIM M MPUMEHAETCA A1 pa3HO06pa3HbIX hpe3epHbIX onepawui,
KaK YEepHOBBIX, TaK M YACTOBbIX, NPV 06pabOTKE YINEPOAUCTBIX, IETMPOBAHHbBIX, MHCTPYMEHTA/IbHbIX
W HeprKaBsetoLwmx ctanen. Kpome Toro, oH NnpurogeH ana dpesepoBaHus 3aKaEHHbIX CTanem
TBEépLocCTbI0 Ao HRC 55.

YneTpamenkosepHucTbIM cnae IC903 ¢ copepraHnem kobanbsta 12% u nokpbitrem PVD TiIAIN
peEKOMeEHAYETCA ANA 06pabOTKU 3aKaNEHHbIX CTalen U BbICOKOTBEPABIX YYTYHOB, 0O6bIYHO
TBépaocTbio HRC 56-63 1 garke 6051ee. TOT crnaB He NOAXOANT ANA TAHKENbIX PEXUMOB Pe3aHus.
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YaapHoBA3KUIA CyoMUKpPOoHHBIM cnnas IC300 ¢ nokpbitem PVD TiCN npegHasHayeH npexae Bcero
AnA hpe3epoBaHNA HEPKABEIOLLMX CTaNeN C HU3KMMKU U CPESHUMU CKOPOCTAMM Pe3aHus, 0COBEHHO
B HEG1AronpuATHbBIX yCnoBuAX. MenKko3epHUCTbIN TBEPAbIM cnaas IC08 Ncnonb3yeTcs B OCHOBHOM
AN 06pabOoTKM 3aroTOBOK U3 LBETHbIX METAI/IOB.

Ta6nvua 10. Boibop mapok TBEpAoOro cniasa A1 MOHOJIUTHBIX pe3

Ipynna no ISO 1C900 1C903 IC300
[ | O
O [ |
]
Ao HRC 55 O [ ]
Caeiwe HRC 55 ]

M - NpepnouTHTeNbHbIN BEIGOP.
- BoamorHOe npumeHeHue.

Cpegav 4pesBblyariHo 60raTtom 1 MHOroo6pasHoOM rpynbl LeabHbIX TBEPAOCNIABHbIX KOHLEBbIX hpe3
MCKAPa c yrnom B nnaHe 90° CBOEM OPUrMHA/IbHOM FEOMETPUEN BbIAENAIOTCA TPY CEMENCTBA.

Y yeTbipéxaybbix Gpe3 cemenctaa FINISHRED c yrnom HakoHa 3y6beB 45° ABa NPOTUBOMOMOHHbIX
3yb6a CHabHEHbI CTPYHKOPA3[ENMTEbHBIMW KAHABKAMM, YTO AENAET UX KPOMKY 3a3yOpeHHOM, a
ABa Apyrvx nofo6HbIX KAHABOK HE MMELOT, MO3TOMY KPOMKa 34eCh rafKas. Takoe coveTaHne AaByx
BWOB PEYLLEN reMEeTPUM: YEPHOBOTIO 3y6a CO CTPYHKOPa3AeNnsowmmM adERKTOM U YUCTOBOTO CO
CMNJIOLLUHOM KPOMKOW, - YaCcTo HasblBaeTCA “ABe B 0gHOM”. [leNCcTBUTENbHO, ABE Ppesbl, HepHOBasA U
4MCTOBASs, COEAMHUIUCH B OLHOM UHCTPYMEHTE. YKa3aHHbIM NPUHLMIN NO3BOAET BECTU 06PabOTKY
Ha napameTpax pexvma, CBOMCTBEHHbIX HEPHOBOMY Ppe3epoBaHus, a noJyvarhb LepoxoBaToCTb
NOBEPXHOCTH, KOTOPas XapaKTePHU3YET NOJYYUCTOBBIE U JarKe, B 3aBUCUMOCTU OT KOHKPETHbIX
TpPe6OBaHMM K onepauum, YACTOBbIE NPOXoAbl. TaKMM 06pa3oM, ofHa ppesa B COCTOAHUM 3aMEHUTb
[B€: YePHOBYO M YACTOBYHO, YTO CYLLECTBEHHO CKa3blBAETCA Ha CHUKEHUM OMNEepaTUBHOIO BPEMEHM
M NOTPEBAAEMON MOLLLHOCTM W Ha NOBbILLEHWM MPOM3BOANTENIBHOCTH onepaumn. CBoeobpasHas
KOHCTPYKLMA pe3bl COCOOCTBYET YMEHBLIEHUIO BUBPALIMI NPW PE3AHUM B TAKENBIX PEHUMAX,

a 06pasyoLLanca CMeCb AJIMHHOM M KOPOTKOM CTPYKKM SIerye yaansieTcs, YTo ABAETCA BarKHbIM
NpeMMyLLECTBOM NpK 06paboTKE NONOCTEN M KAPMaHOB LUTAMMOB 1 MPecc-popM.

YeTbipéx- 1 naTu3y6sle dpesbl CHATTERFREE vmetoT HepaBHOMEPHbIN YrI0BOM Lar 3y6beB, YTO
3HAYUTEJIbHO MOBbIWAET BUOPOYCTOMUMBOCTb MHCTPYMeHTA. OHW NPEeACTaBAAT COO60M XopoLuee
peLleHne aa CTaHKOB C OrPaHUYEeHHOM MOLLHOCTBIO MPUBOAA MaBHOIO ABUIKEHWA (Hanpumvep,

¢ KoHuom wnunHaens no MCO 40 wam BT 40), cTonb NonyiApHbIMU Ha HEGOTbLUMX MPEANPUATHX,
3aHATbIX U3rOTOB/IEHWEM LUTAMMOB W npecc-hopM. OpurmHanbHas reoMeTpusa No3BOIAET
(pesepoBaHue B CM/IOLHOM Matepuase nasa rmy6uHon 4o ABYX AMaMeTPOB hpesbl.

Cewmelricteo FINISHRED VARIABLE PITCH o6beanHAeT B cebe JOCTOMHCTBA 0B60MX YKa3aHHbIX
TMnoB ¢pes. ObpasoBaHHbIV TMOPUE AEMOHCTPUPYET HEOBbIYaMHbIE paboune nokasarenn. MoxHo
CKasartb, 4TO HagenseT notpebutens HoBon Bepcren FINISHRED, B KOTOpOM yiKe He ABe, a LiesbixX
TpY Ppe3sbl 06bEAUHUANCH BOEAMHO - “TPU B OQHOW”, KAK MMEHYIOT 3TO CEMENCTBO!
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epeToyka TBEpZOCNNABHDIX (pe3

Bo3MOoMHOCTY COBPEMEHHBIX LLIMPOBASIbHBIX M 3aTO4HBIX CTAHKOB MPMHEC/IM BIEYaT/AIOLME U3MEHEHNA B
TEXHOJI0MMI0 NEPETOYKM TBEPAOCT/IABHBIX (IPE3, MO3BOIAA BOCCTAHOBHTD C BbICOKOM TOYHOCTBIO PEMYLLYHO
reoMeTPHI0 M3HOLLIEHHOIO MHCTPYMEHTA. [IpaBaa, CTOHMKOCTb Qpe3 noc/1e NEePETOYKN HUHE U3-3a HaMMA
y4acTHoB 6e3 MOKPbITHA UM e MPOGIEM C BTOPUYHBIM MOKPbITHEM. OTpULaTeIbHOE BANAHNE HA 3(PEKTUBHOCTb
(hpe3bl 0Ka3bIBAET U YMEHbLLEHHE €6 nameTpa BCIEACTBUE NEPETOYKM. [lepeToyKa o 3a4Hex MoBepxXHOCTH
YMEHbLLAET I71yOUHbI CTPYHEYHOM KaHABKH, @ BO MHOMMX C/ly4asX - M MePEeaHuI Yros, 4To yXyaLwaeT pesanme 1
OTBOZ CTPYHHKH. YMEHbLIEHHE AnameTpa @pe3bl Ha 1% BEAET B CPEAHEM K CHUMHEHMIO PABOYEH XapaKTEPUCTHIKN
Ha 2-3%. CyLyecTByeT u onpesenéHHan rpaHnya 419 yMEHbLUEHHA, M JOCTUTHYB €€, pesa pe3Ko TepAeT

CBOM 3KCI/TyaTayMOHHbIE Ka4ecTBa. YTobbl M36ewaTh OTPULATE IbHbIX TOCAEACTBUH, 04EHb BAXHO COO/IO[ATL
Co0TBETCTBYIOLME MHCTPYKLMM MCHAPa Mo nepeTouKe - X MOXKHO HaiTH B KaTaaorax 1 TEXHUYECKUX U3ZaHMAX,
WM NONTYYM T, 06PATUBLLMCh K MECTHOMY NMPEACTaBUTEI KOMNAHM.

MapameTpbl peuma pesaHuA
MaKcumanbHaa rybuHa npy ppesepoBaHum nasa

MNpu hpesepoBaHnm Nasa fonycKkaemasa rmyouHa 3aBUCKT HE TOIbKO OT MPOYHOCTU U HECTKOCTH
WMHCTPYMEHTA, HO TaKe 1 OT ero BO3MOXKHOCTEN Mo 0TBOAY CTPyHKU. ObpabaTsiBas ry6oKue
nasbl, 4acTO MPUXOAMTCA 3HAYMTENBHO YMEHbLIATb NoAady Ha 3y6 ana obecneyveHms Heo6XoAMMOro
cTpyxKoyganenus. NMpumenenne dpes Tvna FINISHRED v FINISHRED VARIABLE PITCH
NO3BO/IAET CYLLECTBEHHO YYYLLWTD MOSOKEHME.

MakcumanbHas ry6uHa pesaHus npy Gpes3epoBaHMm Nasa B CTaslbHbIX 3aroTOBKAxX HE JOMKHA
npeBbIWaThb 3Ha4YeHWs, NpeacTaBneHHble B Tabnumuax 11-13. B cnyyae 06paboTkM YyryHa yKasaHHble
JonycKaemble BE/IMYMHBI CNefyeT YBE/IMYUTb BABOE..

Tab6nvua 11. MakcumanbHas my6uHa npu ppesepoBaHUM nasa, MM, AJ18 MOHOJIUTHBIX pe3
CTaHAAPTHOM JIMHUK

D, mm po4d 4-5 6-8 10-25

Ap max 03D 04D 0.4D/D* 05D/D*

* C ymeHblueHWeM nogauu fz Ha 50%.

Ta6bnuua 12. MakcumanbHas ry6uHa npy ppesepoBaHUM Nasa, MM, A1 MOHONIUTHbIX ¢pes3
cemeiictBa FINISHRED

D, Mm o4 4-5 6-8 10-25

Ap max 04D 06D 0.7D/1.2D* 09D/1.5D"

* C ymeHblueHWeM nogauu fz Ha 30%.

Tabnvua 13. MakcumanbHaa rny6uHa npu ppesepoBaHUU Nasa, MM, A8 MOHOIUTHbIX ppe3
cemeiictB CHATTERFREE u FINISHRED Variable Pitch

D, mm

o4

45

6-8

10-25

Ap max

09D

D

12D

2D*

= [1na Dz=16 Mmm nogady cnefyeT yMeHblwnTb Ha 20%.
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pe3epoBaHKe NPAMOYro/IbHOrO yCTyna: pa3smMepHble OrpaHU4YeHUs

Mpuv ppe3epoBaHMM NPAMOYTO/IbHBIX YCTYNOB OLEHKA [yOUHbI U LUMPWHBI PE3aHUA MOET ObiTb
cAenaHa ¢ NoMoLLbo Tabamupbl 14.

Tabnvua 14. Pasmepbl ppesepyemoro ycryna

ae ap max

D<16 mMm D>16um
<03D 2D 1.8D
(03..05D 2D 1.8D
05D<ae<0.75D 1.25D 08D
>0.75D Ap max*

[] - PekomeHayeMmbiit pex1m paboTbl.
* BenunymHa Ap max, ykasaHHasa B Tabnmnyax 11-13.

HayanbHble 3Ha4eHUA Noja4m Ha 3y6 U CKOPOCTU pe3aHuA

B Tabamuax HUKe yKasaHbl pacyéTHbIE HavalbHble 3HA4YEHUSA NoJaYM Ha 3y6 M CKOPOCTH

pe3aHus g5 KoHLEeBbIX MOHOAMTHBIX dpe3 cemeincTs FINISHRED, CHATTERFREE m

FINISHRED Variable Pitch.

Tabnumubl XapaKTepu3yoT YHEPHOBbLIE M NOYYUCTOBbIE Onepaumn. PEeKOMeHAaUMM NO pexumam
pe3aHus Npy YUCTOBOM (hpe3epOBaHNM PacCCMaTpPMBAIOTCH OTAENBHO.

Ecnn ycnosus 06paboTKM OTHOCATCA K HEBNaronpuATHbIM (MPO6GIEMHOE 3aKpenieHue,
TOHKOCTEHHasA 3aroToBKa, 3HAYUTE/IbHbIN BbINET HPE3bl M T.1M.), TO TabINYHbIE AaHHbIE HEOOXOAMMO
yMeHbLWHTb Ha 20-30%.

Ta6nvua 15. dpesbl FINISHRED: HayanbHas nogaya fz, mm/3y6, pna ppesbl guametpom D

rpynna no ISO D, m
DINISO 513 | rpynnia marepuana* | 1 2 3 4 5 6 8 | 10 | 12 | 16 | 20 | 25
1-4 0.008 0.020 0.030 | 0.040 | 0.055 | 0.065 | 0.080 | 0.085 | 0.092 | 0.138 | 0.145 | 0.155
5 0.008 0.020 0.028 | 0.038 | 0.055 | 0.065 | 0.077 | 0.082 | 0.090 | 0.130 | 0.137 | 0.148
- 6,7 0.008 0.020 0.028 | 0.038 | 0.055 | 0.065 | 0.077 | 0.082 | 0.090 | 0.130 | 0.137 | 0.142
8,9 0.008 0.019 0.028 | 0.038 | 0.050 | 0.060 | 0.072 | 0.077 | 0.085 | 0.130 | 0.137 | 0.142
10 0.008 0.017 0.025 | 0.036 | 0.048 | 0.058 | 0.070 | 0.072 | 0.082 | 0.125 | 0.130 | 0.137
11 0.008 0.012 0.022 | 0.032 | 0.045 | 0.055 | 0.065 | 0.065 | 0.077 | 0.110 | 0.120 | 0.132
M 12,13 0.008 0.015 0.028 | 0.038 | 0.048 | 0.058 | 0.070 | 0.077 | 0.082 | 0.125 | 0.130 | 0.137
15-16 0.009 0.022 0.032 | 0.043 | 0.060 | 0.070 | 0.083 | 0.088 | 0.095 | 0.142 | 0.150 | 0.163
17-18 0.009 0.022 0.032 | 0.043 | 0.060 | 0.070 | 0.083 | 0.088 | 0.095 | 0.142 | 0.150 | 0.163
38.1* 0.022 | 0.028 | 0.032 | 0.038 | 0.040 | 0.045 | 0.055 | 0.060 | 0.065
38.2
39
* [pynna matepnanos MCKAP no ctanpapty VDI 3323.
«+ HRC 45-49

b4 N

Iz
Dlej J__Z” Mold 2o
I n g w s t § Yy



SOE

LlinoHo4Hasa ¢pe3a: cBep/io, ppesepyrolyee nas

HoHueBbie ¢pesbl, cnocobHble 0CyLEeCTB/IATL BPe3aHMe C nojadesi B0 b OCU MHCTPYMEHTA,
Ha3bIBatoT LUMOHOYHbIMH. []/11 OCYLLEeCTB/IEHNA BPe3aHHA, MOJ0OHOro CBEP/IEHMIO, MO
KpariHer mepe oauH 13 3y6beB TaKoH ppe3abl nepeKpbiBaeT ocb. ObpaboTHa e na3a BejETca
3a HECKOJ/IbKO NMPOXOA0B M0 UMUKIY: Bpe3aH1e Ha ONpeAeNEHHYIO r1y6uHY-npogo/bHOe
pe3epoBaHue ¢ Mosy4eHHOMN ry6UHOV pe3aHus-CHOBa Bpe3aHue 1 T.4. MicTopmnyecku
LUNOHOYHbIE (ppe3sbl NpefHa3HaYaMChb 415 [1yXUX MEPHBIX Na30B Mo Npu3maTnyeckme
LUMOHKH, OTKYAA U NPOM30LLI0 UX HadBaHne. O6bIYHO 3T Gpe3bl ABYX3Ybble (KaK cBépAa), HO
J0CTaTOYHO PacnpoCTPaHEHHbIMM CTa/Iu TaKHe BapraHTbl UCMOJIHEHUA C TPEMSA, @ MHOrga m
YeTbIPbMA 3yObAMMN.

Ta6bnumua 16. dpe3bl CHATTERFREE u FINISHRED Variable Pitch:
HauyasibHas nopava fz, mm/3y6, ana ¢ppesbl guamerpom D

Tpynna no ISO D, Mm
DINISO513 | rpynna marepuana®| 3 4 5 6 8 10 12 16 20 25
1-4 0.022 | 0.032 | 0.045 | 0055 | 0.058 | 0.060 | 0.065 | 0.078 | 0.088 | 0.110
5 0.022 | 0.032 | 0.040 | 0.050 | 0.055 | 0.058 | 0.060 | 0.065 | 0.077 | 0.100
6,7 0.020 | 0.027 | 0.032 | 0042 | 0045 | 0.050 | 0.055 | 0.060 | 0.072 | 0.088
8,9 0.019 | 0.027 | 0.032 | 0036 | 0038 | 0.042 | 0.050 | 0.055 | 0.065 | 0.075
10 0.016 | 0.022 | 0.027 | 0030 | 0032 | 0.038 | 0.045 | 0.050 | 0.060 | 0.067
1 0.012 | 0016 | 0.022 | 0027 | 0030 | 0.035 | 0.038 | 0045 | 0.055 | 0.060
12,13 0.016 | 0.022 | 0.027 | 0030 | 0032 | 0.038 | 0.045 | 0.050 | 0.060 | 0.067
15-16 0.022 | 0032 | 0.045 | 0055 | 0.055 | 0.062 | 0072 | 0.08 | 0.100 | 0.130
17-18 0.019 | 0027 | 0.042 | 0052 | 0.052 | 0.060 | 0.068 | 0.078 | 0.09 | 0.110
38.1* 0.016 | 0.020 | 0022 | 0025 | 0.027 | 0032 | 0035 | 0.045
38.2
39
* [pynna matepuanoB MCKAP no ctaHgapty VDI 3323.

++ HRC 45-49

Ta6bnumua 17. HayanbHaA ckopocTb pe3aHua Ve, M/MUH
(4yepHOBOE U NOSIYyYUCTOBOE (ppe3epoBaHUEe)

rgm;lzgo;?g [pynna matepuana* ®Ppe3epoBaHve nasa (PpesepoBaHue ycTyna

1 145 180

2-4 115 150

5 100 125

6 105 130

79 85 120

10 85 115

11 70 100

12,13 80 110

15-16 130 160

17-18 125 150

38.1* 50 70

* [pynna matepnanos MCKAP no ctaHgapty VDI 3323.

*« HRC 45-49
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Bpe3saHue nopg yr/ioMm U MOHOJINTHbIE ¢ppe3bl

Hak y#e oTmeyasiock paHee, B U3roTOB/EHNUM LUTAMIOB U MPECC-POPM C HacTo BCTpEYarLeHncsa
HE06X0AMMOCTbIO 06PabOTKU Pas/IMYHbIX MOA0CTEH, KapMaHOB U YI1y6NEeHUI BaXHOMN
(YHKLUMOHA/IbHOM XapaKTEPUCTUKON pesbl BbICTYNaT €€ BOSMOKHOCTH 0 BPE3aHUIO 04
yr/ioM. [IOHATHO, YTO Y LUMOHOYHbIX ppe3 OTCYTCTBYIOT OrPaHUYEHUA M0 YIJly, HO B C/ly4ae
06bI4YHbIX KOHLEBbIX (hpe3 HEOOXOAMMO YHEeCTb JOMYCTUMbIE MPELE/IbI

Bpe3aHuA npu NPOEeKTUPOBaHMU npoLecca MeTaanoo06paboTKn u MOArOTOBKN YpaBAAoLLem
nporpammbl YIY (g9 MHTEPnoAALMMU No cnmpaam, Hanpumep). [paHn4YHbIe napameTpbl
Bpe3aHuA yKasaHbl B Katasorax 0CHoBHov npogykKummn MCHAPa 1 BbinycKax TEXHUYECKOM
MHGopmaumm.

Tabnmua 18. HayanbHaa cKopocTb pe3aHua Ve, M/MUH (YUcTOBOE (ppe3epoBaHue)

[IEELE lpynna matepuana U
DIN/ISO 513 M/MUH

1 280

24 200

5 170

6 190

7-9 170

10 165

11 120

12,13 150

15-16 220

17-18 200

38.1 100

38.2 90

39 60

= [pynna matepnanos MUCKAP no ctangapty VDI 3323.
= HRC 45-49
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YucroBoe ¢ppesepoBaHue

B uenbHbIx TBEPAOCNHNABHbIX (hpe3ax, KOTopble MPEeACTaBAAT COBOM eANHYI0 MHTErpasibHyHo
KOHCTPYKUMIO, MOXHO BbIJEPHATb HECTKUE TPEebOBaHMA TOYHOCTH PasMepoB 1 OpMbI (JOMyCK
Ha gmameTp, pagmasibHoe bUeHue 3ybbeB U T.4.), 4TO AesaeT UX MHCTPYMEHTOM NepBoro Bbibopa
MpU YUCTOBOM ((PUHULLHOM) pe3epoBaHmM MOBEPXHOCTEN AeTasleN LUTAMIOB U MPecc-Hopm.
YucToBble ppe3epHbie onepaymu, npu3BaHHbIE 06ECTIEYUTL HEOOXOAMMYIO TOYHOCTb M MaJlyHo
LIEepoXoBaToCTb 06PabOTHM, OT/IMHAIOTCA HEOO/IbLLMMM NPUYCKamu (06b14HO 40 5% anameTpa
¢pe3sbl, a 419 3aKaNéHHbIX cTaned - 0.1-0.2 MM), BbICOKOH CKOPOCTbIO pe3aHUA M HU3KOM
rnogayeri no cpaBHEHMIO C YePHOBbLIMM M MOAYYUCTOBLIMU npoxoaamu. HoHCTpyKLuA gpessbl
0b/s1afaeT JOCTaTOYHOM MPOYHOCTbIO, MO3BOJIAIOLLEN Ha3Ha4yaTb MoAaqM BbilLE YKa3aHHbIX B
Tabanyax 15 u 16, ogHaKo BO n3b6emaHme nioxXoro Ka4ecTsa MoBEPXHOCTH PEKOMEHAYETCA
Ha4ymHaTb paboTy, N0/b3yACh TAbIMYHBIMM JAaHHBIMM, N JIULLb 3aTEM MOMbITATLCA YBE/IMYNUTH
rogayy npu ycJ10BUm, 4TO LLIEPOXOBATOCTb OCTAETCA Ha MPUEMIEMOM YPOBHE.

Hopotxaa nnv ceepxg/iMHHaA?

LenbHbie TBEpAOCHIABHBIE HPE3bI OFHOIO U TOrO Me TUNa M HOMUHa/IbHOro AuameTpa
BbI1yCKaKTCA Pa3/IMYHBIMU UCMOTHEHNUAMM (CeprUAaMM), OTIMYHBIMM MO OBLLEV J/IMHE M JJTUHE
pexyLer Kpomkn. HopoTKasa cepua obaagaeT MaKCUMasibHbIMU MPOYHOCTBIO U MECTKOCTBIO,

B TO BPEMA KaK CBEPXA/IMHHAA 06ecneqynBaeT Hanbo IbLLy JOCAraeMoCTb U AB/IAETCA
He3aMeHMMOo¥ B 06paboTHe r71y60KMX MOJI0CTEH MM BbICOKUX yCTynoB. Hak npaBu/io, BbigensanT
KOPOTKY!I0, CPEAHION, A/IMHHYIO M CBEPXA/IMHHYIO CEpUN Gpes.

Mpumep

Mpw M3roToBAEHWMM GI0Ka Npecc-hopMbl TpebyeTcs hpe3epoBaTb NPSMOYrO/bHbIN YCTYN LUMPUHON 3
MM (ae) 1 BbicoTon 5 MM (ap). MaTepman 6710Ka - KOHCTPYKLMOHHAA nermpoBaHHan ctanb 40XH2MA
TBépaocTbio HRC 34. Heobxoanmo 06ecneymThb LepoxoBaToCcTb MOBEPXHOCTM ycTyna Ra 2.5, a
HenpAMOIMHENHOCTb M HEMIOCKOCTHOCTb - COMTACHO MEXAyHapoaHoMy cTaHaapTy I1ISO 2768-m.
MNpegnonaraetcs ncnonb3oBaHue dpesbl EC-E4L 08-18/26W08CF63.

O6pabatbiBaeMbli MaTepuan oTHocuTcs K BocbMoi rpynne (No. 8). HomuHanbHbIM gnameTp
dpesbl - 8 MM (D), anrHa pemyLlen Kpomkm - 18 mm (Ap). Ppesa ABnAeTCA NpeacTaBUTENEM
cemerictea CHATTERFREE. Tpe6oBaHus K 06paboTKe N0 TOYHOCTH M LUEPOXOBATOCTH MOXHO
cumTatb 06bI4HbIMK, ae/D = 3/8, ap<Ap, ap<2D (5<16), cnegosaresibHO, 4/1A Gpe3epoBaHnaA ycTyna
[OCTaTO4HO OAHOro npoxoga (taénuua 14). Tabnvua 16 onpeaenaeT HavanbHy nogady

fz=0.038 mm/3y6, a Tabnmua 17 - Ha4anbHY CKOPOCTb pe3anHua Ve=120 M/MUH.

Mogaya Ha 3y6 namn rnybuHa pe3aHnA?

CHKOpOCTb (Temr, MHTEHCUBHOCTb, yAE/IbHbIM 06 bEM) CHATHA MaTepmana, 1aKMyCcoBbIi
MHAMKATOP NMPOU3BOANTE/IbHOCTH (PE3ePHON onepaLmm, 3aBUCHT U OT Noga4m Ha 3y6, 1

OT My6uHbI pe3aHus: “HacTo 3agaBaembiri Borpoc:”HTo e appeKTnBHee A4/14 ynpaBieHns
MPOU3BOAMUTE/ILHOCTBIO - UBMEHEHUE B AOMYCTUMbIX NPEAENAX MOJAYN UM I1Y6HUHbI?” He
MMEET CTPOro 04HO3Ha4YHOro oTBeTa. Ho BCé e obecrneqyeHue ToM e caMori CKOPOCTU CHATHA
matepmana nyTEM MOBbILEHUA MOJAaYN U COOTBETCTBYIOLErO CHUMEHUA 71ybUHbI 60/1e€
NpeanoYTUTE/IbHO, YeM 0bpaTHaA KOMbMHaumA (MeHbLUaA nogayva v 60/1bLuas rinybuHa), Tak
KaK no3BoJIfIET MOAYYNTb BbIMIPBILL [0 CTOMKOCTH Gpe3bl.K ca0oBy ckasats, ppesepoBaHme ¢
BbICOKOM rnogaqett Ha 3y6, 0AMH U3 MPOrPeccUBHbIX METOZO0B YEPHOBOKM 06paboTKM, KOTOPbLIM
TaKKe paccMaTpuBaeTCA B PYKOBOACTBE, NCMO0/b3YET, B YaCTHOCTH, OTMEYEHHbIHM MPUHLMI

Q Member IMC Group
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Ta6nvua 19. O6wan xapaKTepPUCTUHA Lie/IbHbIX TBEPAOCNNaBHbIX ppe3

Yucno 3ybbes

[poyHocT

HéctkocTb

Ynanexue
CTPYKM

YepHoBas
06pabd.

YucTosas
06pabd.

®pesep.-e
nasa

MnyHwmpoBaHme

2

*hkk

*hkk

*

*hkk

*hkk

3

*kk

Kkk

*k

*k

4

*k

*k

Hkk

5u6onee

Fkkk

*hkk

*

Fkkk

Bonee nogpobHyto MHpopMaLumio 0 LesbHbIX TBEpAocnaBHbIX ppesdax MCHAPa MOKHO HakTH B
KaTasiorax, PyKoBOACTBaX N TEXHUYECKUX GPOLLIOPaXxX KOMMaHuH.

CmeHHble ¢ppesepHblie ronosku MYJIbTU-MACTEP
Obwme 3ameyaHun

MYJIbTU-MACTEP - Ha3BaHWe AMHMM COOPHOMO BpaLLAlOLLErocs MHCTPYMEHTA, COCTOSALLErO U3
JEPWaBOK (MOJTy4MBLUMX HA3BaHWE “XBOCTOBMKM”) U CMEHHbIX PEHYLLMX rOJI0BOK, NpeaHasHa4YEeHHOM
L1151 PasIMyHbIX BULOB 06paboTKM pe3aHreM: ppe3epoBaHms, 3eHKOBaHWA, NPeaBapUTEIbHOTO
3acBepP/IMBaHUSA, CBEPIEHUSA LEEHTPOBbLIX OTBEPCTUI U OTPESKM.

HoHcTtpyKkTrBHbIM NpuHLmn MYJIBTU-MACTEP a 6a3vpyeTca Ha cnefyoLwmx TPEX peLLeHumsX,
“Tpéx KuTax” IMHUK: pesbbe 0co60ro NPodus, LEHTPUPOBAHMIO MO KOPOTKOMY TOYHOMY KOHYCY U
KOHTaKTy no Topuy. MoHonuTHasa cmeHHasa ronoska MYJIBTU-MACTEP noctpoeHa u3 gByx YacTem:
paboyen, MEeIoLLEV HEOOXOAMMYIO PEKYLLYIO FEOMETPUIO, M COEAUHUTENBHOM, COCTOALLEN M3
HapyXHOM pe3bbbl U LLEHTPUPYIOLLETO KOHYCa. B XBOCTOBUKE e BbINOIHEHbI BHYTPEHHME pe3bba

M KOHYC. 3aBMHUYMBaHWE roI0BKM MPOUCXOANT 4O TEX MOP, MOKA HE OCYLLECTBUTCA KOHTAKT MEXAY
COOTBETCTBYOLLMMW TOPLLAMWN FOJIOBKU M XBOCTOBMKA. [1pn aTOM

Y4aCTOK XBOCTOBMKA B paiOHE ero KOHUYECKOro OTBEPCTHUSA YNpyro AedopMUpyeTcs.

JaHHbIM npuHLMN 06ecneynBaeT NPOYHOE W IECTKOE KPEnIeHne B XBOCTOBUKE FOJI0BOK Camoro
pasHoobpasHoro npoduns. bygyun c6opHbiM, MHCTPYMeHT MYJIBTU-MACTEP otBeyaeT Tem He
MeHee WECTKUM TPeOOBaHMAM BbICOKOM TOYHOCTH, TaK KaK OKOHYaTe/IbHasA peryLLan reoMmeTpus
FOI0BKU JOCTUraeTcA NPeLmsmoHHbIM LWANGOBAHWEM, a XapaKTep COEAUHEHWUSA rapaHTUpyeT
OTKJ/IOHEHWE OT COOCHOCTU B OYEHb Y3KUX FpaHuLax. MHCTpyMEHTbI NPOCTbI U yA06HbI B
06CNyHMBaHWK: 3aMeHa ro/I0BKM OCYLLIECTBAAETCA € BpalleHUAM C MOMOLLbI0 Ktoya. Bonee Toro,
obecneymBaeTCs BbICOKasA MOBTOPAEMOCTb BblIETA FO/IOBKM OTHOCUTE/IbHO TOPLIA XBOCTOBUKA, U
3ameHa roJIoBKM He BEAET K AONONHUTENBbHOM HACTPOMKE Ha pasmep.

Jinina MYZIbTU-MACTEP npegcrasnseTt noTpebuTesto 60ratbii Bbi6Op r0JI0OBOK, XBOCTOBUKOB,
NepexoaHUKOB 1 yanuHuTenen. basosasa KOHLENUMA MHWUM, COMNACHO KOTOPOM B OLHOM XBOCTOBUKE
MOHO 3aKpeniAaTb FON0BKM Pas/IMHHOro NPOMUAA U TOYHOCTH, U HANPOTUB, KOrAa OAHa U Ta e
ro/IoBKa NpUrofHa AJIf 3aKpernaeHna B XBOCTOBUKAX, OT/IMYAIOLLMXCA (POPMON, pasmMepamu 1 faxe
M3rOTOB/IEHHBIMW U3 Pa3HbIX MaTepUanoB, NO3BOJIAET BNEYATNAIOLLYIO SKCMyaTaLUMOHHYI0 TMOKOCTb
1 3aMeTHO COKpaLlaeT NoTPebHOCTb B CneLmanbHOM MHCTPyMeHTe. OTnagaeT TaKxe
Heo6xoAMMOCTb B 60/1bLLIOM CKIaACKOM 3anace KOHLEBOro MHCTpyMeHTa. He TpebyeTca 1
nepeToyKa, Befb M3HOLLEHHAsA roIoBKa IErKo 3ameHseTca. JIMHna obecneyvnBaeT cosgaHne
MHOTOYMCIEHHBIX KOHDUIypaLmi PEryLLEro MHCTPYMEHTa NyTéM KOMOMHALLMKM FON0BOK,
XBOCTOBMKOB, YA/IMHWUTENEN, OTBEYaA He TO/IbKO 3anpocam Npon3BOACTBA LWTaMMOB U Npecc-

hopM No hYHKLMOHUPOBAHMIO MHCTPYMEHTA, HO OIHOBPEMEHHO OLLYTUMO CHUMKAA 3aTpaTbl Ha
marepuanbHO-TEXHUYECKOE CHabHKeHMe.
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JononHutenbHaa HacTpoiiKa Ha pa3mep ... He TpebyetcAa!

lloBTOPAEMOCTL, BOCMPOU3BOAMMOCTb COOPHOM MEXaHNYECKOM CUCTEMbI CO CMEHHbIMM
9/1eMEHTaMM 03HA4aeT, YTO K/IKOYEBOK MapaMeTp CUCTEMbI OCTAETCA B AOMYCTUMbIX

rpaHuyax npy 3ameLeH1n 04HOro CMEHHOIO 3/IEMEHTAa Ha O4HOTUIMHBIN APYrov. B imHmum
MYJIbTU-MACTEP ctaHzapTHOM MOCTaBKU MOBTOPAEMOCTb 0BLLEN A/IMHbI MUHCTPYMEHTA

(M KaK cneacTBue, BblieTa ro10BKM OTHOCUTE/IbHO KOHTAKTHOMO TopLia XBOCTOBMKA) COCTaB/IAET
0.04 MM £19 roI0BOK HOPMaJibHOM TOYHOCTH M 0.02 MM 419 NPELM3UOHHBIX rO/I0BOK. BoT
oYeMy HET Hy bl B OMOIHUTE/IbHOM HACTPOMKE Ha pasMep npu 3aMeHe rosioBK1, a camy
3aMeHy Mpon3BOANTb, HE BbIHUMAA MHCTPYMEHT M3 LWMUHAE/A CTaHKa!

Takum 06pa3om, NoABAAETCA eLyé O4MH NCTOYHMK COKPALLEHUA ONepaTMBHOIrO BDEMEHN 1 TEM
cambiM MOBbLILLIEHUA MPOU3BOAUTEIbHOCTH METas11006paboTHH.

90-rpapycHble pemyLiue roloBKU

B nvHun MYJIBTU-MACTEP cywecTtsyeT ABa Tvna LebHbIX TBEPLOCMNABHbIX FOJIOBOK
CpaBHUTENIbHO Masioro guameTpa (8-25 Mm) Ansa ppesepoBaHma NPAMOYTo/bHbIX YCTYMOB.

MepBbIi, nmetoLnii 0603HadeHne MM EC..., daKTU4ECKM NOSHOCTLIO NOBTOPAET PEXYLLYIO
reoMeTPUI0 MOHOIMTHOM hpe3bl TAKOTO e AnameTtpa (Mo YMcy 3yobeB, Yy Nogbema cnmpasm

N T.4.). EBMHCTBEHHBIM OT/IMYMEM ABAAETCA YMEHbLUEHHAA A/IMHA PEHYLLEN KPOMKU: OObIYHO OHA
He npeBbIaeT AMaMeTpa rosloBKku. COBEPLUEHHO O4EBUAHO, YTO IHOOOM BUI MOHOUTHON (PEsbl
NPAMOYroAbHOro NPOhKIA MOXKET MPON3BOANTLCA KaK Bepcus B B1ae ronoskv MYJIBTU-MACTEP.
CnepoBatenbHo, NnapameTpbl perunma pesanus ana ronosok MM EC... HU4eM He 0TAn4aloTes OT yiKe
PacCMOTPEHHbIX Ha NPeablyLLMX CTPaHULax 3Ha4eHUM NS LeSIbHOro MHCTPYMEHTA.

Bropon Tin, MM HC..., nony4nBLUMIM Ha3BaHWE “3KOHOMUWYHBIN”, UMEET BCEro ABa 3yba u

MEHbLUMM yron nogbéma cnupasnu. lpegsaputesibHasa reoMeTPMA roJI0OBOK 3TOr0 TUMa NoyvaeTcsa
NpPeccoBaHWEM U NOC/IEAYIOLLMM CNEKaHMEM, a onepaums LWANGOBaHWA C HEHObLUMM MPUMYCKOM
OKOHYaTesIbHO ONpeaeNfAeT peXyYLLMA NPOdUIb U TOYHOCTb. [JaHHble rOI0BKM 061aaaroT
BbICOKOMPOYHbIM MPECCOBaHHbLIM 3y60M, YTO BEAET K 3aMETHOMY YBE/IMYEHUIO paboyei nofaum Ha
3y6 N0 CPaBHEHMIO C rO/I0BKaMK1 NEePBOro TMNa, M HECMOTPA Ha TO/IbKO ABa 3y6a CKOPOCTb Nnojauu
(MWHYTHas nogaya) CTaHOBMTCSA TaKOM e, KaKk 1 gnsa ronosok MM EC... . B psge cnyyaeB yKasaHHan
MPOYHOCTb 3y6a AOMYCKAET Aaxe HEKOTOPOE MOBbILLEHNE CKOPOCTU Pe3aHuA MO OTHOLLEHMIO K
MOHOJIMTHbIM hpe3am/ronoBKam NepPBOro TMNa Npy TOM e Nepuoae CTOMKOCTH. MNepeyncieHHble
KayecTBa genatot ronoskv MM HC... npvBneKkaTenbHbIM 9KOHOMUYHBIM PELLEHMEM 151 YHEPHOBOIO
dpesepoBaHus 1 hpesepoBaHmA Nasos.

MOHATHLIM OrpaHUYEHNEM B NMPUMEHEHMM FONIOBOK 060X TUMOB BAAETCA A/IMHA PEKYLLEN KPOMKM
Ap. Ons ronosok MM HC... He peKomeHAyeTcA HasHayaTb MyouHy pesanua 6onee 0.8Ap npwm
hpesepoBaHMM Nasa, a TaKKe 1 Npu 06paboTKe yCTyna C WMPHHOM pPe3aHuA, MPeBbILLAoLWEN
NONIOBUHY IMaMETPa roJIOBKM.

Tabnuupl 20 1 21 npegHa3Ha4eHbl ANA ONPEeAENeHUA Ha4abHbIX 3HAYEeHUI CKOPOCTU pe3aHna 1
nogauvm B cnyvae ppeseposaruns ppesamm MYJIBTU-MACTEP c ronoskamm MM HC....

UHpeKrcupyembliii U ... Lie/IbHbINA TBEPAOCN/IaBHbIA HHCTPYMEHT

Ucnonb3oBaHme c60pHbIX KOHUEBbIX MHCTPYMeHTOB /iHun MYJIBTU-MACTEP oTHpbiBaeT

HOBbIE€ BO3MOHKHOCTH /19 IKOHOMMM [EHEHDBIX COEACTB U MOBbILLIEHNA MPOU3BOANTE/IbHOCTH
06paboTm pesaHrem. dpesbi MYJIbTU-MACTEP He ABAAIOTCA HU Li€/IbHbIMU TBEPAOCT/IaBHbIMH,
HW MHAEKCHpyemMamm B O6LUENPUHATOM CMbIC/Ie C/I0BA, @ 3aHMMAIOT MPOMEKYTOYHOE MO/IOHEHME
mexay HUMn. CHabMEHHbIE CMEHHOM MOHO/IMTHOM PEXYLLEN YacTblo, TaKME MOAY/IbHbIE
MHCTPYMEHTbI MPEACTaB/IAT COBOM HOBbIK THM: MHAEKCUPYEMbIE LiE/IbHbIE PPE3bl, KaKNM Obl

HEBEPOATHbIM HE Ka3a/10Cb COYETAHUE C/I0B “UHAEKCHPYEMbIN” 1 “UesbHbII’.
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Ta6nmua 20. dpesbl ¢ ronoskamu MM HC...: HayanbHaA nopaya Ha 3y6 fz

Mpynna ISO fz, Mm/3y6, Ana auameTpa ronosKu D, MM

DINASO 513 | fpynna matepuana® 8 10 12 16
1-4 0.11 0.13 0.13 0.15
5 0.1 0.12 0.13 0.13
- 6,7 0.09 0.1 0.1 0.12
8,9 0.08 0.09 0.1 0.12

10 0.07 0.08 0.09 0.1
11 0.06 0.07 0.08 0.09

M 12,13 0.07 0.08 0.09 0.1
15-16 0.1 0.13 0.14 0.16
< 17-18 0.09 0.12 0.13 0.15
H 381 0.04 0.05 0.06 0.06

* [pynna matepuanos MCKAP no ctaHgapty VDI 3323.
** HRC 45-49

XBoctoBuku MYJIbTU-MACTEP

XBocTtoBukm i MYJIbTU-MACTEP pasnundarotca no matepmany M3rotoBJeHUA 1 opme.

B KayecTBe KOHCTPYKLMOHHOIo Matepuasa npuMeHAITCA: CTa/lb (4/19 XBOCTOBUKOB LUMPOKOro
MPUMEHEHUS), TBEPALIV CraB (XapaKTePU3YeTCA BbICOKOM HECTKOCTBIO) U TAKE LIV MeTas
(cninas ¢ 60/1bLUMM YAE/bHbIM BECOM Ha OCHOBE BOJ/Ibgpama 1 He3Ha4YMTeIbHbIMU J1erupyoLLMMm
JobaBKamu Apyrux 31eMEHTOB, KOTOPbIHM OTIMYAETCA XOPOLLUMMU JEMIPUPYIOLLMMMI
CBOVICTBaMM, OHaKO 06/1aZaroLLymii OrPaHNMYEeHHON yCTa/l0CTHOM MPOYHOCTbIO, BCIEACTBUE HEro
HEe PEKOMEHAYETCA A/1A TAKE/IOHArPyHEHHbIX onepauymi). dopma XBOCTOBUKOB TaKHe pasHas

- BbIMyCKAIOTCA I/1a4KNe XBOCTOBUKMN M XBOCTOBMKN C LUENKOM: MPAMOM MM KOHWYECKON. [aa
CTaHAapTHOr0 MCMOJIHEHUSA C KOHUYECKOM LLIEVMKOM Yro/l KOHyca Ha CTOPOHY cocTaBaseT 1°-5°

B 3aBUCMMOCTH OT TUNa XBOCTOBMKA. CyLLUECTBYIOT 1 Bapualmu o6LUel [/1MHe XBOCTOBMKaA,

ero AMameTpa, A/IMHbI LIeMKN 1 T.4. Takoe 6oratoe MHOroobpasue npmu3BaHo 06ecrneynTb
MpeccoLTamrnoBoe NPON3BOACTBO MMEHHO TEM MHCTPYMEHTOM, KOTOPbI¥ TpebyeTcA 4/1A
BbIMOJIHEHUA CrIEYNPUYECKON 06paboTHK, 6YAb TO YEPHOBAA MM YACTOBAA OnepaLmm,
ppe3epoBaHue r/1y60KOH MOA0CTH MM BbICOKOIO YCTYna, Pe3aHne B YCI0BUAX HEZOCTATOYHOM
méctrocTn cuctembl CIMNA n ap. MoagynbHbiki npuHymn MYJIbTU-MACTEPA npeBpaiyaet a1y
JIMHMIO B MOLLHOE CPEACTBO MO NoA60PY 3GHEKTUBHOIO PEHYLLEro MHCTPYMEHTA.

Ta6bnuvua 21. dpe3bl ¢ ronoskamu MM HC...: HayanbHaa cKopocTb pe3aHua Ve, M/MUH
(4epHOBOE U NOAYYMCTOBOE PPe3epoBaHre)

Drm'gglg% Tpynna marepvana* (pesepoBarie nasa Ppeseposatie ycTyna

1 160 190

2-4 125 160

5 110 135

6 115 140

7-9 95 130

0 % 125

11 80 110

12,13 90 120

15-16 145 175

17-18 135 165

H 38.4* 55 75

* [pynna matepuanoB MCKAP no ctaHgapty VDI 3323.
*» HRC 45-49
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Mpy HeBNAroNPUATHBIX YC/IOBUAX pe3aHnA (HEHECTKOE Kpen/ieHne, TOHKOCTEHHas 3aroToBKa,
60/1bLLON BbINET hpesbl M MNp.) Be/MUMHbI, yKa3aHHble B Tabauuax 20 1 21 cnegyeT yMeHbLUMTb
Ha 20-30%.

BonblunHCTBO hpesepHbix ronoBoK AMHMn MYJIBTU-MACTEP npovsBoauTca U3 TBEPLOro
cnnasa mapku [C908, nmetoLLero NPoYHy CyOMUKPOHHYIO OCHOBY M 3aLLMTHOE MOKPbITUE

PVD TiAIN. 3To gocTatoyHO YHMBEpPCasbHbIM CNJlaB, KOTOPbLIM 0TBEYAET TPEGOBaHMAM LUMPOKOro
ZAmanasoHa pesepHbIX ornepatyini Co CPeaHUMMU M BbICOKMMUW CKOPOCTAMM pe3aHus, BKoYas
06pabOoTKY NPEPLIBUCTbIX MOBEPXHOCTEN U PPE3epOBaHNE B YCIOBUAX MaNOKECTKOM CUCTEMBI
CMnnA. 1C908 otinyaeT BbICOKaA CONPOTMBAAEMOCTb HAPOCTOOBPA30BAHMIO M TOYEHHOMY
M3HOCY N0 My6MHE pe3aHus.

FoNnoBKK, MpegHa3HayYeHHbIe ANA hpe3epoBaHnA 3aKaIEHHOM CTa/IM BbICOKOW TBEPLOCTH,
n3roTas/MBatOTCA M3 TBEPAOro cnnasa Mapku IC903. B npeabigywiem pasgene, KOTopbiv
paccMmaTpuBaEeT LesibHble TBEpAOCNAaBHbIE Dpesbl, COAEPHUTCA KpaTKoe onncaHune 1C903.

Mpumep

B TexHonormyeckom npouecce NpoM3BOACTBA BKIaAbILLa, BXOAALErO B KOMIM/IEKT LWTamna,
CYLLECTBYET OnepaLmsa YHepHOBOro pesepoBaHmA NPSMOYroIbHOrO YCTyna LWMPUHOW (ae) 4 Mm

1 BbICOTOM (ap) 6 MMm. MaTepuan BKnagplLa - MHCTPyMeHTaIbHasA ctanb 5XB2C®. TexHonor
npegnonaraet ncnonb3oBatb coopHyto dpesy MYJIbTU-MACTEP, cocTosLLyto U3 KOPOTKOro
cTanbHoro xsoctoBmka MM S-A-L070-W20-T10 1 ycTaHOBNEHHOM B HEM rOJI0BKE 9KOHOMWYHOIO
Tvna MM HC160C16R0.4-2T10 908. Mcnonb3yemoe CTaHO4YHOE NPUCcnoco6ieHne obecneymBaeT
HECTKOE 3aKpen/ieHue 3aroToBKM BKAaabIwa. [118 npoBeAeHNA CPaBHUTE/bHbIX PacHETOB NO
Llen1ecoobpasHOCTH NpUMeHeHNA hpesbl HEOBXOANMO OLLEHUTb 3HAYEHMA NMOZAYM U CKOPOCTH
pesaHusi.

O6pabatbiBaemas cTajib OTHOCUTCSA K LLECTOM rpyrne Mmatepuanos no ctaHgapty VDI 3323,
ucnonbdyemomy komnanner MCHKAP. CornacHo Katanory Bpauatouierocs nHctpymeHta MCHAPa
HOMWHa/bHBIN AMaMeTp BbibpaHHOM rosioBku (D) 16 MM, aiMHa €€ peryLuen KpoMKn (Ap) 15 Mm.
YunTbiBas yKasaHHble pa3mepbl yCTyna U MHCTPYMEHTA, a TaKKe Bug, 06paboTKu (4epHoBas), A
BbINOJIHEHUSA TPEOYEMOM onepaLum LOCTAaTOYHO OAHOro npoxoaa (ae/D=6/16=3/8, ap<Ap, cm CTp.
31). Mo Tabamue 20 onpegenseTca HadanbHasa nogaya fz=0.12 Mm/3y6 1 13 Tabnuubl 21 - HavanbHas
CKopocTb pe3anuns Ve=140 M/MuH.

Bosnee nogpobHas nHpopmaLuma 0 pemKyLmMX roJ10BKax, XBOCTOBUKAX, MEPEXOLHMHAX
n yamHnTenax imHum MYJIbTU-MACTEP cogepxnTca B KaTasorax, pyKoBoACTBax U
TeXHUYecKkux 6poLutopax MCHAPa.

O NHHOKpOMOUHbIe pe3bl € yr/iom B naaHe 90°.

PexyLimin 3y6 (pemyLuee ne3sune, pexyLyaa KpOMKa) A/ IMHHOKPOMOYHOM (hpesbl COCTOMT M3 Habopa
CMEHHbIX MHOrorpaHHbix naactuH (CMI), BcheacTeue Yyero Takne hpesbl Ha3blBAKTCA TaKKe
bpesamm € yaMHEHHBIM HA6OPHBLIM 3y60M (HABOPHbLIM S1e3B1EM, HABOPHOM KPOMKOM). [1acTuHbl,
pa3MeLLEHHbIE NOCIEROBATE/IbHO U C B3aUMHbIM CMELLEHWEM APYT OTHOCUTENBHO Apyra, 06pasytoT
HenpepbIBHbIM CNnpanbHbI 3y6 U BXOAAT B 06pabaTbiBaeMbli MaTepuast NOCTENEHHO, CNOCOBCTBYA
601ee nnaBHOMY pe3aHuio. B 06b14HbIX hpesax ¢ CMIT gnnHa 3yba orpaHMyeHa HenocpeaCcTBEHHO
L/IMHOM PEYLLEN KPOMKM MAACTUHBI. Y AJIMHHOKPOMOUYHBIX e AJ/IMHa 3y6a 3HauUTeIbHO

6onbLe - eé “yanmHaeT” Habop CMI. COOTBETCTBEHHO, CTPYKEUHbIM KapMaH 06bIMHOM (peabl
TpaHChHOPMUPYETCA B LIEYIO CTPYHKEYHYIO KAHABKY CYLLECTBEHHO YBE/IMYEHHOTO 0GbEMA.

MpuHATO pasgenatb dpesbl ¢ YATMHEHHON HABGOPHOW KPOMKOM Ha NOJHOCTLIO 3P MEKTUBHbBIE M

3 dEKTUBHbIE HANOMOBUHY. Y NOAHOCTBIO 9PPEKTUBHBIX DPES KOMYECTBO TOPLEBLIX 3yOLEB
PaBHO YUC/Y CTPYHEYHbIX KaHaBOK. Bo dpesax ahheKTUBHbIX HANOJIOBUHY NAACTUHbI, N1ACTUHDI
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pacrosaratoTcs B LuaxmaTHow nopsagke,  CMI, pasmeLléHHble BLOb OLHOM CTPYHEYHOM KaHaBKM
He 06pasyIoT CM/IOLLHYIO PEXYLLYIO KPOMKY: MOcaeAHAA hopMUpyeTCA BO BpaLLeHUK “A0NOSHEHUEM
NAacTMH COCefHeN KaHaBKW. Takne Gpesbl UMEIOT JIMLLb YETHOE YMCIO0 KaHaABOK, a KOJIMYECTBO
TOpLEBbIX 3y6bEB BABOE MEHbLLE 3TOM0 YUCAA, YTO M OnpeaensaeT HasBaHue: “addeKTBHbIE
Hanoi0BKUHY”. NOHATHO, YTO NPU TEX e HOMUHAIBHOM AMAMETPE U YMC/IE KAHABOK B C/lyyae
06paboTKM C OAMHAKOBbLIMW CKOPOCTBIO PE3aHuA 1 nogayen Ha 3y6 CKOPOCTb NOAAYM NOSHOCTBIO
addeKTNBHON hpesbl OyaeT BABOE 60/bLIE, YHEM Y 9IPPEKTUBHOM HANOMOBUHY. [paBaa, BoipacTeT U
noTpeéasaemasn MOLHOCTb pesaHus.

Mo cBOEMY KOHCTPYKTMBHOMY WCTOJIHEHMIO A/IMHHOKPOMOYHbIE hpe3bl BbIBaOT KaK C XBOCTOBUKOM,
TaK 1 HacagHble. OHW BbIMYCKAOTCSA C MHTErpasibHbIM KOPMYyCOM WK B BUAE COOPHOMO MOZYIAPHOrO
MHCTPYMEHTA, COCTOSILLErO U3 Pa3/IMYHbIX CEKLMM.

J/IMHHOKPOMOYHbIE Ppesbl UCMOb3YHTCA B YEPHOBLIX ONepaLmsx, KaKk NpaBuo Ha TAKENbIX
pexmnmax, npmM 06paboTKe BbICOKMX YCTYMNOB, MYyB6OKMX MONOCTEN M NA30B. X 4acTo NPUMEHSAIOT U
ANA hpe3epoBaHna KPaés 1 KPOMOK KpYNHOrabapuTHbIX 3aroTOBOK.

Cpepm nHctpymentoB UCKAPa ctaHAapTHOM NOCTaBKM MOJIHOCTBI0 3 MEKTUBHbIE
O/MHHOKPOMOYHbIE pesbl NpeAcTaBeHbl Le/biM KOMMIEKCOM. OTa rpynna pemyLLero MHCTpyMeHTa
He ABNAETCA caMOM BOCTPE6OBAHHOM B NMPOLLECCE M3rOTOBEHUA LUTaMMNOB W npecc-dhopm. OgHako,
pamKu CrpaBoYHOro PYKOBOACTBA 06A3bIBAIOT AaTb 06LLME PEKOMEHAALMM MO HA3HAYEHMIO
napameTpoB PEXMMOB pe3aHus, XoTA 6bl 419 MOCNEAHNX KOHCTPYKLUMIA. Pa3BEpHyTaA MeToguKa
OMpPeAEEHNA CKOPOCTH pPe3aHmaA 1 NoAayn B JaHHOM Cllyqae TpebyeT y4ecTb pAL BOSMOMHKHBIX
KOMOWHaLMI pasfIMyHbIX XapaKTEPUCTUK 06pabOTKM, KOTOPbIE MOTYT HEraTUBHO CKal3aTbCA Ha
CTOMKOCTM MHCTPYMEHTA M €ro ApYrmMx aKCrnlyaTaLMoHHbIX MoKasaTensx. A 418 Ha4aibHOW OLEHKM
[OCTaTOYHO JaHHbIX B Tabanuax 22-24, oTHocALmMXCA K dpesam ¢ YaAMHEHHOM HaGOPHOM KPOMKOM C
naacTMHaMuM U3 HOBbIX TBEPAbIX cniaBoB no TexHonorn SUMO TEC.

B yKasaHHbIx Tabamuax ap o3HavaeTt mybuHy pesaHus, ae - WmMprHa pesanus, a D - HOMMHanbHbIM
avamvetp dpesbl.

Mpu hpesepoBaHMM Nasa B CM/IOLLHOM MaTepuane CKOPOCTb pe3aHnsa BblIoUpaeTca M3 TabnuLbl 22
ansa cnyyan ¢ ap/D>0.5. Ecnu e rmybuHa nasa Takosa, 4to ap/D>1.25, To npuHATOE TabnyHoe
3Ha4vyeHue cneayeT ONONHUTENIbHO YMEHbLWUTL Ha 20%.

Pexiywjaa Kysypysa

B TexHnyYecKou mTeparype 4/IMHHOKPOMOYHbIE (pe3sbl Mpruobpesin padHble Ha3BaHMA.

B ponosHeHne K yrnoMsaHyTbIM yie “pppese ¢ yamMHEHHON HaboPHOM KDOMKOH” U rip.
WUCMONIb3YHTCA M “TOPLEBO-UNIMHAPUYECKaA ¢pe3a’, n “064mMpoyHas ppesa A9 YEPHOBbIX
paboTt”, n “ppesa ¢ LwaxmaTHbIM PacrooHeHUeM naacTiH” (MOCAEAHUI TEPMUH, NMpaBAa,

6yAeT NpaBu/IbHbIM JIULLb M0 OTHOLLEHMIO K 3((EKTUBHBIM HAaro10BUHY Gpesam).

A B ipogeccroHaIbHOM MaproHe HaLMCh Kyaa 60/1ee SK30TUHECKME OMPEAENIEHHUA, Harpumep
“porcupine” (auKo6pas, MOPKynuH), LUIMPOKO PacrpoCTPaHEHHBIN B aHII0rOBOPALLEH

cpeae - YeM He aHasior “KyKypy3HoH pese” nm npocTo “KyKypy3e”, MPOYHO YKOPEHMBLUMMCA B
TEXHUYECKOM pyccKom!
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Tabnvua 22. HayanbHaa cKopocTb pe3aHua Ve, M/MuH (ycpeaHEHHbIE faHHbIe), ANnA
AJIMHHOKPOMOYHbIX ppe3

ae/D A1s MapKy TB. cniaBa

IC808 IC810 IC830 IC330

<03 | 03..05 | >05| <03 | 03..05 | >05| <03 | 03..05 | >05| <0.3 | 03..05 | >0.5

225 200 170 | 200 180 160 | 160 140 125 | 150 130 115

200 175 160 | 180 160 150 | 140 125 115 | 125 115 110

170 155 140 | 155 140 130 | 120 110 100 | 110 100 100

180 165 130 | 165 150 120 | 130 115 95 | 120 110 95

170 150 130 | 155 135 120 | 125 110 95 | 115 105 85

170 140 125 | 155 130 115 | 120 105 9 | 115 100 85

140 125 120 | 130 115 110 | 105 90 85 | 100 85 80
140 120 115 | 130 110 105 | 105 90 85 | 100 85 80
120 105 95 | 110 100 90 85 80 75 80 75 70
125 110 100 110 100 90 | 110 100 90

175 160 135 | 200 170 150 | 170 150 130

165 140 125 | 170 150 135 | 160 135 120

H 38.1* 70

[_] - MpeanouTHTebHbIN BEIGOP CNaBa.
* [pynna matepuanos MCKAP no ctaHgapty VDI 3323.
** HRC 45-49

Tabnvua 23. basoBana nopaya fo, Mm/3y6, AnA AIMHHOKPOMOYHbIX dpes

Tpynna ISO [Tpynna fo, Mm/3y6
DIN/ISO 513 | marepuana*| T290 LNK T490 LNK (LNM)... T490 SM H490 SM
12-16 20 20-32 40-50 40-50 63 63 80-100
1 0.13 0.14 0.16 0.2 0.2 0.22 0.22 0.25
2-4 0.11 0.12 0.14 0.17 0.17 0.18 0.18 0.19
5 0.09 0.1 0.12 0.15 0.15 0.16 0.16 0.17
6 0.09 0.1 0.12 0.15 0.15 0.16 0.16 0.17
7 0.09 0.1 0.12 0.15 0.15 0.16 0.16 0.17
8 0.09 0.1 0.12 0.15 0.15 0.16 0.16 0.17
9 0.08 0.09 0.1 0.12 0.12 0.13 0.13 0.14
10 0.08 0.09 0.1 0.12 0.12 0.13 0.13 0.14
11 0.06 0.07 0.08 0.1 0.1 0.1 0.1 0.12
12,13 0.12 0.1 0.12 0.15 0.15 0.16 0.16 0.16
15-16 0.14 0.12 0.14 017 0.17 0.19 0.19 0.2
17-18 0.12 0.1 0.12 0.15 0.15 0.16 0.16 0.17
38.1* 0.05 0.06 0.07 0.08 0.08 0.09 0.09 0.1
* [pynna matepnanos MCKAP no ctaHgapty VDI 3323.

** HRC 45-49

Tabnuua 24. HoaddULMEHT HarpysKu ana AJIMHHOKPOMOYHbIX (hpes

ap/D ae/D
110 1/4* 12 3/4 1
1/20 1.2 1 0.9 0.8 0.75
1/4 1.2 1 0.9 0.8 0.7
1/2 1.2 1 0.8 0.7 0.65
3/4 1 0.8 0.7 0.6 0.55
1 0.9 0.7 0.6 0.55 0.5
>1.25 0.7 0.6 0.5 0.45 0.4

* na ¢dpe3 T290 LNK... oTHoweHue ae/D He foNKHO npeBbiwats 1/4.




Mpw paboTe A/ IMHHOKPOMOYHLIMU dpesamm HavaibHaa nogada Ha 3y6 fz onpesensercs
cnegyowemn hopmynom:

fi=fo Xkt @)

3nechb: fo - 6a3oBad nogaya (Tabnvua 23),
KL - voadbdurumneHT Harpysku (Tabavua 24), yuutasatoLmii cteneHb
HarpyeHua MHCTPyMeHTa.

Mpumep

JnvHHOKpOoMOYHaa HacagHaa dpesa H490 SM D100-64-5-40-17C ¢ CMIMT H490 ANKX 170608PNTR
IC830 6ymeT NpMMeHATLCA A5 Ppe3epoBaHmA BbICOKOTO NMPAMOYTo/IbHOMO yCTyna Npu U3roToBEHUN
KpynHorabapuTHOM HecyLen fetanm wramna 3 ctanm 20XM, TBEpAOCTb KOTOPOM Ha MOMEHT
onepauuin HB 270. BoicoTa ycTyna 60 MM, lwWrpuHa - 40 Mm.

OTBegeHHbIM A5 NPOBEAEHUA Onepaumm CTaHOK HaXOAMUTCA B XOPOLLEM COCTOAHMKU M 061aaaeT
Hag/exallen MOWHOCTBI0, IECTKOCTb cuctembl CIMNN/ oueHMBaETCA KaK JocTaTovHas.

O6pabarbiBaeMbli Marepyan NpUHaAIEKUT K cegpmoit rpynne marepuanos MCKAP (Ne7) no
ctaHgapty VDI 3323. HomuHanbHbIM guameTp coctaBnsaeT dpesbl 100 MM, @ A/IMHA PEYLLEN KPOMKK
(Ap) - 61.5 MM (ZaHHble KaTasiora BpaLarLLeroca MHCTPYMeHTa ocHoBHOM npoayKuumn MCKAP).
Mapka TBEpZoro cnniaea naactuH - 1IC830.

ae/D = 40/100=0.4; ap/D = 60/100=0.6.

lNo Tabnuue 22 npuHMMaeTca HavyanbHaa CKOPOCTb pe3aHua Ve, pasHaa 110 m/muH. CornacHo
Tabnmue 23 6asoBas nogada fo coctasnaet 0.17 Mm/3y6. ANNPOKCUMUPYA AaHHblE TabauLbl
24, MOXHO OLEeHUTb KoadduumeHT Harpy3ku kL=0.75. CnegoBatenbHo, HavyanbHasa nogada fz =
0.17x0.75=0.13 mMm/3y6.

BarHO oTMETUTD!

TAmenoHarpy*eHHasa YepHoBas 06paboTKa ¢ nomoLbo hpes ¢ YAJIMHEHHBIM HABOPHbIM 3y60M,
0COBEHHO HacafHOM KOHCTPYKLMK, CONPOBOXAAETCA 3HAYUTE/IbHLIM YCUIMEM PE3aHUA U NO3TOMY
TpebyeT COOTBETCTBYIOLLEN MOLHOCTH. Bcerga npoBoamTe HeO6X0AMMblE pacyéThl MO OLEHKE
noTpe61AeMOM MOLLHOCTHM pe3aHua 415 CPaBHEHMWSA C XapaKTEPUCTUMKOW NPUBOAA MaBHOMO
OBWEHUA CMOJIb3YeMOro CTaHKa!

TaHreHynanbHoe nin paguasnbHoe? (2)

I'Ipo,qonmaﬂ 06Cy}HAeHMe AOCTOMHCTB M HEAOCTATKOB PaanalslbHOro U TaHreHunasibHoro npuHUKNINoB 3akperieHna
1acTrH, NMNPUMeHUTE/IbHO K 4/IMHHOKPOMOYHbIM ¢pe3aM ¢ CMIT MOHHO OTMETUTD CAegyroLee: Kak npasn/io,

[1P1 NPOYMX PaBHbIX yC/10BUAX ¢p63bl C pagnalsibHbIM 3aKperieHnem rniacTmH MMerT npenmyLecTso B 0TBO4E
CTPYHHKN U MPUBOAAT K JIyHLLINM pe3y/ibTatam rnpu ¢lp636pOBaHMM IV ﬂy6OHMX a30B B CI1/IOLUHOM marepuare. B

TO }e BpemA qbpeab/ C TaHreHuma/ibHbIM 3aKperieHuem, 006/18J18101LME HECKO/IbKO 60/1€€ HECTKUM Hoprycom,
00bIYHO MOKA3bIBAKOT CBOE peBoCXoACTBO B o6pa60THe BbICOKMX yCTyI'IOB.HOHe'-IHO, N0A06HbIE BbIBOAbI HE CTOMT
MPUHUMATb KaKk HernpesioxHy UCTUHY U Bbl60pe MHCTPYMEHTa W/in 419 OKOHYaTe/IbHOro 0TBeTa Ha BOINpoC
rnoj3aro/10BKa, O4HaKo OHM CalyHar Henioxou Mﬂ/'lfOCTpaL[MeMv A1 06L4ero NoHUMaH!A TeMbI.
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dpe3epoBaHUe NJIOCKUX NOBEPXHOCTEN

lNpun onpegeneHnn MHCTpyMeHTa ANs ppe3epoBaHma NJOCKUX MOBEPXHOCTEN NepBbIv BbIGOP 3a
TopLeBbIMK pe3amun. HaKk cnegyeT 3 camoro HasBaHus, OHW NpegHa3HaveHbl 418 06paboTHM
NOBEPXHOCTEN, NapasiesibHbIx CBoeMy TopLy. KoHLEBbIe hpe3sbl, paCCMOTPEHHbBIE B NPEAbIAYLLEM
pasgesne, TaKkKe NOAXOAAT NOA, 3TO obLee onpeaesneHre. A B CBOK O4epesb TopLeBble dpesbl, KaKk
W KOHLEBbIE, MOTYT 06pabarbiBaTb NPAMOYro/ibHble YCTynbl. Ho KnaccuduKkaumsa gpes no xapakTtepy
BbINOJIHAEMbIX Oonepauuii 6epéT B pacyET raBHble GyHKLMOHAIbHbIE NMPU3HAKK, KOTOPbIE U
OTParaloTCA B Ha3BaHWU.

OcHoBHOE NpUMeHeHWe TopLeBbIX hpes onpeenseT UX UHble KOHCTPYKTUBHbIE OCOBEHHOCTH

MO CPaBHEHMIO C KOHLEBbIMM Ppesamu. [lnameTp Topuesor hpesbl HAMHOIO NpeBbILIaeT eé
MaKCUMasbHY INyOUHY pe3aHns, 1 OTHOLLEHWE STUX ABYX K/HOYEBbIX PA3MEPOB 3HAYUTE/IbHO
60/1bLLE COOTBETCTBYIOLLEN BEMYNHBI KOHLIEBOM hpe3sbl. TopLeBble hpesbl 06bI4HO BbIMYCKAIOTCA KaK
HacafHble, 3aKpennsemble Ha onpaBKax Uav NPAMO Ha MOCafOYHbIX KOHLAX LUNUHAENEN CTaHKOB,
no3aToMy B Kopnyce hpesbl UMEeTCA LeHTPasIbHOe LIIMHAPUYECKOe NOCaA0qHOe OTBEpCTHE.
KpyTawmii MomeHT nepeaaérca dpese WnoHKamu, yCTaHOBIEHHbIMKW Ha TOPpLE OMPaBKX UK
WNWHAENA U BXOAALMMM B LUMOHOYHBIM Nas3 Ha 3agHeM (Hepaboyem) TopLe Kopnyca. BonblwMHCTBO
e KOHLeBbIX hpe3 3aKpenIATCA B Pas3/IMYHbIX 3aMMHbIX NaTPOHAX C MOMOLLbIO CBOEW XBOCTOBOM
4acTH (XBOCTOBMKA), NOCPEACTBOM KOTOPbIM MPOUCXOAWT U Nepesada KpyTALLEro MOMeHTa.

OpHVM 13 BarHbIX NApPaMETPOB PEHYLLEN FrEOMETPUM PPE3bl ABNAETCA NOJOKEHNE [NIaBHOM
PEHyYLLEN KPOMKM MO OTHOLLEHMIO K paboyer MOBEPXHOCTH, KOTOPOE OnpeaenseTcs yrnom Gpesbl
B niaHe. PyKoBOACTBYACH GYHKLMOHANbHBIMU M KOHCTPYKTMBHBIMM NapameTpamu (TpeboBaHms
CTOMKOCTH, NPOU3BOANTENBHOCTH, NPodunIb 06paboTKM U T.4,.), NPOM3BOAUTENN PEHYLLErO
MHCTPYMEHTA BbIMyCKaKT pesbl C pas/iMyHbIM YI7I0M B NaaHe. Hanbonee pacnpocTpaHeHsbl
CnefyoLLme BUAbl UCMOIHEHWA TOPLEBbLIX hpe3 Mo iy B NiaHe:

°90°,

°75°,

* 60°,

° 45",
Y TopueBbix dhpe3 ¢ 0TIMYHbIM 0T 90° yrIOM B NAaHe rMaBHble PEXYLLME KPOMKU GOPMUPYIOT
BO BPALLEHUMN KOHUYECKYIO MOBEPXHOCTb, MO3TOMY TaKue dpesbl Ha3biBAKOTCA eLé U TOPLEBO-
KOHMYECKMMU. OBbIYHO, EC/IM OTCYTCTBYIOT KaKMe-MB0 OrpaHNYeHns no Npoduo obpadbaTbiBaeMomn
MOBEPXHOCTHM (HanpMmep, NoAy4YEHWUE NPAMOYTO/ILHOMO YCTYNa), TO PEKOMEHAYETCA NPUMEHEHWE
pesbl C HAMMEHbBLUMM YIIOM B M1aHe U3 BO3MOXHbIX BapUaHTOB. TaknM 06pa3oM OTKpbIBaeTCA
[ONOJIHUTEIbHBIM UCTOYHWUK NOBbILEHUA NPOU3BOANTEILHOCTH U CTOMKOCTH dpesbl. B camom
fiene, eCNM MaKCMMasibHasA TOJLLMHA CTPYHKKM, XapaKTEPU3YIOLLAA HarpyHeHWe MHCTPYMEHTA,
paBHa nogadye Ha 3y6 B ciyvae dpe3sbl ¢ yriom B naaHe 90°, To A8 OTIMYHOTO OT NPAMOro yra
onpepaenaeTca NPoM3BeAeHNEM NoJayn Ha CUHYC yria B n1aHe.
CnepoBatenbHO, MEHbLUWE YIbl B N1AaHE paspeLuaioT 60bLuyto nogady Ha 3y6 npu TOM e
HarpyeHun dpesbl (Npy 0A4MHAKOBON MaKCHMManbHOM TO/ILMHE CTPYKKHM) - BOT M JOpora K pocTy
npoussoguTensHocTu!* Tabamubl 25 1 26 NOATBEPKAAOT 3TO NOIOKEHNE YNC/IEHHBIMU AAHHBIMM.

.Tabnuua 25. CpaBHUTENIbHAA TOJILMUHA CTPYHKU NPU OAMHAKOBOM nojaye Ha 3y6

Yron dpesbl B n1aHe

90°

75°

60°

45°

TonwpHa CTpyHKH

100%

97%

87%

1%

Tabnuua 26. YBennyeHue nogayu aas nosy4eHus Tom He

TOJILLUHbI CTPYHKHU

Yron ¢pesbl B naxe

90°

75°

60°

45°

lMogava Ha 3y6

100%

103%

115%

141%

* [laHHbIV NOAXOA NPUCYLL BbICOKONPOU3BOAUTEIbHOMY METOAY YEPHOBOrO hpe3epoBaHus C BbICOKOM Nogadeit Ha 3y6.
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Yron B nnaHe uau yros oTHK/I0HeHNA?

CyLuecTByIOT YETKME U CTPOIrne ONpeaeneHus 415 YI/10B PeXyLLer reoMeTpum gpesb,
oTpaméHHble FTOCTax u HopmaTmBHbIx oKyMmeHTax MCO. Tem He MeHee, HaLMOHa lbHbIE
cTaHAapTbl pAAAa rocy[apcTB PyKOBOACTBYIOTCA pas/IMYHbIM MPUHLMIOM ONMCaHUA YI/I0B,

YTO MHOIAA NPUBOANT K HEA0PA3YMEHWIO U ABYCMbIC/IEHHOCTH B IEPEBOAE 3apybeHHOM
TEXHUHYECKOM IMTEPATypbl U paboTe ¢ MHPpopMaLmnes, pasmMeLyEHHONM Ha carTax MHOCTPaHHbIX
pUpM-13roToBUTENEH MHCTPYMEHTA. B pAfe MCTOYHUKOB Ha aHI/IMACKOM yroJi B NiaHe
nmeHyeTcA “entering angle”, “entry angle”, “entrance angle” - yron Bxoga, yrosn saxsata u T.4.
YacTo 3Ha4YeHue yria npocTo NPEALIECTBYET ONPeAEAeHUI0 TUNa gpesbl, Hanpumep, “90°-a
gpesa” (To ecTb "ppesa ¢ yraom B naaHe 90°7).

B CLLA v BesimkobputaHmm pacnpocTpaHEHHOM MPaKTUKOM ABIAETCA yKa3blBaTh TaK
Ha3sbiBaeMbi¥ “lead angle” - yrosn OTKAOHEHUA, KOTOPbIKM JONOHAET yroa B naaHe £o 90°. 1ot
yroJs1 06pasoBaH MPOEKUMAMN Ha OCHOBHYHO M/IOCKOCTb /1aBHOM PEMYLLEH KPOMKOM M OCU
BpalyeHus ppessl.

ABnsasck yrnamu, B3anMHO AONOHAWMMMU APYr Apyra Ao NPAMOro, yro/ B niaHe v yros
OTKA0HEHUA fJatoT B cymme 90°. OHM paBHbI nLLb B C/y4Yae 45°-x ¢ppes. [14 npuBe[eHHOro
BbiLe npumepa 90°-# pesbl yroa OTKAOHEHUA cocTaBaAaeT 0°,

BbyabTe BHUMaTe IbHbI B paboTe ¢ JaHHbIMM 3apybeHbIX KOMIaHMi B OTHOLUEHMU reOMETPUN
¢pe3 Bo n3bexaHue HernpaBn/ibHOro UCTO/IKOBaHUA!

MoMMMO yKa3aHHOro MeHbLLKE YI/bl B NJ1aHe Crnoco6CTBYIOT 60/1ee NaaBHOMY BXoAy hpesbl

B MaTepwua v BbIxogy W3 Hero. CHUMKaeTcs paguabHas cocTaBsfowWwan Cilbl Pe3aHus 1
COOTBETCTBEHHO, AaB/ieHne Ha 3y6 hpesbl B paguaibHOM HanpasieHWn. OTO O4eHb BAXHO
npu GpeaepoBaH1K MaTepuasoB, UMEIOLLMX TEHAEHLMIO K PaspyLUEHMIO OCTPOro Kpas (4yryHa,
HanpumMep). YNy4LwarTcs YCA0BKA 0TBOAA Ten/ia, NOBbIAETCA CTOMKOCTb NAACTHH.

Bnpouem, MHOr1e onepaumu TpebytoT npumeHeHna 90°-x TopLEeBbIX Ppe3. YMEHbLUEHWE yIna B niaHe
CHUKAEeT pamasibHy0 COCTaBSAIOLLYIO CUbl pe3aHusA, HO BIEYET 3a COOOM NOBbILLEHWE €€ (CUIbl)
OCEBOM KOMMOHEHTbI®, KOTOpasa MOXET Bbl3BaTb MCKPUB/IEHNE 06pabaTbiBaEMOM NOBEPXHOCTH,
OCOBEHHO Y TOHKOCTEHHbIX 3aroTOBOK. K TOMY e npu CXOXMX pasmepax niactuHbl, 90°-e ppesbl
06ecneymBaloT MaKCMMaabHO BO3MOXHYIO IlyOUHY PE3aHKMSA - BaXKHbIM SKCMyaTauMOHHbIM NapameTp
tdpesbl. CnegyeT f06aBUTb TaKHKe, YTO CYLLECTBEHHOE NMOBbILEHWE OCEBOM COCTAB/IAOLLEN CUJTbI
pe3aHus Npy CUAbHO YMEHbLLEHHOM yrie dhpesbl B NiaHe TpebyeT NOBbILEHHON HECTKOCTU CUCTEMBI
CMNWA, Tak Kak Bo3pacTaeT haKTop OTTalIKMBaHWA MHCTPYMeHTa OT o6pabaTbiBaemMoi NoBEPXHOCTY.

He nogaeuT COMHeH1Io, 4To onepaummn hpesepoBaHnA paccHUTaHbl Ha Pa3nyHbIE BUAbI TOPLEBbIX
dpes, 1 TONbKO NpaBuabHOE NMOHMMAaHWEe ONepaLMOHHbIX TPeBOBaHWM B COHETAHUM C YHETOM
0COBeHHOCTEN U PYHKLMOHANBbHOM XapaKTePUCTUKM GPesbl MO3BOUT NPaBUIbLHO NOZ06PaTh
3HEKTUBHBIN UHCTPYMEHT.

MCHAP npegnaraet 06LWMPHYIO IMHWIO TOPLEBLIX PPe3 AN1A BbINOJHEHMSA LUMPOKOrO Kpyra
onepauun. Cpeam nocnegHux paspabotok 90°-x ppes BbigenatoTcsa cemenctea: HELITANG T490,
SUMOMILL T290 » HELIDO H490. Mx 0CHOBHbIE AOCTOMHCTBA Y€ OblM KPaTKO PaCCMOTPEHbI

B pasgesnie, NOCBALLEHHOM KOHLEBLIM dpe3am. Cpean ceMeincTB 6onee paHHEro BbiMycKa no-
npexHemy 60bLUoM nonynsapHocTbio nonb3yetca HELI2000 HM90 ¢ nnactvHamm “Knaccuyeckon”
KOHCTPYKLMW, UMEIOLLMMM 2 CINPasbHbIE PEHYLLME KPOMKM.

45°-e TOpUEBbIE PPE3bl JOMOHUINCL HOBbIM ceMencTBoMm HELIDO S845 ¢ ero mHoroo6eLatoLmmm
BO3MOMXHOCTAMU: MPOTrPECCUBHBIVM KOHCTPYKTWUBHbIM MPUHLMIM, NMOJIOMEHHbIN B OCHOBY CEMENCTBA,
NO3BO/IAET 3aKPeNNATb B rHe3ae dhpesbl ABYXCTOPOHHME MIACTUHBI KaK YeTbIPEXTPaHHOM,

TaK 1 BOCbMUIpaHHOW GopMbl M 06ecneynBaeT addeKTnBHoe pewwerune ana CMIMc8m 16
PEXYLLMMU KPOMKaMW. NprU4émM ecnm YeTbIpEXrpaHHble MIaCTUHbI OT/IMYAET NPOYHAaA CTPYKTYpPa,

* [laHHbIM NOAX0A NPUCYLL BbICOKOMPOU3BOAUTEILHOMY METOLY YePHOBOrO hpe3epoBaHms C BbICOKOM nogaveit Ha 3y6.
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NONIOHMTENIbHAA TONOIOrMA NepeaHen MOBEPXHOCTHU M 8 NPaBOPEHYLLMX KPOMOK, TO BOCbMUIpaHHbIe
NAacTUHbI XapaKTepuaytoTcs 16 KpOMKaMK, NOAXOAALLMMU KaK ANs NPaBo-, TaK WM A8 IEBOPEHYLLEN
dpesbl, M NPEACTaBAAT COOOM Ype3BbIHAMHO 9KOHOMMUYHBIN BbIGop CMI1 no nepecyéTy Ha oaHy
KPOMKY.

B cBOAHbIX Tabnmuax 27 1 28 npeacTaBieHbl 06LIMe AaHHble MO TOPLEBbIM Ppe3am Npon3BoaCTBa
MCHAP c yrnamu B nnaHe 90° n 45°

Tabnvua 27. YKasatesb Bbibopa Haubosiee pacnpocTpaHEéHHbIX TopLeBbiX Ppes ¢
yriom B naaHe 90°

HP T490 H490 HM90 H490 T490 HM90  [T290 T490 H490 HP
F90AN  |FLN-08 |E90AX-09 |F90AP |[E90AX-12 |FLN-13 |F90A |FLN-15 |FLN-16 |E90AX-17  |F90AT-19
ap 7.7 8 8 10 12 12.5 14.3 15 16 16 16
Avaw. Y1cno 3y6beB (IPPEKTHBHbIX)
bpesbl
32 6;8 3;5 5 3;5
40 8;10 4;6 6 5;6 4 4;5 3; 4 4 3 3
50 9;12 5;7 7 6,7 3;5 5;6 3;5 5 34 3;4 34
63 12;16 6;9 9 7,9 4;6 6;8 4;6 6 4,6 4;6 45
80 8; 11 5,7 7,10 5,7 7 5,7 5,7 4,6
100 9;13 6;9 8;13 6;8 5,8 5;8 57
125 10;16 9,17 7,9 7,10 7,10
160 8;10 8;12
200 9;12 10
250 10 12
315 12
HP T490 H490 HM90  |H490 T490 HM90  (T290 T490 H490 HP90
MnacTvHbl |JANKT 07 |LN..T08 |ANKX09  |AP...10 |AN..X12 LN.T13 J|AD.15 |LN.T15 |LN.T16 |AN.X17 AD.. 1906

3ayuctHaa nnacTMHa

BcnomorateibHasA 3a4MCTHaA KPOMKa B M1acTUHaX A4/19 TOpLEBbIX pe3 418 06ecrneyeHns
TpebyeMoi LLePOX0BaTOCTH MOBEPXHOCTH 06PabOTKU CErOAHA CHATAETCA O6LLENPUHATLIM
3/1IEMEHTOM KOHCTPYKUMN. STOT HEOO/IbLLOK Y4aCTOK PEHYLLEeH KPOMKU MHOTAa MMeEeT
J0CTaTOYHO C/IOHHYI0 FEOMETPUIO, HO NPH ONMPeAeNEHHOM AOMYLLEHUN MOKET CYMTATLCA
napasinie/ibHbIM ppe3epyemori NOBEPXHOCTH (Korga niacTnHa yCTaHOB/IEHA B THE3e
MHCTPYMEHTA). BMecTe ¢ Tem, HECMOTPA Ha 3HaYUTE/ILHOE YAy YLLIEHWNE MoKasaTesen
LUEepOX0BaTOCTH, HAa/IMYMe 3a4nCTHOHM KpoMKkn B CMIT He Bcerga JoCTaTouHO 419 NOAYYEHUA
HEo6XoAMMOro Ka4yecTBa NoBEPXHOCTHU, OCOBEHHO Npu paboTe ¢pe30ori 60/1bLLIOIo AuameTpa.
Mo3Ho cy1yecTBeHHO 3MEHUTb MOJIOHEHME Ny TEM 3aKpernieHns Bo pe3e 04HOV 0co60ti
3a4YMCTHOM NNAaCTHHBI, y KOTOPOKM COBCTBEHHO 3a4YMCTHAA KPOMKA HAMHOIO 60/1bLUE 10
cpaBHeHWIo ¢ 06bI4HOK CMIT1. B 6os1ee pegKux cyyasx, ec/im guameTp pesbl 04eHb BEJMK,
MPUXOZNTCA yCTaHaB/IMBATb AaXe ABE TaKnX M1acTuHbl. 3a4MCTHaA N1acTnHa 3aKPern/ifaeTcA B
rHe3ge @pesbi TaK e, KaK M 06blYHasA, HO M0 CPaBHEHMIO ¢ nocieaHer BeicTynaet Ha 0.05...0.07
MM 110 HanpaB/IEHNIO K MOBEPXHOCTH 06paboTHK. LLIMpoKasa KpOMKa 3a41CTHOM M1aCTUHBI
MPUBOAMT K JOMOJIHUTEIbHOMY YCU/IMIO HA 3aroTOBKY, YTO CIEAYET y4eCTb Mpu (pe3epoBaHmu
XPYMKUX MaTepmasios.
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Ta6nvua 28. YkasaTenb Bbibopa TopueBbIX ppes ¢ yriom B nyaHe 45°

SOF45 8/16 SOF45 8/16 5845 F455X
ap |35 6 71
[vam.dpesbl Yucno 3y6beB (3bHEKTHBHBIX)
40 4 4 4
50 4,6 4,6 4,5
63 6;8 6;8 57
80 7,10 7,10 6;9
100 8,12 8;12 7,1
125 10; 16 10; 16 8,14
160 10; 18
200 12
250 15
315 19
MnactuHbl | ON...U 0505 $845 SN...U 1305 5845 SXMU
Lllar 3y6beB ¢ppe3sbi

OKpyHHOM Liar npeacTaB/AaeT cobok pacCcTOAHNE MEHAY ABYMA COOTBETCTBYIOLUMMU TOYKAMM
PEHYLMX KPOMOK ABYX /MM aMLLMX COCEAHNX 3Y6bEB (pe3sbl, KOTOPOE U3MEPAETCA M0
OKPYHOCTH C LUEHTPOM Ha OCH (pe3bl B NI0CKOCTH, NEPNEHANKYNAPHON ocu. LLiar cayut
BarKHOM XapaKTEPUCTHHON pe3bl 1 OTPawmaeT MNJ1I0THOCTb 3YObeB MHCTPYMEHTA. Pazanyarot
pe3sbl ¢ 60bLIMM UM KPYMHBIM LLUAroMm (KpynHo3y6ble) U MasibiM Ui MEJIKUM Luarom
(mesiko3ybbie). MoHO BCTPETUTL M TaKNE ONPEAENEHNA, KaK “‘cBepxmasbii” (“0cob60 masibii’)
nam “ceepxmenkmnii” (“0co6o MeKniA”) war v np. B MOHO/IMTHbIX pe3ax Liar HanpAamyo CBA3aH ¢
BbICOTOM M TOALYMHOM 3y6a: 3y6 “KpyrnHee” npu 60/1bLLOM ware 1 “Mesb4e” npu maaom. [asa ¢pes
¢ CMI1 yBenu4enue Lwara He Bcerga “yKpynHAeT” 3y6, a MOMET USMEHATb JINLLb CTPYHEYHbIM
KapMaH.

log60p ¢pesbi Mo wary 3aBUCUT OT ABYX /1aBHbIX yCa01BuH. C OFHOV CTOPOHBbI, N0 KpaKnHek
Mepe ogMH 3y6 gpe3sbl 0643aH Beerga pesatb matepuan. C Apyroki e CTOPOHbI, 06BEM
CTPYEYHOro KapMaHa, BraguHbl MEXAY COCEAHUMM 3yObAMM, JOIHEH ObITb JOCTATOYHbLIM
4715 0TBoga cTpyHKu. CraegoBatesibHO, 06pabaTtbiBaeMblii MaTepuals v BbiMnoHAEMas ppe3oti
onepauums, 1 ABAAIOT COOOM KYeBbIe haKToPbI BbI6OPpa. Y pe3 LUMPOKOro NPUMEHEHUA

C KPYMHbIM LLUAroM Y4CJ/10 3y6bEB HEBEJIMKO, @ 06 bEM CTPYHEYHOro KapMaHa MaKCHMMaJsieH,
4TO ONPEAENAET MX B KAYECTBE MPEANOYTUTE/IbLHOrO MHCTPYMEHTA AJ19 CTaslbHbIX 3arOTOBOK.
Keratu, Bo MHOMMX C/lyHasax nepexos Ha ppesbl ¢ KpynHbIM LaroM rno3B0/IS€T CHU3UTb
yPOBEHb BNbpaLmii npv pedaHnu. Masibiv war, yMeHbLIaKoLWmME CTPYHEYHbIN KapMaH,

HO yBenYMBatoLLmi YUC10 3y6bEeB, NO3BOJIAET MOBbICUTL CKOPOCTb Nogaqun. dpesbi ¢
MEJIKUM LUaroM PeKOMEHAYIOTCA A1 06pabOTKU XPYKMUX MaTepuasoB (4yryHa, Hanpumep),
pe3aHuA ¢ HEGObLUMMM NPUIYCKaMM, a TaKe A4/1A C/lyHaeB, TPEBYIOLMX OrpaHN4eHHOM
nogaym Ha 3y6. dpesbi ¢ 0060 MESKUM LIArOM MPUMEHAIOTCA MPU 06paboTHE CTasIbHbIX
3aroTOBOK C MaJio¥ r/ly6uHOM pe3aHus, NoJlyYMCTOBOM M YUCTOBOM Gpe3epoBaHum HyryHa u
BbICOKOIMPON3BOAUTE/ILHOM (pe3epoBaHmu ¢ 60/1bLLOK CKOPOCTLIO NO4auM.

WHorga B kadecTBe MeToga 60pbbbl C BUGPpaLMAMK Mpu pe3aHnu UCrob3yoT Qpe3bl, B KOTOPbIX
3y6bA pasmeLLeHbl HepaBHOMepHO. COOTBETCTBEHHO, OKPYHHOM Luar Takux (pe3 Ha3blBaeTcA
HepaBHOMEPHbIM 1in AU pepeHUNaIbHbIM.

B TexHu4YecKou imTepaType HapAaAy C KaaccuuKauymen no wary: “KpynHbik (60/1bLLIOH)-MEKNI
(manbik)-0co60 MesIknk (0c060 Masibik)” BCTPeYatoTCA U Takme rpagauymu, Kak “KpynHbii-

CpenHWI (06bIYHbIH)-MeNKUI", “HOPMa IbHbIN-M/I0THbIKM-CBEPXMIOTHBIN” 1 Ap. A pe3bl ¢ 0060
MEJIKUM LLUaroM UMEHYIOT eLLyé n “pesamm 60/1bLLUOM MIOTHOCTH (MI0THOCTH 3y6beB)”.
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AnameTp pexyuwen 4yactu ¢ppesbl U WWMPUHA pe3aHUA NpU
TopueBoM ¢ppe3epoBaHUU

B Topuesom dpesepoBaHmn Hambobluas ahdEeKTUBHOCTb 0ObIYHO AOCTUrAeTCA NPU LUMPUHE
pesaHus, cocTaBnstowern 60-70% anameTtpa pemyluen YacTv gppesbl. KoHeuHo, peannu
NPOM3BOACTBA 4acTO AMKTYIOT MHbIE MPOMNOPLUK, a KPOME TOro, NpUXoauTcaA dpesepoBath 1 nasbl B
CNJIOLLHOM MaTtepwmasne, HO CliefoBaHune yKasaHHOMY COOTHOLLEHMIO BCerga npeanoyTUTeNbHo.

Onpepenenve gameTpa pexyLien yactu Topuesor dpesbl ¢ CMI TpebyeT noAcHeHus. B
COOTBETCTBMM CO cTaHaapTom ISO 6462 pemylmnii anametp D onpeaenseTca TeopeTU4ecKom
TOuKOM P (puc. 2), nexallen Ha nepeceyeHnr MaBHOM PEXYLLEN KPOMKW UK €€ NPOLOIKEHNUA C
NMOBEPXHOCTLI0 06paboTKN. [InameTp pexyLuen Yactu Gpesbl, OAUH 13 €€ rMaBHbIX TEOMETPUYECKNX
pa3MepoB, YacTO Ha3blBaOT HOMUHAJIbHLIM AVAMETPOM.

Y dpes c ymom B nnaHe 90° AgnameTp peryLlein HacTu NOCTOAHHbIV MO AAVMHE [NTaBHOM PeyLLen
KPOMKM M HE MEHAETCA C YBE/IMYEHUEM [yOMHbI pe3aHus (ap).

Hapaay ¢ aTum, ecam yron B naaHe (Xr) otimyaetcs ot 90°, To peanbHbli AUaMETP PEHYLLEN YacTh
CTaHOBWTCA NEePEMEHHBIM MO My6UHE pesaHua 1 onpegenaeTca BoipamKeHnem D+2xapxtanyr.
Kasanock 6bl, NpaBubHbIM pacyéT TpebyeT NPUHATL AaHHOe 06CTOATENBCTBO BO BHUMAHME.

Ho TaK KaK y Topuesor pesbl MaKCMMasbHO AOMYCTMMAnA rMybuHa pe3aHus ropasgo MeHbLLe
HOMMWHAIbHOrO AMamMeTpa, MOKHO NpeHebpeyb yKa3aHHOM NonpaBKom. [03TOMy CKOPOCTb pe3aHus,
yacToTa BpaLleHUs LWNMHAENA U Ap. NapaMeTpbl PEXUMA pe3aHua 06bI4HO BbIYMCAAIOTCA NO
OTHOLLEHUIO K HOMMHanbHOMY anameTpy D no ctaHgapty 1ISO 6462

Puc. 2. HomuHanbHbi¥i guameTp gpesbl D n yron gppesbi B naaHe
i (B cootBeTcTBUM cO cTaHhapTom ISO 6462)

* The guide also uses this specification.
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HauyanbHble napameTpbl peruma pesaHus

B ocHoBe onpegeneHrs HaualbHbIX MapaMeTpoB PexuMa pesaHus A5 TOpLeBbIX Gpes NEHUT ToT
e MEeTOA, YTO v A4/ KOHLEBbIX (hpes, KOTOPbIM yiKe paccMaTpuBasica paHee.

a) HayanbHas nogaya Ha 3y6 fz

fz=fz0X ky @)

The:  fz0- 6asosas HavasbHas nojava,
k){— KOS DULMEHT BANAHUA yria Ppesbl B NaaHe.

BasoByto Ha4anbHy0 NoAa4y MOXKHO Ha3HauMTb Mo Tabauue 5, ycTaHaBanBatoLwen 061acTb
3HayeHu nogayn Ha 3y6 ana Hanbosee pacnpoCTpaHEHHbIX MapoK TBEPAOro CniaBa KoOMNaHum
MCHKAP. CywecTByeT 1 gpyroi nyTb: BOCMO/b30BaTLCA AaHHbIMM Tabamubl 29. B Tabamue cobpaHbl
yCPeaHEHHble 3HAaYEHMA, MO3BOJIAIOLLME MOYYUTb BMOJHE MPUEMIEMYIO OLIEHKY.

Tabnuua 29. bazoBaa HayanbHada nogayva fzo ana TopueBbix ppes

Ipynna no ISO-
DIN/ISO 513 Marepuan 3aroToBKu basoBas Ha4anbHas nofiaya, fzo, Mm/3y6, Ans MapoK TB. CnaaBa
Tun Tpynna 1C808 IC5100 IC810 DT7150 IC830 IC330
N — 1-4 0.2 0.2 0.2 0.22 0.25
PoA 5 0.18 0.18 0.18 02 022
6,7 0.15 0.15 0.18 0.2 0.22
Mgg;x:s::;:“gﬂ 8,9 0.12 0.12 0.15 0.18 0.2
CTaNb 10 0.12 0.12 0.12 0.15 0.15
11 0.1 0.1 0.12 0.12 0.15
M MaprercurHas 12,13 0.1 0.12 0.15
HEepM. CTa/b
Cepbli 4yryH 15-16 0.22 0.25 0.25 0.22
BbICOKONPOUHBI YyryH 17-18 0.2 0.22 0.22 0.2
5 ] 38.1 0.08 0.08
bICOKOTBEpAbIE 382 0.07
CTasb W YyryH
39 0.05

* pynna matepuanos MCKAP no ctaHgapty VDI 3323.
[] - NpeanoyTuTenbHbIN BLIGOP CrNaBa.
[nsa Topuesbix dppes cemericTBa T290 TabNMYHbIe 3HAYEHWA HEOOXOAMMO YMEHbLINTL Ha 30%.
[na Topuesbix dpes ¢ nnactuHamm HP ANKX...07 1 T490 LN...T...08 TabnnuHble 3HaYeHna cHuwatoTca 30%.
B nocnepytowmx rnasax npuBeAeHb! ONONHUTENbHBIE AaHHbIE MO PPe3epoBaHnio CTanen v YyryHoB BbICOKOM TBEPAOCTHU.

HoaddurumeHT Bananma yma gpesbl B nnaHe kx (tabaunua 30) oTparaeT BO3MOXKHOE YBE/UYEHUE
nogauu Ha 3y6 ans obecnevyeHnsa yCTaHOBIEHHON TOJILLUMHbI CTPYHKM U3-3a NOJIOKEHWA [1aBHOM
peryLLen KpPOMKM 3y6a No OTHOLEHUIO K 06pabaTbiBaeMOM MJI0CKOM NOBEPXHOCTH

(cM. Take Tabauuy 26).

Tabnmua 30. KoadppuumeHT BAMAHUA yrna dpesbl B naaHe ky
Yron ¢pesbl B niae 90° 75° 60° 45°
ky 1 1 11 1.4
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6) HayanbHasa ckopocTb pe3aHua Ve

TOYHO TaK e, KaK M 415 KOHLEBbIX hpe3, CKOPOCTb Pe3aHusA NPUMEHUTENBHO K TOPLEBLIM hpe3am
HaxoguTca no dopmyne (1):

Ve="Vo X Ks X Kt

loe: V¢ - HayanbHas ckopocTb pesaHus,
Vo - 6azoBas ckopocTb pesaHus,
Ks — KoahdUUMEHT yCTOMUMBOCTH (MPUHUMAETCA paBHbIM 1 ANA HOPMaIbHbIX YCI0BMIA
pe3aHus 1 0.7 npy HeJOCTaTOYHOM HECTKOCTM cnctembl CMNL),
Kt - KoadpdurumeHT cToiiKocTH (cMm. Tabmuy 8).

3HayeHus 6a30BOIM CKOPOCTH pedaHns Vo B 3aBUCMMOCTHM OT MaTepuana 3aroToBKM, MapKu
TBEPAOro criasa v TMna 06paboTKM NpuBoaaTcA B Tabamue 9. [1na onpeaeneHuns tuna
06paboTKKM CayaT Tabamubl 6 1 7. MNpu KenaHnu, ecav HavyanbHaA nogada HaugeHa no
dopmyne (3) n Tabanue 29, Tn 06paboTHM A1A TOPLEBOTro hpe3epoBaHUA MOKHO YCTAHOBUTD
1 MHaye, BOCMO/Ib30BaBLMCh Tabnuuen 31. B Helt npeacTaBneHbl HaMbonee
pacnpocTpaHéHHble Cnyyvau, Koraa wupuHa dpesepoBaHma coctaBnaeT 60-80% BEMYUHDI
HOMMHaLHOrO AMaMeTpa, a TakKe ppe3epoBaHMe Nasa B CMJ/IOLWHOM 3aroToBKe

(NONHBIM KOHTAKT NO AnameTpy). Bo MHOrMX ciyyasax anstepHaTUBHbINM METOZ OKasblBaeTCsA
601ee NoAXOAALMM U YAO6HbIM.

Tabnvua 31. Tun 06paboTKU Npu TopLeBOM ppesepoBaHUU*

b/D
h/ap
60% 70% 80% 100%**
1/8 Tiérxuin (1) Nérxuit (1) Nérxmi (1) Cpeghuit (C)
1/4 Tiérxuin (J1) Cpeghuit (C) Cpegruit (C) Cpeghuit (C)
1/2 Cpepghuit (C) CpepHui (C) Taménsiii (T) Tsménbint (T)
3/4 Taménoin (T) TAménbin (T) Tameénbin (T) Taménoin (T)

* [1nA HayasbHOM nofayun, onpeaenéHHown no dopmyne (3)

** (DpesepoBaHMe Nasa B CM/IOWHOM MaTtepuane
BarHoe 3amevaHue: pesaHue ¢ WupuHom 60-80% HOMMHaNLHOTO frameTpa hpesbl Hanbonee apdEeKTUBHO
npu Topuesom dpesepoBaHum!

MpodeccrmoHanbHbIi MaproH: TopuesaHue

B npogeccroHanbHoli cpege nHoraa BCTpedaeTca TePMUH "TopyeBaH1e", KOTOPbIM, eCav peyb
MAET 0 pe3epHori onepaLmm, 03Ha4aeT He YTO MHOE, KaK TopLeBoe (pe3epoBaHme.

Mpumep

CornacHo TEXHOIOrMYECKOMY MPOLLECCY U3rOTOB/IEHMSA eTaIv NEPBOM onepalmen MexaHM4eCcKomn
06paboTKKN onpeaeneHo ppesepoBaHue 3aroToBKK Topueson dpesor SOF 8/16-D125-16-40R

¢ nnactHamn ONMU 050505-TN IC810. 3arotoBKa npeAcTaBAfaeT coO60M YyryHHYHO NIUTY padmepom
90 MMx406 MM, e€ MaTepman - BbICOKOMPOYHbIM YyryH C LIAPOBUAHBIM rpaduToM

BY 50-2 tBéppocTuio HB 180. MnaHupyeTca BecTu dpesepoBaHue C Iy6MHOM pesaHnsa 3 MM U1
obpaboTaTb NAnTY 3a 0auH npoxog,. HécTtrocTb cnctembl CMN/, oueHMBaeTCA KaK BbiCOKas,

a pesepHbivi CTaHOK, NpefHa3Ha4yeHHbIN 418 onepauuy, 061afaeT JOCTaTOYHOM MOLLHOCTBIO
rMaBHOro npueoga. TpebyeTca HasHauYMTb NOAAYY M CKOPOCTb pesaHuA.

YyryH yKasaHHOM MapKu ABAAETCA NpeACcTaBUTENIeM CEMHaALaTor rpynnoi matepmanos (No. 17) no
ctangapty VDI 3323, npuHaToro komnanven MCKAP gns knaccuduKkaumm rpynn obpabatbiBaeMbix
matepuanos. 1o Katanory ocHoBHOM npogyKunm MCKAP Haxogum, YTo HOMWHaNbHbIM AuameTp
BblGpaHHoM dpesbl cocTaBnseT 125 mm (D), MakcumanbHo gonycTumasn rybuHa pesanus - 3.5 Mm
(ap) v yron ¢pesbl B niaHe 44° (MpUHMMaeM ero paBHbIM 45° - TaKOe OKPYIIEHME He CKameTcsa Ha
peaynsrare).
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h/ap=3/3.5=0.86; b/D=90/125=0.72.

Hak cnepctsue, 6a3oBan HavanbHas nogada fz0=0.22 Mm/3y6 (Tabavua 29), KOahOULMEHT BAUAHUA
yrna ¢pesbl B nnaHe kx=1.4 (tabaunuya 30) 1 HavanbHana nogada fz=0.22x1.4~0.3 Mm/3y6.

Mo Tabnumue 31 onpeaensem TMn 06pabOTKN KaK TAKENbIM. 3HAUMT, Ha4albHasi CKOPOCTb pe3aHus
Vc=200 m/muH (Tabnmua 9).

Mpumep

MpepnpusaTre npruobpeno Topuesyto pesy H490 FO0AX D063-6-27-17 1 nnacTtuHbl H490 ANKX
170608PNTR IC330 K Hel ana dpesepoBaHma 3aroTOBKU KpynHorabapuTHOM aetanu. Mpunyck
6yAeT yoanaTbCaA 3a HECKOJIbKO NMPOXOA0B C yOUHOM pe3aHnsa 6 MM M LWMPUHOM pesanHua 50

MM Kaxabli. Matepuan 3aroToBKM - yIIEPOANCTAA KOHCTPYKLMOHHAA cTanib 30 TBEPAOCTLIO

HB 200...220. {écTtrocTb cuctembl CIMNL, cuMTaeTca focTaToT4HOW. HEO06X0AMMO ONpeaenmTb
CTapTOBbLIN PEXMM pe3aHus.

Cranb 30 oTHOCKTCA K MaTepuanam sTopown rpynnbl (No. 2) o6pabaTbiBaeMbix MaTeprasnios no
cTaHgapty VDI 3323. OcHOBHble faHHble NO hpe3e M3 Katanora: yron B naaHe 90°, HOMUHAIbHbIN
anameTp (D) 63 MM, AMHa pexyLien Kpomku (ap) 16 mm. Mapka TBépgoro cnaasa naactuH - IC330.

h/ap=6/16=0.38, b/D=50/63=0.8.

BasoBasa HavanbHas nogava fzo=0.2 mm/3y6 (Tabnunua 29), KoaddULMEHT BANAHKA yrna dpesbl B
nnaHe kx=1 (tabaunua 30). Takum 06pa3om, HavasibHaa nogaya fz=0.2 mv/3y6.

Mo Tabnmue 31 MOXHO 3aK/IK04YUTD, YTO TUM 06PaBOTKM - OT CPEAHErO K TAKENOMY (Tabnmua
COLEPHUT AUCKPETHbIE JaHHbIE, U MO NOJTyYEHHbIM COOTHOLLEHWAM B paccMaTpuBaeMoM ciyyae
T1N 06pabOTKM 3aHNMAET NMPOMEKYTOYHOE MONOKEHNE MEKAY CPEAHUM U TAKENbIM). BO3MOMKHbI
Cnefyrolme BapuaHTbl peLLEeHUA: MEPBbLIN - OTHECTUCH K TUMY 06paboTKM KaK TAXENOMY 1 B
BbI6OpEe CKOPOCTH PYKOBOLCTBOBATLCA 3TUM ONpese/leHNEM, BTOPOW - Ha3Ha4YMTb CKOPOCTb Yepe3
60/1ee MEHEE CPELHIO BEIMUMHY WM BOCMO/Ib30BaTLCA METOAA MHTEpPNoNALmK. PaccMoTpum
BTOPOM BapuaHT. Tabamua 9 peKoMeHAYET Ha4ya/IbHY CKOPOCTb 125 M/MUH A1A TAXENOro pexuma
06paboTku 1 140 m/MuH ansa cpegHero. MpuHumaem ctapToByto CKOpocTb V=130 M/MUH. NMOHATHO,
4TO NepBbIi BapuaHT gan 661 Vc=125 m/MuH.

HpenéxHbie BUHTbI C perynupyeMbiM pacnpegennrtesem nogayn COH
ANA HacafHbIX ¢ppe3

B 60/1bLUMHCTBE COBPEMEHHBIX KOHCTPYKLMH HacaZHbIX pe3 MMEKTCA KaHa bl 418 Nogaqm
CMa304yHo-oxamaaroLer ngroctn (COML) HenocpeaCTBEHHO YEPE3 KOPIMYC MHCTPYMEHTA.
Haabivi 13 KaHan0B 06bIYHO OTKPLIBAETCA OAHUM CBOMM KOHLOM B CTPYHEYHOM KapMaHe,
APYrMm - B LEHTPa/IbHOM OTBEPCTMM Kopryca. CTaparoTcs pasmMecTUTb KaHasl TaK, YTobb!
HanpasnTb COM NpAMO Ha pexyLuyto KpOMKY. [laHHOe peLueHue No3BOoNIAET OpraHM30BaTh
nogBog COM{ B 30Hy pe3aHusl, HO BO MHOMMX C/Ty4anax yXyALAaeT yaaaeHue CTPYHKH, NOTOMY

YTO CTPYA HUAKOCTM CTPEMUTCA MPUHKATB CTPYIKKY K N1acTuHe. HeKoTopbie KoMnaHnm
MPOM3BOAAT 0COBbIE KPEMNEHHbIE BUHTLI K ONpaBKaM A4/19 HacaAHbIX ¢pes. TaKne BUHTbI
oT/IM4aroTCA Haamumem oteepctuii a3 COX{ n coBmeLLaroT Bbino/IHEHUE cpasy ABYX 3a4auy:
COOCTBEHHO KperieHne nHCTpyMeHTa u nogady COM no Hanpas/ieHMo OT 0CH BpalLeHUs ppesbl
K eé nepugepumn B parioHe paboyero Topua ¢pesbl. OgHaKo, 71y6uHa BbITOHEK M CTYNEHeH
LIeHTpa/IbHOro 0TBEPCTUA B KOPIYCE MOMET CHJIbHO OT/INYATLCA AJ1A PasHbIX HacaAHbIX ppes, 4yTo
3aMeTHO OrpaHNYnBaEeT NPUMEHEHNE BUHTOB.

HpenéxHbivi BUHT ¢ peryampyembim pacnpegenmtenem COM{ ycTpaHAET OTMEYEHHbIH
HegocTaToK. [1oABWHHbIK pacnpesenTesb IErKo HacTpanBaeTCA B COOTBETCTBUM C pasMepamm
TOpLEBbIX YI/y6/IEHUI KOpPriyca 1 3aTeM (PUKCUPYETCA KOHTPrarKoH. [pruMeHeHne KpenémHoro
BWHTa C peryampyembiM pacrnpesemTenem CayHnT aeKTUBHbIM CPEACTBOM U A/1 M0ABoAA
COM{ B 30Hy pe3aHus, U A/1IA 3aMETHOIO Y/yHLLIEHNA CTPYMKOYAaNEHUA.

A
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dpe3epoBaHue haCoOHHbIX NOBEPXHOCTEN
(npodunbHoe ppesepoBaHue)

[ns npeccowTamMmnoBoro NpoM3BOACTBA XapaKTepHa 3HauYMTeIbHas 4018 PaCoOHHON 06pabOTKM,
0COBEHO MPW M3rOTOB/IEHWUM JIMTEEBBIX U Npecc-hopM. B CBA3KM € 3TUM, FOBOPA O PEXYLLEM
MHCTPYMEHTE, XapaKTEPU3YIOLLEM 3Ty OTPaC/b, HaCTO NOAPA3yMeBaOT KaK pas MHCTPYMEHT AN1A
NOJly4EHUsI MOBEPXHOCTEN CJIOKHOIO MPOCTPaHCTBEHHOrO NPOMKIA 1 NPeX e BCero, ppessbl.
MMEHHO TaKoM MHCTPYMEHT Hanbosiee BOCTpeboBaH NPeAnpUATUAMM, LIEXaMK M yYacTKamm,
BbIMYCKAIOLLMMM LUTaMMbl U HOPMBI.

PacoHHbIe NOBEPXHOCTH

B TexHuYecKou inTepaType ¢acoHHbIE NOBEPXHOCTHU HA3bIBAIOTCA TaKHE KPUBOMHENHbIMM,
NPOGUIbHBIMU, TPEXMEPHBLIMU, KOHTYPHbLIMU, HEMIOCKUMU U T.11.

3.1. ToponpanbHbie ppesbl

PexyLiaa KpomKa 3y6a ToporaansHOM Gpesbl IERUT Ha MOBEPXHOCTM TOpA - FEOMETPUYECKOM
durypbl, KOTOpasa 06pasyeTca BpaLLeHMEM OKPYHHOCTU BOKPYT OCH, MPUHAAIEHKALLEN MIOCKOCTH
OKPYIKHOCTH, KOrga OCb JIEKUT 3a NpeAeiaMn OKPYHHOCTHU MM KacaeTcA eé. B cnyyae
TopouzanbHOM Gpesbl HA3BaHHOM OCbIO ABNAETCA OCb BpaLLeHWA MHCTPyMeHTa. O4eHb HarnaaHo
TOp (pwc. 3) NpeacTaBIeH MHOTOYUCAEHHBIMU BCEM IIOGUMbIMU KO/bLEOGPA3HbBIM U3AENMAMU U3
TecTta: 6ybiMKamm, 6apaHKamu, CylKamu 1 6enrnamm.

Y70 e KacaeTca “pemyLumx 6y6MKoB” Gpe3epHOM IMHWUKU, TO OHWU UMEIOT P, KOHCTPYKTUBHbIX
NCMONIHEHWM:

* Ppesbl CO CMEHHbIMU KPYIbIMU NAACTUHAMM.

* LlenbHble TBEpAOCNAABHbIE (MOHONWUTHbBIE) TOPOUAA/IbHBIE (pesbl.

e CMEeHHble MOHOIMTHbIE TOPOUAa/bHbIE HPE3EPHbIE FONIOBKMU.
MoHONUTHbIE DPESbI M FONIOBKU MMEIOT OTHOCUTETHO HEGO/BLLIOW HOMUHA/BHBIN AUameTp.
BcnepctBue TEXHONOMMYECKUX OrpaHUYeHMIM OHWM YaCcTO BbIMYCKAOTCA C GOKOBbIM
NOAHYTPEHMEM (pUC. 4), Ha3bIBaEMOE TaKe 06paTHOM KOHYCHOCTbIO. Yo NOAHYTPEHMA a
06bI4HO cocTaBnsAeT 5-7°.

Member IMC Group
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3.1.1. dpe3bl CO CMEHHbIMU KPYI/bIMU NMJ1aCTUHAMU

BOoNbLIMHCTBO CNELMANIUMCTOB MHCTPYMEHTAIbHO-NMPECCOBOMO NPOM3BOACTBA CXOAATCA BO
MHEHMM, YTO PPE3bI C KPYIbIMU NAACTUHAMM ABMSKOTCA CaMblM PacnpPOCTPAHEHHBIM PEXYLLUM
MHCTPYMEHTOM B OTPac/iM, 0CO6EHHO NPU YEPHOBOM U NMOAYYMCTOBOM 06pabOTKE BHELLHNX

M BHYTPEHHMX PaCOHHbIX MOBEPXHOCTEN LUTamMnoB 1 hopM. B 4epHOBbLIX onepauusx, rae
4pesBblHaMHO BarHO AOOMTHCA HAMOObLLEN CKOPOCTM CHATUA MaTepuana, B MOJHOM Mepe
NPOABUINCE ABa UCKOYUTESIbHBIX MPEMMYLLECTBA 3TUX (pes, PELUMBLLME UX NONYNAAPHOCTD,
NpuYéM Kak pas Kpyrnas dopma naacTvH 1 OnNpegensieT AaHHble NpenMyLLecTBsa.

MepBoe M3 HKX - MPOYHOCTb PEMYLLEer KPOMKU. ECM BepLUMHA PeMYLLEN KPOMKM NpeacTaBnseT
COBOl axunnecoBy NATY MAACTUH MHOFOYrOJIbHOTO KOHTYPA, TO Y KPYFIOM NAACTUHbI BEPLUMHBI
HET BoobLLe, YTO fesaeT eé HamMHOro npoyHee. B pesynbrarte naacTMHa cnoco6Ha BOCNPUHUMATD
6O/IbLLYI0 Harpy3Ky, NO3BOJIAET YIHECTOUUTb PEHUM pe3aHus, obecrneyvBas TeM cambiM
MOBbILIEHWE CKOPOCTM CHATUA MaTepuana.

A BOKpyr ... BCé Kpyrnoe!

MHCTpyMeHT A1 pacoHHOro pe3epoBaHms JOSIHEH UMETb TaKyto reoOMeTpuIo, KOTOpas B
npouecce pe3aHua He TO/IbKO ByAeT HaXOAMTLCA B MOCTOAHHOM KOHTAKTE C MOBEPXHOCTLIO
06pabOoTHH, HO U HE MPUBEAET K HEAOMYCTUMOMY UCKAKEHMIO OPMbI MOBEPXHOCTH.

B camom o6Lyem cyyae A1 HEPHOBbIX, MPEABaPUTE/IbHBIX Onepaumi noaxoanT ppesa

710604 reometpmmn. [0BOPA e 0 YUCTOBOK 06pabOTHE, OKOHYATE/IbHO GOPMUPYOLLEH
TPEXMEPHYIO NOBEPXHOCTb, /INLLIb PEXYLLAA KPOMKA, NPeACcTaBAALan cobok y4acToK ciepsl,
COOTBETCTBYET OTMEYEHHbIM TPe60BaHNAM. BOT noyemy pesbi C/I0HOro pexyLyero npopus:
TOpOMAA/IbHOro M CHEPHUYECKOro, TaK PacnpoCcTpaHeHbl B IPOM3BOACTBE LUTaMMoB 1 opm!

BTopoe npenmyLLecTBO - NepeMeHHbIn yron B naaHe. Bo dpese ¢ naacTMHaMm MHOrOYrobHOro
KOHTYpa OH MNOCTOAHHbIN, B C/1y4ae KPYbIX MAACTUH Yro B NaHe MEeHAETCA OT HONA J0 HEKOTOPOK
BEJIMYMHBI, U3MEPAEMOM B BEPXHEN TOUKM y4aCTKa PEHYLLEN KPOMKHU, KOTOPbI HAXOAMTCA B
KOHTaKTe ¢ matepvasoMm 06paboTku. [laHHasa BeanymMHa onpeaenseT MaKCMManbHOe 3HaYeH A yra
B niaHe (Xxmax, puc. 5). B cnyyae pesaHusa ¢ HanbonbLLeN JONYCTUMON IyGUHON, paBHOM paguycy
KPYI10M NNaCTUHbI, MaKCMMasbHbIM Yron B naaHe paseH 90°.
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MaKcuManbHbIM yron B NiaHe OnpegenseTcs no caeaytoLen dopmyne:
cos Xmax = I-ap/r @

3pecb  ap - mybuHa pesaHus,
I - pagnyc Kpyr/ioM N1acTUHBI.

Hak yxe oTmeyanocs, y dpes ¢ KpyribiIMW N1ACTUHAMM YroA B NaHe M3MEHAETCA BAO/b PEXKYLLEN
KPOMKM.

Mo3aTomy B Ka4eCcTBe HEKOTOPOM YCPEAHEHHOM XapaKTEPUCTUKN UCMONb3yeTCA dDdERTUBHDBIN Yo B
nnaHe Xeff, KOTOPbIM MHOrAA BCTPEYAETCA U B BbIYMC/IEHNAX.

Xeff = Xmax/2 (5)

Ecnu e dpesepoBaHme ocyLecTBAAETCA Nepudepunert Gpesbl C KPYrbIMU NaacTUHaMK, a He eé
TOpUEM, TO 9PMEKTUBHDBIN Yro/ B NaHe (pyc. 6) MOXKHO HaNTK CreayroLwmm 06pasom:

Xeff = [arccos (I-apy/r)+arccos (I-apyr)]/2 s

O eKTUBHDBIN Yron B NAaHe CNYHWUT BaxHbIM NMoKasaTeleM PeryLLeN reoOMeTPUM hpesbl C KPYHIbIMU
nAacTMHaMK NPy BbINOJHEHWN KOHKPETHOM onepauun. Hak 1 B ciydae naacTMH MHOMOYrO/IbHOro
KOHTYpa, OH OTParKaeT COOTHOLLUEHME MEHAY paarasbHOM M OCEBOM COCTaBAAIOLMMU CUJbI
pesaHus. B 3aBUCMMOCTHM OT my6uHbI pe3aHns aQPeKTUBHBIN yron Gpesbl B naaHe 61M30K

K HY/II0 MPW ManblX ryGMHax U paBeH 45° AN ry6uHbl, paBHOW paguycy Kpyrion NaacTUHBbI.
M3meHeHKe rmy6uHbl (M COOTBETCTBEHHO, 3P(EKTUBHONO yr/1a B N1aHe) CKasblBaeTCA Ha OTHOLLIEHUM
COCTaBASAOLLMX, NPELCTaBAAA TEM CaMblM AEMCTBEHHbIN METOA CMI0BOrO MOHUTOPUHra. PocT
ry6rHbI YBEMYMBAET pasmabHblii KOMNOHEHT CWbl pe3aHus, yMEHbLIAaA 0CEBOM, M HA0BOPOT.
AcHo, 4To Npu hpesepoBaHUM HA ManbIxX MybUHaX, KOrAa pagvaibHaa cCocTaBAALWaa CTaHOBUTCA
HEe3HaYUTEeIbHOW, MOMKHO CYUTATb, YTO OCHOBHOE YCWUANE, ENCTBYIOLLEE B MJIOCKOCTU pe3aHus,
HanpaBJ/ieHO BAO/b OCK hpe3bl.

3P(2): Patent-Protected Products - lpeamer lNateHTHOro lpaBa

HoHCTpYKTHBHBIE peLLUeHUS, MOIOHEHHbIE B OCHOBY abCO/IIOTHOrO 60/1bLUMHCTBA U3AE/NH

¢ cumBosiom 3P, oTpamaroT nepesoBble JOCTUHEHNA COBPEMEHHOIO MHCTPYMEHTA/ILHOIO
MPOU3BOACTBA, a Camn N3LE/MA NPON3BOZATCA MO HOBEVLUMM TEXHOAOrUAM. [ToaTomy

MOHATHO IKe/laHne Co34aTener TakuX U3LAE/INk 3aLyMTHTb NPOrPECCUBHbLIE PaspaboTKU OT
KOMUPOBaHWA 1 HepaspeLLEHHOro UCrob3oBaHUA. [peobnagarowjas yacte 3P-npoayKumu, 6yab
TO MHCTPYMEHTbI, CMEHHbIE MAACTHUHbI K HUM, MHCTPYMEHTA/IbHBSl OCHACTKA, IM60 3alumLieHa
COOTBETCTBYOLYMMM NATEHTAMM, JIM6O 3aABKA HA NOJlyYEHNE naTeHTa Haxo4mTcA

Ha paccMOTPEHUM.

Bonblian paguanbHas COCTaBAALWAA CUbl pe3aHuA TauT B cebe UCTOYHMK M3rnba MHCTPYMeHTa
1 BUBpaLuii. B TO e Bpems pocT 0CEeBOM COCTaBALLIEN HEONAroNPUATHO CKasbIBaeTCA Ha
TOYHOCTHM (hpe3epoBaHuUs 1 TpebyeT 0COB0ro BHUMaHUSA K 3aKpenaeHu1io 3aroToBKu. lNpaeuibHoe
Ha3HaveHwe ry6MHbI pe3aHus NO3BOJIAET ONTUMA/IbHO HAarpy3uTb MHCTPYMEHT B KOHKPETHOWM
CUTyaLuK, PyKOBOACTBYACH BMAOM 06pabaTbiBAEMOW fETa/IM, COCTOSHUEM CTaHKa, 3a1MHOIO0
MPUCNOCOBNEHNA U T.4,.

Tabnuua 32. Yron ¢pesbl B naHe Kak GyHKUMA OTHOWEHUA ap/r*

aplr 1/16 1/8 3/8 12 5/8 3/4 718 1
Xmax 20° 29° 52° 60° 68° 76° 83’ 90°
Xeff 10° 14.5° 26° 30° 34° 38’ 415° 45°

* ap - MybuHa pe3aHna B 0CEBOM HanpaBeHWH, I - paf1yC KPYroM NNacTUHBbI.
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YMeHbLUeHWE yrna B naaHe NpuBoauT K 06pa3oBaHuio 60/1ee TOHKOM CTPYIKKU, OTKPbIBas TEM
caMmblM, KaK HW1 napagoKcasibHO, JOPOry K NOBbILIEHWIO MPOU3BOAMTENBHOCTU. [IENCTBUTENBHO, NPH
Npuv COCTaB/IEHWMM YNpaBAAIOLLEN NpOorpaMMbl nogada Ha 3y6 OTHOCUTCA K MaKCHMMasibHOM y6uHe
pesaHus, paBHOM paguycy Kpyrion naactuHbl. B gaHHom cayyae dpesa ¢ kpymibimn CMI 6onee-
MeHee Nnoxoxa Ha @pesy € yr1oM B naaHe 45°. Ho ecin rybrHa MeHbLUE MaKCUMasIbHOM, CTPYHKa
CTaHOBWTCA TOHbLLE (pUC. 7), U HEO6XOAMMO COOTBETCTBEHHO YBE/IMYMBATL NPOrPaMMUPyeEMyHO
nogavy Ha 3y6 A5 NoAy4YEeHUA CTPYHKKU TpebyemMown ToALMHbI. BOT novemy yMeHbLUeHWE ryOuHbl
pe3aHus U fenaeT BO3SMOKHbBIM MOAHATb NPOU3BOAMTENBHOCTD.
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Pa3mep nnacTtuHbi

Paamep Kpyrioti naacTvHbl 06bIYHO PaBeH e€ HapyHHOMY anameTpy. Hanpumep, roBops o
Kpyrnio¥ npaactuHe “12-ro paamepa’, nogpasymMeBaroT naacTuHy AMameTpom 12 M.

XoTa dhpesepoBaHME C MaKCUManbHOW IyOUHOW pe3aHns (paguyc Kpyrion niacTuHbI)

1 obecneymBaeT HaMbOo/bLLIMIM yHACTOK KOHTaKTa PEXYLLE KPOMKW KPYIIOM NAacTuHbI C
obpabarbiBaeMblM MaTepranom, OHO BeAET K 3HAYUTENbHOMY POCTY pagnasibHOM COCTaBAAOLLEN
CWJIbl pe3aHus, NoH6OYHbIM BUOPaLMAM U B pe3ynibtaTe - K UHTEHCUBHOMY U3HOCY KPOMKW. TeM He
MeHee, YC/0BKA onepaLlymn 1 reOMETPUA 3aroTOBKM MHOMAA AeNatoT TaKoe NONOKEHNE HEM3BEKHbIM,
1 rybuHa pesaHusa JOCTUraeT MaKCUMasIbHOro 3HaveHus. B To e BpemaA nuK ahheKTUBHOCTH
HabnogaeTcs npu yre B naaHe 25°...45°, 4To cooTBETCTBYET MybuHe pe3danusa 0.1...0.3 paguyca
nnacTuHbl (To ectb 0.05...0.15 e€ grnameTpa). BcneacTaune ckasaHHOro Kpyrible NiacTUHbI
npoussoactea MCHKAP cTaHAapTHOM IMHUM KaK NpaBM/I0 PacCHUTaHbl Ha 8 paboynx NO3ULIMNA,
[onycKas noLuaroByto MHAEKcaumio B rHe3ae Gpesbl Kak Ha 45°, Tak u Ha 90°. Ana ynobeTea
oneparopa-CTaHOYHWKa Ha NepeaHer NOBEPXHOCTU MHOTUX BUIOB KPYMbIX NAACTUHbI HAHECEHDI
HoMepa nosuuui: 1, 2, 3 1 T. a. CneumanbHO CPOPMUPOBAHHbBIE FPaHy Ha GOKOBOWM MOBEPXHOCTHM
WJIN BbICTYMNE HUKHEro OCHOBAHWA NJIACTMH NPENATCTBYIOT CaMONPON3BO/IbHOMY MEPEMELLEHMIO
NAaCTUHbI B THE3AE, COXPaHAA €€ B yCTAHOBIEHHOM PaboyeM NOIOKEHUM.

Mpu paboTe ¢ 60AbLIMM BbIIETOM BUGPOYCTOMYMBOCTb MHCTPYMEHTA PE3KO CHUMKAETCA, U dpe3bl

C KPYMbIMM MAACTUHAMM He ABNAIOTCA KaKUM-IMB0 UCKoYeHeM. OBbIYHO Ye Npu BblaeTe,
paBHOM ABYM AnameTpam Gpesbl, NPUXOAMTCA YMEHbLIATb MapaMeTpbl PexmMa 418 obecneyeHms
CTabunbHOro pesanus. MogobHoe NONOKEHWE CKNaAbIBAETCA B C/lyYae TOHKOCTEHHbIX 3arOTOBOK,
NPo6/IEMHOr0 3aKpenieHusa U T.4. - TO eCTb TOrAa, Korga EecTrocTb cucteMbl CTMN/ HegocTaTouHas.
[nAa pelweHna BO3HWKLLIEN Npo6aeMbl NnpegHasHadeHo cemenctso MILLSHRED, koTopoe K Tomy ke,
npefocTaBAeT NoTPeoUTENIO JOMOIHUTE/IbHbIE SKCMNJTyaTalMOHHbIE NPenMyLLEecTBa, Npemxae BCero,
aeKTUBHOE Ppe3epoBaHne C MaKCMMasIbHOM [yOUHOM pe3aHunsa, paBHOM paguycy NaacTuHbI.

HoHcTpykTrBHbIM NpuHumn MILLSHRED - HagenvTb Kpymibiv pexyLwmii npoduib adhdeKTom
CTPYHKOpAa3eIEHUsA, YTO JOCTUraeTca 3ybyaTor KpOMKOM NaacTuHbl. [NnactuHa npegnonaraet 4
paboymre nosuumm ¢ 90°-i MHAEeKcaumen, a rHésga Gpesbl pacnooHeHbl TaKMM 06pa3oM, YTOGI
06ecneynTb NoHOE B3aMMHOE NEPEKPLITUE BEPLLUMH U BNAAWH 3yO4MKOB KPOMOK NAACTUH BO
BpaLLeHnn. Ppesbl MILLSHRED npegnonaratoT BO3MOXHOCTb 3aKpernieHUs B HUX KPYbIX MAaCTWH
n ¢ 3ybyaTton Kpomkon (RCMT...), n 06bl4HbIX ¢ rnagkon (RCC... MO).

Rpyr ¢ 3a3y6puHammn

3y6y4atasn opma peyLueri KPOMKM, Pa3aeNaLLan CTPYHKY Ha MEJIKME CErMEHTbI, 3aMETHO
PAacCLUMPAET SKCIyaTaLuMOHHbIE BO3MOXHOCTHU KPYI/I0M N1aCTHHBbI. BO-nepBbiX, yMEHbLUEHNE
CW/lbl pe3aHus (Mpexae BCEro, eé paamasibHONM COCTaB/IALEN) BCAEACTBUE paLLENIEHUA
CTPYHHKM Y/ydLIaeT AMHaAMUYECKUE CBOKMCTBA (pe3bl M CHUIHAET €€ M3rub, 4To NprBOANUT

K YCTOMYMBOMY PE3aHuI0 are Ha 60/bLUMX BblieTax. Tem camMbiM 061aCcTb JOMYCTUMbIX
BbIJIETOB CTAHOBUTCA LUMPE. B 60/IbLUIMHCTBE CAyHaeB €€ BEPXHAA rpaHula npmnbavxaetca K 10
anametpam ¢ppesbl! HacTo nepexos Ha MHCTPYMEHTbI C 3y64YaTbiMU KPYI/bIMU N1acTUHaMu cpasy
obecrieynBaeT BeCbMa OLLy TUMYIO SKOHOMMIO, AE/1aA HEHYKHbIMU MPUMEHEHNE AOPOroCTOALLEHN
OCHAaCTKU C 3/IEMEHTaMn BUBPOralLeHuA. HemanoBamHbIM 06CTOATE/ILCTBOM AB/IAETCA TAKHE
M TO, YTO KPYI/1as NnaacTvHa ¢ 3a3ybprHami - [ENCTBEHHOE CPEACTBO Mpy pe3epoBaHnm ¢
y6UHOM, paBHOM pagmycy naactTuHbl. Kpome Toro, ymeHbLuaeTca noTpebasemas MOLHOCTb
pe3aHusA. Bo-BTopbIx, HEGO/IbLLYIO CTPYHKY HAMHOIO JIerye yaaanTb, B 0COBEHHOCTH, MpU
(pe3epoBaHmu r/1y60KUX NOIOCTEHN LUTAMIOB M pecc-¢opmM. Bo Bpema 06paboTiy Noa0CTel
LUTaMIOB M MPecc-GopM MPOUCXO[MT BTOPUHYHOE pe3aHME CTPYHKH, CKOMUBLLEHCA Ha AHE
rnonoctu. Pasgenenme CTpyKn Ha 6071e€ MEJIKYIo YMEHbBLIAET BPEAHOE B/IMAHNE BTOPUYHOIO
pEe3aHuA, YTO B-TPETbUX, MOBbLILIAET CTOMKOCTb M/1aCTUHbI.
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O6wue ykasaHua no npumeHeHuio dpes MILLSHRED ¢ pekomeHgaumsamMm no BbI6opy KpyHibix
NAacTWH HaMboee NOAXOAALLEN FeOMETPUM NpeacTaBNeHbl B Tabavuax 33 v 34.

Ta6nvua 33. YKazaHuA no BbIGOpy KPYibix naacTuH K ppesam MILLSHRED

MnactnHa
[laHHble 06paboTKu

RCC...MO RCMT...
C [MaAKOM PE. KPOMKOM C 3y64arToi pe. KPOMKOM

Tny6uHa pesanma fo 0.15xd*

Tny6uHa pesanma cabiwe 0.15xd

Bbinet ppesbl 40 2.5xD**

BbineT dpesbl 6onee 2.5xD

®pe3epoBaHme Y TOHKKUX CTEH

[pobaemHoe 3aKpenseHue 3aroToBKM

[C]- pexomeHayemoe npumeHeH1e
* d - HOMWHANbHBIN AWAMETP NAACTMHbI
** D - HOMMHaNbHbIV guameTp dpesbl

Puc. 8. Hpyrnas naacTuHa ¢ rnagKou pexyLen KpOMKOH, YCTaHOBIEHHAA AJ1A YAYYLIEHNA
rnapameTpoB LLEPOXOBATOCTH MOBEPXHOCTH 06PabOTKM

OTtmeTKa
(To4eyHoe yrny6neHue)

Rpyrnasa nnactiHa B posin 3a44CTHOM: yy4lueHne napaMmeTpoB
LUepOoXoBaTOCTHU MOBEPXHOCTH

Bo ¢pese MILLSHRED ycTtaHaBaMBatoTCA N1aCTUHbI KaK C I/1a4KON PEMYLLEe KDOMKOM, TaK v
¢ 3ybyarou. Hasanoch 6bl, M0ABAAETCA XOPOLLUaA BO3MO¥HOCTb KOMOMHMPOBaHWA 060MX BUAOB
naacTuH B 0gHo gpese. OgHaKo, CTo/Ib MHOrobelyarLLee coveTaHme YepeayroLmnxcs 3ybbeB
¢pe3sbl (M3BecTHOE 0 KOHCTPYKUmn ppe3 FINISHRED) Bo ¢pesax ¢ Kpyr/ibiMu naacTMHamm
PEAKO NMPUBOAUT K 3aMETHbIM NpenmyLyecTBam. A BOT ecsim BO gpese ¢ 3ybyatbimm CMI
3aMeHUTb OAHY U3 MAACTUH Ha FaAKyo, yAaéTcA y1y4LnTb COCTOAHME 06pabaTbiBaeMok
MOBEPXHOCTH M0 NnapameTpam LIepoxoBaTocTH. B TaKoMm clyyae 06bivHaA naacTuHa C ragHon
KPOMKO# BbIMONHAET PO/ib 3a4MCTHOMN. M xoTA ppe3bi MILLSHRED npeaHa3Ha4eHbl B OCHOBHOM
A/151 YEPHOBbIX M MOAYHYUCTOBbIX OnepawLmi, OTMEYEHHbIH MPOCTOM MPUEM MOMET NPUBECTU K
xopouumnm pegynstatam. Caegyet NOMHAUTb, YTO Ia[KYH N1acTUHY HEOOXOAMMO YCTaHOBUTL

B rHe3je, noMe4YeHHbIM HeOOIbLUNM TOHYEYHbIM Yr/lybeHUEM, TaK Ha3bliBaeMoM “BOAAHbIM
3HaKom” (puc. 8).
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Ta6nvua 34. Bbi6op Kpyrmbix nnacTuH ana dpes MILLSHRED npu 06pa6oTHe matepuasios
LWITAaMNOB U npecc-popm

Buz dpesepoBanma YepHoBoe YepHOBOE M NONY4NUCTOBOE
MnactuHa RCMT...FW RCMT...FW-T20 RCMT...FW-F20 RCCT..MO RCCW..MO

e o o, .

&S & & ' =

MonouT. nepeaHuid yron | Monowu. nepeanmiiyron | Monomut. nepepHmi yron | MonomuT. nepeaHni yron MnocKas BepxH.

Pem reoMeTpMﬂ W OTPUL,. 3aLLUTH. (acka M 0CTpad KpoMKa M 0CTpadA KpOMKa MOBEPXHOCTb M OTPWL,
© 0.15 { 3alMTH. dagra
g 120 o %20° 20 1 16°
% Tvn mateprana % j

YrnepogucTas crans VWY v v VW W

Huskonerup. cTasb VWY v v v W
BeicoKonerup. u W J J J W
WHCTPYM. CTalb

VWO Wy e WY
W VW
3aKanénHan ctab J J

(HRC 45 max)

BoIno/HAEMble onepauym @ @ @ @ @ @

BuHToBas ’ _, | ®pes.-e nog yrom/c
e — ®pes.-eyctyna | HouTypHoe (pe3.-e nombENoM

OceBoe Bpeaanue | BacoHHoe (pes.-e VW KapwaHos

Ppes.-e nonocTeit

PexkomeHayeTca ana GeppuTHON U MapTEHCUTHOW HEPXK. CTaIn

PeKOMEHp,yeTCﬂ ana ayCTeHMTHOVI HepX. cTanu

HanmeHnee peromeHgyemoe npumeHeHue

BoamorHoe npumeHeHne

PeKomeHyemoe npumeHeHue

[nsa narotoBnenna Kpymbix nnactiH cemeictea MILLSHRED vcnonb3yetcs npeMmyLLecTBEHHO
TBEépAbIN cnnas IC908, yiKe pacCMOTPEHHbIN B NpeablayLIMX pa3genax, a Takke 10928,
MMEIOLLMI MPOYHYH0 OCHOBY M NokpbiTne PVD TiAIN. MocnegHuii o0co6eHHO peKoMeHayeTcA

ONA TAXKENOHArpyHEHHOro ppesepoBaHus. JonoMHUTENBHO, NAACTUHbI AN PE3aHWUA YyryHHbIX
3aroToBOK BbinycKatoTca u3 cnnasa IC910 (¢ nokpbitvem PVD AITIN).

HavanbHble 3Ha4eHUA NapameTpoB peruma pe3aHus
a) HavanbHas nogaya Ha 3y6 fz
i. MnactuHbl MILLSHRED c rnagKomn pexyLweit KPOMKOM

HavyanbHan nogada Ha 3y6, KOTOPYH MCMO/L3YIOT B yrpas/istoLeit nporpamme Yy,
onpegenaeTcs CAeayoLyM ypaBHeHUEM:

fz=f720X KTH X Ks (6)

3necb:  fz0 — 6a3oBasi Ha4aIbHaA nojaya,
KTH — KoathdULMEHT YMEHbLLIEHWA TOJLUMHBI CTPYHKM,
Ks — Koah1LUMEHT yCTONYMBOCTY.

BasoBas HayasibHas Nojaya NoKasbiBaeT PEeKOMEHLYEMYI0 CTApTOBYHO Noaady npu hpesepoBaHum

C yGUHOM pe3aHua, paBHOM pagunycy KPYroM NAacTWHbI, U e COOTBETCTBYET MaKCMMasibHas
TOJILLMHA CTPYHKM, KOTOPYIO NNaHUPYETCA yAANATb pe3aHueM.
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Ta6nmua 35. MnactuHbl MILLSHRED ¢ rmagKoi peryuieii KpomKol. BasoBasa HayanbHasA
nogauya Ha 3y6 fzo, Mmm/3y6

BasoBas HavabHas nogaya fzo, Mm/3y6, A5 naacTuH
lpynna no
@12 @16 @20 @12 @16 @20
1-4 0.21 0.28 0.34 0.14 0.19 0.23
P 5-9 0.21 0.28 0.34 0.14 0.19 0.23
10-11 0.15 0.2 0.24 0.1 0.13 0.16
M | 12,13 0.18 0.24 0.29 0.12 0.16 0.2
K 15-16 0.21 0.28 0.34
17-18 0.18 0.24 0.29
H 38.1 0.12 0.15 0.19

[]- pexomeHayeMbiit BbIGOP.
*  [pynna matepuanoB MCKAP no ctaHgapty VDI 3323.

HoadrumMeHT yMEHbLLEHWA TONLLMHBI CTPYHKW, ABNAACH DYHKLMEN ITyOMHbI pe3aHusA B OCEBOM
HanpaB/ieHUW 1 ClefoBaTesIbHO, yra hpesbl B NaHe, OTpPamaeT TO yBeAnYeHWe nogaym Ha 3y6,
KOTOpOE HEOBXOAMMO YHECTb NPW NporpaMmmmpoBaHmun Yy ana o6pasoBaHUs CTPYKKM C TONLLMHOM,
6/IM3KOM K MaKCMManbHON, Mpy Gpe3epoBaHnm € yOUHOW MEHbLLE paguyca NiacTUHbI.

KTH = 1/sin (0.75 X ymax) @)

KTH = I/sin (1.5 X yeff) (7a)

HoathduumneHT ycToM4MBOCTM NPUHUMAET BO BHUMaHWe cocTosiHue cuctembl CINNA v HasHavaeTca
paBHbIM 1 4151 HOpMasbHbIX YC0BUIA U 0.7, eCv cUcTeMa MaoKECTHanA (paboTta B6M3N TOHKUX
CTEH, OO/IbLLION BbIIET, HEECTKOE 3aKPEN/IEHNE 3aroTOBKM UK Ppesbl U T.4.).

Mpumep

C uenblo NOBbIWEHUA NPOU3BOANUTE/ILHOCTM Onepauun dpesepoBaHua NOBEPXHOCTU M/IUTbI PELLIEHO
NpPMMEHUTb HacaaHyto Topuesyto dpesy FRW D068A080-07-27-12 ¢ nnactuHamm RCCW 1206MO
IC908. Marepuan nanTbl - MHCTPYMEHTaIbHasA WwrtamnoBas ctasib 4X5Md1C TBEpAOCTHI0 HA MOMEHT
onepauum HB 170...190. Ty6uHa pesanua coctaBnaeT 1.5 MM. CTaHOK HaxoAMTCA B XOPOLLEM
COCTOSIHMM, 3aroTOBKA WECTKO 3aKpernsieHa Ha CTONIe CTaHKa, BbIIET Gpesbl He6obwon. Hakosa
BE/IMYMHA NOAAYM Ha 3y6, KOTOPYIO CieayeT BBECTM B YNPaBAAIOLLYIO NporpammMy oneparopy?

Mo Tabnuue 35 HaxoauTca 6a3oBas HavabHaaA nogada. Jna matepmana 10-# rpynnbel (No. 10), K
KOTOPOW NPUHAANERMT YKasaHHas cTasb, oHa coctasnseT 0.15 mm/3y6. Mo dpopmyne (4) xmax=41°,
a no dopmyne (7) KTH=1.95.

CneposatenbHo, fz = 0.15x1.95x1=0.29 (MMm/3y6), 1 cTapToBas nogada dpesbl s
nporpamMmupoBaHusa onepaumm 6yget 0.29 mw/3y6.

B KayecTBe a/lbTepHaTUBbI HaYasIbHyt0 NoJavy MOMHO HasHavaTb no Tabauuam 36 1 37.

B Tabnuuax npeAcTaBaeHbl 3HAYEHWS NMOAAYM B 3aBUCMMOCTU OT AMameTpa NAacTuHbl U F1yGUHbI
pesaHus. [JaHHble BE/IMUYMHBI OTHOCATCA K ONPeAeNEHHON rpynne MaTepuanos, NPUHATON B KAYECTBE
OCHOBHOW, @ A/ MOJly4YEHUs COOTBETCTBYIOLLMX NoZay A4/ MaTepyuasoB Apyrvx rpynn TabamyHble
3HAYEHUA YMHOKAIOTCSA Ha NPUBELEHHbIE KO3 DULMEHTbI.

Tabnvua 36, HanpyuMep, B KaYeCTBE OCHOBbLI PYKOBOACTBYETCA 06paboTHOM Gpe3amMu ¢ naacTMHamm
RC..W...MO martepuranoB cieayoLimx rpynn marepmanos: 5-9 (HU3KONErMpoBaHHbIE CTa/IN U1
yrnepoaucTble ctanm TBEpaocTbio 0 HB 350), a Takke 15-16 (cepbii vyryH). [1nA 3arotoBoK 13
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BbICOKO/IErMPOBAHHbIX M MHCTPYMEHTasIbHbIX cTasier (rpynnbl 10-11), BBICOKNPOYHOMO YyryHa
(rpynnbl 17-18) n 3akanéHHowm ctanu TBépaocTbio HRC 45 max umetomecs B TabmLe BEMYMHDI
clepyeT YMHOXMUTb COOTBETCTBEHHO Ha 0.7, 0.85 1 0.55.

MNopaun B Tabnmue 37 yctaHoBAeHb! 4 dpea ¢ nnactuHamu RC..T...MO npwm pesannm
YINEPOANCTbIX M HU3KONErMpoBaHHbIX cTanew (rpynnbl 1-9). Ana matepuanos 10-11 rpynn
TabNMYHbIe faHHble HEOBXOAUMO YMHOMMTL Ha 0.7, a ana 12-13 rpynn (peppUTHbIE U MAPTEHCUTHbIE
HepraBseroLme ctanm) - Ha 0.85.

Ecnu cuctema CIN/ He o6nagaeT 4OCTAaTOMHOM HECTKOCTBIO, C/IEAYET CHU3WTb HaYaibHY0 nogaqy
Ha 30%.

Paccmarpuvsan npeabigyLumin npumMep, HasHaveHue nogaymn no Tabaumue 36 npuBoaMT K CneaytoLemy
pesynsrarty: 0.4 (TabanmyHoe 3HadeHue) x 0.7 (nonpaBoyHbIi KoadduumeHT ana rpynnbl No. 10) x 1
(KO3 durUKMeEHT ycTonuMBOCTH) = 0.28 (MM/3Y6).

Mpumep

TexHONOr MHCTPYMEHTAJIbHO-LLITaMMOBOro y4acTKa 3aBoAa pa3pabarbiBaeT TEXHONOTMYECKUM
NPOLECC U3rOTOB/IEHUA IMTENMHOM QOPMbI. [ MOy4nCTOBOro hpesepoBaHUs JOCTATOHHO MYGOKOM
nonocTH GopMbl MpegnosaraeTca NpMMeHeH1e KoHueBon dpesbl ERW D028A040-A-4-C32-12

¢ Kpyrmbimm nnactuHamn RCCW 1206MO IC908. Ppesa 3akpennseTca B LaHroBOM NaTpoHe C
BbleToM 150 Mm. MaTtepuran 3arotoBku GOpMbI - UHCTPYMeHTasbHasA ctanb 95X5M ¢ HeBbICOKOWM
TBEPAOCTbIO HA MOMEHT onepaumu (4o HB 200). TpebyeTca onpeaenvTtb NporpamMmmMpyemyto nogady
dpesbl Npu ycinoBum, 4To 06paboTKa NoA0CTH ByAeT MPOM3BOAUTCA C Iy6UHOM pe3aHnsa 0.6 Mm Ha
MPOXOA,

O6pabatbiBaeMbli MaTepuan ABAAETCA NpeacTaBuTenem rpynnel Mmatepuanos No. 10 no VDI 3323.
OnameTp nnacTuHbl d=12 MM, OTHOLLEHME IMYOUHBI Pe3aHmA K paauycy nnacTuHbl ap/r=2xap/d=0.1.
M3 Tabnunubl 36 fz0=0.54 mm/3y6 (a0 rpynn 5-9).

C y4éT1oMm nonpaBo4HOro KoahoduumeHTa aaa obpadarbiBaemoro Mmarepuana (0.7) n koadduumeHTa
ycTonumsocTH (0.7) nporpammupyemas nogayda Ha 3y6 coctasuT 0.54x0.7x0.7=0.26 (Mm/3y6).

Ta6bnumua 36. Mnacturbl MILLSHRED c rnapgKoi pemyuwen kpomron RC...W...MO. BazoBasn
HayanbHas nopaya Ha 3y6 fzo, mm/3y6

BasoBas HayanbHas nogaya fzo, Mm/3y6, AnA naacTuH

aplt o12 016 020

= 0.15 0.8 0.15 1 0.15 1.3
1/16 0.37 0.7 0.5 0.9 0.62 1.2
110 0.6 0.54 0.8 0.7 1 0.9
1/8 0.75 05 1 0.6 1.25 0.8
1/4 15 0.4 2 0.54 25 0.67
3/10 1.8 0.36 24 0.45 3 0.54
12 3 0.27 4 0.36 5 0.45
5/8 3.75 0.21 5 0.28 6.25 0.34
3/4 45 0.21 6 0.28 75 0.34
718 5.25 0.21 7 0.28 8.75 0.34
1 6 0.21 8 0.28 10 0.34

3HayeHuWs nogay B TabULE XapaKTePU3YIOT hpe3epoBaHue rpynn MatepuanoB 5-9 (HU3KONErMpoBaHHbIE CTaN U
yrnepoaucTble cTanu TBépaocTbio fo HB 350), a Takke 15-16 (cepbiit wyryH).

Ana rpynn matepuanos 10 1 11 (BbICOKONErMpOBaHHbLIE U MHCTPYMEHTA/bHbIE CTann) TabnYHbIE BESIMUYUHBI CeayeT
YMHOXMTb Ha 0.7, ana rpynn matepuanos 17 n 18 (BbICOKNPOYHbIN YyryH) - Ha 0.85 n

Ana rpynnbl matepuanos 38.1 (3akanéHHada ctanb TBEpgocTbio HRC 45 max) - Ha 0.55.

|:| - PekomeHnayemasa o6nacTb rmy6uH pesaHus.
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Ta6nvua 37. MnactuHel MILLSHRED ¢ ragkoi peryuweii KpomKkoi RC...T...MO. Ba3oBas
HavasibHag nogaya Ha 3y6 fzo, Mm/3y6

Basosan HayabHas nogaya fzo, Mm/3y6, Ana naacTuH

apir o12 016 020

- 0.15 0.56 0.15 0.75 0.15 0.9
1116 0.37 0.5 0.5 0.68 0.62 0.83
1110 0.6 0.41 0.8 0.55 1 0.67
1/8 0.75 0.36 1 0.47 1.25 0.57
1/4 1.5 0.26 2 0.34 25 0.42
3/10 1.8 0.24 24 0.32 8 0.39
12 3 0.18 4 0.25 5 0.3
5/8 3.75 0.14 5 0.19 6.25 0.23
3/4 45 0.14 6 0.19 7.5 0.23
7/8 5.25 0.14 7 0.19 8.75 0.23
1 6 0.14 8 0.19 10 0.23

3HayeHus nogad B TabauLe xapakTepuayoT dpesepoBaHue rpynn matepmanos 1-9

(yrnepoamcTble U HU3KONErMPOBaHHbIE CTaN).

[Ana rpynn matepuanos 10 1 11 (BbICOKONIErMPOBaHHbIE U MHCTPYMEHTAbHbIE CTaNN) TABAUYHbIE BENNYUHBI ClefyeT
YMHOXWTb Ha 0.7, a Ana rpynn matepnanos 12 1 13 (peppuTHbIE M MapTEHCUTHbIE HepKagetoLme ctanm) - Ha 0.85..
] - PekomeHayemas o6nacTb my6uH pesaHms.

Bbiner ¢ppesbi

BbineT @pesbl ABAAETCA BaHHbIM aKTOPOM HECTKOCTU MHCTPYMEHTA M YCTOMYMBOCTHM PE3aHNA.
YmeHbLUeHHe BblaeTa Ha 5% cHumaeT uarnb ¢pesbi Ha 15%, a ecim BbIeT yMEHbLIAETCA Ha
10% nan Ha 20%, TO n3rnb, COOTBETCTBEHHO, - y#e Ha 27 % u game 50%. MameHeHne BblieTa
40 MMHUMaJ/IbHO BOSMOMHOIO CYLYECTBEHHO MOBbILLIAET 3PEKTUBHOCTL Hpe3epoBaHua 1
MPON3BOAUTE/IbHOCTb, NMO3BOJIAA YBEJIMHEHNE NapaMeTPOB PEKMMA PE3aHUA U MOBbILLEHNE
KAacca LepoxoBaToCTH MOBEPXHOCTH.

Ho 4to nogenaelub, 419 MEXaHMYECKON 06PabOTHM peasibHbIX AETaleN YacTo TPebyTCA
60/1bLUME BbINETbI MHCTPYMEHTA. HaK npaBu/ibHO y4eCTb BANAHME BbIJIETA HA PEHUM PE3aHNA?
M BoobLye, 4TO cunTaThb 60/1bLUMM BbIIETOM, /19 KOTOPOro Pas/iMyHbie METOAMNKN Ha3Ha4YeHUA
rnapameTpoB pPeXmMa PEKOMEHAYHOT Pa3HbIe MonpPaBoYHbI€ KOIPPULNEHTbI?

Bonpoc co6CcTBEHHO ONpeAeneHns BblieTa He TEK MPOCT, KaK MOMET oKa3aTbCA Ha NepBbIk
B3r144. OH HEMOCPEACTBEHHO CBA3aH C AMHAMMYECKUMM CBOVMCTBAMU MHCTPYMEHTA 1
OTHOCUTCA K 0671aCTH CePbE3HbIX NCCIEA0BaHNM, TPEOYIOLMX OTAE/bHOIO OBCYHAEHHA.
BmecTe ¢ Tem, He NoAAeHNT COMHEHMIO, YTO Hall YATATE/Ib-MPON3BOACTBEHHUK,
PYKOBOACTBYACH CO6CTBEHHbIMM 3HAHUAMM U OMbITOM, MPAaKTUYECKU 6E30LIMBOYHO ONPELAENNT,
6y4ET /M BbIIET UCIMOJ/Ib3YEMOro MM MHCTPYMEHTA B yCI0BUAX KOHKPETHOM onepaumuy 60/1bLUMM
Wan HeT. [19 npesBapUTEsIbHOM e OLEeHKM N01Ie3HbIM MOMET OKa3aTbCA C/EAYoLee npaBuo:
60/IbLUMM CYUTAETCA BbIJIET, BE/IMYMHA KOTOPOro COCTaB/IAET HE MEHee 4-5 AnameTpoB Gpesbi.
OpHaKo, KaK, 0T KaKo# COBCTBEHHO TOYKU M3MEPAETCA BbIIET?

O6bI4HO A1 HacafHbIX TOPLEBBIX PE3, 3aKPENIAEMbIX Ha ONpPaBKax, NPaBuIbHO ONPEAENATh
BbI/IET YEPE3 PacCcToAHUE OT paboyero Topua ¢pesbi JO 6a30BOro CE4eHUA KOHMYECKOro
XBOCTOBMKA ornpasKu (puc. 9).

B cnyyae e KOHLEBbIX pe3,3aKpeniaeMbiX B 3aHUMHbIX NaTPOHax pasHoo6pasHou
KOHCTPYKUMU (aHroBble, C BUHTaMM U A4p.), BbIIET CAeAYeT M3MEPATL OT Topya naTpoHa

(puc. 10).
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ii. MnactuHbl MILLSHRED c 3y64aroii pemyLyeit KPOMKOM

Hak ye otmeyanocs (Tabnuua 33), Kpyrible NAacTUHbI C 3y6HaToM pemyLuer KpOMKOM
NPUMEHAOTCA B CNIEAYIOLLMX YCIOBUAX:

* NoBbILLEeHHas MybrHa pe3aHus (cabile 15% anameTpa naacTuHbI),

* 0CTaTO4HO 60/bLUIOM BbINET (pe3sbl (6onee 2.5 e€ anameTpa),

* (hpesepoBaHme BOM3M TOHKUX CTEH,

* Npo61EMHOE 3aKperneHne 3aroToBKH.
MoHO 806aBWUTb TaKKe, YTO MHOMAA NAACTUHDI C 3y6HaTOM KPOMKOM MCMO/b3YIOTCA U AN1A
pe3aHus ¢ 06bI4HOM A1A KPYIbIX NAACTUH My6uHon (80 15% avameTpa dpesbl), eCiv MOLWHOCTb
npvBoZa MaBHOMO ABUKEHWA CTaHKA OrpaHuyeHa.

MNporpammmnpyemasn HavanbHas nogada Ha 3y6 fz onpegenseTtca ypaBHEHMHEM (8):

fz=froxX KH

loe: fz0 - 6a3oBas HavanbHan nogava (Tabnmubl 39-41),
KH - xoaddurupeHT, yunTbiBaowWMiA BMAHWE BbiieTa Gppessl (Tabauua 38).

_  O6as.
CeYeHms
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Ta6bnumua 38. KoagduumeHT BAMAHUA BblieTa MHCTPYMeHTa A ¢ppes MILLSHRED ¢ kpyrnamu
niacTUHaMM, UMEIOLLMMU 3yOUaTYIO PEHYLLYI0 KPOMKY, KaK QYHHKLMA OTHOLEHUA BblJleTa

H Kk anameTpy Pppesbl D1

H/D1 no4 CBblwe 4 1 [0 6 CcBblwe 6 1 o 8 cBblwe 8 1 4o 10
KH 1 0.85 0.7 0.65
Mpumep

Ha onepauum dpesepoBaHua geTanm X0J04HOrO WTamMmna U3 MHCTPYMEHTanbHoM ctanm X12BMd
ncnonb3ytoT ppedy FRW D034A050-04-22-16 ¢ nnactuHamm RCMT 1607-FW IC908. TBépgocTb
ctanu coctasnseT HB 210, Bbinet Gpesbl paBeH 120 MM, a my6uHa dpesepoBaHus - 6 Mm. Haitm

nporpamMmMm1pyemyro CTapToByo noaady.

Matepuan getanun otTHocuTcA K gecaTon rpynne matepuanos MCKAP (No. 10) no VDI 3323. Tabnuua
39 onpegenset 6a30Byto noaavy Aas Gpes ¢ naacTMHamm guaMmeTpom 16 Mm ¢ y6uHOM pesaHns
6 MM Kak 0.2 MM/3y6, KOTOPYIO HEOBX0AMMO YMHOXMTb Ha 0.9 (414 rpynnbl matepuanos No. 10).

OnameTtp dpesbl 50 Mm, 1 npu BbineTe 120 Mm KoadduumeHT KH=1 (Tabnunua 38).

Taxkum o6pasom, fz=0.2x0.9x1=0.18 (Mm/3y6).

Ta6nmua 39. MnactuHbl MILLSHRED WMpoOKoro npuMeHeHUs ¢ 3y64aToil pemyLieii KpOMKOM

RCMT...FW. BasoBas Ha4a/ibHas nogaya Ha 3y6, Mm/3y6

aplr

Basosan HayasbHas nogaya fzo, Mm/3y6, AnA naacTuH

@12 @20
ap min 0.9 0.3 1.2 0.4 1.2 0.52
1/4 1.5 0.28 2 0.35 2.5 0.46
3/10 1.8 0.25 2.4 0.32 3 0.42
1/2 3 0.22 4 0.28 5 0.35
5/8 3.75 0.15 5 0.2 6.25 0.25
3/4 45 0.15 6 0.2 7.5 0.25
7/8 5.25 0.15 7 0.2 8.75 0.25
1 6 0.15 8 0.2 10 0.25

3HayeHusa nogay B TabuLe XxapakTepusytoT GpeaepoBaHue rpynn matepuanos 1-9 (yrnepoaucTble u
HW3KO/IerMpoBaHHbIe CTanu).
[na rpynn marepmanos 10 1 11 (BbICOKONErMpoOBaHHbIE U MHCTPYMEHTA/IbHbBIE CTanN) TabNYHbIE BESIMYMHBI CieayeT
YMHOXMTb Ha 0.9, ana rpynn matepmanos 15 1 18 (4yryH) - Ha 1.3 1 ans rpynnbl matepranos 38.1 (3akanéHHas ctanb
TBépAocTbio HRC 45 max) - Ha 0.6.

[] - PekomeHpyemas 061acTb My6UH pesaHmsi.
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Ta6nvua 40. MnactuHbl MILLSHRED ¢ 3y64artoii pemyueii Kpomeoi RCMT...FW-T20
(nepBbili BbIGOP Npu pe3epoBaHUU HepPUTHBIX U MAPTEHCUTHDBIX HEPHABEIOLLMX

cTanei, BO3MOHHOE NPUMEHEHUe - 06paboTHa YrNepoaUCTbIX U HU3KOIErMPOBaHHbIX
KOHCTPYKLMOHHBIX cTanei). BasoBaa HayanbHaA nogava Ha 3y6, Mm/3y6

BasoBas HayanbHas nogaya fzo, Mm/3y6, AnA naacTuH

22l o12 016 020

ap fzo ap fzo ap fzo
ap min 0.9 0.26 1.2 0.35 1.2 04
1/4 15 0.23 2 0.3 2.5 0.35
3/10 1.8 0.21 2.4 0.28 3 0.3
12 3 0.18 4 0.25 5 0.28
5/8 3.75 0.13 5 0.18 6.25 0.21
3/4 45 0.13 6 0.18 75 0.21
7/8 5.25 0.13 7 0.18 8.75 0.21
1 6 0.13 8 0.18 10 0.21

3HayeHuA nogay B TabunLe XxapaKTepusyioT dppeseposaHue rpynn marepuanos 12-13 (peppuTHbIE U MApTEHCUTHbIE
HepasetoLme cTanm).

[na rpynn matepuanos 1-9 (yrnepogncTbie U HU3KONErMpoBaHHbIe CTan) TabnYHbIE BEIMYUHBI CleyeT YMHOMMTL Ha 1.1.
[] - PexomeHayemasn 06nacTb My6MH pesaHms.

Mpumep

[Jetanb npecc-popMbl 4718 N1aCTMACCOBOMO U3AENUA, KOTOPYIO MPOU3BOAAT U3 HEPHABEIOLLEN CTan
MapTeHCUTHOro Knacca 20X13, xapakTepusyeTc TOHKOCTEHHOM CTPYKTYPOM U CAOHHOM (OPMOWH,
YTO NPMBOAMWT K HEPaBHOMEPHOMY MPUMYCKY Ha pAge onepauuini MexaHU4ecKom o6paboTku. Mpu
hpesepoBaHnm KoHLeBoW ppesort ERW D020A032-B-3-C32-12 ¢ kpymibimm naactuHamm RCMT
1206-FW-T20 IC928 n3ameHeHWe npunycKa BeET K KonebaHuAM ryGuHbl pe3aHua B npegenax 3-4
MM. Ppesa 3aKkpenieHa B LaHrOBOM NaTpoHe € BblieToM 220 MM. Heo6xo4MMOo HalTH HadaibHoe
3HaYyeHWe nogayum Ha 3y6 Ans npeaBapUTENbHOrO HOPMUPOBAHWA OnepaLyu.

Cranb 20X13 npeactasnset rpynny matepuana No. 14, OTHOLEHKE “BbIIET/HOMUHANBHBIN gnameTp”
cocTaBnaeT 220/32=6.9. o Tabnuue 38 BAMsAHWE BblIETa Ppe3bl OTpaKaeTcs KOIPPULNEHTOM
KH=0.7. XoTa Tabnumua 40 He JaéT HenocpeACTBEHHO BE/IMYMHY 6a30BOM Nojauun aas
12-MWAIMMETPOBOM NNACTUHBI 1 [yOUHBI pe3aHna 4 MM, HETPYAHO BUAETD,

4yTO Nogaya pasHa 0.13 mm/3y6.

B pesynbrate cTapToBas nporpaMMupyemas nogada onpeaenaeTcs cneayoLmm obpasom:
0.13x0.7=0.09 (Mm/3y6).

Member IMC Gro
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Ta6nvua 41. Mnacturbl MILLSHRED c 3y64artoit pexyLeii Kpomyoi RCMT...FW-F20

(nepBbili BbIGOP Npu ppe3epoBaHUU ayCTEHUTHLIX HEPHABEIOLLMX CTasieil, BO3MOKHOE
npyYMeHeHue - 06paboTKa HU3KOYIepPOaMUCTbIX MATKUX cTanei). BazoBaa HayanbHaA nogaya
Ha 3y6, mm/3y6

aplr

Basosan HayabHaA nogaya fzo, Mm/3y6, Ana nnacTuH

@12 @16 @20
ap min 0.9 0.13 1.2 0.17 1.2 0.2
1/4 1.5 0.12 2 0.16 2.5 0.18
3/10 1.8 0.1 2.4 0.14 3 0.16
1/2 3 0.09 4 0.12 5 0.14
5/8 3.75 0.07 5 0.09 6.25 0.1
3/4 45 0.07 6 0.09 7.5 0.1
7/8 5.25 0.07 7 0.09 8.75 0.1
1 6 0.07 8 0.09 10 0.1

3HayeHus nogay B Tab/1LEe XapaKTepuaytoT GppesepoBaHmve rpynnbl MaTepuasnos 14 (ayCTeHWUTHble HepHaBeroLwue CTam).
[nsa rpynnbl Matepranos 1 (HUSKOYIIEPOAUCTbIE MAMKWUE CTaIM) TaBMUHbIE BESIMYMUHBI CIEAYET YMHOMUTb Ha 1.5.

[na rpynn matepuanos 21-25 (alOMUHWIA W ero Cnnasbl) TABIMYHbIE BEMHYMHbI CAEAyeT YMHOMMTD Ha 3.
[] - PekomeHayemasn 061acTb ry6rH pesaHms.

b) HayanbHaAa ckopocTb pe3aHua Vc

[ns Ha3HavyeHMA HavyaIbHOM CKOPOCTM HEOBXOAMMO:

° C MOMOLLBI0 YCPEeAHEHHbBIX A@HHbIX B TAbAMLAX HAMTH PEKOMEHAYEMYI0 CKOPOCTb pe3aHus,

* onpeaenunTb apdEeKTUBHbIN gnaveTp,

° NPOM3BECTU PACHET NPOrpaMMm1pyEMOM YaCcTOTbI BPALLEHUA LMWMHAENA MO OTHOLLEHMIO K
HOMWHaNbHOMY AMamMeTpy dpesbl Tak, HTO CKOPOCTb Pe3aHnA OTHOCUTENBHO 3DdEKTUBHOMO

AvameTpa 6yaeT paBHa peKoMeHZLyeMol CKOPOCTH, YCTaHOB/IEHHOM paHee.

PexoMeHayemas CKOPOCTb pe3aHus

Fne:

Vo -

Ve="Vo X KF X KH X Kt

BasoBas cKOpoCTb pe3aHusa (Tabauua 43).

KF- HoaddurumeHT popMbl peryLLen KPOMKK:
KF=1 gna KpymibIX NAacTUH C MagKom KPOMKOM,
KF=0.75 anf KpymibIX N1ACTUH C 3y64aTOM KPOMKOM.

KH- HoadbduumeHT, yunTbiBatoWmi BAMAHWE BblaeTa Gpesbl, KOTOPbIW

HaxoaMTcs No Tabaunuam:
[N51 NNaCcTWH ¢ 3y64aToi KPOMKOWM - no Tabauue 38,
AN1A NIAaCTWH C INTagKoM KPOMKOM - no Tabnuue 42.

Kt -

HoaddurumeHT cTorkocTu (Tabamua 8).

)
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Tabnumua 42. KoagduumeHT BanaHua Bbineta uHectpymeHnTta KH pna ¢ppes MILLSHRED c
rnagKUMuU KpyrbiMu naactuHamuy v pna ¢ppes HELIDO H400 Kak ¢pyHKLMUA OTHOLLIEHUA
Be/IM4UHbI BbizieTa H K gpuameTpy ¢ppesbl D1

H/D1 po2.5 cBbllwe 2.5 10 3 cBbllwe 3 A0 5 CBbllwe 5 ‘
KH 1 0.9 0.65 0.5

MpumeHeHne
pesbl PeKoMeHyemoe Metee pexomerayemoe

Heobxoanmo TaKkKe OTMETUTb, YTO NpU HPEe3epOBaHNM B TAKENLIX PEXMMAX M KOHTAKTOM MeXAy
WMHCTPYMEHTOM M MaTepuasaoM Nno 3HAYUTEIbHOM MOBEPXHOCTH, HEECTKOM 3aKPEMNIEHUN U
06paboTHE TOHKOCTEHHbIX 3ar0TOBOK Ha4a/IbHYyH0 CKOPOCTb Pe3aHus cnefyet CHU3NUTb Ha 20%.

BbluncneHue agpdexktusHoro guametpa De

De = D+2 x Ndxap-ap? v

loe: D- AMamMeTp OKPYHHOCTU LieHTPOB NJ1acTuH BO dpese,
d- AMaMETP NNacTUHbI,
ap - mybuHa pesaHusa no Hanpas/IeHUI0 OCU PPES3bl.

(Ons dpesbl HOMUHaNLHOrO gnameTpa D1 D=D1-d)

Pacuyét nporpammupyemMoi 4acToTbl BpalieH1a wnuHaens N
N=1000xVc/nxDe)

CKOpOCTb pe3aHna OTHOCUTENIbHO HOMUHAIBbHOTO anameTpa D1 onpegensetca no dopmyne (12),
NPVUBELAEHHOW HUMKE:

Vh=aXDIXN/1000 2

Q Member IMC Group
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OS¢ dperTuBHbIN gnameTp

lpaBubHBIN MOAX04 K ONPeAEeIEHMI0 CKOPOCTHU Pe3aHna 418 ppe3 KpUBOJMHEHHOro npoguas
TPeb6YeT BbIYNC/IATL CKOPOCTb MO OTHOLLEHUIO K 3((EKTUBHOMY anaMeTpy ppesbl. N3-3a
(hacoHHOro, HEMPAMOIMHEMHOro paboyero KOHTypa (ppesbl PEXYLLMHI AMaMeTp ABAAETCA
QyHKLMEN r1y6MHbI pe3aHua U MEHAETCA A/1A Pas/IMYHbIX y4aCcTHOB KPDOMKM, OCYLLECTB/IALEN
pesanue. B kauecTBe aheKTNBHOIro BbiIGUPaeTCA HambO/IbLLUMI M3 JEHCTBUTE/ILHO PEHYLLMX
AMamMeTpoB KDOMKU (hacoHHOMH gpe3bl (puc. 11). O6bI4HO 3TO AMAMETP, ONPEeseAAeMbIk [71yOUHOM
pe3aHunsi B 0CeBOM HarnpaB/eHUM.

UrHopupoBaHUue a¢eKTUBHOro gnameTpa npu pacqyEéTe YacToTbl BPALYEHHUA LUMMHAEA MOKET
BbI3BaTh CEPbE3HbIE OLLMOKM B OMPEAEIEHUN CKOPOCTH PE3AHNUA M MOAA4YM N MPUBECTHU K
HeapdeKTUBHON paboTe MHCTPYMeHTA. [1AA ppe3 ¢ Kpyr/ibiMn NAacTUHaMM, B YHACTHOCTH,
OTMEYEHHOE AIBJIEHNE MMEET 0CO60 BaXHOE 3Ha4eHUe B CAyHasax pe3 0OTHOCUTE/IbHO HEOOIbLUMX
AvameTpoB. Hanpumep, y ppesbl auameTpom 25 MM C KpYr/ibiIMU naacTMHamuy @12 pemyLmi
AnameTp M3MEHAETCA OT NPUMEPHO 13 MM (419 r/1y6UHbI Pe3aHUA BCEro JINLLb HECKO/IbKO
AECATbIX MUIMMETPA) 40 25 MM (Mpy MaKCcUMasibHO [OMyCTUMON /1y6uHe 6 MM, paBHOM pagnycy
naacTuHbl). [peanoaoxnm, 4To aheKTUBHBIN gnameTp cocTaBiAeT 19 MM, a YyacToTa BpalyeHua
LNMHAE A paccynTaHa /19 HOMUHa/IbHOro gnameTtpa 25 MMm. Torga peasibHas CHOpOCTb pe3aHusA
A4na gnametpa 19 Mm 6yget Ha 24% meHblue! C yMeHbLIeHWEM r1y6UHbI Pe3aHUA BIMAHUE
OLLMBKM pe3Ko Bo3pacTaeT. Hanpumep, 415 appeKTUBHOro anameTtpa 14 MM oHa McYMCaAeTCA
ye 44%! HoHeyHo, 418 ¢ppe3 60/1bLI0ro AuameTpa posib OLUMGKU 3HAYUTE/IbHO MEHBLLE, U X
4acTo npeHebéperaror.

Hpowme Toro, o6paboTKa na3os, ppe3epoBaHme B6M3u OTBECHbIX CTEH MPAMOYro/IbHbIX yCTYMOB
M T.1M., KOr4a nocje Kax[oro npoxoga gpesa Bcé 60/bLue U 60/bLue yriy6aeTcA B 3aroToBKYy

M TaK WM MHaYe PeeT BCeH CBOEK KPOMHKOV (puc. 12), Bce pacy€Tbl 4O/HHbI OCHOBbLIBATHCA
TOJIbKO Ha HOMWUHa/IbHOM AuameTpe!

Bo Bcex me MHbIX Cyqasax HacTOATE/IbHO PEKOMEHAYETCA YYUTbIBaTh 3QPEKTUBHbINM AnameTp
BbIYMCIEHNAX NapamMeTPOB PEXUMA Pe3aHNA, BBOAA COOTBETCTBYIOLME NONPaBKM A/1A
MPOrpaMmMmUpyEMOr YaCcTOTbI BPALYEHNA LUMMHAEIA.

Cnegyet NOMHUTb, YTO peasibHasA CKOPOCTb pe3aHnA OTHOCUTCA K 9GEKTUBHOMY AMamMeTpy, B TO
BpeMs KaK YyacToTa BpalleHHs LWMUHAE A - K HOMUHa/IbHOMY!

Puc.11

Y4acToK KPOMKM,
BOBJIEYEHHbIV B pe3aHune




Tabnvua 43. BaszoBasa ckopocTb Vo, M/MUH, AiA ppes3 ¢ KpyribIMK NJIaCTUHAMKU CeMeincTBa

MILLSHRED*
Tpynna no ISO Tpynna Vo ana mapru Tépporo cnnasa MICHAP
DIN/ISO 513 matepuana 1C908 ICo10 10928
1 260 240 190
2-4 240 210 170
5 220 200 155
P 6,7 210 180 155
8-9 190 160 145
10 190 145 135
11 150 135 130
M 12,13 180 155
15-16 240 270 230
17-18 220 230 200
381 110 70

[] - MpeanouTUTeNbHLIN BLIGOP Crinaga.
*  [lnsa nepuofa CTOMKOCTH 20 MUH.
== [pynna matepnanos MCKAP no ctaHgapty VDI 3323.

=»*HRC 45 max.

Mpumep

HaliT cKopoCTb pe3aHusa a1 pacCCMOTPEHHOMO paHee ciyvan 06paboTKU AeTasu XO0LHOr0

LiTamna 13 MHCTpYMeHTasIbHoM cTanmn X12BM® tBépaocTbio HB 210 dpesort FRW

D034A050-04-22-16 ¢ nnactuHamv RCMT 1607-FW IC908. Beinet dpesbl coctasnsaet 120 mm, a
rnybuHa dpesepoBaHus - 6 MM. 1o peaynstatam pacyéta cTapToBas nogaya onpegeneHa kaxk 0.18

MM/3Y6.

[Ansa matepuanos rpynnbl No. 10, K KOTopol npuHagnexut ctanb X12BM®, Vo=190 m/MuH

(Tabnmua 43).

KF=0.75 (g1a KpyrbIX MAACTUH C 3y64aTom peryLen KpomKon), KH=1

(KoaddurumMeHT BbleTa dpesbl, Tabauua 38).
3HauuT, gna 20-MuHYyTHOTO Nepuoga cTonkocTh Ve=190x0.75x1=143 (M/MHH).

S beKTUBHBIN AUaMeTp AN rMy6buHbl pesaHnsa 6 Mm: De=34+2x+(16x6-0.6%)=49.5 (Mm).
MNony4yeHHoe 3Ha4YeHWe O4eHb 6IM3KO K HOMMHANbHOMY AvameTpy dpesbl (50 MM), TOSTOMY MOXHO
npeHe6peYb NOrPeLUHOCTHIO BbIYMCIEHUI M PACCYUTBIBATb YAaCTOTY BpaLLEHWA LWNMHAENA N0
OTHOLLUEHWIO K HOMUHAJIbHOMY AnameTpy.

3apaBaemas yacTora BpauleHus wnnHaens: N=1000x143/(rtx50)=910 (06/Mu1H)

[na oxungaemon CTonKocTv 60 MUH. KoaddurumeHT cTorkocTh Kt=0.8 (Tabnimua 8), nostomy
CKOPOCTb Pe3aHus 1 YacToTa BpalleHus WwnuHgena ctadyT 114 m/MuH 1 728 06/MUH COOTBETCTBEHHO

Q Member IMC Group
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Mpumep

OnpegenunTtb NapaMeTpbl peXMMa pesaHna 4nA onepauum GpesepoBaHus NUTbl U3
MHCTPYMeHTaIbHOM nernpoaHHom ctanm 4XC tBépaocTbio HRC 32. Micnonb3yemblit MHCTPYMEHT -
dpesa HacagHasa npomnssoacTBa MCKAP FRW D080A100-06-32-20 ¢ Kpymibimu naactuHamm RCMW
2009MO 1C928. O6paboTKa BegéTes ¢ mybmHon pesanuna 1.8 M. BoineT dpesbl paseH 86 mm.
dhdeKrTUBHbIN grameTp: De=80+2xv(20x1.8-1.8%)=91 (Mm).

KF=0.75 (pna rnagkux KpymbiX NJacTuH).

MaTepuran 3aroToBKM € yKasaHHOM TBEPAOCTbIO OTHOcKTCA K rpynne No. 9.

HavanbHana nogaya Ha 3y6 onpeaensetca no tabnauue 36: fz=0.73 mm/3y6

(npumepHO cpegHee 3HayYeHre mexay TabanyHbivm 0.8 n 0.67).

HavanbHasa ckopocTb pesanus no dopmyne (9): Ve=145x1x1x1=145 (M/MuH).

Mporpammupyemasn yactota BpaweHus wnuHgensa: N=1000x145/(x91)=507 (06/MuH).

CKOpOCTb pe3aHnsa OTHOCUTENIbHO HOMUHAIBHOTO AnameTpa hpesbl:

Vn=11x100x507/1000=160 (M/MU1H)

Mpumep

B 6ropo peknamaumin Komnannmm MCKAP noctynuna xanoba Ha HM3Kyto CTOMKOCTb niactiH RCCW
1206MO 1C908, KoTOopble 3aKa34MK NPUOBPEN AN MHOrOMPOXOAHOro hpe3epoBaHUs ryboKoM

1 Y3KOW MONOCTH B A€Ta/IN U3 KOHCTPYKLMOHHOM NermposaHHom ctanm 40XH2MA. Onepauums
tdpesepoBaHus nponssogutca ppesort ERW D020A032-A-3-C25-12 ¢ 3aKpennéHHbIMA B HEW
yKa3aHHbIMW NacTUHaMK, U Kax bl U3 NPOXOA0B XapaKTepusyeTca rMy6uHon pesanma 0.7 M.
3aKasuuK onpegenna napaMeTpbl pexMma pesaHnsa B COOTBETCTBUM C peromeHgaumamm MCHKAPa,
B3fB B PaCYET M 9IPDEKTMBHBIN AUAMETP, U BIMAHWE BblJIeTa MHCTPYMEHTA. B 4ém npuymHa
nNpo61emMaTUiHON CTOMKOCTM NIACTUH?

Bo Bpemsa nepsoro npoxofa milb Manasa 4acTb KPOMKU NAACTUHbI HEMOCPEACTBEHHO PEHET
marepuan. Ho yxe Ha Kax oM 13 nocneayoLmx NpoxoAoB B pe3aHve BOBJIEKAOTCA BCE HOBbIE 1
HOBbIE Y4aCTKM KPOMKMH, a yHe Ha BOCbMOM NMPOXOZe NPaKTUYECKW BCA KPOMKA y4acTBYET B pe3aHnu
B6/AM3M CTeHKM NonocTu: 8x0.7 MM=5.6 MM (MakcumanbHas rybuHa cocTaBnisfeT 6 MM - paauyc
NAacTUHblI).

ObbEKTUBHBIN AUAMETP, PACCHUTAHHbIM ANA rMy6uHbl hpeseposaHua 0.7 MM, COCTaBUT
20+2xV(12x0.7-0.72)=25.6 (MM); 1 IO OTHOLLIEHUIO K HEMY 3aKa34MK ONPe/IA YacToTy BpaLLEHUA
WNUHAENS.

B pesynkrate CKOPOCTb pe3aHnsa OTHOCUTE/IbHO HOMUHANBLHOTO AMamMeTpa (KOTOPbIM ABNAETCA
PEeyLLMM NOC/ie BOCbMOIO NPOX0Aa, KaK NoKasaHo Bbille) cTaHeT B 1.25 pasa Bbile, 4em TpebyeTcs
(32/25.6=1.25)! o BCeM BEPOATHOCTH, 3TO M ECTb MPUYMHA HEBBICOKOM CTOMKOCTU. Beap HecMoTpsA
Ha TO, YTO My6MHAa pe3aHusa AeUCTBUTE/IbHO Mana, BCA KPOMKa NAacTvHbI BOB/IEKAETCA B pe3aHue,
1 pacyéT HEO6X0AMMO OTHECTU K HOMUHANBHOMY AMaMeTpy Gpesbl.

BbiCOKasa NPoYHOCTb KPOMKM M DYHKLMOHA/IbHBIE MPEUMYLLECTBA PEHYLLEV OKPYHKHOCTHU AenatoT
¢pesbl ¢ KpyrnaMu naacTMHaMu Hanbosiee NPUMEHSAEMbIM MHCTPYMEHTOM B OMnepauusax YepHOBOIO
1 NONY4MCTOBOro hpesepoBaHmns NpW M3rOTOBIEHMM LUTAMMOB M Npecc-GopmM. 3aBepLuan pas3gen,
OTMETMM eLLé pa3 0cob6eHHOCTHM Ucnonb3oBaHusa Gpe3 MILLSHRED:

* [pn paboTe ¢ MasbIMu FyOUHAMK pe3aHnsa 1 HEGObLLIMM BbIETOM (BPe3bl IYHLIMM PELLEHWNEM
OYAYT KpYrble NAAaCTMHbI C IaAKoM KpOMKOW. MakcumanbHas ahdEeRKTUBHOCTb JOCTUraeTCs
npv rmy6buHe pesanua B npegenax 10-30% paguyca nnacTtuHbl (To ecTb 5-15% eé anameTpa).
YBenunyeHue rmyouHbl B LAHHOM C/yYae MOXET CTaTb NPUYMHOWM BUOpaLmiA, MHTEHCUMBHOMO M3HOCa
NAACTUHbI M YPESMEPHOTO HArpyHEHUA MHCTPYMEHTA.

* Ecnu e BbINoSIHAEMas onepauma xapaktepuayeTtcsa 601bwWmMMK IyorMHamMm pesaHus,
3HAYUTE/IbHBIM BbLIETOM QPE3bI, HEAOCTATOUHOM HECTKOCTLIO cnuctembl CIMNN/ (npobnemsbl ¢
3aKpen/ieHneM, TOHKOCTEHHAsA 3ar0TOBKa M Np.), NPUMEHEHWE NIACTUH C 3y6HaTON KPOMKOM
obecneynT nyyline pesynbrarhbl.
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* OdEKT CTPYKKOPA3AEIEHNA, CBOMCTBEHHDBIN KPYI/bIM M1ACTMHAM C 3y64aTon KPOMKOM,
MOMET NOCNYKMUTb YCNELIHbIM CPEACTBOM PELLEeHUA 3asay 3aTPYAHEHHOTO YAANEHUA CTPYHKM.

e [1nacTuHbI C 3y64aTOM KPOMKOM NOTPEGAAIOT MEHbLUE MOLLHOCTH, YTO NMO3BONAET UX YCMELLUHOE
NPUMEHEHME B CTAHKaX C OrpaHUYeHHOM CUI0BOM XapaKTEPUCTMKON IJTaBHOro NPMBOAA.

* [pu onpegeneHnn NapaMmeTpoB PeEXMMA Pe3aHna CreayeT y4ecTb BAnaH1e apdeKTUBHOIO
AnameTpa 1 rybuHbl pe3aHna, TaK KaKk OLUMOOYHbIE BbIYMMCAEHMA MOTYT NPUBECTU K
CYLLECTBEHHOMY CHUKEHWIO CTOMKOCTU NIACTHH.

3.1.1.1. HELIDO H400 - HoBOe pelieHue ana apPpeKTUBHOro ppesepoBaHne
CNIOKHONPOPU/IbHBIX MOBEPXHOCTEN

Cewmelicteo ppes HELIDO H400, ogHa u3 nocneaHux paspabotok Komnanni MCKAP, npeactasnset
C060M AENCTBEHHbIN MHCTPYMEHT A1 MHOTOKOOPAMHATHOM 06paboTKM acOHHbIX MOBEPXHOCTEMN.
OcHoBa cemelcTBa - ABYXCTOPOHHAA CMeHHaA peryLas nnactHa H400 RNHU 1205..., koTopas
CMOTPUTCA KPYIIOM, HO CTPOro roBOpS, eV He ABNAETCA.

MnactnHa H400 RNHU 1205... (p1c. 13) UMeeT YeTbIpe mMaBHble peXYLUME KPOMKU, KarKaas 13

HWX NpeacTaBaseT cobon 120-rpagyCHyo Ayry OKPYHHOCTH pagnycom 6 MM (41A CONOCTaBEHMS:
pexyLLasn KpOMKa Kpyr/ioM NAacTUHbl TPAAMLMOHHOM KOHCTPYKLMK pacnonaraet YeTbipbMs
90-rpagycHbiMK fyramu). bonee Toro, B n1acTMHE NPeayCMOTPEHbI ELLE W YETbIPE BCMOMOraTe/ibHble
PEXYLLME KPOMKM, IMaBHbIM 00Pa30oM NpegHa3HayYeHHbIe 41A paboThbl NPY BPE3aHWUM MO, YI/IOM.
Kom6urHaums YeTbIpéx pexyLumx 120-rpagyCHbIX AyT M HYETLIPEX KPOMOK AJ/151 Bpe3aHWUA 3HAYMTENIbHO
pacLumpsieT Bo3MoXKHoCcTH ceMericTBa ¢ppe3 HELIDO H400 B 06paboTKe NOBEPXHOCTEN

CNOXHOrO NPOCTPaAHCTBEHHOIO NPOdUA, B 0COBEHHOCTHU C UCMO/Ib30BAHNEM NATUKOOPAMHATHbIX
cTaHKoB ¢ YI1Y, 4To fenaet NpMMEHeHMe TakuX hpe3 OYEHb MEPCNEKTUBHBLIM B COBPEMEHHOM
NpecCcoLTamMnoBOM NPOM3BOACTBE.

Mo cpaBHEHMIO C KPYMIbIMK NIACTUHAMM TOFO e HOMUHA/IBHOro auameTpa nnactuHa H400...
MeHbLLE - NOABNAETCA AOMNOHUTE/IbHAA BO3MOKHOCTb YMEHbLUEHWSA YII0BOrO Luara 3y6bLeB.
NHcTpymeHTsl HELIDO H400 BbinycKaloTCA B pas/iMiHbIX BapUaHTax UCNONHEHUA: HacaHble
TopueBble dhpesbl, KOHLEBbIE PPesbl C XBOCTOBUKOM WU CMEHHbIE FOJIOBKU A1 MOAYAAPHOrO CO0PHOro
nHcTpymeHnTta cuctembl FLEXFIT. Ana dpes ctaHaapTHOM NOCTaBKM AManasoH HOMUHASIBHBIX
AvameTpoB cocTaBnseT 32...80 Mm.

Paspab6oTaHbl Tpy BUAa peryLuer reometpun nnactuH H400...: ML, HP 1 AX, OpreHTMpOBaHHbIE Ha
(hpesepoBaHMe pasMYHbIX KOHCTPYKLMOHHbIX MaTepuanoB. OCHOBHbIE PEXYLLME KPOMKM MAACTMH
BMAa Buga AX cnvpasbHble, B TO BpeMsi Kak OCHOBHbIE Ayroo6pasHble KPOMKM naacTuH Bugos ML

n HP - nnockume (pwuc. 15). ns nporMsBoACcTBa N1ACTUH NMPUMEHSIOTCA HOBEMLLWE TBEPAbIE CniaBbl

C MCNO/Ib30BaHMEM YMPOYHEHSAIOLLEN TEXHOIOTMM 06PabOTKM MOBEPXHOCTEN MOC/E HAHECEHUA
nokpbiTMA SUMO TEC. Tabnmua 44 copepuT 0bLme JaHHble, XapaKTeprayioLLme naacTuHbl. U3
TabN1Lbl CedyeT, 4TO HaMboee NOAXOAALMMM ANIA HYHA NPECCOLLTaMNoBOro NpoM3BoACTBa
ABNAOTCA NiacTuHbl BUAoB ML u AX. Tem He MeHee, niacTuHbl Buaa HP ¢ Mx BbICOKOMO3UTUBHOM
thopmoit nepeaHer NOBEPXHOCTU, CKOHCTPYMPOBaHHbIE NPEHAe BCEro Ana hpe3epoBaHus
apOMPOYHbIX CMN/IABOB, TOKE MOMYT HAMTK CBOE NPUMEHEHME B U3FOTOBIEHMN AEeTaNen LWTaMmnoB

1 hopm, HanpumMep, Npy 06paboTKE MATKMX YINIEPOAMCTBIX CTANIEN USIM HEKOTOPbIX HEPIKaBEIOLLMNX
cTanen GeppuUTHO-MapTEHCUTHOMO THMA.
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HeﬁTpaanaﬂ, Nno3NTUBHAA U BbICOKOINMO3UTUBHAA

MnacTuHbl AN1A TOKaPHbIX PE3LOB M0 CBOMM reOMETPUYECKMM napamMeTpam pasaeaT

Ha HeraTuBHbIe, MO3UTUBHbIE U HEraTUBHO-MO3UTUBHbIE. B oTaim4me ot Hux gasa CMI gas

(pe3 He coxunach obLyenpuHATasA Kaaccupurkayma, O4HaKo TEPMUHbI “HekTpasibHas’,
‘nosnTuBHaA” M T.MN. YaCTO BCTPEYAIOTCA NMPUMEHNUTE/ILHO U K MAACTHHaM pe3epHOH rpymbl,

a B pogeccroHaibHok cpege oHn 6yKBasibHO “Ha cayxy”. O4eBUAHO, BHECEHUE ACHOCTH

C onpeaeneHnAMM NoTpebyeT He6O/IbLLIOr0 KOMMeHTapumA. NnacTuHa ¢ nJ1I0CKov nepesHe
MOBEPXHOCTLI, KOTOPAsA napasiiesibHa OCHOBaHWI, Ha3blBAETCA HEMTPpaIbHON. EE TunnyHbie
MpUMepbI: N1acTUHbI 4151 ppe3epoBaHUA 3aKAEHHbIX cTanen 1 yyryHa. Hakas e niactmHa
OTHOCHTCA K “NO3UTUBHbIM”?

lNporpecc NopoLKOBOW METas/I/lyprum n MPeccoBaHUA NPUHEC C CO60K HEBUAAHHbIE BOSMOKHOCTH
opMUpPOBaHUA NepeaHEN NOBEPXHOCTU NAACTHH, MU OHU CTAHOBATCA BCE 60/1ee U 6o/1ee
Brieyat/IALWMMK. Tem caMbiM OTKPbI/ICA HOBbIH My Tb YBEMYEHUA MOJIOHNTE/IbHOIO NepeaHero
yrna ¢pesbl B HOpMasibHOM M OCEBOM CEYEHUAX, TO ECTb /1A CHUIKEHWSA CUJIbl PE3aHUS,
Y/yYLLIEeHWSA CTPYHKO0BPpa30BaHWA U 06ecnevyeHus naaBHoM paboTbl MHCTPYMEHTA. BOT noyemy
COOTBEeTCTBYKLHE N1aCTUHbI CTa/ln Ha3blBaTbCA NNO3UTUBHBIMU.

[JanbHewwee pasButue TEXHOIOMMM MO3BOJINIIO JOMOSHUTE/IBHO YBENYMTB PASHULY BbICOT ABYX
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YI/10BbIX BEPLUMH PEMYLLEH KPOMKM MAACTUHbI. TaknM 06pa3om, 1 nepeaHui yroa (npemae Bcero,
oceBo#) pesbl cTan 60/bLLe, a B IPOHECCUOHAIbLHOM PeYM NOABUIOCE HECKO/IbKO HEYETHOE
onpezeneHne “BbICOKONO3UTUBHAA naacTuHa”

PasymeeTtcs, TexHonorna narotoBaeHna CMIT nyTém npeccoBaHUA MOPOLIKOBbIX MATEPHAIOB

C UX MOCAIEAYIOLYMM CIIEKAHUEM eLLé He ucyepnasia CBOH noTeHyma, N Gpe3epHbIe NaacTHHBI,
KOTOPbIE CYATAIOTCA BbICOKOMO3UTUBHBIMU CErOAHA, MOrYT OKa3aTbCA /IMLUb MPOCTO
MO3UTUBHBIMM 3aBTpA.

Tabnvya 44. NMnactuHbl HELIDO H400

O6pabatbiBaeMble Matepuasbl Mapka TB. cnnas
Pextywian
lMnactuHa KpoMKa V[ oMoE( ;B OCHOBHOE NPUMEHEHWe | BOSMOKHOE NPUMEHEHHe 808 830 0
H400 RNHU 1205-ML nnocKas HeraTMBHaa | CTaslb HEPX. CTaNb
H400 RNHU 1205-AX cnupanbHasa [HEWTpanbHas | HEpPH. CTanb cTanb
H400 RNHU 1205-HP naocKas NO3WUTMBHAA | HapomnpoyH. Mar. HEP. CTaNlb, MArKadA cTalb

HavanbHble 3Ha4YeHMA NapaMeTpoB permma pesanua ansa ppes H400 onpeaensioTea TaK

e, KaK 1 gns Gpes ¢ KpyribIMu naacTuHamu. Mo ypaBHeHMIO (6) HaxoaAaT nogady Ha 3y6, no
YPaBHEHMIO (7) - KOIPDULMEHT YMEHBLLEHWA TOLLMHBI CTPYHKM M MO ypaBHEHUIO (9) - CKOPOCTb
pe3aHus. Ymbl dpesbl B N1aHe BbIMUCAAIOTCA NO ypaBHEHUAM (4)-(5a) nnmn HasHavarTea no
Tabnuue 32 (B nocaefHeM ciyvae NnepeMeHHasn r npeacTaBafeT coboi paguyc ayroobpasHom
peryLLen KpoMKM nnacTuHbl H400, Hanpumep: 6 MM ana naactuHbl H400 RNHU 1205). MoxHO
TaK¥e BOCMO0/1b30BaTbCA M Tab/IMYHbIM METOAO0M OLEHKW. Tabnumubl 45 1 46 cogepKar 3Ha4YeHnn
6a30BbIX Nogaum Ha 3y6 fzo 1 ckopocTu Vo, a B Tabnmue 47 yKasaHbl BE/IMYMHbI 6a30B0OM NOAAYM B
3aBUCMMOCTM OT MYyOMHbBI PE3aHKA.

Tabnuua 45. dpesbl ¢ nnactuHamu HELIDO H400 RNHU 1205. BaszoBas Ha4yanbHaa nogaya

fzo, mm/3y6
Egm;lg 2)05|1S§ bynna MaTepHana’ fz0 AnA BUAOB NACTUH
ML AX HP

1-4 0.21 0.14 0.14
5-9 0.21 0.14

10-11 0.15 0.1

12,13 0.18 0.12 0.12

15-16 21

17-18 0.18

38.1 0.12

* [pynna matepnanos MCKAP no ctangapty VDI 3323.
[] - Pekomenayemoe npumeHeHHe.

Tabnuua 46. Ppesbl ¢ nnactuHamv HELIDO H400 RNHU 1205. BazoBas CKOpoOCTb
pe3aHusa Vo, m/M1UH

Ipynna no ISO " Vo gna mapru T8épporo cnnasa ICKAP
DIN/ISO 513 lpynna marepuana
1C908 IC830 IC330

1 260 180 160
2-4 240 160 145
5 220 145 130
6,7 210 145 130
8-9 190 140 125
10 190 135 125
11 150 125 120
12,13 180 150 140

15-16 240 240

17-18 220 220

38.1*** 110 90

[] - NpeanouTuTenbHLIN BLIGOP CrnaBa.
*  [lns nepuoaa CTomKocTv 20 MUH.
* [pynna marepuanos MCKAP no ctanpapty VDI 3323.
*+HRC 45 max.
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Tabnvua 47. dpesbi ¢ nnactuHamu HELIDO H400 RNHU 1205. BasoBas HavanbHas nopgadya

fzo, Mm/3y6, B 3aBUCUMOCTH OT INyGUHbI pe3aHud ap

fz0 AnA BUAOB NNACTHH

ap,
MM
0.15 0.8 0.56 0.56
0.37 0.7 0.5 0.5
0.6 0.54 0.41 0.41
0.75 0.5 0.36 0.36
1.5 0.4 0.26 0.26
1.8 0.36 0.24 0.24
3 0.27 0.18 0.18
3.75 0.21 0.14 0.14
4.5 0.21 0.14 0.14
5.25 0.21 0.14 0.14
6 0.21 0.14 0.14

*! MnacTuHbl BUaa ML:

3HayeHusA nogay B TabauLEe OTHOCATCA K hpe3epoBaHuI0 YIIEPOANCTBIX U HU3KONErMPOBaHHbBIX CTanew (rpynnbl
marepuanos 1-9), a Take ceporo yyryHa (rpynnbl 15-16). lNpn 06paboTKe BbICOKONErMPOBaHHBIX M MHCTPYMEHTa/IbHbIX

ctanein (rpynnbl 10-11) TabanyHbIe BENMYMHBI CNEAYET YMHOXWTL Ha 0.7, Npu 06paboTKe heppUTHBIX U MapTEHCUTHbIX

HepaBsetoLmx ctanen (rpynnbl 12-13) 1 BbiIcOKONPOYHOTo YyryHa (rpynnbl 17-18) - Ha 0.85, a npu 06paboTKe 3aKaneHHbIX

cTanev TBépaocTblto He 6onee HRC 45 (rpynna 38.1) - Ha 0.55.
*2 MnacTuHbl BUaa AX:

3HayeHwus nogay B TabauLLEe OTHOCATCSA K Gpe3epoBaHUL0 YINEPOaUCTbIX U HU3KONErMPOBAHHbIX CTanen (rpynmbl
marepuanos 1-9). Mpn 06paboTKe BbICOKONErMPOBAHHBIX M MHCTPYMEHTabHbIX cTanen (rpynnbl 10-11) TabanyHble
BE/IMYMHBI CllelyeT YMHOXMUTb Ha 0.7, a npu 06paboTKe GeppUTHBIX U MapTEHCUTHBIX HEPHABEIOLMX CTanen

(rpynnbl 12-13) - Ha 0.85.
*3 MnacTuHbl Buaa HP:

3HayeHvA nojay B TabauLLe OTHOCATCA K ppe3epoBaHUI0 YIepoaucTbIx cTanen (rpynnel matepuanos 1-4). MNpu o6paboTke
(EepPUTHBIX U MAPTEHCUTHBIX HEPHKaBetoLMX cTanew (rpynnbl 12-13) TabanyHble BENMYMHBI CeflyeT yMHOMUTb Ha 0.85.

YT0 e KacaeTca BAMAHKA BblieTa dpesbl, Tabamua 42 COAepHUT HEOOX0AMUMbIE
JaHHble U peKoMeHAaLunu.

Mpumep

Ha MHCTpyMeHTanbHO-LITamMnoBOM y4acTKe cobupatotcs npumennTb Gpesy H400 ER D32-
4-060-C32-12 ¢ 3aKpeniéHHbIMK B Hel nnactuHamm H400 RNHU 1205-HP IC830 gns
MHOFOKOOPZAMHaTHOM 06paboTHM AeTanm Npecc-PopMbl C/IOKHOMO BUAA, U3roTaBIMBAEMON U3
HeprKaBeloLLen cTasm MapTeHCUTHOro Knacca 08X13 TeépgocTtbio HB 300...310. My6uHa pesaHus
Npw BbINOJIHEHMM OnepaLlun dpe3epoBaHmsa meHsaeTcs oT 1 Mm o 4.5 M. Cuctema CIMN/[, obnagaet
[OCTaTOYHOM HECTKOCTBIO. CneunanmcTbl y4acTia 06paTtuanchb K MECTHOMY NMPEACTABUTENIO
komnaHnn MCKAP ¢ npocbboii npefocTaBuTb PEKOMEHAALMK MO HA3HAYEHWIO CTaPTOBbIX

napameTpoB pexmma pesaHus.

Matepuan getanu npuHagnexuT K rpynne matepmanos MCKAP No. 13. M3-3a nepemMeHHOro
3HaYeHWA MyOGMHbI PE3aHMA B KAYECTBE PACHETHOM MPUHUMAETCA Hanbobluaa BenymHa (4.5 Mm).
OdeKTMBHBIN ArameTp De=(32-12)+2xv(12x4.5-4.52)=31.6 (MM)=~32 MM (NPaKTU4ECKM BCA KPOMKA

NNacTuHbl yHaCTBYeET B pe3aHun MeTanna).

BasoBana nogaya Ha 3y6 (Tabauua 45): fz0=0.18 mm/3y6 (B Ka4ecTBe anbTepPHATUBHOMO METoAa

nogadvy MOXHO ONpeaenvTb 1 nNo Tabauue 47, ymeHblUMB TabanyHoe 3HaveHue Ha 15% cornacHo
npumeyanmio). basosasa CKOPOCTb pe3aHua (Tabamua 46): Vo=150 M/MuH.

Mporpammupyemasn ctapToBas YacToTa BpaileHus wnuHaensa: N=1000x150/(1tx32)=1492 (06/MuH).
HavanbHasa ckopocTb nogayun: VE=0.18x4x1492=1074 (MM/MUH).
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3.1.2. TopoupanbHble uenbHble TBEpAOCNIaBHbIe Ppe3epHble rosI0BKH
MULTI-MASTER

CwmeHHble dpesepHble ronoskn MULTI-MASTER TopovaansHoro npodund, Kak U ronoBKKU Apyrnx
(hOpM 3TOM IMHUM, BbIMYCKAKOTCA B ABYX KOHCTPYKTUBHBIX UCMOJIHEHMAX: ABYyXx3y6bie MM HT...
SKOHOMMWYHOM CepwvK, NPeLBapUTEIbHO CMPECCOBAHHbIE C MaKCUMabHbIM NPUBINKEHUEM K
OKOHYaTesIbHOMY BUAY, 1 MHorody6ele MM ETR..., nonyyaemblie WindoBaHUEM LUAUHAPUYECKUX
CTyneH4yatbIX 6/1aHKOB.

B Tabnumue 48 npeacTasneHbl HOMUHAbHbIE AvameTpbl D 1 paguycbl 3aKpyrieHMsa BePLUMHBI
(yrnoson paguyc) R TopongansHbix ronoBok MULTI-MASTER ctaHgapTHOM NOCTaBKM.

Tabnvua 48. TopoupanbHble ronosku MULTI-MASTER

[lnameTp dpesbl D, Mm 8 10 12 16 20
ramgrownrn—| 2 (05| 1| 2| 9 [1s] 2 |25] 3 |4 2|5 |4 |s]o]4]5|o]e
[Byx3y6ble MM HT...

LLlecTnsy6bie MM ETR...

O6paTtHaa KOHYCHOCTb M NOAHYTPEHHBIN Topewy

YMeHbLIeHne fuameTpa Gpesbl C Kpyr/ibiMuy NaacTMHaMy Ha OnpeseEHHOM aTarne noBaeqéT
1 YMEHbLUIEHNE BUHTA, KPEMALLero niactTuHy. dpesa TepseT npoYHOCTb, CTAHOBUTCA MEHee
MPOM3BOANTE/IbHOM, M HAYMHAS C HEKOTOPOro AUaMeTpa, M3roTOB/IeHUE TaKWX MHCTPYMEHTOB
CTaHOBUTCA MPAKTUYECKN HEBO3MOMHbIM. [10406H0e Hab/lo4aeTCA U NPH YMEHbLLIEHUM
AnameTpa Kpyr/ok naactvHbl. O4HaKO, MPOM3BOACTBY LUTAMITOB M NPECC-PopM HEOOXOAMMbI
TOpouAasbHbIe Ppesbl, MO3BONAILME BECTU IHPEKTUBHYIO 06pabOTKY MaiorabaprTHbIX
AeTanen 1 HebOo/IbLLIMX PagMycoB. A HECTHME TPE6OBaHWA K TOYHOCTU CTaBAT 3aC/I0H
MPUMEHEHUIO Gpe3 C Kpyriamu NaacTMHaMu B HEKOTOPbIX OrepaLmsx.

LlenbHble TBEpAOCNIaBHbIE PE3bI M CMEHHbIE PEMYLLMNE rO/I0BKM MO3BOJIAIOT CPABUTHCA C
BO3HMKLLEH Npo61eMo¥ M TaKnM 06pa3oM pPacLLUMpUTb 061aCTb NPUMEHEHUA BpaLLaroLmMxca
MHCTPYMEHTOB TOPOMAA/IbHOIO NPOGHJIA.

CyLLleCTByiOT TeXHU4eCcKne TepMnHbl, OTHOCALLNECA K MOHOJIMTHbIM Cb,DBSaM U CMEHHbIM
roJioBKam, KOTopble BOLUJIN B O6MXO,q M 4acTo UCTI0/Ib3YHTCA NMpon3BOA4CTBEHHNKaMU. Crout
MOCBATHUTbL MM HEGO/IbLLIOE MOACHEHUE.

BepLumHbi 3y6beB (yrosikm) 90-rpagyCHbIX Le/IbHbIX KOHLEBbIX ()pe3 bbiBatOT OCTPLIMU, C
3aKpyriaeHueM rno paguycy wam ¢ packo. BeriomorateibHble pexyLumne KpOMKU Ha TopLe
KOHLIEBOY (pe3bl BbiryCKaOTCA C MOAHYTPEHUEM B OCEBOM HarnpaBAeHUn (Hanpumep, y
LUMOHOYHBIX pe3) uim 6€3 HEro, a OCHOBHbIE KPOMKHM, PACMOIOHEHHbIE Ha LM/IMHAPUYECKOM
4yacTH, MOryT U3roTaB/IMBATLCA C HEBO/IbLIOK 06PATHOM KOHYCHOCTLIO, TO €CTb C YMEHbLUEHNEM
AnameTpa B HOpMasbHOM CEYEHUM N0 HanpasJ/IeHMIO OT Topua K XBOCTOBMKY ¢pe3bl. ObpaTHas
KOHYCHOCTb 103BO/IAET CBECTU K MMHUMYMY KOHTaKT MHCTPYMEHTAa C obpabaTbiBaemori 60K0BO
CTOPOHOM yCTyna, 0COBEHHO, €C/IM TaKOM KOHTaKT HexenaTesneH (M3rnb gpesbl nog AercTemem
pagamanbHOM CoCTaBAIOLEN CHIIbl Pe3aHUA, 3HaYUTE IbHbIN BbIET pesbl, BUOpaumm 1 T.4.).
CnipaBeg/mMBOCTH pagn HEO6XOAMMO OTMETUTb, YTO A/1A 6OJIbLUMHCTBO LiE/IbHbIX KOHLEBbIX (pe3
CBOVICTBEHHbI M Masioe MoAHYTPEHME TOPLEBON KPOMKM, U HE3Ha4YMTE/IbHasA (B Npeaeiax [4onycKa
Ha gnameTp) obpaTtHasa KOHYCHOCTb OCHOBHOM KPOMKM 3y6a Ha nepugpepun, OCTPas He BepLumHa
Mpy 6/mKakLLeM paccCMOTPEHUM OKa3biBAETCA HE TaKOM 1 OCTPOM, a C/IerKa 3aKpyr/ieHa rno
pagauycy nan cHabKeHa acKou, HO TaKk1e OOLLENPUHATbIE MPUHLMIbI KOHCTPYMPOBaHWUA He
ABNIAIOTCA NPEAMETOM aHHOIO PacCMOTPEHUA.

[oHATHO, 4TO 3y6 (pesbi C 06PATHONM KOHYCHOCTLIO M MOZHYTPEHHBIM TOPLEM 10 CYyTH Aesa
MpeaCTaBAAT CO60H TOPOMAA/IbHBIN PEHYLLMI MPOpUIb. OTa hopma 1 noomeHa B OCHOBY
Lie/IbHbIX TBEPAOCN/IaBHbIX TOPOUAA/IbHBIX PPE3 M CMEHHbIX F010BOK. Cpeau H1x Hanbosiee
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pacnpocTpaHeHbl MHCTPYMEHTbI guameTpom 10...25 Mm. O6bI4HO OHM UMEIDT 2-3 3yba ¢ yYr/iom
HaK/10Ha NeprgepuiHON KPOMKU K OCH (pe3bl, ONpesensatoLmm 06paTHy KOHYCHOCTb, 5...7°.
3agHAs, a B 60/1bLUMHCTBE C/Ty4aeB M NepeaHAS NOBEPXHOCTH 3yba LanpoBaHHble. OTMEYeHHbIe
TOpomAallbHble Pe3bl U roJIOBKU yAa4HO COHETAIOT B CE6E NPenMyLLecTBa Kpyr/ibiX N1acTvH

C TOYHOCTbIO MOHOJ/INTHBIX KOHLEBbIX ()PE3 C 3aKPyrIEHHBIMW BEPLLMHAMM 3YObEB, YTO A€NaET
WX O4YeHb MOMY/IAPHLIMM MPU BbIMOJIHEHUM CaMbiX PasHbIX OnepaLmii OT MPOU3BOANTESILHOIO
4YEPHOBOrO U MOJYYUCTOBOro (hpe3epoBaHuA HEGOIbLUMX AEeTaseH LTaMoB U npecc-popm

0 YUCTOBOK 06pabOTKU 3aKPyr/1eHNI BbICOKOHM TOYHOCTH. MIHOrAa pexyLyasa KpoOMKa aTmx
MHCTPYMEHTOB BbIMOJIHAETCA C 3a4YUCTHBIM y4aCTHOM Ha TopLe man nepugepmm 3yba.
BcTpeyaroTca TaKme v BapuaHTbl KPOMKM CO CTPYHKOPAa3AENALMMN KaHaBKaMM.

B cyiyHoCTH LiesbHble TBEPAOCT/IaBHbIE TOPOMAAIbHbBIE PPE3bI M FOJIOBKM MOMKHO MPEACTABUTL B
BMAE MHCTPYMEHTA C BbICOKOTO4YHbIMM KPYI/IbIMM M/IACTMHAMM, YACTO MaJloro AMamMeTpa, rnpmu4ém
nacTuHa ABNSETCA HepasAesbHOM YaCTblo KOpPyca, COCTaB/IAS C HUM eAnHoe Lenoe (puc. 16).
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MoaHyTpeHue Ha Topue

lonoskr MM HT... oTMyaoTCA BbICOKOM MPOYHOCTBIO, MO3BOAOLWEN TAKENOE HAarpyHKeHue 3yba.
MNepeaHAs NOBEPXHOCTL - LWAMdOBaHHAA C HEMTPaIbHON reOMETpPUEN (MepeaHUi yron paBeH Hysmo).
OTW KOHCTPYKTMBHbIE OCOBEHOCTM rONI0BKM 06ecneunBatoT adhheKTUBHOE pe3aHne 3aroToBOoK

13 cTanen (B TOM YMCAEe U 3aKaNEHHDBIX) U YyryHa. [0I0BKM HALL/IM YCMELUHOE NPUMEHEHNE BO
(hpe3epoBaHMM C BEICOKOM nogaden Ha 3y6, 06paboTHe NOIOCTEN M KAPMaHOB N0 METOAAM BUHTOBOM
MHTEPNONIALMM U BPE3aHWA NMOZ, YI/IOM, OCEBOM BPE3aHWUU U ae CBEPIEHNM OTBEPCTUM Manon
ry6MHbI.

MHorosy6ble ronoskv MM ETR... C yr/ioM BUHTOBOWM KaHaBKKW 30° 1 HyNeBbIM NepeHUM YoM
npeAHasHa4eHbl, MaBHbIM 06pasoM, 418 BbICOKOMPOAYKTUBHOIO YUCTOBOrO hpe3epoBaHus
3aKaNEHHbIX CTaNen M OKOHYATEIbHOrO GOPMMPOBAHKUA TOYHBIX 3aKPYINIEHUI. Y rONI0BOK HET
PEYLLEeN KPOMKM Y LLEHTPa, NOSTOMY OHa He [IO/IHHa UCMO0/b30BaThbCA B Onepauusax cBepaeHus. Tem
He MeHee, reOMeTPUsA roJI0BOK 06ecneynBaeT BbICOKONPOU3BOANUTENLHOE Bpe3aHWe Mo YIJIoM U Mo
cnupanu (MHTepnosAumMsA).

O6a T1na rofIoBOK UCMOb3YITCA TAKKE W A5 hpe3epoBaHns NOLHYTPEHWI, YIyBIeHW 1
KaHaBOK.

BonbwmHcTBO ToponaansHbix ronoBok MULTI-MASTER npounssogumtca ua teépgoro cnnasa 1C908.
[0N0BKM e, paspaboTaHHble A1A hpe3epoBaHna MaTepmanoB BoicoKon TBEpgocTn (HRC 56-63),
BbinycKatoT 13 cnnasa 1C903.

HayanbHble napameTpbl pexuma pesaHusa
a) HayanbHas nogaya Ha 3y6 fz

MporpammMmupyemasn HavasibHasA nogada Ha 3y6, OTHOCALLAACA K HOMUHA/IbHOMY AMaMeTPy ro/I0BKM,
HaxOAMTCA MO yKe U3BECTHOW Gopmyne (8):

fz=fi0 X KH

Tabnunua 49 coaepHumT 3HaYeHnss 6a30BOM Ha4YaIbHOW Nogayuu fzo npy ppesepoBaHUM PasINYHbIX
KOHCTPYKLMOHHbIX Marepuasios.

Ecnu Bbinet @pesbl He npesbiwaeT 3D (TPEX HOMUHA/IbHBIX AUAMETPOB FOJI0BKM), TO KOIDOULMEHT
y4yéta Bbineta HH=1. 1na 661bwmx BblIETOB cneayet npuHATb KH=0.7.

MNpun dpesepoBaHn MHCTPYMEHTOM C TOPOUAANBHBIMU FOJI0BKaMM NMPUMNYCK 06bIYHO COCTaBAAET
0.01D...0.2D.Ecnu ronosKa “cnosib3yeTca s TOpLeBoro ppesepoBaHms, TO NPUNYCK onpeaenseTca
rny6UHOM pe3aHus, U eCiM paguyc 3aKpyrieHNA BEPLUMHBI 3y6a roI0BKM JOCTAaTOMHO BEJIUK,
BAMAHME addEKTA YMEHBLIEHMSA TOLLMHBI CTPYHKM MOMKET ObiTh CYLLECTBEHHbIM. Paguyc
3aKPYI/IEHUS, KOTOPbIM “[OCTATOYHO BEMK’, HE NOAAAETCA CTPOrOMY ONpPEeAENEHMIO, OAHAKO
NPOBEPEHHOE NPAKTUYECKOE NPaBUIIO M1ACUT, Y4TO 3TO paauyc 3 MM (a /1A rosIoBOK AMaMeTpoM 8

MM - 2 MM) 1 6onee. B Tabanue 50 yKasaHbl KOSQHUUMEHTbI YMEHbLLEHMSA TONLWMHBI CTPYHKM KTH, 1
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nx HeO6XOp,MMO y4eCTb B I'IOp,OGHbIX cay4vaax:

fe=froXx KHX KTH @3

b) HayanbHaa cKopocTb pe3aHua Vc

B Tabamue 51 cobpaHbl ycpegHEHHbIE 3HAYEHMA HaYaIbHOM CKOPOCTH PE3aHuA.

Ecnu wécTtrocTb cuctembl CINN HegocTaTouHa (Mpo6ieMHOe 3aKpenieHne, 60bLLION BblieT
MHCTpYMEHTa, hpe3epoBaH1e TOHKOCTEHHOM 3aroTOBKM U Np.), TaBNYHbIE BEMYMUHbI HEOBX0AMMO
YMeHbLWKTL Ha 20-30%..

b) HayanbHaAa ckopocTb pe3aHua Ve

B tabauue 51 cobpaHbl yecpeaHEHHbIe 3HaYeHWA Ha4yanbHOM CKOPOCTU pe3aHusA. Ecam ECTKOCTb
cuctembl CMU/ HepocTaTouHa (MpobaemHoe 3aKpenaeHre, 60bLLONM BbIIET MHCTPYMEHTA,
¢hpesepoBaHMe TOHKOCTEHHOM 3aroTOBKM M Mp.), TabanyHble BEMYMHBI HEOOXOAMMO YMEHBLLIMTb
Ha 20-30%.

Tabnvua 49. TopoupanbHble ronosku MULTI-MASTER: 6asoBan HavanbHaA noaaya fzo, mm/3y6,
N[ roIoBOK anameTtpom D, mm

Fgmna 0150 lpynna marepuana* [l
150513 8 10 12 16 20
1-4 0.13 0.14 0.16 0.18 0.2
5 0.12 0.13 0.15 0.16 0.18
6,7 0.1 0.11 0.12 0.13 0.15
8,9 0.09 0.1 0.12 0.13 0.15
10 0.08 0.09 0.1 0.11 0.13
" 0.07 0.08 0.09 0.1 0.11
12,13 0.08 0.09 0.1 0.11 0.13
15-16 0.13 0.14 0.16 0.18 0.2
17-18 0.12 0.13 0.15 0.17 0.18
38.17° 0.06 0.06 0.07 0.07 0.08
38.2 0.05 0.05 0.06 0.06 0.07
39 0.03 0.03 0.04 0.04 0.05

*1 Mpunyck Ha 06pa6oTKy: (0.01...0.2)D gna ronosok MM HT... u (0.01...0.06)D gns ronosok MM ETR... .
*2 [pynna matepnanos MCKAP no ctangapty VDI 3323.

** HRC 45-49

** HRC 50-55

* HRC 56-63

[]-HauGonee peKomeHayemoe npUMeHeHHMe.
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Topou,q AJ14 YAyHLlWeHUA napameTpoB LUepoxXxoBaTtoCTHU NNOBEepPXHOCTH.

Zna ynyyqwenna napameTpoB LepoxoBaTocTH 06pabaTtbiBaeMor MoBEPXHOCTHU AeTanemn
wrammnoB 1 npecc-popm KomnaHusa UCHAP paspaboTtasia TopougasbHble pe3epHbie ro0BK1
CO CTPYKKOPaAE/MTE/IbHbIMU KaHaBKaMM U 3a4YUCTHBIM Y4acTKOM Ha neprugepuriHok (60K0Bo)
KpomKe 3y6a (puc. 17 1 18).

PaspeneHne CTpyHKU Ha MEJIKME CErMEHTbI yMEHbLUAeT 06pa3oBaHme LapanmH 1 3a41poB Ha
cTeHax npv pe3epoBaHmm NoJA0CTEN U yr/ly61eHMI M HAMHOIO 06/1er4aeT CTPYHHKOYAaIEHNE.
3auncTHOM y4acToK Ha nepupepuiHor KpoMKe 3yba obecrneymBaeT 3aMETHOE CHUKEHHNE
rnapameTpoB LUEPOXOBATOCTHU MOBEPXHOCTH CTEHbI MOAOCTH. /1A NO/IyYEeHUA AYHLLIMX
pe3yabTaToB Mpw NPorpaMmMUpOBaHnM TPAEKTOPUN GpPe3bl CIEAYET Y4ECTb, YTO Bpe3aHue B
3aroToBKYy B 0CEBOM HarnpaB/ieHWUU OC/IE Ka[0ro Npoxoaa He OIHHO MpeBbiLlaTh A/IMHbI
3a4YMCTHOrO y4yacTKa.

3a41cTHOM
Y4aCTOK KPOMKH

Tabnmua 50. KoadpduumeHT ymeHblueHUA ToNAWwMHbI CTPYHKU KTH ana ToponpanbHbix

¢pesepHbix ronosok MULTI-MASTER guametrpom D MM, u paguMycom 3aKpyr/ieHus

BepLUHbI 3y6a R,Mmm

20D D=8 D=10 D=12 D=16 D=20

0.01 008 |36 (01 |35 (012 |32 |36 (016 |28 |32 |35 |02 |24 |29 |32 |35 |4
0.02 016 (25 |02 |25 |024 |22 |22 |032 |2 22 |25 (04 |18 |21 |22 |25 |29
0.05 04 |17 |05 |16 |06 |14 |17 |08 |13 |14 |16 |1 12 |13 |14 |16 (1.8
0.1 08 |12 |1 12 |12 |14 13 |16 |1 1.1 12 |2 1 1 11 12 |13
0.15 12 |11 |15 |1 18 |1 1.1 124 |1 1 1 3 1 1 1 1 1.1
0.2 16 |1 2 1 24 11 |82 |— 1 1 4 - 1 1 1 1

* [lpunyck Ha o6pa6oTKy: (0.01...0.2)D ana ronosok MM HT... 1 (0.01...0.06)D ana ronosok MM ETR....
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HaK y»e oTMeuanock paHee, Npu HaxomAeHUM NPorpaMMUpYemMoi 4acToTbl BPaLLeHUs LNUHAENs
HEeOCTaTOYHO OMepUPOBaTb HOMUHA/IBLHBIM AUAMETPOM ro/I0BKK. TaK e, KaK 1 B ciyyae Gpes

C KpYrIbIMK NAacTUHaMM, ONpefesieHWe YacToTbl BPaLLeHUA JOMHKHO YYMTbIBaTh 3P dEKTUBHbIN
AvameTp rofioBku De B KOHKPETHOM onepauymu.

De = D-2R+2 X \/(ZRXap-apz) (14)

Mpe: D — HoMMHANBbHBIV AMAMETP FOMIOBKM,
R - pagpyc 3aKpyrneHnsa BepLunHbl 3y6a rosIoBKM,
ap - rny6uHa pesaHna B 0CEBOM HamnpaBIeHWH.

lNpaBW/bHbIM NOAXOA K BbIYMCNEHUAM B “PEYLLEN MaTeMaTUKe” AUKTYET BCerga OPUeHTUPOBaTbCA
Ha ahdeKTUBHbBIN AnameTp. B To e BpemsA mMasble paauychl 3aKpyrieHus (YrioBble pagnychl)
3y6beB roN0BKU, Takme Kak 0.5 nan 1 Mm, fonycKaloT MrHOpMpoBaTh pacyéT addEKTUBHOMO
AnameTpa 1 MCnob30BaTb BMECTO HEMO HOMUHA/IbHBIM AMameTp, BeAb PasHuLa MEXay HUMK

6yAeT HE3HAYUTENIBHOW, @ 3HAYMT, MOJTYHEHHOMN OLUMOKOM BbIYMCIEHWI MOXKHO NpeHebpeYb.
Mopo6Has cuTyauma HabogaeTca u Npu MyobuHe pesaHus, MPUOIUIKAIOLENCA K BEMYMHE paguyca
3aKpyrieHns.

Tak Hanpumep, 9QdEKTUBHbIN AUaMeTp roIOBKU AMaMeTPoOM 12 MM 1 pasuyCcoM 3aKpyrieH s
BEPLUMHbI 3y6a 3 MM Npu hpe3epoBaHnm ¢ y6MHOM pesaHuns 2 MM cocTaenseT 11.6 mm. Ana
rMy6uHbl e 0.5 MM addEKTUBHBIM guameTp cTaHeT 9.3 MM, a Ans My6uHbl 0.3 MM - yiKe TosIbKO 8.6
MM. ACHO, 4TO NPY UCMOIb30BAHWM HOMMHAIBHOTO AMaMeTpa BMECTO 3(EKTUBHOMO B BbIHUCIEHMAX
NOrpeLLHoCTb pesynsTara 6yaet 3% B NEPBOM U3 yKa3aHHbIX Cayyaes, 23% - BO BTOPOM W MOYTH
30% - B TpeTbeMm.

A 4TO roBOpUT NpaKTUKa?

Ecau pasHunua Mexxay HOMUHaIbHbIM 1 3@EKTUBHbIM AnameTpamm meHee 20%, CKOPOCTb
pe3aHna MOXHO CMEJIO ONPELENATL OTHOCUTE/IbHO HOMUHA/IbHOrO AMaMeTpa, TaK KaK
MOrpeLHOCTb BbIYMCEHUH ByAET HEGO/IbLLIOH.

Ta6bnumua 51. CmeHHble ronoBku MM HT... u ¢pesbl ¢ nnactuHamu HTR...: Ha4anbHanA
CKopocTb V¢, M/MUH

Atk lpynna marepuana* e
DIN/ISO 513 M/MUH

1 180

2-4 160

5-6 150

7-9 140

10 130

11 120

12,13 120

15-16 200

17-18 180

38.1 120

38.2 100

39 80

* Tpynna marepunanos MCKAP no ctanaapty VDI 3323.
** [InA paHHOro clyYae pPeKOMEH/yeTCA BbICOKOCKOPOCTHOE (hpe3epoBaHue.
[] - Haubonee pekomeHayemoe npumeHeHme.
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Mpumep

TexHonor nabopaTtopum pesaHusa peLlr NPOBEPUTL BO3MOKHOCTM COOPHOM pesbl CUCTEMbI
MY/NIbTU-MACTEP, coToswen ns xsoctoBrka MM S-A-L065-W16-T08 ¢ 3akpennéHHOM B HEM
TopounganbHor ronoskor MM HT120N06R3.0-2T08 908 B 06paboTKe 3aroTOBKM U3 CEPOrO
yyryHa. [ybuHa pe3saHusa Ha npoxog coctasnseT 0.6 MM, a NoLwaroBoe CMELLEHME B pagnabHOM
HanpaB/ieHUM Mocne Kamgoro npoxoga - 10 mm. OnpeaenvTs CTapToBbIE NApaMeTpbl peXnMa
pe3aHus 45 NpoBefeHUs UCnbiTaHusa Gpesbl, ec/in ECTKOCTb cnctemMbl CIMINL, oueHMBaeTCA KaK
BbICOKas.

[na ceporo vyryHa, npeactasneHHoro rpynnamu matepuanos MCHAP No. 15 1 16 no ctaHaapty
VDI 3323, HavasbHasA CKopocTb pe3anna Vc=200 m/MuH (Tabamua 51), a 6a3oBada HavanbHas
nogaya fzo=0.16 mm/3y6. KoahdULUMEHT yMEHbLUEHUSA TONLWMHBI CTPYKM KTH=1.4 (Tabaunua 50),
cnepoBaTtenbHO, NporpaMMupyemas HadanabHas nogada éyget 0.22 mm/3y6 (dpopmyna (13).
dhderTuBHbIN grameTp De=12-2x3+2xv(2x3x0.6-0.6%)=9.6 MM, Toraa nporpaMMm1pyemas 4acTora
BpalieHus wnuHaensa coctasmT 1000x200/(11x9.6)=6630 (06/MMH).

[na cpaBHEHUA: €CNN HE YYnTbIBaTb IDHEKTUBHBIN ANAMETP U UCNO/b30BaTb 3HAYEHME
HOMMHaNbHOrO AvameTpa (12 Mm) B pacyéTe, TO YacToTa BpalleHus WwnuHaens ctaHeT 5305 06/MuH,
a CKOpPOCTb pe3aHus - 160 M/MUH, TO ecTb Ha 20% MeHbLUE.

CkopocTtb nogayn VF=0.22x2x6630=2917 (MM/MU1H).

Hak ye noguéprusanock paHee, NpeanoyTUTEIbHO NPUMEHATb MHOro3y6ble rosI0BKM TMNa

MM ETR... (KaK v uenbHble TBEpAOCMIaBHbIE PPe3bl aHAIOTMYHON reOMETPUM) AN YACTOBOMO
bpesepoBaHuUA 3aKanéHHbIX cTanen TBépgocTtbio 4o HRC 55. [punycK B TaKOM cyvae Kak npasuio
He npesbiwaeT 0.06 D (06bi4HO gare 0.03 D). na onpefgeneHns HavyabHbIX NapameTpoB pexnmMa
pes3aHnsa MOXKHO UCNo/b30BaThb Tabauubl 49-51. [1na HeGObLUMX MPUNYCKOB Ha YUCTOBLIX ONpeaLmax
TabAMYHOE 3HA4YEHME CKOPOCTM pe3aHua cnegyeT yBennuntb Ha 10-15%.

Mpumep

YucToBoe dpesepoBaHne GopmMoodpasyoLer NoA0CTU Npecc-hopMbl 418 NIaCTMacCOBOro
n3aennsa OCyLLeCcTBAAETCA COOPHBbIM MHCTPYMeHTOM Mynbtu-MacTep, COCTOALLMM M3 XBOCTOBUKA
MM S-A-L090-C12-T08 ¢ 3aKkpennéHHoM B HEM peryLuer ronosko MM ETR080A04R2.0-6T05
908. MMy6urHa pe3aHusa meHsAeTcs oT 1 go 1.3 MM, nowaroBoe cMmelLeHre hpesbl B NONEPEYHOM
HanpasaeHun paBHo 0.3 MM. HallTn HavyabHbIEe 3HAYEHWS MAPaMETPOB PEXMMA pe3aHus, ECN
mMaTepuan 3aroToBKM - MHCTPYMeHTa/IbHasa nermposaHHas ctanb 4XC tBépgocTeio HRC 50...52.

BasoBas HavanbHas nogada (Tabaunua 49) pasHa 0.05 mm/3y6, a KOaOUUMEHT YMEHbLUEHMSA
TOJILLMHBI CTPYHKM (Tabamua 50) - 1.1. MHdopmMauma, N03BONAIOLLAA OLEHUTb COCTOSHUE CUCTEMbI
CMKnA, otcyTcTayeT. B To e BpeMA, JOCTATOYHO OCHOBAHWM Nonaratb, YTO ECTKOCTb CUCTEMbI
[OCTaTOYHaA: KOPOTKMIM XBOCTOBMK THMNa A M Masias BEIMYMHA CHUMAEMOrO NpuMnycKa. 3HaumT,
nporpaMmmpyemas HadasbHas nogada éyget 0.05x0.11=0.055 (Mm/3y6).

Bo3MoXHOCTb yBEeNnYeHus TabanuHon ckopoctv 100 m/MuH (Tabamua 51) Ha 10-15% npuBoguT K
HayanbHOM cKopocTH pe3anua 110 M/MUH.OddEKTUBHLIN anameTp
De=8-2x2+2xV(2x2x1.3-1.3%)=7.7 (MM). Pac4éTHoe 3Ha4eHne ahdeKTMBHOro anameTpa

04eHb 6JIM3KO K HOMUHAILHOMY AMaMeTpPy roJIOBKU: 9QPEKTUBHBIVM AMaMeTp cocTaBafeT 96%
HOMMHabHOTO, MOSTOMY AJ1A ONPEAE/IEHNA YaCTOThl BpaLleHWs WNMHAENA JONYCTUMO NpeHebpeyb
nonpasKoM Ha 3QdEKTUBHBIN ANamMeTp 1 ONPeAEnTb YacTOTy BpaLLeHWA Yepe3 HOMUHAIbHBIM
anameTp: 1000x110/(ix8)=4377 (06/MuH). CKOpoCTb Nnogaym nonyvaetca Kak 0.055x6x4377=1444
(MM/MUH).

Q Member IMC Group
° yoafs
el o



3.1.3. ToponaanbHble ppe3bl CO CMEHHOW pPeryLLen N1acTUHON
cemeincTBa BALLPLUS

CewmerictBo BALLPLUS (puc. 19) npeactasnsaeT cobov CUCTEMY MHOFOMYHKLMOHAIbHOIO
COOPHOrO PEYLLEro MHCTPYMEHTA, COCTOSALLENO U3 KOPMyCca-XBOCTOBUKA U MEXAHUYECKM
3aKpennsaemMor B HEM CMEHHOM NaacTUHbIL. KOHCTPYKLMA XBOCTOBMKA BKOYAET B ce6A COBCTBEHHO
LIMIMHAPUYECKYIO XBOCTOBYIO YacTb A/ 3axMMa B MAaTPOHE U LLEMKY, KOTOpas OblBaeT KaK
LMAMHAPUYECKON, TaK M KOHWMYECKON. Ha nnacTuHe UMEETCS fiBe PEHYLUME KPOMKH, U NpU
YCTaHOBKE B XBOCTOBMKE OHW BbINOJHAKT POJib ABYX PEHYLLMX 3yObeB MHCTPyMeHTa. CylecTByeT
HECKOJIbKO TUMOB NJIACTUH, MPUYEM KarAbIM M3 HAX MOMET 3aKPEN/IATLCA B OAHOM M TOM e
XBOCTOBWKeE, 06pasys TaKMM 06pasoM MHCTPYMEHTbI Pa3/IMYHOro GYHKLMOHA/IbHOrO Ha3HAYeHuS.
V-06pasHasn 3a4HAA (HepemyLias) YacTyfAacTAHLHEasMPYETCA N0 COOTBETCTBYIOWMM KOHTAKTHbIM
NOBEPXHOCTAM Na3a XBOCTOBUKA, & 3aMMHOM BUHT NPW 3aTArMBaHUM NMJIOTHO NPUKKUMaET
NAACTUHY K 3TUM NOBEPXHOCTAM, 06eCneymBas BbICOKYIO TOYHOCTb M HALEKHOCTb 3aKpen/ieHus
Jare noj AeNCTBUEM 3HAUUTENIBHOW CUJIbl pe3aHKA. 3amMeHa NIacTUHbI O4eHb NPoCTa.

B cemevictee BALLPLUS npegacTtaBnieHbl NAaCTUHbI CAeAYOLWMX TUMOB:
* cihepuyecKue,
° TOpOMZasbHbIE,
* 90-rpagycCHble (C MIOCKMUM TOPLEM),
* K/IMHOBUAHbIE (415 Ppe3epoBaHma HaCOoK M 3EHKOBaHWUSA).
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OKcnnyarauMoHHasa rM6KOCTb PemyLero MHCTpymeHTa (1)

OKcnnyataunoHHasa rMOKOCTb MM MHOTO@YHKLUMOHA/IbHOCTb PEMYLLErO MHCTPYMEHTA CO
CMEHHBIMM N/1IaCTUHAaMM B 3HAYUTE/IbHOM MEPE ONPELENIAETCA Pa3HO0bPasHeEM PEKYLLEH
reoMeTprM, KOTOPYIO MOKET 06ecrednTb MHCTPYMEHT. ObbIYHasA MPaKTUKa MHCTPYMEHTa/IbHOro
npoussBogcTBa npeaycmatpuBaeT npumeHeHne CMIT i cMeHHbIX FOJI0BOK MOXOXEro npoguis,
co3zaBaeMbIX /18 06pabOTHM MPeUMyLLEeCTBEHHO ONPEAENEHHOM rpy b MaTepuasoB nyTém
M3MEHEHUA opMbI NEPEAHEN U 3a4HEH MOBEPXHOCTEN. YeM 60/1bLue NAacTUH MU FOJIOBOK
pasHoH reoMeTpumn MPUrogHO K YCTaHOBKE B MHCTPYMEHTE, TeM 60/IbLLE Er0 TMOKOCTb B
MPUMEHEHUMN.

Bo ¢pesepoBaHum cnctemMbl C60PHOro MHCTPYMEHTA CO CMEHHbIMU roJI0BKaMu, JOIMyCKaroLme
3aKpersieHne B TOM e KOPIyce ro/loBOK COBEPLLEHHO HECXOAHOM (OPMbI, CYLLECTBEHHO
PACKPbIBAKOT rpaHmLbl MHOrOQYHKLMOHa/IbHOCTH. Hanpumep, KOM6UHaLMM O4HOO XBOCTOBMKA
cemerictea MYJIbTU-MACTEP ¢ pa3ainyHbIMu PEHKYLLMMU rO/I0BKaMM MOPOMAAIOT dPPEKTHNBHbIE
MHCTPYMEHTbI OT KOHLeBbIx 90-rpaflyCHbIX ¢pes C NI0CKUM TopueM 40 chepryecKnx ¢ppes niv ot
ANCKOBbIX ()pe3 A0 LEeHTPOBOYHbIX CBEP/I-3€HKOBOK. C1CTEMbI COOPHOr0 MHCTPYMEHTA C OfHOH
PEMYLLEN NAACTUHOM XOTA M pacrnosiaraloT MeHbLUMMM BOSMOKHOCTAMM [/11 TAKMX COHETaHU,
OfHaKo Toxe 0671a4at0T XOPOLUMMM pe3epBamMin SKCIyaTaLuMoHHOM rmbKocTH. SaKkpenieHne
COOTBETCTBYIOLLEH NaacTuHbl B xBocToBrKe BALLPLUS npon3BoanT cgepuyeckyto gppesy,
TopouzasibHyo ppesy nav 3eHKoBKY. [awe B cayqae ¢pes ¢ CMI co Bcemm mx orpaHM4eHUAMM
10 KOMOMHUPOBAHMIO, TEM HE MEHEE, HAXOZATCA NYTH PACLUMPEHUA PYHKLMOHAIbHOCTM: XOPOLLEH
WJIIOCTPALMEN MOCAYHAT ye pacCMOTPEHHbIE paHee ¢ppe3bl HELIDO S845, gonyckarowme
YCTaHOBKY M YETbIDEXTPAHHbIX, U BOCbMUIPaHHbIX M1aCTHH.

OKcnyaTaymoHHasa rmbKoCTb BO MHOMOM yBE/IMYMBAET 06/1aCTb NPUMEHEHNA MHCTPYMEHTa

M CO3Aa€ET yCc0BUA A/1A COKpaLLEHUA HOMEHKIATYPbl U3AE/IMK 1 CKIaACKOro 3anaca
MHCTPYMEHTa/IbHOro xo3ancTaa. [1oaTomy obecnevyeHne Hanboibluer MHOrogyHKUMOHaIbHOCTH
ABJIAETCA BaKHbIM NPUHLMITOM pa3pabOoTHM BbICOKONPOU3BOANTE/IbHOIO BPALLALYEroca
PEKYLUEro MHCTPYMEHTa, B 0COGEHHOCTH CO0PHbIX pe3 CO CMEHHbIMU ro/I0BKaMM, KaK 04HOro
13 paKTOPOB MOBbILLIEHUA PEHTAbE/IbHOCTH COBPEMEMEHHOO NPOM3BOACTBA.
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MHOro@yHKLMOHaILHOCTb 3a CHET 3aKPEN/IEHNA B XBOCTOBUKE MIACTUH Pas/IMyHOro
npodunsa genaet Gppessl BALLPLUS B cBOEN OCHOBE NOXOMMMM HA MHCTPYMEHTbLI CEMencTBa
MYJIbTU-MACTEP.

BpesaHune Topongom

B AOroJ/IHeHne K OCHOBHbIM BUam ¢pe3epOBaHMFl qbaCOHHbIX I'IOBerHOCTeﬁ MHOrmne
TOopoUAa/IbHble (pe3bl BbIMOJIHAKT TaKKe onepaLmm 0CeBoro Bpe3aHus (M1yH»epoBaHHs) ¢
rnogayer BA0/Ib OCU MHCTPYMEHTA, MOLIaroBOe CBEP/IEHME C MEPUOLNYECKUM BbIBOAOM (Ppesbl n
AaMe HerocpeaCTBeHHOe cBep/ieHHne Ha

Heb60/1bLLINE TYOUHBI.

B Tabauue 52 npefcTaBneHbl aHHbIe MO AManasoHy YII0BbIX PagryCoB (3aKpyrIeHUs BEPLUMH)
TOopouAaanbHbIX NnacTuH cemeictea BALLPLUS.

Tabnuua 52. ToporpanbHble naacTuHbl BALLPLUS

YrnoBo¥ paguyc [nameTp nnactuHbl D, Mm
R, Mm

HayanbHble napameTpbl pexuma pe3aHus

B 60/1bWIMHCTBE C/ly4aeB HavaslbHble NapaMeTpbl pexmma pesanua aisa gpes BALLPLUS
C TOpOMZaNbHOM NIACTMHOM ONpesAenaAtoTCA TaK e, Kak 1 ans dpes MYJIbTU-MACTEP c
TOpouAanbHbIMM FOIOBKamu. PYKOBOACTBYACH TEMM e MPUHLMNAaMK, peLlatoTca BONpPoChI
0 BBEIEHWM NOMPABOK, BbI3BAHHbIX YMEHbLUEHWEM TO/LLMHbI CTPYKM, U KAKOW A1uameTp:
3 DEKTUBHBIN MM HOMUHANBHBIN, JONKEH ObITb MCMOAb30BaH B BbIYUCIEHUAX.

B Tabauue 53 cogeparca sHa4eHus 6a30BOM HayvasibHOM Nogadum Ha 3y6 fzo, No KOTOPbLIM C
MOMOLLbI0 ypaBHeHWH (8) 1 (13) HaxoaaT nporpaMmmpyemyto HadasbHyto nogady fz. KoadduumeHTbl
YMEHbLLUEHWA TOJILLMHBI CTPYHKM NpeacTaB/eHbl B Tabamue 54.

[pn 4epHOBOM M MOAYHMUCTOBOM hpe3epoBaHUM NJIOCKMX NOBEPXHOCTEN TOPOMAAbHBIMK hpe3amu
BALLPLUS gnametpom D wupurHa pe3aHus 06bl4Ho pasHa (0.6...0.7)xD, a rybuHa pe3aHus -
(0.08...0.15)xD (pasymeeTcs, B 1t060OM cayyae rybuHa He JO/IKHA NPeBbILlaTh BEAUYMHY YII0BOMO
paguyca nnactuHbl). PaboTol B TaKMX YCI0BUSAX OCTUraeTcs BbICOKan NPOM3BOANTENBHOCTb
06pabOTKN B COMETAHUM C XOPOLLEN CTOMKOCTbLIO NIACTUHBI.

lMpu uncToBOM ppesepoBaH1M NPUMYCK, KaK Npasuio, He npesbiwaeT 0.12xD anda ctanen
cpeaHen TBEépgocTH, 0.08xD - ana ctanen TBépgoctoio HRC 45...49 (rpynna matepuanos 38.1),
0.06xD - pns ctane TBépgoctbto HRC 50...55 (rpynna 38.2) 1 0.05xD - npu TBEpAOCTH CTaM
HRC 56...63 (rpynna 39).
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Ta6nuua 53. dpe3bl BALLPLUS ¢ ToponpanbHOi NaacTUHOWM:
6a3oBas HavyanbHasA nogaya fzo, Mmm/3y6

Mpynna no 1ISO pynna fz0 g7 Dmm
DIN/ISO 513 maTtepuana* 12 16 20 25
1-4 0.18 0.19 0.21 0.23
5 0.16 0.17 0.19 0.21
6,7 0.14 0.15 0.16 0.18
8,9 0.13 0.14 0.15 0.16
10 0.1 0.12 0.13 0.14
1 0.1 0.1 0.12 0.13
12,13 0N 0.12 0.13 0.14
15-16 0.18 0.19 0.21 0.23
17-18 0.16 0.17 0.19 0.21
38.1 0.07 0.07 0.08 0.1
38.2 0.06 0.06 0.07 0.08
39 0.04 0.04 0.05 0.06

* [pynna matepuanos MCKAP no ctaHgapty VDI 3323.

TaK e, KaK 1 419 ye pacCMOTPEHHbIX TOpoMaabHbIX ronosoK Tuna MYJIBTU-MACTEP, B Tabnuue
51 cobpaHbl ycpefHEHHbIE AaHHbIe A5 OLLeHKM HadYaslbHOM CKOpOCTUM pe3aHus Vc. AHaNorMyHbIM e
06pa3om nx cnegyet ymeHblwatb Ha 20-30%, ecnn ECTKOCTb cucTeMbl CIMN/ HegocTaTouHas.

Tabnvua 54. KoadpduumeHT yMmeHblLEeHUA TONAWMHBbI CTPYHKK KTH ana ToponpanbHbix
naacTuH guameTpom D mm, M pagrycom 3aKpyreHUs BeplUMHbI 3y6a R,mm,
K ppesam BALLPLUS

D=12 D=16 D=20 D=25

ap/D

0.01 0.12 32 36 0.16 2.8 0.2 2.4 29 0.25 22 26 29 | 34
0.02 0.24 2.2 22 0.32 2 0.4 1.8 2.1 0.5 16 1.9 2.1 22
0.05 0.6 1.4 1.7 0.8 1.3 1 12 1.3 1.25 1.1 1.2 13 | 15
0.1 1.2 1 1.3 16 1 2 1 1 2.5 1 1 1 1.1
0.15 1.8 1 1.1 2.4 1 3 1 1 3.75 1 1 1 1
0.2 24 1 1.1 3.2 - 4 - 1 5 - 1 1 1

Mpumep

Ha npeanpuaTim N0 U3rOTOBAEHUIO LUTAMMOB 1 hOpPM COBUPAKOTCA NMPUMEHUTL KOHLIEBYIO dhpesy
HCE D25-A-L170-C25 c yctaHoBNeHHOM B Hel nnactuHon HTR D250-R5.0-QF IC908 pns yepHOBOM
06pabOoTKX NONOCTM NPOPUIMPYIOLLErO BKAaAbIWA GOPMbIl, NPOM3BOANMON U3 HEPHKABEIOLLEN

CTanm MapTeHCUTHOro Knacca 30X13. [naHvpyemble rmybuHa 1 LIMPUHA pe3aHuA COCTaBAAIT
COOTBETCTBEHHO 2.5 1 17 MM. Ppe3epHbIi CTAHOK, OTBEAEHHbIN A/1A NPOBEAEHMA OnepaLyy,
HaXOAWTCA B XOPOLLEM COCTOAHMM, 3aroTOBKa HECTKO 3aKPENIAETCA B 3aKMMHOM NMPUCNOCOBIEHUM,
YCTaHOB/IEHHOM Ha CTo/1e cTaHKa. OnpefennTb NporpaMmMmMpyemMble HadaslbHble 3Ha4YeHMs YacToThbl
BpaLLEeHUA LWNUHAENA U NOAAYM.

BasoBas HavanbHaa nogada ana rpynn marepuanos MCHKAP No. 12-13 (beppuTHbIe U MapTEHCUTHbIE
HepraBetoLwme ctanm) no ctaHgapty VDI 3323 pasHa 0.14 mm/3y6 (Tabimua 53), KoadpduumeHT
YMEHbLUEHWA TONLLMHBI CTPYHKN KTH gns nnacTvHbl guameTpom 25 MM € YIoBbIMK paguycamm 5 Mm
ANA ry6uHbl pedaHua 2.5 MM - 1 (Tabauua 54).

B pesynbrate HavyanbHas nogada 6yaet 0.14 mm/3y6.

Tabnuua 51 peKoMeHAyeT HavanbHY0 CKOPOCTb pedaHua 120 M/MuH.
AhdeKTUBHbIN AnameTp De=25-2x5+2x(2x2.5x5-2.5%)=23.7 (MM), 4TO COCTaBNAET NPUMEPHO 95%
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HOMMHaNbHOrO ArMameTpa naacTuHbl. 1000x120/(x25)=1528 (06/MWH). 3HauMT, NporpaMMupyemas
CKOpOCTb nogayn nonyvaerca 0.14x2x1528=427.8 (MM/MUH)

..... Puc.21 .. TOpompanbHasn ¢ppesa u BpesaH1e
rnog ymom

TopougasibHble ppesbl NPUrofHsI 418
06paboTKM C Bpe3aHWeM o4 YoM, 6yab
TO (hpe3epoBaHue HaK/IOHHOM MI0CKOCTH
_ | __———— WM BMHTOBaA MHTEPNoAALmA. [naHupya
e ——— BbIMOJIHEHHUE OnepaLmi, CIEAYET Y4ECTb,
/ ®) YTO [/1A1 KaX[0ro N3 OTMEYEHHbBIX METOL0B
/ \ rybuHa pesaHusa He J0/THHA ObiTb 60/1bLLe
: BE/IMYUHBI YITIOBOIO pajuyca (3aKpyreHums
BEpLLUMHbI 3y6a) ro/I0BKU, MAaCTUHbI MU

uesbHo gpesbl (puc. 20, 21). [TOHATHO, 4TO
W—\ i M10406HOE OrpaH1yeH1e OTHOCHTCA U A/ISl
i KpYroBoOK MHTEPMOJIALMM - YACTHOIO C/Ty4as

BUHTOBO.

Mopgoaa utorv pasgena, NOCBALLEHHOrO TOponAabHbIM HPe3oM, HEO6XOAMMO OTMETUTb
cnepymwouee:

* ToporaanbHble hpesbl NPUMEHAIOTCA A1 06pabOTKM NIOCKMX U (DACOHHbBIX MOBEPXHOCTEN.

* TopongasibHble Gpesbl 4EMOHCTPUPYIOT XOPOLLUME SKCMyaTalMOHHbIE MOKasaTeNn B onepaumax
TOpLEBOro hpe3epoBaHus, BUHTOBOM M KPYroBOM MHTEPMONALMM, OCEBOIO BPE3aHUA.

C onpegenéHHbIMK OrpaHUY4EHNAMM X MOHHO MCNONb30BaThb AJ1A HAK/IOHHOMO BPE3aHHA U1
MOLIAroBOro CBEPJ/IEHUA C NEPUOAMYECKUM BbIBOLOM MHCTPYMEHTA.

* BcnegcTeme addeKTa yMeHbLLIEHWA TOJLMHBI CTPYHKK, ONpeaensemMoro GopmMon pexyLuero
npodunsa, ToponaasbHble hpesbl NO3BONAAIT 3HAYMTELHO MOBLICUTL CKOPOCTb MNOAauH, YTO
BELET K 3aMETHOMY COKpaLLeHMI0 OCHOBHOMO BPEMEHMU.

* Y TOopoMAabHOM hpe3sbl HET TOUKM, B KOTOPOIM CKOPOCTb Pe3aHnsA paBHa HY/0, KaK B cyyae
cthepunyecKor gpesbl, Hanpumep. JaHHaa yepTta ABASETCA OLLYTUMbIM NPEMMYLLECTBOM,
obecneyrBas rmajgKoe TopueBoe Pppe3epoBaHne C 60/bLLOM LWMPUHOM pe3aHus.

* DKCNAyaTauuoHHas rMbKOCTb M BeYaTAoLWwmMe pe3epBbl NOBbIWEHWA MPOU3BOAUTENBHOCTH
onpeaensaoT UCKAYUTENIbHYIO PAcNpPOCTPaHEHHOCTL TOPOUAA/bHBIX PPE3 B Pas/nyHbIX
orepauuax YepHOBOro, MOJly4MCTOBOrO U YUCTOBOIrO ppesepoBaHmA NP U3roTOBIEHUN
LITamMnoB v npecc-hopm, 0CO6EHHO NpK 06pabOTHE NOAOCTEN U MIOCKUX NOBEPXHOCTEMN.
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HeomngaHHoe peaKoe Bo3pacTaHne npunycKa

OpfHo 13 cambix BOCTPe60BaHHbIX NMPUJIOKEHUN TOPOMAaIbHbIX (hpes - 06paboTHa Nnos0CTekH
cnmpasbHOM MHTEPNoALMEN. YacTo NosoCTb ye NpeaBapUTe/IbHO MOArOTOB/IEHA M0 opMe,
Hanpumep, IMTLEM Mn NPEALLECTBYIOLLEH onepaLmesi 4epHOBOro pesaHms. B Takom cayyae
OCHOBaHME MoJI0CTH COEAMHAETCA C GOKOBbLIMM CTEHKAMM 3aKPYI/IEHUEM 10 paauycy, npu
pe3epoBaHmn KOTOPOro Hab/IlAAETCA yBEIMHEHNE MPUIYCKA, MHOTZA PE3KOE M 3HAYUTE/IbHOE,
M OHO MOMET OKa3aTbCA MPob6/eEMAaTUYHbIM U are POKOBbIM A4/ MHCTPyMeHTa. HecmoTps Ha
Brieyat/iAaoLme BO3MOHKHOCTU CaMOPEry/IMPOBaHNSA COBPEMEHHbIX CTaHKOB ¢ YIMY, ocHalLéHHbIX
cucTeMamu afanTUMBHOMO KOHTPO/IA, HE0OX0AMMO Bcerga 6parb B pacHéT OTMEYEHHOE
BO3pacTaHue npuycKa v TlaTesbHO MPoBepUTb popMy 0bpabaTtbiBaeMor MOBEPXHOCTH M
rnapameTpbl pexnma pesaHua. Hetatu, ¢ nogo6Hok cuTyaymen MOMHO CTO/IKHYTHCA U NPy
ppe3epoBaHmM HapyHHbIX MOBEPXHOCTEN (K MPUMEPY, MyaHCOHa, puc. 23).

Mpunyck Ha
PppesepoBaHue

n 3akpyrneHve

penBapuTesibHO Mpodub

NOArOTOB/IEHHbIN nocne ] yrna no
npogub (pesepoBaHMa paanycy

3aKpyrexve yma
no paaunycy

YBE/IMYEHHOTO
npunycka

3.2. UHCTPYMEHT p1Aa Nnpou3BOAUTENIbHOIO YepHOBOro ppes3epoBaHuUA C
BbICOKOM nogayen Ha 3y6

Ponb yrna ¢pesbl B nnaHe W ABNEHWE YMEHBLIEHUA TONLLMHbBI CTPYHHKM, PACCMOTPEHHbIE B
npeaplaywem pasgene, CayHuT XOPOLUMM BBEAEHWMEM K OCHOBHOMY NPUHLMNY hpe3epoBaHus ¢
BbICOKOM Nnogayen Ha 3y6. Hak yie 6bls10 NoKasaHo, coyeTaHne HeGObLUON IyOUHbI pe3aHus ¢
OnpeaenéHHOM reoMeTpren MHCTPYMEHTa CO34aET BO3MOKHOCTb 3HAYUTE/IbHOMO YBEIMYEHUS
nogaym Ha 3y6. [0BopA 0 AENCTBYIOLMX HArpy3Kax, Takoe CoYeTaHMe YMEHbLUAET paauasibHYyH0
COCTaBASAIOLLYIO CUJIbl PE3AHNA U YBEIMYMBAET €€ 0CEBON KOMMOHEHT. COOTBETCTBEHHO,
pes3ynbTUpyoLLee yeunue, AeVcTByoLLee Ha Gpesy B NJIOCKOCTU pe3aHusi, Hanpas/eHo, IaBHbIM
06pa3om, BAO/Ib OCH LUNWHAENA CTaHKa, YTO CHUKaET BUOPaLMM M NOBbILAET YCTOMYMBOCTb
06paboTHM.

CKasaHHoe BblLLe HaBOAMT Ha MbIC/lb, YTO TOPOMAA/IbHBIN PEXYLLMM NPOPUb U ABNAETCA HYHHbIM
peweHnem ana dpesepoBaHns C BbICOKOM Nnojaden Ha 3y6. Ho aTo He COBCEM TaK, U MPUMEHEHUE
TOpPOMAA/BbHBIX PPE3 34ECh CTA/IKMBAETCA C HECKOBKMMM OrpaHnyeHmAMK. Bo-nepBbIx,
HEe3Ha4MTE/IbHbIN POCT ManoM ry6UHbI pe3aHusa B COCTOAHUM Bbi3BaTb 3aMETHOE U3MEHEHHE yIa B
nnaHe, 0co6eHHO AnA Gpes ¢ KpymbiMi CMIT He60bLLIOrO AMameTpa U 418 TOPOUAA/bHBIX CMEHHBbIX
FO/I0BOK, Lie/IbHbIX hpes namn pes ¢ 0A4HOM NAACTMHOWM, YITIOBOM paguyc KOTOPbIX HEBEMK (puUC. 24).
[Janee, pes 3yba goctatoyHo y3oK (W1 1 W2 Ha puc. 24). OgHaKo, eciv npuaaTth peXyLLen KpOMKe
dopmy ayry 66bLIero paguyca (puc. 25), MOXKHO NPEOOIETb OTMEYEHHbIE OrPaHNYEHUA.
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ELyé coBcem HegaBHO CTaBLUMK KAACCUYECKMUM MOAXO0A K YHEPHOBOMY (pe3epoBaHUIo
MpeanucbIBasl NCroIb30BaHNE MHCTPYMEHTA MaKCUMasIbHO JOMYCTUMbIX PA3MEPOB U,
COOTBETCBEHHO, TPe60BasI MOLYHbIX METa/II/IOPEKYLLMX CTAHKOB. CErogHALIHAA TEXHNKA
(pe3epoBaHUA C BbICOKOM Nnogaqeri Ha 3y6 crnocobHa nPUBECTHU K TEM e pe3y/ibTataM, HO C
MEHbLUMMU MHCTPYMEHTaMM 1 COKpaLLeHMEM pacxofa MOLYHOCTH pe3aHus. HeyamButeibHo,
YTO Yy MHOTMX COBPEMEHHbIX PEe3EPHbIX CTAHKOB BHYTPEHHUI KOHYC TUIMMYHOIO LUMMHAEA
CHMU3WJICA [0 TUnopasmepa 40, BroJIHe JOCTaTOYHOro AJ/19 HaAEHHOro 3aKpernieHus
MHCTPYMEHTa 1 06eCNeYeHUA XOPOLLMX paboymx MoKasaTe1eM npm YepHOBOK 06paboTHe ¢
BbICOKO¥ nogaqeti Ha 3y6.

dpe3epoBaHme C BbICOKOM NoAader Ha 3y6 4acTo pacCMaTpmBaloT JIMLLb B KOHTEKCTE HYEPHOBbIX
onepauui, OAHaKO He CneayeT 3abbiBaTb, YTO C Ero NMOMOLLBI0 MOXHO 3aMETHO COKPaTUTb MOJIHOE
Bpemsa 06paboTKU. Bo-nepBbIx, TaKan TEXHWKA NPUBOAUT K UHTEHCUBHOMY CbEMY MeTanna
6narogapsa KpanHe BbICOKOM CKOPOCTH nogayu. Bo-BTOpbIX, [aBHbIM KOMMOHEHT CU/Ibl PE3aHUsA
LENCTBYET, B OCHOBHOM, BAO/Ib OCH LUNUHAENSA. B pesynbtate pe3ko yMeHbLIaeTCsl YPOBEHb
BMOpaumi n obecnevymBaeTcs yCTOMYMBOE NMPOM3BOAMTENIBHOE YEPHOBOE PEe3aHue C BbICOKMM
BbIIETOM (PE3bl - BaXHENLLEE Ka4eCTBO Npu 06paboTHe NOJOCTEN LUTAMMOB U (GOPM, NyaHCOHOB,
NPO6OMHNKOB, BbITAIKMBATEEN U T.N. HaKOHeL, B TPETbKX, Manas mybuHa pe3aHusa No3BoNAET
NOArOTOBUTb KOHTYP, 6/IM3KMM K OKOHYaTENbHOMY, M TEM CaMblM COKPATUTb M Jare UCKIOYUTD
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nosnyymcToBoe dpesepoBaHme. OTMeYeHHbIE CBOMCTBA AeNatoT Gppe3epoBaHWe C BbICOKOW nogavei
Ha 3y6 3Ha4YMMbIM (HAKTOPOM SKOHOMUM BPEMEHW 06PaGOTHU U NMOBbILIEHWS NPOU3BOAUTENBHOCTM.

dpesepoBaHme C BbICOKOM Nogader Ha 3y6 0cobeHHO ahhEKTUBHO Npu 06paboTHe
KPYMHOPa3MepPHbIX MOJOCTEN, KAPMAHOB M YIly61eHWUM METOLOM BMHTOBOM (CNnpasibHOM)
WMHTEPNONAUMK. TaKyto TEXHUKY YCMELHO NPUMEHSAIOT A8 6bICTPOro hopMMPOBaHWUA OTBEPCTUSA
60/1bLOro MaMeTpa B CrJIOLHOM MaTepuasne Uin pacluMpeHns NpeaBapuTesibHO NOArOTOBNEHHOMO
OTBEPCTUA, a B C/lyHae [yXoro OTBEPCTMA ero OCHOBaHWe NoJlyYnTCA yie naockumM. OfHa v Ta e
tpesa npurogHa ana hpesepoBaHUA OTBEPCTUI pasHoro avametpa. Kpome Toro, 30Ha KOHTaKTa
dpesbl 418 paboTbl C BbICOKOM Nogayern ¢ GOKOBOM CTEHKOM MOAOCTU HAMHOTO MEHbLLE, YEM Y
TopovaanbHoM dpesbl. B cayyae nocnegHen parme npu maaon rmybuHe pesaHusa 30Ha KOHTaKTa
3HaYMTE/IbHO BO3PaCTAET YKeE NOC/IE HECKOBbKMX MPOXOA0B (pUC. 26), YTO BbI3bIBAET BUOPALMU U
HEYCTOMYMBbIN PEHUM PaboTbl.

OpfHaKo, Np1BOA CTaHKa, UCMOb3YeMOro A1 Gpe3epoBaHns C BbICOKOM NOAAuM, JOHEH
obecneymBaTb HEOOXOAMMYHKO CKOPOCTb NOAAYM M TpebyeT COOTBETCTBYOLEE yCTPoMCcTBO HITY.
YacTble yCKOPEHWA W 3aMeaieHns paboymx NepeEMELLEHMIM B KOMBMHALWK C BbICTPbIM M3MEHEHUEM
WX TPAEKTOPWM CO3LAI0T LONOSHUTE/IbHbIE AMHAMUYECKME HArpy3KU Ha ABUKYLLMECA YAaCTH CTaHKa,
TaKue KaK HanpasnsioLLMe, XOA0Bble BUHTbI, MOALUMMHUKA U T.4., BbI3biBaA UX 60/1€€ MHTEHCUBHbIN
M3HOC. M03TOMY CEroAHALLIHEE CTAHKOCTPOEHME YUUTbIBAET OTMEYEHHbIE OCOBEHHOCTM NpU
KOHCTPYMPOBaHWM CTaHKOB, NPeAHa3HaYeHHbIX UMEHHO A1 Ppe3epoBaHmMsA C BbICOKOW Nojadven B

npeccowTamMmnoBoM Npon3BOACTBE.

I

®pe3epoBaHme C BbICOKOH nogayei N “obbi4Hble” cTaHKku ¢ YITY

A MOMHO /1 MPUMEHATb TEXHUKY (pe3epoBaHmA C BbICOKOH nogades Ha “06bI4HbIX” CTaHKax

¢ Yy c yactotov BpaweHuns wmnHgena 6000-7000 06/MmH? Takue CTaHKM NO-MPEXHEMY
MPUBbIYHbI 414 NPECCOLITaMnoBOro nponssogctsa. OTBETOM Ha NOCTaB/IEHHbIHM BOMNPOC

B 60/IbLUMHCTBE C/y4aem byaeT: ‘[la, MoxHO”. [lekicTBUTE/IbHO, NPMBOS NMoAayn CTaHKOB
obecrneynBaeT, KaK npaBu/io, TPebyeMyro CKOPOCTb N0Aa4YH, @ OTMEYEHHbIE 3HAYEHUA YacToTb!
BpalYeHHs LMUHAE/IA JOCTATOYHbI /19 pe3aHnsl OCHOBHbIX MaTepHUasioB LWTaMMoB M Npecc-Gopm.
[pu ppesepoBaHmm ¢ BbICOKOM MOJAYEN K/IIOHYEBbIM (PaKTOPOM MPOMN3BOANTEIbHOM 06pabOoTKU
C/TYMUNT COEAMHEHNE BOEAMHO YBEMYEHHOM Nogaym Ha 3y6, HOPMaJsibHOM CKOPOCTHU U Masiok
[71y6UHbI PE3aHUAL.
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Bravane pns dpesepoBaHms C BbICOKOW Nogadvei NpUMEHsAIN MHCTPYMEHTbI OCTATOYHO GObLIONO
AMameTpa Co CMEHHbIMU NaCTUHAMK TPEX- UKW YeTbIPEXrpaHHoM Gopmbl (pyc. 27). PexyLias
KpomKa Takmx CMI 06bl4HO NpeacTaBnsana gyry uam gse xopabl ayrv (npodunm 1 m 2 Ha puc. 28).
PasB1THE MHOrOKOOPAMHATHbBIX 3aTOYHbIX CTAaHKOB € HITY N03BoAMA0 CO3aBaTh C/IOKHbIE peryLLne
reoMeTpuM B pasimMyHbIX MHCTPYMEHTaX, B TOM YMC/IE U MasibiX pa3mepoB. B pesynsrate dopma
nAacTuH K dpesam A/1A paboTbl C BbICOKOM Nojader ctana 601ee COBEPLUEHHOM, a KPOME TOrO,
NosiBUIACH BOSMOKHOCTb MOMOMHWUTL (Ppe3amm AaHHOro BUAA, HO YIKE C MEHbLUMMU uameTpamm
JIMHWU LLeNbHOMO MHCTPYMEHTA U CMEHHbIX PEXYLLUMX rOIOBOK. Takoe “BTOpoe poxaeHue”
BbICOKOMPOU3BOANTE/IbHOrO MHCTPYMEHTA OKa3a/10Ch O4EHb BaXHbIM AJ1A NPECCOLITamMnoBOro
MPOM3BOACTBA M Pa3PELLNIIO NMPUIOHKEHNE TEXHUKM HEPHOBOIrO (hPeE3epOBaHMA C BbICOKOW Nogayen
Ha 3y6 K 06paboTKe He TO/IbKO NIOCKOCTEN U KpynHorabapuTHbIX NPOMUIEN, HO U K CTOHHbIM
(haCOHHbIM NOBEPXHOCTAM CPELHMX M MasIbIX Pa3MeEPOB.

JIvnna dpe3 UCKAP pgns pesaHua ¢ BbICOKOM nofader Ha 3y6 npeacTaB/ieHa cemencTeamm ppes ¢

CMTI1, uenbHbIMM TBEPAOCNNABHBIMU, @ TaKKE CMeHHbIMM ronoskamu MYJIBTU-MACTEP
(81 3aKpenieHma B XBOCTOBUKAX).
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3.2.1. dpes3bl ¢ CMIN gna pe3aHua ¢ BbICOKOW noaayei Ha 3y6

MepBble ppesbl ¢ ogHOCTOPOHHeN CMIT TpeyroabHOM hopMbl, NpegHa3HavYeHHbIe aa pesaHus

C BbICOKOM nogayen, noasmnmcb B pamkax cemenctsa FEEDMILL. OcHoBaHWe nnacTuH UMeeT
LMMHAPUYECKUM BbICTYN, KOTOPbIM BXOAWUT B COOTBETCTBYIOLLEE YIybaeHMe rTHE34a NPW YCTAHOBKM
nAacTUHbI B Kopnyce dpe3bl, 06ecneymBas HafEHHOe KpenieHre NaacTuHbl M 3aMeTHO obneryas
Harpy*eHvue 3arMMHOr0 BUHTA CMI0M pe3aHus (puc. 29).

[JanbHenlune NomMcKM 6oiee COBEPLLEHHBIX PELLEHWI NPUBEIN K COEAMHEHMIO BbICOKOWM MPOYHOCTU
¢dpe3 HELIDO c pa6oyei reometpunert FEEDMILL B cemerictee HELIDO UPFEED c TpeyrosibHoOW,
HO y}e ABYXCTOPOHHEN CMEHHOWM MIACTUHOM C 6 pexyLLmMMm KpomKamm (puc. 30). BoKoBble CTEHKM
rHesga gpes HaK/JIOHEHbI K OCHOBaHWIO, 06pasys B Ce4eHnM Npodusb “NacTO4KMHOIO XBOCTa”, HTO
ONpepenseT HECTKOE 3aKPeNIeHWe NAacTUHbI B Kopnyce. PexyLuas KpoMKa NaacTuHbl BRIKYaET B
cebs raBHYI0 KPOMKY (HapyHYt0) 1 BCrIOMOraTe/ibHyt0 (BHYTPEHHIO). Takas KOMNOHOBKA 3aMETHO
NOBbILLAET NOKa3aTenn paboTbl hpesbl, 0COGEHHO NPY Bpe3aHUM MO YI/IoM, Koraa BcrnomoratesibHas
KPOMKa UrpaeT peLuatoLlyto posb (puc. 31). Ana ynyyleHua CTpyHKoobpa3oBaH1A NepesHas
MOBEPXHOCTb NJIACTUHBI B PAMOHE TaBHOM PEHYLLEN KPOMKM BbiNyK/1as, a y BCMOMOraTe/ibHOM
KPOMKM - BOTHyTas.

Bnarogapsa oTMeYeHHbIM KOHCTPYKTMBHBIM 0cob6eHHOCTAM cemericTBo HELIDO UPFEED o4eHb
3HEKTMBHO B YePHOBOW 06paboTKe € 60/bLLIOM CKOPOCTbIO MOAAYM U BbICOKMM TEMMOM CHATUA
MeTanna. Yron B nnaHe y ppes cemencTra coctaBaseT 17°, a camu ¢pesbl BbiNyCKalTCA B
CNepyoLMX UCMOJTHEHMAX: HAaCaAHbIE, C XBOCTOBMKOM M peryLume ronosku ¢ CMIT ona pasamyHbIx
CUCTEM MOAYNAPHOr0 MHCTPYMEHTA.

Ta6bnuua 55. OCHOBHble cemeiicTBa (pe3 ANA pe3aHUA ¢ BbICOKOI nogayeii Ha 3y6

[nanasoH y 06 06
CewmelicTBo Tun MicnonHerue dpes [O1ameTpoB MGI0 pem. OSHACHNE O3HaeHe
i " | Kpomok CMI (pesbl (xBocToBKKa) | CMIT (ron0BKK)
HacagHble 40-125 FF FWX...
C XBOCTOBMKOM 16-40 FFEWX...
HELIDO UPFEED ccMmn Tonosku FLEXFIT 20-40 6 FFEWX..M... HB600 WXCU...
lonoBKK
MULTI-MASTER 16-20 FFEWX...MMT...
HacagHble 40-125 FFFW...
C XBOCTOBMKOM 25-40 FFEW...
FEEDMILL Mmn FFWO...
ce C xBocr. CLICKFIT 25-40 3 FFEW...CF... °
lonosku FLEXFIT 25-40 FFEW...M...
16FEEDMILL ccmn HacagHble 80 16 FFNM... ONMU...
FEEDMILL MoHosmT. | LienbHble KoHLeBble 6-20 4* EFF S4...
MoHonuT. | CGOpHbIE: XBOCTOBMKM 10-25 2" MM FF...
IO TOI0BKM C roI0BKamMm 8-25 4* WM... MM EFF...

* Yucno 3y6beB AN MOHONMTHbIX pes v ronosok MULTI-MASTER.

MnacTtvHbl HELIDO UPFEED BbinycKatoTCA B ABYX BapUaHTax pexyLuen reometpuu: T,
npeAHasHa4YeHHbIV Ans Gpe3epoBaHua CTasm 1 vyryHa, u HP, CnpoeKTMpOBaHHbI, B OCHOBHOM,

N5 06pabOTHM HEPKaBEIOLLEN ayCTEHUTHOM CTaM M IapOonpoYHbIX cniaBoB. Ha nepegHen
NOBEPXHOCTM MNACTHH C T-reOMeTpPUEN MMEIOTCH XapaKTepHble PUCKK (naTuHcKana bykea “I”) anna
BM3YyaJIbHOro pacnosHasaHus (puc. 30).

B nponsBoacTee WramMnoB 1 npecc-hopm SOMUHUPYET 06paboTHa CTanu, 4TO ONpeaensaeT 60/bLUy0
pacnpoCcTPaHEHHOCTb NNACTMH C T-reoMeTpuer B oTpacau. Tem He MeHee, naacTuHbl BUuaa HP Takke
HaLLM 34eCb CBOE NpMMeHeHWe npu dpe3epoBaHnM COOTBETCTBYIOLWMX MaTEPUAIOB.
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Paboratb ckopee

BbykBbl “FF” B HaumeHoBaHWM (ppes, NaacTuH U ro/I0BOK A/1 PE3BHWA C BbICOKOM nogaqert Ha 3y6

npoussBogctBa MCHAP o3HauaroT: “Fast Feed” - “6bicTpas nogaya’.

Pabotatb cKopee Ha bbICTPo¥ nogaqe A/151 BbICOKONPOM3BOAUTE/IbHOrO YePHOBOIO

¢ppesepoBaHus!

*A

naBHas

pemyLias
KpOMKa

BcnomorarenbHas
pemyLlas KpoMKa

HauyanbHble napameTpbl perumMa pe3aHus

a) My6uHa pe3aHua Ap

B tabauue 56 npeacTasneHbl guanasoHsl my6buH pesanuns ans ¢pes HELIDO UPFEED c
nnactHamm H600 WXCU...T B 3aBUCMMOCTH OT pa3mepa naacTuHb.

YBeM4YEeHO 1 NOBEPHYTO

Tabnvua 56. ny6uHa pe3anua Ap ans ¢ppes FF... c nnactuHamu H600 WXCU...T

Pasmep Ap, Mu
NAacTUHbI 0603Ha4eH1e NNacTUHbI min. max.
04 HB600 WXCU 04...T 0.2 0.8
05 HB600 WXCU 05...T 0.25 1
08 H600 WXCU 08...T 0.4 2

Pagunyc ana nporpammmupoBaHua

Mpn noaroToBKe ynpaBAaALLMX Nporpamm A8 cTaHKoB ¢ YIY ¢pesbl 419 pe3aHnaA ¢ BbICOKOM
rnogaye Ha 3y6 4acto 3aMeHAT Ha 90°-e pesbl ¢ 3y60M, 3aKpPYIEHHBIM M0 paguycy. IToT
paamyc (R Ha puc. 32), Ha3biBaeMbIH pagmycoMm 4Ji1A NporpamMmmMmMpoBaHuA, ABAAETCA BaAHHbIM
rnapameTpoM U yKa3bIBAETCA B KaTasiorax n TexHMYecKkux pyrosogcteax. OH onpegenaet
MaKcumasibHyH TO/ILMHY BbiCTyna (t Ha TOM e pUC.), KOTOPbIN 06Pa3yeTcA KaK pesy/ibTaTt

3aMeHbl peasibHoOro npogus..
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b) WnpuHa pesaHua Ae

Bo n3beaHne M36bITOYHOrO HarpyHeHns 3yba HacCTOATEIbHO PEKOMEHAYETCA Ha3HayaTb LWMPHUHY
pe3aHus He 6onee, Yem BesiumHa auameTtpa D1. B npoTMBHOM e ciyyae NpoucXoanT YpesMepHoe
yBE/IMYEHUE MPUMNYCKa B BbICTYNax, 06pasyroLmxcs npy yrybieHun B o6pabatbiBaeMbl Matepuan
nocne Kamagoro npoxoaa (pvc. 33).

CwmeLueHre bpesbl
B OCEBOM BbicTyn
HanpaBs/ieHuH 0
nocne npoxoaa ‘

c) HayanbHana nopaya Ha 3y6 fz

Hak npaswno, npn dpesepoBaHnmn 60bLUMHCTBA MAaTEPUaNOB A1 U3rOTOBIEHNUA LUTAMMOB U
npecc-hopm nogaya NeXUT B Npeaenax, ykasaHHbix B Tabnumue 57.

JaHHbIX Tabau1L, LOCTATO4HO AN5 GbICTPOro ONpeAeieHna Nofaymn Ha 3y6, U OHW NPUBOAAT K
npvemaembim peaynstatam. 11 6o1ee TOYHOro Ha3Ha4YeHUA MOXKHO BOCMO/1b30BaTLCA TabaumLen 58.
B cnyyae HEXECTKOro 3aKpenieHnsa 3aroToBKK, 60/1bLLOrO BbIIETA MHCTPYMEHTa, hpesepoBaHus
BG/IM3M TOHKWX CTEH W APYrMX NPOABAEHMIM HeycToMumnBoM cuctembl CIMN TabinyHblie 3Ha4YeHNs
c/iegyet yMeHbLKTb Ha 30%.

Tabnuua 57. lnanasoHbl 4acTo BCTpeyarowwmxea nogay ana ¢ppes FF.. c nnactuHamu

H600 WXCU...T
Pasmep lMopava Fz,
NAaCTUHbI 0603HaueH1e NacTHHbI MM/3y6
04 HB600 WXCU 04...T 04..1
05 H600 WXCU 05...T 05...15
08 H600 WXCU 08...T 0.6...2

Tabnvua 58. YcpepHEHHbIe 3Ha4YeHUA HaYanbHo nogauu fzo pna ¢pes FF... c nnactuHamu

H600 WXCU...T
Marepuan 3arotosKm Mogava fzo, Mm/ay6, Ana dpes FF ¢ nnactuHamm™
Ipynna no ISO
DIN/SO 513 Tun Tpynna marepvana H600 WXCU 04 H600 WXCU 05 H600 WXCU 08

1-4 1 1.3 1.7

YrnepoaucTas ctanb
5 1 1.3 1.6
6,7 1 1.2 1.5

JlervpoBaHHas 1

MHCTPYMeHTabHasA 8,9 0.9 12 14
cranb 10 0.8 1.1 1.3
" 0.7 1 1.2
Hepx. MapTeHeuT. cTanb 12,13 0.9 1.2 1.4
Cepblit YyryH 15-16 1 1.3 1.6
BbICOKONPOYHbIA YyryH 17-18 0.8 1.1 1.3
. 38.1 0.4 0.5 0.6

3akanéHHan ctanb
38.2 0.3 0.3 0.4

* [pynna matepnanos MCKAP no ctangapty VDI 3323.
** [Tpn HefloCcTaTO4HOM HECTKOCTH cucTembl CMNA cnepyeT yMeHbLIMTb TabanyHble 3HaveHna Ha 30%.
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YacTHbIH c/1y4ai: yrioBoe Bpe3aHue B CNJIOWHON MaTepua

pn 4epHOBOM (ppe3epoBaHmM (B T.4. 1 C BbICOKOM nogadesi Ha 3y6) nosocTen n KapMaHoB

B CI/IOLLHOM Marepuase MHCTPYMEHT BHayasie Bpe3aeTca B MaTepuas nog yr/iom, a 3atem
Mpojo/IHaeT 06paboTKy MOBEPXHOCTH N0 METOAY BUHTOBOW (CripasibHOM) MHTEPNONIALMM.
Onpeaenas napameTpbl PEXUMA Pe3aHnA, CEAYET y4eCTb, YTO NP1 BPe3aHu1 B Matepua
HEo6Xo4MMO CHU3UTBL Mogady, Mo3ToMy 3Ha4YeHWA B Tabsmue 58 A4 atana Bpe3aHusa TpebyercA
y6asuTb Ha 30-40%. Kpome Toro, peKoMeHAyeTcA yMeHbLUNTb Ha 20% v MaKCUMasbHYHo ry6uHy
pe3aHws, MPUBEAEHHYI0 B Tabsmue 57.

d) HayanbHasa cKopocTb pe3aHud, Vc

B Tabauue 59 cobpaHbl ycpeaHEHHbIE 3HAYEHMA HaYalbHOM CKOPOCTHU Pe3aHmaA VC 0 OTHOLLIEHWIO K
MapKe TBEPZOro cnsiasa naacTuHbl. B cnydae HepocTaTouHo HECTKoM cuctembl CINNA, (601bLIoM
BbINET dpesbl, NPo6AEMbI C 3aKPENIEHUEM 3aroTOBKM M T.M.) TabINMYHbIE BE/IMYMHBI JOMHHbI ObITb
yMeHbLUeHbl Ha 20-30%.

Tabnunua 59. dpesbl FF... ¢ nnactuHamu H600 WXCU...T: HayanbHasa CKOpocTb pe3aHua Ve

MaTepman 3aroToBKKU VC, M/MMH, [ON1A MapoK TB. CnaaBa
lpynna no ISO
DIN/SO 513 Tun Tpynna* IC808 [C810 IC830 IC330
1-4 150 150 150 135
yl'}'lepOp,VICTaﬂ CTanb
5 150 140 135 125
6,7 150 135 125 120
JlerviposanHas 1 8,9 150 130 120 115
MHCTPYMEHTa/IbHaA
cTanb 10 130 125 115 110
11 120 120 115 100
Hepi. apreHcu. 12,13 120 120 120
CTanb
Cepblit 4yryH 15-16 200 220 220
BbICOKONPOYHbIN
17-18 180 200 200
HYyryH
) 38.1 80 70
3aKanéHHas ctanb
38.2 60 50

* Tpynna matepuano MCKAP no ctaHgapty VDI 3323.
[] - PexomeHayemas Mapka cnnasa.

rny6uHa pe3aHua: cTpemMucb K Makcumymy!

Yron ¢pesbi FF... ¢ CMIM HBE00... B naaHe npaKTM4eCcKn MNOCTOSHEH BAO/Ib OCHOBHOM pexyLLes
KPOMKM NAAaCTUHbI, yCTaHOBEHHOM B rHe3ze. 10 3Tov npuymMHe npy NnpoYux paBHbIX YC10BUAX
YMEHbLLIEHUE /1y6UHbI PE3aHnA HE BIEYET 3a COO60H aPHERTa COKPALLEHHNA CTPYHKMN

10 TO/ILUMHE U HE MPUBOAMT K YBEJIMHEHMIO MOAA4H, MO3BOJIAA pe3epoBath bbiCTpee.

Ecsn Baw cTaHOK obaagaet 40CTaToO4yHOM MOLHOCTbIO /1aBHOIO NP1BOAA, M 3aroToBKa
HazéXHO 3aKpernieHa Ha CTo/Ie CTaHKa, CMEJI0 paboTanTe C MaKCUMaslbHO [OMyCTUMOH
ry6UHOM pe3aHus - BO3HarpaxaeH1mem 6yayT COKpalleH1e OCHOBHOIO BPEMEHU U POCT
MPOU3BOAUTE/ILHOCTH 06PABOTHM.

Mpumep

Pa6oTas Haj, CHUKEHWEM ONePaTUBHOIO BPEMEHM MPY M3rOTOBIEHUN AETaIM KOBOYHOIO LUTamna,
TEXHOJIOT MHCTPYMEHTANIbHOIO Liexa peLumna ucnonbsosatb dpesy FF FWX D080-06-32-08 ¢
nnactHamn H600 WXCU 080612T IC830 an1s 4epHOBOro hpe3epoBaHms MI0CKON NOBEPXHOCTH
KpynHorabapuTHOM 3aroToBKKU. MaTtepuasn 3arotToBKu - IerMpoBaHHas wramnosas ctaib X12BMd
TBEpAOCTbLI0 HB 190...210. 114 BbINOAHEHUA ONepaLmMmn UCMOJIb3YETCA MOLLHbIV CTAHOK C
npUcnocobieHneM, obecnedmBatoLLMM HECTKOE 3aKpenaeHne 3arotoBku. O6paboTka MpoBOANTCA C
MasibIM BblIETOM Ppesbl.
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Mpegnonaras, 4TO CTaHOK OTBEYAET pacyETHbIM TpeboBaHWA onepayum No NoTpebAAEMON MOLLHOCTH
pe3aHus, cnepyeT BeCTM 06paboTKY C MaKCMMasibHO JONYCTUMOM ryGUHON hpe3epoBaHnaA (CM.
3ameTKy “TnyburHa pesaHus: CTPEMUCH K Makcumymy!”) 2 Mm cornacHo Tabauue 56.

Marepwan 3arotoBku oTHocuTCA K rpynne marepunanos MCKAP No. 10 no ctangapty VDI 3323.
Co0TBETCTBEHHO, HavanbHas nogaya fz=1.3 mm/3y6 (Tabamua 58) 1 HavanbHasA CKOPOCTb pe3aHusA
Vc=115 m/muH (Tabamua 59).

LWupuHa dpesepoBaHma Ae=62 MM - CM. NYHKT b) LLinprHa pesaHna Ae 1 fJaHHble KaTanora and
Bbl6paHHoM dpesbl (D1=64 Mm).

YacToTa BpaweHns wnuHaena N=1000x115/(rtx80)=458 (06/MuH).
CHopocTb noga4m Ve=1.3x6x458=3572 (MM/MUH).
CKOpOCTb (MHTEHCMBHOCTb) CbéMa MaTepuana Q=1.3x62x3572=287.9 (cM*/MuH).

YacTHbi¥ cny4qaii: ppe3epoBaHmue nasa B CIIJIOLUHOM mMarepuasie

lpu ppesepoBaHmm ¢ BbICOKOM nogader Ha 3yb nasa B Cr/IOLLHOM Marepuasie Havya/lbHbie
3HaYeHWA NoJayym U CKOPOCTH Pe3aHus, NPUBEAEHHbIE B Tabmuax 58 n 59, HeobxoauMo
YMeHbLUUTL Ha 30%.

3.2.2. CmeHHble ¢ppe3epHble roniosku MYJIbTU-MACTEP v uenbHble TBEpAoOCnaaBHble
HoHLeBble ¢pe3bl A1 06paboTKU ¢ BbICOKOW noaayveit Ha 3y6

Fonoskn MYJIBTU-MACTEP a4 pe3aHus ¢ BbICOKOM Nogayen npeacTas/ieHbl AByMA rpynnavu:
AByx3ybble MM FF... “9KOHOMWMYHOI0” CMoIHEHMA 1 MHOrodybble MM EFF... . lNocnegHue no cBoew
pEXyLLEV FeOMETPMM NOBTOPSAIOT LiesIbHble TBEPAOCNIaBHble hpesbl cemerictea FEEDMILL. B
Tabnumuax 60 1 61 NnpuBeaeHbl 06LLME AaHHbIE, XapaKTEPU3YHOLLME FO/I0BKM U LieIbHble Ppesbl.

Ta6nvua 60. Yucno 3y6beB Z M MaKcMMasibHas ry6uHa pe3aHua Apmax A5 Fo/IOBOK
MYNIbTU-MACTEP v uenbHbIX TBEpAOCT/IaBHbIX Ppes, npegHa3Ha4YeHHbIX AJA
¢pe3epoBaHu1A C BbICOKOM Nopa4ven

Apmax, MM, 418 HOMWH. finam. D, Mm
Tun 0603HayeHne | Yncno 3y6bes Z 6 8 10 12 16 20 25
MY/IbTU-MACTEP MM FF... 2 0.6 1 1.1 15
MY/IbTU-MACTEP MM EFF... 4 0.4 0.5 0.6 0.8 1 1.2
LlenbHble pesbl EFF... 4 0.3 0.4 05 0.6 0.8 1

OKcnnyatayMoHHaA rMGKOCTb PEHKYLEro UHCTPYMEHTA (2) U ... CMeHHas NaacTUHa
Homnanna MCHAP npeanaraet noTpebuTesito CMEHHbIE NM1aCTHHBI, KOTOPbIE NPy 3aKPenIeHmu
BO (ppe3ax LUMPOKOro NPUMEHEHHUA CTaHAAPTHOM NOCTaBKM NMPeBpaLyarT UX B MHCTPYMEHTbI

A7 hpe3epoBaHms ¢ BbICOKOH nogadesi Ha 3y6. lnactuHbl OFMW...FF, npegHasHavyeHHble

ans cemerictea ¢ppe3 HELIOCTO, v nnactuHbl ADKT...FF, ADCT...FF n APKT...FF,
CrpoeKTupoBaHHble A1 ppe3s cemerictea HELIMILL, paclumpsaoT 06/1aCcTb NPUMEHEHHUSA AAHHbIX
MHCTPYMEHTOB U MO3BOJIAKT UX UCIMO/Ib30BaHNE B BbICOKOMPOU3BOANTE/ILHOM YEPHOBOM
pesaHun.

Topuesas ¢pesa FF NM D080-06-27-R08 ¢ HomuHasibHbIM gruameTpom 80 MM MCrO/b3yeT
“pApoBbie” 8-rpaHHbie naacTrHbl ONMU 0806..., pacnoioMeHHbIe TaK, YTObbl CO34aTh PEKYLLYHO
reoMeTpuio, He0bXoAMMYIO 419 06pabOTKU C BbICOKOM nojayen. Pabotas Takov ¢ppe30oi, MOKHO
YBEJ/IMYNTb CKOPOCTb ChEMa Marepmasa B 1.5-2 pasa o cpaBHEHUIO C 06bIYHOH TOPLEBOH
@pe3sori guametpom 80 MM ¢ yKadaHHbIMM CMI1. A ec/iv y4ecTb, 4TO y NAacTUHbI 16 pexyLmx
KPOMOK, TO Ha/IML0 BbIMIPbILIHOE S9KOHOMUYHOE PEeLIEeHNSA [J1F BbICOKOMPOAYKTUBHOIO YEPHOBOIO
(pe3epoBaHus MNJI0CKMX MOBEPXHOCTEN 60/IbLLMX pa3mepoB!

B Katanorax n nHgopmaymoHHbIx Bbinyckax MCHAPa MoxHO HakTv 60/1ee NoJHy MHpopMaLmo
0 pe3y/IbTaTUBHbIX PELUEHUAX, OCHOBAHHBIX HA MPUHLMIME LUMPOKOM QYHKLMOHA/IbHOCTH
(rmbrocTH), Korga npaBm/ibHO BbibpaHHaA KOMGMHaUMA Qpe3 U COOTBETCTBYOLYMX MIACTHUH
MPUBOAZNT K HOBOMY TOJIOMNTETIbHOMY 3G GEKTY.
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Tabnvua 61 MakcumanbHasa wupuHa pe3anua Aemax* gna ronosok MYJIbTU-MACTEP

U UesibHbIX TBEpAOCNIaBHbIX Ppes, NpeaHasHaYeHHbIX AnAa ppe3epoBaHud ¢
BbICOKOI nogayein

Tun Aemax, MM, 18 HOMUH. gvam. D, mm

6 8 10 12 16 20 25
fonoskv MM FF... 7.7 9.1 13.6 17.5
lfonoskv MM EFF... 1

45 6.1 7.7 9.1 125 15.5 19.5
dpesbl EFF...

* [pu dppesepoBaHnm C rny6HUHOM pe3aHnsa Apmax B COOTBETCTBUM C Tabauuen 60

Tabnumubl 62-64 cnyaT a5 6on1ee TOYHOM OLEHKW FYyOMHbI U LUMPWHBI pe3aHnsa B 3aBMCUMOCTU OT
obpabaTtbiBaeMoro marepvana. YCpegHEHHbIe 3HaYeHuUs, MPUBEAEHHbIE B TabanLax, AaroT XOpoLLne

pes3y/bTaThl NPy ONpese/ieHMU CTapTOBbIX MapaMeTPOB PeXMMAa Ppe3aHus.

Tabnvua 62 PpesepHble ronosku MYJIbTU-MACTEP MM FF...: cpegHUe 3HaY4€HUsA ryGuUHbI

pe3aHua Ap, Mm

fpynna no IS0 | oy i marepuana®!

DIN/ISO 513

Ap 1A HOMKH. finam. D, Mm

CooTHoLLEeHWe

10 12 16 20
~0.06 D 0.6 0.7 1 1.2
0.05D 0.5 0.6 0.8 1
0.05D 0.5 0.8 0.8 1
Apmax 0.6 1 1.1 1.4
~0.045D 0.4 0.5 0.7 0.9
~0.03D 0.3 0.4 05 0.6
~0.02D 0.2 0.25 0.3 0.4

*1 [pynna matepuanoB MCKAP no ctangapty VDI 3323

*2HRC 45-49
*3HRC 50-55
**HRC 56-63

Tabnuua 63 LienbHble TBEpAocniaBHble ¢pesbl U rosioBkn MYJIbTU-MACTEP MM EFF...:

cpeAHue 3Ha4YeHUs ryouHbl pe3aHus Ap, MM

fpynnano IS0 |roynna marepuana*”

DIN/ISO 513

Ap ana HoMKH. uam. D, Mm

CooTHoLLeH1e

6 8 10 12 16 20 25
~0.045D 0.3 0.35 0.45 0.55 0.75 0.9 1.1
~0.04D 0.25 0.3 0.4 0.5 0.65 0.8 1
~0.04D 0.25 0.3 0.4 0.5 0.65 0.8 1
Apmax 0.3 04 0.5 0.6 0.8 1 1.2
~0.035D 0.2 0.25 0.35 0.45 0.6 0.7 0.9
~0.03D 0.2 0.25 0.3 0.4 0.5 0.6 0.75
~0.02D 0.1 0.15 0.2 0.25 0.3 0.4 05

*1 [pynna matepuanoB MCKAP no ctangapty VDI 3323

*2 HRC 45-49
*3 HRC 50-55
* HRC 56-63
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YacTHbIV cny4qali: ppe3epoBaHue nasa B CrI/IOLUHOM mMarepurasie

loBopsA o ¢ppe3epoBaHU C BbICOKOH nogaqesi nasa B CriJIOLIHOM MaTepUane Lie/ibHbIMU
TBEépAOCnAaBHbIMM ppesamm m ronosKamm MYJIbTU-MACTEP, cregyet B3ATb B pacqéT
0rpeaenEHHbIE OrPaHNYEHNA, KaK M B PACCMOTPEHHOM PaHEe aHaI0rMYHOM CJlyyae ¢ ppesamm
HELIDO UPFEED:

° YMeHbLMTb nogady Ha 30% rpu HEAOCTaTOYHO HECTKOM cucteme ClN/.

* CHM3UTL nogayy Ha 30-40% v MaKcMmasibHO JonycKaemyro rybuHy pesaHusa Ha 20% npu
YI7I0BOM Bpe3aHuu B MatepuaJl.

* YMeHbLUNTB rofaqy M CKopocTb pes3aHus Ha 30% npu ¢pesepoBaHmm rnasa B
CMJ/IOLLHOM MaTtepuae.

Tabnvua 64 ®dpesepHbie ronosku MYJIbTU-MACTEP MM FF.../ MM EFF... v uenbHble
TBEépAocnaaBHble Ppes3bl EFF..: cpegHue 3Ha4eHUA WUPUHDbI pe3aHua Ae, MM

TIE LS lpynna matepuana*2 | CooTHOLIEHNE TN

DIN/ISO 513 6 8 10 12 16 20 25
~0.7D 4 55 7 8.5 11.5 14 17.5
~0.6D 35 45 6 7 9.5 12 15
~0.6D 35 45 6 7 9.5 12 15
~0.7D 4 55 7 85 11.5 14 17.5
~045D 25 35 45 5.5 7 9 11
~0.3D 2 25 3 35 45 6 75
~0.25D 1.5 2 25 3 4 5 6

1 [pun dpesepoBaHum ¢ rybuHON pesanus Ap, yKasaHHoW B TabauLe 63
*2 [pynna matepuanos MCKAP no ctangapty VDI 3323

= HRC 45-49

= HRC 50-55

*5 HRC 56-63

Tabnvua 65 ®dpesepHblie ronosku MYJIbTU-MACTEP MM FF.../ MM EFF... v uenbHble
TBépAocnnasHble ppesbl EFF...: HayanbHaa ckopocTb pe3aHua Ve, M/MUH

Fgm;lasgo;fso [pynna matepuana* Ve M/MH

1 180
24 160
5-6 150
7-9 140
10 130
11 120
12,13 120
15-16 180
17-18 160
38.1 100
38.2 80
39" 60

* Ipynna matepnanoB UICKAP no ctangapty VDI 3323




Tabnuua 66. dpesepHblie ronosku MYJIbTU-MACTEP MM FF...: HayanbHaa nogaya

Ha 3y6, fzo, Mm/3y6

rgm;lggo;?? Tpynna matepuana’ | CootHoeHHe = A:);'nﬂ HOM. AV D'1h;M -
~0.06 D 0.6 0.7 1 1.2
0.05D 05 0.6 0.8 1
0.05D 0.5 0.8 0.8 1
~Apmax 0.6 1 1.1 1.4
~0.045D 0.4 0.5 0.7 0.9
~0.03D 0.3 0.4 0.5 0.6
~0.02D 0.2 0.25 0.3 0.4

*1 Ipynna matepnanos MCKAP no ctangapty VDI 3323
*2HRC 45-49
** HRC 50-55
**HRC 56-63

B tabnmuax 65-67 npMBeneHbl peKOMEeHAyeMble HaYabHble 3Ha4eHWA CKOPOCTM Pe3aHusa 1 Nogadu

Ha 3y0.

Mpumep

[na nponssoactea getanu us ctanm 4XC tBépgoctbio HRC 32...35 B MHCTPYMEHTaNbHOM Liexe

cobupatotca npumennTb pesy EFF-S4-12 045/34C12R2.0M. Cuctema CINU/A goctatoyHo

HECTKas, YTo6bl 06ecneynTb HEO6X0AMMYIO YCTOMYMBOCTbL PpesepHoi onepauunn. OnpegennTb

Ha4a/lbHble 3Ha4YeHWA NapamMeTpoB pexnma pe3aHuA.

[JnameTp dpesbl 12 Mm, 06pabaTbiBaeMbli MaTepuan NpUHaANERHT K rpynne matepuanos MCKAP
No. 6 no ctaHaapty VDI 3323. lNo Tabauue 63 HaxoauTca mybuHa pesanma 0.55 mm, a no Tabauue

64 - lWWMpKHHa pesaHua 8.5 mm.

HayasbHaa cKOpOCTb pe3aHuns NpuHMMaeTca pasHor 150 M/MuH (Tabnuua 65), HavyanbHaA nogaya -

0.48 mm/3y6 (Tabnmua 67).

Bblumcnenus:

* YacroTa BpaLyeHus wnmuHaena 1000x150/(1tx12)=3980 (06/MuH)

e CKopocTb nogaum 0.48x4x3980=7641.6 (MM/MU1H)

* MMpuMepHasa CHOPOCTb (MHTEHCUBHOCTB) ChéMa MaTepuana 0.55x8.5x7641.6/1000=35.7 (cM®/MuH)

Tabnuua 67. LlenbHble TBEpaocnnaBHble dpe3bl EFF... u dpesepHbie ronosku MYJIbTU-
MACTEP MM EFF...: HayanbHaA nogaya Ha 3y6, fzo, mm/3y6

Toynnano 1S0- | g varepana fz0 ana HommH. Anam. D, M
DIN/SO 513 6 8 10 12 16 20 25

0.35 0.48 0.57 0.67 0.75 0.9 1

0.33 0.43 05 0.57 0.65 0.75 0.87
0.28 0.33 0.4 0.48 0.57 0.67 0.78
0.25 03 0.35 0.43 0.52 0.6 0.7
0.22 0.28 0.33 0.38 0.48 0.57 0.67
0.2 0.25 0.3 0.35 0.43 0.52 0.62
0.25 03 0.35 0.43 0.52 0.6 0.7
0.34 0.45 0.52 0.6 07 08 0.9
03 0.38 0.45 0.52 06 07 08
0.16 02 0.25 0.33 04 0.48 0.55
0.12 0.16 0.22 03 0.38 0.45 0.52
0.1 0.12 0.16 0.16 0.2 0.2 0.25

*1 Ipynna matepuanos MCKAP no ctangapty VDI 3323
*2 HRC 45-49
*3 HRC 50-55
** HRC 56-63
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Mny6uHa pe3aHua u Npoxoazbl CTPOKaMM1

pn ppe3sepoBaHmn ¢ BbICOKOH nofayert npoxogamm CTPOKaMu ryomHa pe3aHva v Lwar
CTPOYeYHOV nogaym (T.e. CMeLUeHUA Gpesbl MM CTo/a CTaHKa MoC/1e Kaoro npoxoaa)
ABAAIOTCA B3aMMOCBA3aHHbIMM BEIMYMHAMM. TaK KaK PemyLymi npou/ib Le/ibHOM
TBépAocnaaBHoOM ¢pesbl EFF... v ronoskn MM FF.../MM EFF... npegctaBiaet cobov gyry
OKPYHHOCTH 6O/IbLLIOTO AMaMeTpa, MaKCUMasIbHbIM Liar CTPOYEYHbIHM No4aqu OrpaHyeH AIMHOM
XopAabl t, onpegenaemori rmybuHor pesaHus ap (puc. 34). [loatomy npu pesaHuu ¢ MaKCUMasibHO
J0mnMycTUMO r1y6MHOH, yKasaHHoM B Tabsmuyax 60, 62 n 63, He pEKOMeHAYETCA Ha3Ha4yaTb
LUMPHHY pe3aHusA 60/1bLUIe 3Ha4YeHWH, NpuBeLeHHbIX B Tabmuyax 61 n 64. B npoTMBHOM c/y4ae
06pa3syeTcs OCTPbIV BbICTY, CIOCOBHbIN Bbi3BaTb M3ObITOYHOE HarpyHeHue pesbl (ro/10BKM)
rpu eé cMmeLLeHnu Bry6b A1 pe3aHus creayroLero c/108 metaana . O4eBMUAHO, YTO YMEHbLLEHHE
Lara CTPOYEYHOM Mojayqm BAEHET 3a coOOk COKpalLeHme pasmepoB BbicTyna (puc. 35) n
YAyuLIEeHEe MMKPOreoMeTpmm 06pabarbiBaeMori MOBEPXHOCTH.

O6bI4HO PHY YEPHOBOM (pPe3ePOBaHUM C BbICOKOM MoJaqer noBEPXHOCTEH (0COBEHHO MI0CKMX)
KPYMHbIX pasmMepoB C pryCKOM He 60/1ee PEKOMEHAYEMOV 71yOuHbI PE3aHUA NPUHATO
HasHa4yaTb MaKCUMasibHO BO3MOKHYIO LUMPUHY PE3aHUA A/1A HanbOo IbLLIe NPOn3BOANTE/IbHOCTH.
Ecnu e cHumaeMbivi npunycK pasaenéH Ha npoxoabl Mo ry6uHe, onpeaeeH1e LMPHUHbI
ppesepoBaHma TpebyeT 6osiee ry60KOoro aHam3a Bo n3bexaHne neperpysKn MHCTPYMeHTa Ha
04epesHOM rPOXoze.

Puc. 34

LLlar ctpoyeyHom nogaum < t
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3.3. Coepuueckue ppesbl

Pexywwan KpomKa chepryecKon (LuapoBom) Gpesbl IEKRMUT Ha NOBEPXHOCTHU CEPbI, YTO 1
onpesenvnno Ha3BaHWe TaKOro BUAA PEHYLLEro MHCTpyMeHTa. MIMeHHO cdepa MmeeT o6LLyio
HopMasib ¢ 06pabaTbiBaeMOM NOBEPXHOCTHIO M 06ECNEYMBAET TEOPETUHECKM TOYEYHDBIN KOHTAKT C
Hen. MNoaTomy NpuUMeHeHUe chepryecKmx ppes NO3BONSAET NOAYUUTL 6€3 MCKarKEHMA NOBEPXHOCTH
Tpebyemoro npoduaa B Npegenax onpeaenéHHbIX AA8 Hero fonyckos dopmebl (puc. 37).

Bpawatowmniica HannibHUK

WHorga cgepryeckme pesbl HasbiBatoT 6opgppesamu. HecMoTpA Ha TO, YTO TaKoe onpesesIeHne
6bITYET U B MPOGHECCUOHAILHON CPEAE, Er0 HE/b3A MPU3HATb NPaBubHbIM. [pexae Bcero,
60pdpe3bl 6bIBAOT HE TOILKO CHEPUHECKUMM, HO TaKIKE U LUUIMHAPUYECKUMM, OBa/IbHbIMM,
KOHWYECKMMM, NapaboanyeCKUMM, KarnaeBuaHbIMU U T.M. [IpunycK, cHUMaemblvi bopgpesamu,
HEBe/MK, a TpeboBaHWA 0 TOYHOCTH, MPEABAB/IAEMbIE K 60pdpe3am, CyLeCTBEHHO HUHE

10 CPaBHEHUIO CO ChepudecKnmm pesamm. Begb ocHOBHaA 3aga4a 60pgpes - 3a4UCTUTb

MW 3aKPYIINTb MOBEPXHOCTb MM KDOMKY, YAa/IUTb 067104 M BbIMOAHATL MHOTME Apyrue
MoAo6HbIe paboTsl. YacTo 6opdpesbl (60pbl, LapOLLKM) NCMOL3YIOTCA B PA3/IMYHbIX PYYHbIX
C/lecapHbIX MalliMHax ¢ 3IEKTPUYECKUM UIN THEBMATUYECKUM NPUBOZOM. MoXHO cKasaTb, 4To
9TO CBOEro poja BpallaroLMHICA HanuabHMK, 6e3 KOTOPOro He 06X0AMUTCA U MPecCoLUTaMnoBoe
MPOU3BOACTBO, YTO JIMLLb NMOATBEPHKAAET HEOOXOANMOCTb ObITb 60/IE€ CTPOrMM B ONPEAE/IEHUAX.

B npor3BoacTBe LWTamnoB 1 Npecc-hopM HET HEAOCTaTKa B MEXaHNYECKOM 06pabOTKE COKHDBIX
NOBEPXHOCTEN, U chepuyeckme dhpesbl MaeanbHO NOAXOAAT AN TaKUX onepauuii. HeyameuTensHo,
4TO roBOPSA O CNeLMdUKe PEHYLLEr0 MHCTPYMEHTA, NPUMEHAEMOrO A1 N3rOTOB/IEHMSA LUTAMIMOB U
opm, yallle BCEro NogpasyMeBatoT ChepruyecKme Uam ToponaanbHble ppesbl.

BaHOW XapaKTepUCTUKOM CPepnyecKor Gpesbl CAYHUT YI0BasA BENNYMHA COOCTBEHHO
chepryecKoro yqacTra pexyLuen Kpomku. O6b14HO oHa cocTasnsaeT 180° (nonycdepa, puc. 38), HO
BbIMYCKAIOTCA TaKKe dhpesbl CO ChepruyecKomn KPOMKOM KaK 6onbLue 180°, Tak 1 meHbLue 180°. Ana
dpes rpywesmaHon dopmebl (puc. 39) chepryeckan KpoMKa B 60bLLUMHCTBE ClyyYaeB paBHa 220°-
250°, a 4NnA KOHWYECKNX dpes ¢ WapoBUaHbIM KOHLOM (puc. 40) OHa, Kak npasuno, ncumcnaetca 80°-
89°. Bce yKasaHHble BUAbl Gpes HallmM CBOE MPUMEHEHNE B MPECCOLITAaMMIOBOM NPOU3BOACTBE.

YacTo dpesbl co chepryecKomn pexyLLen KpOMKOM B 180° MMEOT JONOHUTENBHO U
LMAMHAPUYECKYIO KPOMKY - OHa NpefHa3Ha4YeHa A5 Noy4YeHnA MeHee LLepoXoBaTon MOBEPXHOCTH
06pabarbiBaeMol CTEHKHM, a KPOMe TOro, NO3BO/AET YBE/IMYUTDL NOLIAroBoe CMeLleHue Gpesbl B
0CEBOM Hanpas/IeHUWN MPU MHOFOMPOXOAHOM pPe3aHuu (CpaBHU Cayyau a) U 6) Ha puc. 41).
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[MaBHOE AOCTOMHCTBO CHEepUYECKMNX PPE3 3aKI0HAETCA B MX CMOCOBHOCTM reHepMpoBaThb
TEOPETUYECKM TOYHYIO NO hopme noBepxHOCTb. OgHaKo, chepuyecKkan KpoMKa, onpeaensatoLas
[aHHOE BarHOE MPEeUMYLLECTBO, MMEET CBOO axm/IECOBY MATY: HYNIEBYIO CKOPOCTb BEPLUMHbI
tpe3bl. CnefoBaTenbHO, M CKOPOCTb PE3aHUA BEPLUMHBI PaBHA HY/NO, YTO CYLLECTBEHHO OC/IOHHAET
pe3aHue y4acTKOM, NpUeramLmMm K BepLumMHe. Kpome Toro, TOUKM ChepUIECKON KPOMKM

JleXaT Ha pas/IM4HOM PacCTOSHUM OT OCK PPe3bl, KOTOPOE MEHAETCA OT Hy/A (B BEPLUMHE) A0
paguyca chepbl. Bcnencteme Takoro HEMOCTOAHCTBA TOYKM KPOMKM yAANAT Matepuan ¢ pasHon
CKOpOCTbIO pesaHus. CnesyeT NOMHUTL TaKKe, YTO U B cyvae chepuieckmx dpes HaboaaeTca
3DEKT YMEHBLLEHWA CEYEHNA CTPYHHKM, PACCMOTPEHHDBIM B NMPeablayLLeM pasaese PyKOBOACTBA.
Hom6urHaumsa HeOaMHAKOBbIX CKOPOCTEW pe3aHns 1 Pas/IMyHOM TOJLMHBI CTPYKM NPUBOAUT K
3HaYUTENIbHOM Pa3HULE B HarpyHEHNM YHaCTKOB KPOMKM CHEepUHECKOro npoduas, 4To yxyawaert
YC/OBWA pe3aHuns B ONPEAENEHHbBIX 30HaX KPOMKM M MPUBOAUT K X MHTEHCUBHOMY M3HOCY.

MHKeHepbI-MHCTPYMEHTa/IbLLMKM XOPOLUO 3HAKOMbI C OTMEYEHHbIM HEAOCTAaTKOM CheprUYECKOM
KPOMKM M YYMTbIBAIOT €r0 NPU NPOEKTUPOBAHMM PEYLLEN reoMeTpumn dpesbl. A B apceHane
TEXHUKM PPE3epOBaHMsA UMEIOTCA CBOW METOZAbI, MO3BOJIAIOLLME YYHLIMTb SKCMTyaTaLMOHHYHO
XapaKTepUCTUKY LapoBbix dpes. CKareM, pacnoioKmMB MHCTPYMEHT TaK, YTO ero 0Cb He

Oy4eT nepneHAnKyApHa NOBEPXHOCTM 06paboTKM (MCNOb3YA NPUCTOCOGNEHME, HA CTaHKax C
HaKOHSAILWMMCS LWNUHAENEM, USBMEHEHME YI/1a CTONA U T.4.), MOXHO Harpy3uTb KPOMKY 6oniee
paBHOMepHO (puc. 42). [pyrol npumep: U3MEHEHWE HanpaB/ieHWs Nofayv nNpy Gppe3epoBaHmm
HaKIOHHOM NOBEPXHOCTU C TEM, YTOObI MCK/OUMTL Bpe3aHue Nog, YoM (cayyan a) Ha puc. 43),
MO3BOJIAET 3aMETHO Y/IyHLIMTb YCI0BMA pe3aHua (cnyyan 6), puc. 43). Eciv onpegenaTb CKOPOCTb
pe3aHus MO OTHOLLEHWIO K HOMUHaIbHOMY IMaMEeTpy, TO NPU TEX He camblX MPOrpaMMUpyeEMbIX
4acToTe BPALLEHNA LNMHAENA U MOAadYe Hauboiee HarpyeHHas 4acTb KPOMKM A1 Cayyas a)
HaxoauTcs B6AM3M BepLUMHBI pesbl, TO eCTb TaM, F4e CKOPOCTU pe3aHma 3aBeoMO HU3KME.

B 10 e BpemsA B cnyyae 6) 4acTb KPOMKM, BOCMPUHUMALOLLLAA OCHOBHOE YCWU/WE, HAXOAWTCA B
NYYLUKMX YCNOBUAX, BEAD M COOTBETCTBYIOT 60/1€€ NOAXOAALLME 3HAYEHNA CKOPOCTEN pe3aHus.
PasymeeTcs, NPpOM3BOACTBO KOHKPETHBIX AeTanei TpebyeT pasHbix METOLOB (hpPe3epoBaHUA U
TPaEKTOPUIN ABUKEHUS MHCTPYMEHTA, U NPM1BELEHHbIE MPUMEPbI IMLLb NOKa3bIBaOT YaCTHbIE C/lyyYau
pe3aHus chepryeckuMm hpesamm, CBA3AaHHbIE C 0COOEHHOCTAMM reOMETPUKN MHCTPYMeHTA. [pn
NPOEKTUPOBAHNM TEXHOIOMMYECKOTO MpOoLLecca HEOOXOAMMO YUHUTLIBATL CNELUPUKY ChEPUYECKON
pemyLLer KpOMKM, 4To6bl 06paboTKa Benack Hanbonee ahdEeKTUBHbIM CNIOCOOOM.

MCHKAP pacnonaraet 6oratbiM HA60POM CPepPUYECKMX PPe3 Pa3HOro TUNa: CO CMEHHbIMM
nAacTUHaMM, LebHbIMU U COOPHBIMM C 3aMEHAEMbIMU PEKYLLMMW FO/I0BKaMM 3 TBEPZOrO Cr/iasa.
O6bI4HO OHM BbINYCKAKTCA KaK hpesbl C XBOCTOBMKOM M OT/IMHAKOTCA NO pasMepam U TOYHOCTH.
dpesbl ¢ N1acTMHaMM NpeaCcTaB/eHbl HE TOIBKO B BUAE MHCTPYMEHTA C MHTErPasibHbIM KOPMYCOM,
HO TaKe 1 B Ka4yeCTBe rooBoK aasa MmoaynsapHbix cuctem FLEXFIT u MYJIBTU-MACTEP. ns dpes
C MHTErpasibHbIM KOPNyCcoMm (puc. 44) CyLLecTBYOT pasHble KOHCTPYKTUBHbBIE UCMOHEHNA C NPAMOWM
(Trin A) nam KoHnyecKom wenkom (Tunbl B n D). Kak npaewno, pa6oyvm yriom a 4nda tuna B Aasnsetcs
5°, a pnatvna D - 2°. Tabnvua 68 cogepsmT 06LMe AaHHble 0 Hanboee pacnpoCTPaHEHHbIX
cemencTBax chepuyeckunx dpes Komnanmumn MCHKAP.

SHCKypC B UCTOPHIO: KONUPOBasibHaA ¢pesa

JlocTatoyHo yacTo chepmyeckmne gpessbl HasbIBaTCA ELYE M KONMPOBasbHbIMN NN
KONMPHbIMK. TaKne onpeaeaeHnsa BEAYT CBOK MCTOPUMIO OT COBCEM HEAAIEKOIO MPOLL/IONo,
Korga ¢ppe3epoBaHue HacoHHbIX MOBEPXHOCTEH BE/IOCh HA YHUBEPCA/IbHbIX (PPE3EPHBIX
CTaHKax ¢ MOMOLLbIO KOMMPOB M Ha KOMMPOBAa/IbHO-(PE3EPHbIX CTAHKax Co CAEAALNM
MPUBOZOM (3/IEKTPUHECKMM, MMAPAB/IMHECKMM M/IM MHEBMATHMYECKUM). B 060MX OTMEYEHHbIX
C/ly4anax TPAeKTOPUA MHCTPYMEHTA, reHepupytoLLas noBepxHOCTb 06paboTKH, OnpeaeNsaach
popmori Korvpa. CihepryecKkme gpesbl, 06ecrneymnBaroLme TEOPETUYECKM TOYEYHbIN KOHTaKT
C TPEXMEPHbIM MPOGUIEM, HANBOIEE NOAXOAM/IM /1 06PabOTKM MPOCTPAHCTBEHHbIX
MOBEPXHOCTEN, YTO M ONPELE/INIIO MX HA3BaHME: KOMMPOBa/IbHble. HeTatu, K KonmpoBasibHbIM
MHOrga OTHOCAT M TopomAa/ibHble pe3bl. A eC/n Y roOBOPUTL O KOMMPOBAasIbHOM (KOMMPHOM)
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ppe3epoBaHmm 60€€ LUMPOKO, TO CEAYET OTMETUTD, YTO M 0ObIYHLIE LNMHAPHUYECKNE
KOHLEeBblE (pe3sbi HaLLM B HEM CBOE NPUMEHEHME, B YaCTHOCTH, NP1 06paboTKe KPUBOMHEHHbIX
KOHTYpPOB. lpaBAa, HUKTO He Ha3biBaJl UX KOMUPOBA/IbHbLIMM.

lNosiBneHne YIY KopeHHbIM 06pa30oM U3MEHUIO TEXHO/IOMMIO M3rOTOB/IEHMA (haCOHHbIX
MOBEPXHOCTEN pe3aHneM. Ec/im KnaccmyecKoe KonmpoBasibHOe pe3epoBaHne BCE-Taku

MMEJI0 fE€J10 B OCHOBHOM C [iBYXMEPHbIMU KOHTYpamu, TO COBPEMEHHbIE MHOrOKOOPANHATHbIE
cTaHKu ¢ YIY B cocTosiHm 06pabatbiBaTb OYEHb C/I0HHbIE MPOCTPAHCTBEHHbIE MOBEPXHOCTH, a
CeroaHALIHME “Konmpsbi” - TO KOMMbloTepHble Mogean cuctem CAD/CAM, no KOTopbiM co3garoTcA
COOTBETCTBYtoLME ynpasasowme nporpammbl YIY. Tak 4To ecsm ceryac M MCriosib3yT TaKme
onpejeneHns, KaKk “onmpoBasibHasa ¢pesa’”, “KonupHoe ¢pesepoBaHUe” v T.M., TO 3TO CKopee
C/1Ie[0BaHNE NCTOPHUYECKON TpaauLmnu. Bo BCAKOM cayqae, nx HbIHELLHMHI CMbIC/1 HAMHOIO
OT/IMYAETCA OT NepBOHaYa/IbHOro 3Ha4YeHUA.

Puc. 43 a

Tun A TunbiBn D
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Tabnuua 68. OCHOBHble cemeicTBa cepuyecKux ¢ppes

CewmeiicTBO Tun [nanasoH AnameTpos, MM*
BALLPLUS C oaHOM nnacTuHoM 12...25

DROPMILL Co cMeHHbIMKM naacTuHamu (CMIM) 12...50

HELIBALL C 0aHOM nacTuHoOM 8..10

MULTI-MASTER Co CMeHHbIMK ro/10BKaMm 6...25

SOLIDMILL LlenbHble TBEpAOCTNABHbIE 04..25

* Ana dpes cTaHAapTHOM AMHUK

HaknoH ocu ¢ppe3sbl: YucneHHbIN npumep

CHOpoCTb pe3aHus BEPLLUMHbI CHEPHUYECKOM PPe3bl paBHa Hy I, a y4acTHa KpPOMKU B6/IM3U
BEPLUMHBI CTO/Ib Masia, YTo €€ TaKHe MOMHO CuMTab Hya1eBoM. [TOHATHO, YTO YC0BMA Pe3aHUA B
npuerarLes K BEPLUMHE 30HE KPOMKM Aa/leKn OT HOpMasibHbIX. ECan e HaK/IOHUTL (pesy K
obpabarbiBaeMor NOBEPXHOCTU TaK, YTOObI yCTPaHUTb Pe3aHue BEPLUMHOM, CUTYaLMA 3aMEeTHO
YAYHLIAETCA.

BepHémca cHoBa K puc. 42. U306paméHHasa Ha HEM cepnyecKas ppesa paguycom R yaanaet
npmnycK &, Npr4ém HernoOCPEACTBEHHO B PE3aHNe BOB/IEYEH Y4aCTOK KPOMKU (pesbl AB.
CHopocTb pe3aHnA B /10604 To4Ke y4acTKa AB npAaMo nponopumnoHasibHa pacCTOAHUIO OT TOYKM
10 OcH ppe3sbl v NPUHUMAET MUHMMAa/IbHOE 3HaYeHue B To4Ke A. MaKcumasibHasa #e CKOpoCTb
Hab/oAaeTcA B TOYKE, /Iexallel Ha paccToaHum oT R ocu. Ecan ock pesbl He nepneHanKynsapHa
MOBEPXHOCTM 06pabOTKM, @ HAK/IOHEHA K HEM, TO PacCTOAHME OT TO4YKM A 0 ocu cTaHeT R - sina,
4€ a - yro/l Mexay oCbko ppe3sbl 1 HOPMasbIO K MOBEPXHOCTH.

HeTtpyaHo BUAeTH, 4TO 414 yria A, paBHOro 5°, CKOPOCTh pe3aHus B To4YKe A cocTaB/iAeT
MPUMEPHO 9% OT MaKCcHMMasbHOHM CKOPOCTH, €C/1 yro a cTaHeT 10%, TO CKOPOCTb B TOYKE

A Bo3pacTért o 17% ot maxcuMmyma, a rpu yrie a B 15% oHa yme gocturHet 26% ot

MaKCcUMa IbHOM.

HayanbHble napameTpbl peunumMma pe3aHua n BbI60p UHCTPYMEHTa

HaK yxe HeofHOKpaTHO NOAYEPHUBANOCH paHee, CKOPOCTb pe3aHna MEHAETCA BAOJIb CHEPUYECKOTO
y4acTKa KPOMKM, HEMOCPEACTBEHHO PEKYLLErO Marepuar, a BCAeAcTBME addeKTa YyTOHYEHUA
CTPYIKM NepemMeHHa 1 ToNLMHA CTPYKKH. Mprn npaBuibHO BbIGpaHHOM MeToze hpe3epoBaHusa
06/1aCTb CTPYHKN C HAMBONbLIEN TONLMHON YAANAETCA YYACTKOM KPOMKM C MaKCUMasibHO
BO3MOMXHOM CKOPOCTLIO pedaHns. 1A NoACHEHNA BEPHEMCA BHOBb K YIE PACCMOTPEHHbIM CyYaam
a) 1 6) Ha pwuc. 43. Ecnv a) oTparaeT BEpPHbIN BbIOGOP TEXHWKK (hpe3epoBaHus, To 6) NoKasbiBaeT
pe3aHue B HebNaronpuATHbIX YCI0BUAX, KOTOPOE HenaTesibHO u3beratb.

[na chepryeckon dpesbl ahhEKTUBHLIN AnameTp pesaHus (CM. 3aMeTKy Ha cTp. 58) De,
onpeaensieMblvi TOM TOYKOM BOBIEYEHHOIO B pe3aHue y4acTKa KPOMKHM, Y KOTOPOM CKOPOCTb pe3aHus
MaKCcMmasibHa, HaX0AMTCA NO CreayoLlen popmyne:

De=2X \/(D X ap-ap’) s

roe: D - HomuHanbHbI anameTp dpesbl,
ap - ry6uHa pesaHus B 0CEBOM HarnpasieHN.

BmecTe ¢ TeM, npuBeaeHHan Gopmyna He rogutca aas pacyéta spheKTUBHOro gnameTpa npu
(hpe3epoBaHUM HAKNOHHbIX MOBEPXHOCTEN MM OTBECHbIX CTEH (C/ly4au a) 1 B) Ha puC. 45), TaK KaK B
pe3aHuK y4acTBYIOT Y4aCTKM KPOMKM C AMameTpom 60iblue, YeM pe3ynsTaT Bbl4MCeHUIM No Gopmyne
(15). B Tabnuue 69 cobpaHbl COOTBETCTBYIOLLME YPaABHEHMSA, MO3BONAIOLLME HANTU 3DDEKTUBHDIM
AMaMeTp AN1A pasIMyHbIX BUA0B 06paboTKM C MCNOL30BaHUEM ChepriecKomn dpesbl.
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Tabnvua 69. b eKRTUBHbIN guameTp chepuydecKux ppes

XapaKTepucTKa 06paboTku Cnyyai Ha puc. 45 | SdderTnBHbIM ArameTp De Mpumeyarve
Ocb (hpesbl NepreHanKyApHa NOBEPXHOCTH 06paBOTHH a) 2xV(Dxap-ap?)

Dpe3epoBaHme HAKNOHHOW NOBEPXHOCTH 6) (D-2xa)xsina:+2xy(Dxa-a?) xcosa* ~Dxsina**
®pesepoBaHne 0TBECHON CTEHbI B) D

* O - YroN HaK/IOHa MOBEPXHOCTH, a - MPUNYCK, yaanfaeMblii 3a OfWH NPOXoS,

** TakanA ynpoLéHHaa dopmyna JOCTaTOYHO YaCTO NPUMEHAETCA A5 HAXOXKAEHUA 9PPEKTUBHOIO Anamerpa 1 BO
MHOrMX C/lyqasx obecneyvBaeT Npuemaembli pesynsTar. B To e Bpema eé cnegyet Ucrnob30BaThb LLb A1 rpy6bx
OLEHOYHbIX BbIYUCNEHWH, TaK KaK NOrpeLHOCTb GOPMYbl, Bbl3BAHHASA YNPOLLEHUEM, MOKET CTaTb UCTOYHUKOM
CepbE3HOro OTK/IOHEHWSA OT AEMCTBUTE/IBHOIO 3HAYEHUA AUaMeTpa.

BHumaHue: a¢peKTnBHbIN arnameTp!

lpu pabote co cepmyeckrmm ppesamm, 0CO6EHHO NPH YI/TIOBOM BPE3aHNM M pe3epoBaHmm
HaK/I0HHOV MOBEPXHOCTH, O4EHb BaXHO MPaBn/IbHO OMPeAeNTb dGHEeKTUBHBIN AUaMETP.
TOYHOCTb B €0 BbIYMC/IEHMM 06ECNEYUT BEPHOE HA3HAYEHNE NapamMeTpOB PeXUMa pe3aHus 1
JAYHLLYIO PYHKLUMOHA/IbHYIO XapaKTEPUCTUKY.

Mpumep

Haintu addeKTUBHbIN gruaMeTp npy hpesepoBaHUM HAKOHHOM NOBEPXHOCTU CHEPUYECKOM Gpe3on,
HOMWHasIbHbIM AnameTp KoTopor 10 Mm. Yron HaknoHa noBepxHocTH 30°, pe3aHue Npon3BoamTCS

C NOABEMOM MO NOBepPXHOCTK. [pMnycK Ha 06paboTKy cocTasasfeT 0.4 MM 1 CHUMAETCA 3a OAMH

npoxoz.

B cooTBeTCTBMM C Tabaumuen 69 (cnydar 6) Ha puc. 45):
De=(10-2x0.4)xsin30°+2x+(10x0.4-0.4%) xc0s30°=7.99 (MM) =8 MM.

[na cpaBHeHMA: yKa3aHHasa B Tabauue ynpoléHHaa popmyaa NpuBeaET K MHOMY pesynbrary:
10xsin30°=5 (MM) - MOrpeLLHOCTb BbIYMCAEHNIM COCTaBUT 37.5%.

Ecnu e pns Tol e ppesbl yros HaknoHa coctasut 10°, a NpunycK - 2 MM, pacyéTHbIN
adheKTMBHbIN AnameTp De=(10-2x2)xsin10°+2xV(10x2-2%) xcos10°=8.9 (Mm),

ynpoLLéHHas dpopmyna gact TobKo 1.7 Mm! Takum 06pas3oM, NOrpeLLHOCTb BbIYMCAEHUN JOCTUraeT
80%!

C apyrom cTopoHbl, AnA yra nogbéma dpesbl 70° M HOMUHAILHOTO AnameTpa 25 MM nNpyY CHUMaeMoM
npunycke 1 MM De=(25-2x1)xsin70°+2xv(25-1) xc0s70°=24.96 (MM) =25 MM; a N0 YNPOLLEHHOM
dopmyne - 25xsin70°=23.5 (Mm).

[MorpelwHOCTb B JaHHOM C/lyyae BCero AuLlb 6%, 4TO BMOJHE NpUemiemo. HeTpyaHO BUAETD,

4TO hopmyna (15) ABNAETCA YaCTHbIM criydaem dopmysibl pacyéta ahpdEKTUBHOIO gnamerpa
cthepuyeckon dpesbl Npu eé NogbEME N0 HAKIOHHOW NOBEPXHOCTM W JIEFKO NOJyvaeTca U3
nocneaHer Npu NOACTaHOBKE HY/1EBOro 3Ha4YeHUA AnA yria nogbéma a.
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Cdepuryeckan dopma peryLLen KPOMKW ABIAETCA MPUIMHON M3MEHEHMA TONLLMHBI CTPYHKK B
0CEBOM Harnpas/ieHun (puc. 46). Kak 1 B cnyvae ¢ TopongasbHbiM Npodunem, BapbMpoBaHue
ry6uHbI pe3aHnsa Npu 06paboTHe chepuyecKon hpe3o BAeYET USMEHEHWE MaKCUMa/IbHOO yria
dpesbl B n1aHe. OPPEKT USMEHEHNA TOLLMHBI CTPYHKM YKE pacCMaTpmBasICA paHee u HET HYH bl
BO3BpAaLLATbCA K HEMY CHOBa. HO BarKHO eLé pa3 NogYepKHyTb, YTO 418 06ecnevyeHus Tpedyemon
Harpy3Ku npy NporpamMMpoBaHMmM Nogadum Ha 3y6 HEGXOAUMO YHECTb KOIPPULNEHT YMEHbLLEHNSA
TONLWMHBI CTPYHKM KTH, KoTopbIn ABNAeTcA dyHKUMeN cdheprieckoro grnamerpa dpesbl D v myOuHbl
pesaHus ap (puc. 47).

HoadpduumeHT KTH MOeT 6bITb HarMgeH no gopmyne:
KTH = 1/sin Ziygx 6

MaKcumanbHbIV yron Gpesbl B NaaHe ymax, KaK BblITeKaeT 3 popmynbl (4), onpeaensetca
cnegyowmm obpasom:

Xmax = arccos (I-(2 X ap/D)) @

Mpumep

HalTi nporpammMmunpyembie nogady v 4acToTy BpalleHWUA LWNUHAENA ANA onepalmn hpe3epoBaHus
ABYX3y60i chepunyecKon dppeson guameTpom 16 MM, €Civ No YCoBUAM 06paboTKM TpebyeTcs
obecneynTb CKOpoCcTb pesanma 100 M/MWH 1 MaKCUMabHYHO TOLWMHY CTPYKuK 0.12 mm. Ty6uHa
pesaHuAa coctaBnseT 3.5 M.

S derTHBHbIN anameTp De=2x+(16x3.5-3.5%)= 13.2 (MMm)

CooTBeTCTBYlOWAA YacToTa BpalleHua wnnHaens n=1000x100/(ttx13.2)= 2411 (06/MuH)
MaKcuManbHbIV yron B niaHe ymax = arccos (1-(2x3.5/16))= 55.8°

HoaddurumeHT ymeHbLieHUA TonwmHbl cTpyku KTH = 1/sin ymax=1/sin55.8°= 1.2
Torga nogaya Ha 3y6 fz=0.12x1.2= 0.14(Mm/3y6), a nporpaMmmpyemas CKOpOCTb NoJayu
VF=0.14x2x2411= 675 (MM/MWH)

[na cpaBHEHWS: UITHOPUPOBaHKUE B pacyéte BAMAHUA TaKMX HaKTOPOB, KaK 3 hEKTUBHLIN

anameTp U USMeHeHUe TOJILLMHbBI CTPYHKKU anBep,éT K onpeaesieHnto 4aCToTbl BpalleHWA WnuHaenA
n=1000x100/(ttx16)= 1990 (06/M1H) 1 ckopocTn nogaum VE= 0.12x2x1990= 477.6 (MM/MHH).

C TaknmMKM napameTpamu pexnMa pesaHusa NPOn3BOAUTENIbHOCTE onepaummn 6yaeT NpUMepHO

Ha 30% Huke!




B pononHeHune K popmynam (15) 1 (16) addeKrTrBHbIM AnameTp De n KoapPULMEHT yMEHbLIEHMSA
TONLWMHbI CTPYHKM KTH MoryT 6bITb HargeHbl U M3 Tabauubl 70. MprMeHeHne TabMYHbIX AaHHbIX
0COBEHHO YA06HO NpK BBICTPOM OLLEHKE NapaMeTPOB PEHMMA PeE3aHuA.

lpu pacyéte nogaym n CHOPOCTU pe3aHUs 419 CHepudecKux ppes Ce[yeT BCera yunTbiBaTb
B/IMAHUE 3HHEKTUBHOIO AramMeTpa n apPerTa M3MeHeH1A TONILLUHBI CTPYHKN. [peHebpexeHre
VMU MOMET MPUBECTU K YXYALLUEHMIO KCI/TyaTalMOHHbIX MOKa3aTeses M MEHbLLIEN
MPOU3BOANTE/ILHOCTH 06Pa6OTKM.

Tabnvua 70. 3¢ ¢ eKTuBHbIN gruametp De, MM, U KO3IPPULMUEHT YMEHbLLUEHWUSA TOJILMHbI
cTpyKu KTH pna chpepuyeckux ppes

ap, D, Mm
MM S04 S@5 S6 S@7 S8 S@10 S@12 S@16
De | KTH De | KTH De | KTH De | KTH | De | KTH | De | KTH | De | KTH De | KTH
0.2 1.7 2.3 1.9 25 2.1 2.8 2.3 3 25 32 2.8 36 3.1 39 35 45
0.3 2.1 1.9 24 2.1 2.6 2.3 2.8 25 3 2.6 34 2.9 37 32 4.3 37
05 26 1.5 3 1.7 33 1.8 36 1.9 39 21 4.3 2.3 4.8 25 5.6 29
0.7 3 1.3 35 1.4 38 1.5 4.2 1.7 45 1.8 5.1 1.9 5.6 2.1 6.5 24
1 35 1.1 4 1.2 45 1.3 4.9 1.4 5.3 1.5 6 1.7 6.6 1.8 7.7 2.1
2 4 1 49 1 5.6 1.1 6.3 1.1 6.9 1.1 8 1.2 8.9 1.3 | 106 | 15
3 — — — — 6 1 6.9 1 77 1 9.1 1.1 104 | 1.1 125 | 13
4 — — — — — — — — 8 1 9.8 1 1.3 | 1.1 138 | 1.1
5 - - — — — — — — — — 10 1 11.8 1 148 | 1.1
6 — — — — — — — — — — — — 12 1 15.5 1
7 — — — — — — — — — — — — — — 15.9 1
8 - — — — — — — — — — — — — — 16 1
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Ta6bnuua 70. 3dpderTnBHbIN gruameTp De, MM, U KOIPDULMEHT YMEHbLUEHUSA TOJILLUHbI
ctpyKu KTH pna chpepudeckux ppes (npoposHeHue)

ap, D, Mm
MM S020 S@25 S032 S040 S@50

De KTH De KTH De KTH De KTH De KTH
0.3 49 4.1 5.4 4.6 6.2 5.2 6.9 5.8 77 6.5
0.5 6.2 32 7 3.6 7.9 4 8.9 45 9.9 5
1 8.7 2.3 9.8 2.5 11.1 2.9 12.5 3.2 14 3.6
8 14.3 1.4 16.2 1.5 18.6 1.7 21 1.9 23.7 2.1
5 17.3 1.1 20 1.2 23.2 1.4 26.4 1.5 30 1.7
8 19.6 1 23.3 1.1 27.7 1.1 32 1.2 36.7 1.4
10 20 1 245 1 29.7 1.1 34.6 1.1 40 1.2
12 - — 25 1 30.1 1 36.7 1.1 42.7 1.2
16 — — — - 32 1 39.2 1 46.6 1.1
20 — — — — — — 40 1 49 1
25 — — — — — — — — 50 1

lommMOo BCero npoyero, onpeaeneHne napaMeTpoB pexmmMa pesaHnsa 3aBuCHT 1 OT Tuna
cthepuyeckon dpesbl: ¢ CMIT, MoHoAMTHaA M T.M.. OBbIYHO chepryecKme dpesbl UCNONb3YIOTCA A/1A
MOJIYYUCTOBbIX M YUCTOBBIX OMEPALMM C HE60MbLLMM CHUMaeMbIM Npunyckom. ObpabaTbiBaeMble
AeTanu npecc-hopm U1 LTamnoB pas/iMyHbl MO CBOMM pa3Mepam U K TOYHOCTH, OHU MPOU3BOZAATCA MO
pa3HbIM TEXHOMOMMYECKMM LLIENOYKaM C COOTBETCTBYIOLLMM Pa3fie/iEHNEM Ha YEPHOBBIE U YACTOBbIE
npoxogabl. CnegoBaTesibHO, M3roTOB/IEHWE fieTasIen BbIABUIaeT pa3Hble TPEOOBAHUA K PEXKYLLEMY
WMHCTPYMEHTY M B HAaCTHOCTH, K chepriecknm dpesam.

Ha pucyHKe 48 B ynpowwéHHol hopme npeacTasieHa 3aBUCMMOCTb TUMa ChepruyecKon Gpesbl oT

€€ TOYHOCTM U HOMUHAIBHOTO AnameTpa. B onpefenéHHOM CMbICE PUCYHOK CATYHMT NOCOBMEM No
BbIGOPY MHCTPYMEHTa: KOHCTPYKLMA ¢ CMIT obecneunBaeT 60blUme AUaMETPbI, HO TOYHOCTb pesbl
orpaHuyeHa. B To e Bpemsa npvMeHeHWe MOHOIMTHBIX hpe3 pellaeT Npobaembl NPELU3NOHHON
06pabOoTKK, OAHAKO ANAMETP Takmx dhpes peaKo npesbiwaet 20 MMm. Chepuyeckue ppesbl ¢

OZHOM PEYLLEMN NIACTUHOMN MM COOPHbIE PE3bI C 3aMEHAEMbIMM TBEPLOCMNABHBIMW PEHYLLUMU
ronoskamu MYJIBTU-MACTEP 3aH/MMatoT NPOMEKYTOYHOE NOJIOKEHNE MEHAY YKAa3aHHbIMU

TUNamuM KaK No TOYHOCTHbIM XapaKTEPUCTUKAM, TaK M N0 HOMUHANbHOMY anamMeTpy. CylecTByoT
BbICOKOTOYHbIe chepunyeckue ronosku MYJIBTU-MACTEP, y KoTopbIx LOMYCKW Ha pasMepbl U hopmy
60/1e€e HECTKMNE, YEM Y MOHOSIUTHBIX PPES, OAHAKO ATO CKOPEE UCKIIIOYEHNE U3 3BECTHOIO NpaBua,
rNacsALLEro, YTo LesbHbI MHCTPYMEHT TOYHEeE COOPHOTO.

HomuH. A
avametp

Mpesbl ¢ CMN

'®pe3sbl ¢ ogHON
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HayasibHble 3HaYeHA CKOPOCTH pesaHua Ve 1 nofayum Ha 3y6 fz HaxoaaTcaA No yHe M3BECTHbIM
dopmynam (1) v (6):

Ve=VoXKsXKt
fz=feoX KTH X Ks ()

Mne: Vo - 6a3oBas cKopocTb pesaHus,
Kt - HoahduupmeHT cTorKocTw,
fz0 - 6asoBas nogaya Ha 3y6,
KTH - koadhdrupeHT yMeHbLIEHUS TOMLLMHBI CTPYHHKM,
K - koadhduupeHT yeToMumMBoCTM.

HoaddurumeHT cToMKoCTM yKasaH B Tabnuue 8.

[na onpepeneHuns KOapduLMEHTA yMEHbLIEHUS TOLMHbBI CTPYHKM MOKHO BOCMO/b30BaTbCSA
ypaBHeHueM (16) nav Tabavuen 70.

HoathduumeHT ycToMYMBOCTH, KaK YKasbiBaloCb paHee, NPMHMMAETCA paBHbIM 1 AnA pesaHusa B
HOpMaJIbHbIX yCn0BUAX U 0.7, ecnu ECTKOCTb cucTembl CMNU/ HepocTaTouHan (ppesepoBanme
TOHKOCTEHHbIX 3aroTOBOK, 06paboTKa ¢ 60/1bLIMM BbIIETOM MHCTPYMEHTA, MPo6aeMHoe
3aKpen/ieHne 3aroToBKU U T.4,).

Ba3oBble CKOPOCTb pe3aHnsa 1 Nogada Ha 3y6 3aBUCAT OT TUMa chepUyHecKon dpesbl 1
KOHCTPYKTUBHBIX 0COBEHHOCTEW TOrO UM MHOTO CEMENCTBA MHCTPYMEHTA.

B nogpa3sgenax Huxe pacCMOTPEHbI XapaKTePHbIE CBOMCTBA Pas/IMiHbIX CEMENCTB ChHEPUYECKNX
dpes v NpeacTaBneHbl TabavLbl 415 ONPeaesieHMa 6a30BbIX CKOPOCTEN M Nogau.

BALLPLUS u HELIBALL: cemencTBa cheprHecKUX ppes ¢ ofHOM
pexyLen naacTMHOM

Y dpesbl cemericta BALLPLUS vmeeTca pexyLias niactmHa ¢ V-06pasHon 3agHer (Hepaboyen)
yacTblo. [TnacTvHa pa3melyaeTtcs B nasy Kopnyca gppesbl M yNnpaeTca B COOTBETCTBYIOLLME
KOHTaKTHbIE MOBEPXHOCTU Ha AHe nasa (puc. 19). Y dpesbl aBa 3y6a, KOTOPbIE ABAATCA PEHYLLMMU
KpOMKaMu naacTuHbl. [lnanasoH HoM1HaAbHbIX anameTpos ¢pe3 BALLPLUS coctaBnset 12-25 mm.

CewmeictBo HELIBALL, HenocpeacTBeHHbIM NpegwectseHHNK BALLPLUS v noyTn nOAHOCTLIO
3ameHéHHOe nocneaHuM, NpeacTaBneHo CerofHA ToabKo dpesamu manoro guametpa 8 1 10

MM. PexyLume nnacTuHbl, NoayYaeMble HENMOCPEACTBEHHO CrieKaHWeM 6e3 AOMNONHUTENBHOMO
LWInMdoBaHMA, 06ecneymBatoT No ogHoMy 3y6y y dpes, M camu Gpe3sbl UCNOob3YHTCA B OCHOBHOM 415
4yepHOBbIX onepaumi. MNnactnHa s 10 Mm ppesbl 4ONYCKaeT MHAEKCMPOBaHNE (3aMeHY KPOMKM),
TaK KaK pacnonaraet ABYyMA PEXYLLMMU KPOMKaMM, a naacTuHa ansa 8 Mm dpesbl, TUMWMYHBIM NPOAYKT
0ZHOPa30BOro UCMOJ/Ib30BaHUSA, TAKOM BO3MOXKHOCTBIO HE 06/1aJa€T - Y HEé TONIbKO OfHa KPOMKa.

MnactrHbl BALLPLUS oTm4aroTes yrioBol BEIMYMHON CHEPUHECKOM KPOMKU, PEKYLLEH
reomMeTpuen U TO4YHOCTbIo (Tabanua 71).



Ta6bnumua 71. MnacTtuHbl K cepruyeckum ¢ppesam BALLPLUS

Pexyuian KpomKa Mepeatss 3agHas MprmeHeHne

MnactnHa To4HoCTb MOBEDXH HOBEDXH

Cdpepny. LinnHppny. PXH. pXH. Tun matepuana Onepatu
HBR... ~290° HOpMasibHas | MPeccoBaH. YEpPHOBbIE-4MCTOBbIE
—_— HeT
HBF... (rpywesnaHas) BbICOKas WAMDOBaH. LUIMPOKMIA BbIGOP 41CTOBbIE

WwAndosaH.

HCR...-QF 180°
—_— yes HOpManbHaA | MpeccoBaH. 4epHOBbIE-4/CTOBbIE
HCR...-QP (nonycepa) MATKYA

B tabnvuax 72 n 73 npyBeaeHbl 3HaYeHMA 6a30B0KM nogaym Ha 3y6 fzo n 6a30BOM CKOPOCTH
pesanusa Vo.

Tabnvua 72. Chepuyeckue dppesbl cemericts BALLPLUS u HELIBALL: 6a3oBas
nogaua fzo, mm/3y6

Tpynna o ISO Tpynna AnA D, M
DIN/ISO 513 martepuana* 8 10 12 16 20 25
1-4 0.09 0.1 0.12 0.13 0.15 017
5 0.08 0.09 0.1 0.12 0.14 0.16
6,7 0.08 0.09 0.1 0.12 0.13 0.15
8,9 0.07 0.08 0.1 0.1 0.12 0.13
0.07 0.08 0.09 0.1 0.1 0.12
0.06 0.07 0.09 0.1 0.1 0.1
12,13 0.07 0.08 0.09 0.1 0.11 0.12
15-16 0.09 0.1 0.12 0.13 0.15 0.17
17-18 0.08 0.09 0.11 0.12 0.14 0.16
38.1 0.05 0.06 0.07 0.07 0.08 0.1
38.2 0.04 0.05 0.06 0.06 0.07 0.08
0.03 0.03 0.04 0.04 0.05 0.06

* Tpynna matepuanos MCKAP no ctaHgapTy VDI 3323

AmnupuyecHoe npaBn/o

Hak y#e roBopmaock, 06paboTHa cepuiecknmu ppesamm 0bbIYHO XapaKTepn3yeTca
HEB60/IbLUMM MPHIYCKOM. LA 6bICTPOro HasHa4eHUA r1y6UHbI U LUMPUHBI PE3AHUA MOKET ObIThb
M0/IE3HBIM O4HO MPAaBU/I0, YCTAHOBIEHHOE Ha OCHOBE MPaKTUKN. OTO NpaBmo, “npasu/ao

12”7, APUMEHNMO K CHEPHYECKUM Ppe3am C OFHON PeyLLes NAaCTUHON U CMEHHbIMU
PEMYLMMM rOSIOBKaMU U AaET NPUEMEMbIE PE3Y/IbTaTbl 4/1A HPE3EPOBaHUA CTa/IM HUSKOM 1
cpesHev TBEPAOCTHM M HEPHABEKLYeH cTam MapTEHCMTHOro Tuna. lpaBuio rnacut, 4To 4AA
pesepoBaHUs C r1y6UHON pe3aHuns B MOJI0OBUHY AnameTpa chepudecKor Yactu gpessi (D/2),
PEKYMEHAYEeTCA LMpHHAa pe3aHusa He 60s1ee ofHovi wecTov amnameTtpa (D/6), ans ry6unHbi,
paBHov Tpetn guametpa (D/3), - rnybuHa He 6oaee ero yetBeptu (D/4) u T.4.

HetpyaHo 3ameTnTb, 410 2x6=3x4=12..




Tabnuua 72. Cpepuryeckue ¢ppesbl ¢ nnactuHamu BALLPLUS HCR.../HBR..., HELIBALL CR...n
DROPMILL BCR...: 6a3oBasA ckopocTb pe3aHus Vo, M/MUH

lpynna no ISO

V¢, inA Mapky TB. ciasa

DIN/ISO 513 2N Ic908 Ic928 IC328
1 210 180 160
24 200 170 140
56 190 150 130
7-9 180 140 125
10 160 125 120
1 140 120 110
12,13 155 130 125
15-16 220 200
17-18 200 180
38.1 100 80
382 70

39**

55

* Tpynna matepranos MCKAP no ctaHgapty VDI 3323

** B 9TOM C/lyyae pEKOMeHZyeTCA NPUMEHUTb METOZ, BbICOKOCKOPOCTHOTO hpe3epoBaHms

MnactuHbl chepudeckmx ppes cemericts BALLPLUS/HELIBALL ctaHzapTHOM NOCTaBKM
W3roTaB/IMBaOTCA U3 CIeAYOLWMX TPEX MapoK TBEpaoro cnaasa: IC908, IC928 n 1C328. N3 Hux
mapka IC928 npeactaBnsfeT co6om HaMbonee yHUBEPCa/IbHbIM MO MPUMEHEHMIO CNJiaB, N e€
cnefoBano 6bl CYUTATb ONTUMAbHBIM BbIGOPOM NpU hpe3epoBaHUM CTalv HUSKOW U CpeaHen
TBEPAOCTU. B TO e Bpems, TaK KaK OCHOBHOE HasHaYeHue chepryeckmx hpes ¢ O4HOM pemyLLen
NAACTUHOWM - NONYYMCTOBbIE W YACTOBbIE OMNepaLum, NonynapHocTL Mapku 1IC908, (camoro TBEPAOro
N3 NepeYnCIeHHbIX CNIaBoB), MOCTOAHHO PacTET 4To aenaet ye IC908 npegnoyTUTeIbHbIM
BbIGOPOM. A A1 MHOTMX C/ly4aeB 06PaboTHM PaCOHHbIX MOBEPXHOCTEN 3aroTOBOK M3 3aKaIEHHON
CTa/M 1 BbICOKOMPOYHOMO YyryHa TOIbKO 3Ta MapKa CriaBa CAYHKUT eAUHCTBEHHBIM PELLEHMEM.
YpapHoBsaskui cnnas IC328 pekomeHayeTcA ansa GpesepoBaHusA B YCOBUAX MaNon ECTKOCTH
cuctembl CMN/J, a TakKe Npy 3HA4YUTENIbHOM POCTE YAAPHOM Harpy3ku. [Nonyyaemble TONbKO
crneKaHneM 6e3 LONO/IHUTESbHbIX WAMdOBasIbHbIX onepauuni nnactuHbl CR... 1A chepryeckmx
¢pe3 HELIBALL gnamvetpom 8 1 10 MM M3roTaBanBatOTCA MMEHHO M3 3TOrO CrlaBa.

Mpumep

[inA 06paboTKM 3aroTOBKM M3 KOHCTPYKLMOHHOW cTann 20 npumersatoT cdepuryeckyto pesy HCM
D20-A-L150-C20 ¢ nnactuHoi HCR D200-QF 1C908. My6uHa pe3aHus B 0CEBOM HamnpaBieHUn
COCTaBAAET 4 MM, WIMPUHA pe3anus - 3.5 mm. H{écTrocTb cnctembl CIMNA, goctaTovHas.

OPpderTrBHbIN anameTp De 1 KOaDOUUMEHT YMEHbBLLEHWSA TONLWMHbI CTPYHKKM KTH HaxoauTcsa

BblYMC/IEHWEM MK onpeaenseTca no Tabamue 70: 17.3 MM 1 1.1 COOTBETCTBEHHO.

MaTtepunan 3arotoBku npeactasneH rpynnoi marepmanos MCKAP No. 1 no ctangapty VDI 3323.

Basosas nogaya fz0=0.15 mm/3y6 (Tabauua 72).
BasoBas ckopocTb pesaHus Vo=210 M/MuH.

MNporpammunpyemasn nogaya Ha 3y6 fz=0.15x1.1=0.16 (Mm/3y6).
CKopocTb pesaHus a4na npegnonaraemoro nepuoga ctonkocti 60 MuH. Ve=210x1x0.8=168 (M/MuH).
YacToTta BpawleHunsa wnuHgena 1000xVce/(mxDe)=1000x168/(1t x17.3)=3090 (06/MuH).
Mporpammmnpyemasn ckopocTb nogaym VE= 0.16x2x3090=988.8 (MM/M1H) =990 MM/MUH.
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MaremarmnKa HaK/10HHOMH NnoBepPXHOCTHU U OQHO NMpPaKTHU4YeCKoe rnpaBnsio

Popmysnbl (16) 1 (4a) onpesenaT KOdPPUUNEHT YMEHbLUEHUSA TOALYMHbI CTPYHKN Yepes
Anametp ¢ppesbl D v oceByto mybuHy pedaHus ap. [pu naaHMpoBaHMn 06paboTKU HaKIOHHOM
MOBEPXHOCTM HE BCerja 3a/atoT HENMOCPEeACTBEHHO ap, a 3a4at0T ero KOCBEHHO, yKas3blBas yro
HaK/I0Ha a 1 CHUMaeMbI¥ npumnycK a. HoHeyHo, coBpemeHHbie cuctembl CAD/CAM no3sosAoT
MOMEHTA/IbHO HaklTH ap B TaKoM cay4ae. OCeByHO r1ybuHY MOXHO BbIYMCINTb M CAMOCTOATE/IbHO
o caegyroLer opmyne:

ap=D/2+[(a-D/2)xcosa+V(Dxa-a®) xsina] (17)

Ecnu BbipaxeHne B KBaApaTHbIX CKOOKax no/ly4aeTcs no/I0HNUTEIbHbIM, CIEAYET MNPUHATL ap
paBHbIM paguycy ciepudecKori ppessi (To ectb D/2).

Ha npaxktuke pesynbtar pacyéta no gopmyne (17) 4acto yBeanumsarot Ha 10-20% (MOHATHO,
YTO OH, O4HAKO, HE JO/IKEH npeBbickTb D/2). Taknm 06pa3om nporpaMmmmupyemas nogada ctaHeT
HECKOJ/IbKO MEHbLLE, M 06ECTIEYNBAETCA HEKMI KOI((PUUMEHT 6€30MacHOCTH, yYUTbIBAIOLMH
HEOZHOPOZHOE HarpyHeH1e CEPUHECKON PEYLLEN KPOMKM NPU pe3epoBaHUN HaK/I0HHOM
MOBEPXHOCTH.

Mpumep

HoHueBas chepuyeckasa ppesa HCM D12-D-L160-C16 guametpom 12 mm ¢ nnactuHon HBF D120-
QF 1C908 npuMeHseTcA A1 YACTOBOM 06pabOTHM HAK/IOHHOM MOBEPXHOCTHM AeTanu Npecc-GopMbl
O4NS U3penuii U3 nnactMaccel. Matepuan getanm - ctanb 4XC, 3akanéHHana o tTeéppocti HRC
50...52. Ppesa gBUKETCA NO NOBEPXHOCTU CHU3Y BBEPX, OCYLLECTBAAA pe3aHue C NOgHEMOM. Yron
HaK/I0Ha MOBEPXHOCTM COCTaBAAET 5°, a NPUNYCK Ha 06PaboTKY, yaanseMblv 3a 0O4MH Npoxog, - 0.2
mM. Onepauus NpoBoAMTCA € 60/IbLUMM BbIIETOM MHCTPYMEHTA.

OnpeaenuTb NapameTpbl perumMa pesaHus 418 nepruoaa CTOMKOCTH NAacTUHbl 20 MUH.

O deKT1BHbIN JMaMeTp B COOTBETCTBUM C Tabauuel 69, cnydari 6):
De=(12-2x0.2)xsin5°+2xv(12x0.2-0.2%) xc0s5°=4.1 (MMm).

OceBas my6uHa pesanua (hopmyna 17) ap=12/2+[(0.2-12/2) xcos5°+V(12x0.2-0.22) xsin5°]=0.36
(Mm).

Haunbonblunii yron dpesbl B n1aHe ymax = arccos (1-(2x0.2/12))= 14.8°.

HoadduumeHT ymeHbLIeHUA TONLWMHBI CTPyKKM KTH = 1/sin ymax=1/sin14.8°= 3.9.

BonbLuok BbIIET (pesbl yKasblBaeT HA CHUMKEHME WECTKOCTK cucTembl CIMN n TpebyeT yuéTa
KOa(hdULMEHTA YCTONYMBOCTH.

Matepuan getanv npuHagnexuT K rpynne marepuanos MCHAP No. 38.2 no crangapty VDI 3323,
cnepoBartesibHo:

* basoBas nogaya fz0=0.06 Mm/3y6 (Tabnuua 72).

¢ basoBana ckopocTb pe3aHus Vo=70 m/MuH (Tabnunua 73).

Mporpammupyemasn nogaya Ha 3y6 fz=0.06x3.9x0.7= 0.16 (Mm/3y6).

CKOpoCTb pe3aHna A CTOMKOCTH naacTuHbl 20 MUH. Ve=70%0.7x1=49 (M/MWH).
YacroTa BpaLeHma wnuHaens 1000xVe/(rmxDe)=1000x49/(mt x4.1)=3804 (06/MuH).
Mporpammunpyemas ckopocTb nogaun VF= 0.16x2x3804=1217 (M/MuH).

Pacyét cKopocTH pesaHnsa No OTHOLLEHMIO K HOMUHaNbHOMY AMameTpy @pesbl 4aéT cnegyolee

3HaYEHVE:
Tix12x3804/1000=143 (M/MWH), KOrga AEeUCTBUTEbHAA CKOPOCTb pe3aHusa BCero nuLlb 49 m/MuH!.

Q Member IMC Group
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DROPMILL: cemeicTBO chepuyeckux ¢ppes co CMEHHbIMU
pexyLWwmuMmn naacTuHamm

Ha cdepuryeckoit dpese cemeiictsa DROPMILL 3akpennsatoTca ABe CMeHHbIX naacTuHbl (CMIM)
KannesugHoM GopMbl, obecnedmsatoLime aBa dhhEKTUBHBIX 3yba MHCTPYMeHTa (pumc. 49). B coto
oyepefb Y cCamMoM NI1aCTUHbI iBE PEHYLLME KPOMKM, AOMYCKAKLME X MHAEKCALMIO, U Kamaato
KPOMKa COCTOUT 13 CPeprHecKoro 1 NpsaMoro y4acTHoB. [J/iMHa NpsaMOro y4acTHa KPOMKM
[0CTaTo4HO BesnKa: 60-70% cdepryecKoro, HTo NO3BOMIAET yCneLwHo obpabartbiBaTb YCTYMbl C
3aKpYrNEHHBbIM YII0M. Ha 0CHOBaHWM NAACTWHBI BbIMOAHEH BbICTYM, KOTOPbIM BXOAWUT B Nas rHesga
NAacTUHbI NPU €€ 3aKpenneHnn B Kopnyce dpesbl. brarogapsa BbICTyny niacTMHa B COCTOAHNUM
BbIAEPKMBATL 3HAYMTE/bHbIE HArpy3KK B C/1y4ae X BOSHUKHOBEHWA B NpoLiecce GppesepoBaHums.
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@pe3sbl DROPMILL npuvmeHsatoTca ans 06paboTky hacoHHbIX MOBEPXHOCTEN MO PasanyHbIM
meTogam dpesepoBaHus, BbINOJHEHUA NONOCTEN M KAPMAHOB B LUTamnax 1 gopmax ¢ MOMOLLb0
MHTEPMOALMM MO OKPYKHOCTU U BUHTOBOW JIMHWK U T.4. [NpenmyLiecTtsa aTux Gpes 3aMeTHbI

B NPOM3BOAMTENbHbIX MOYHUCTOBLIX ONEPaLMAX, B XO4e KOTOPbIX HEOBXOAMMO YAaNUTb
3HaYUTENbHBIM NPUNYCK. TakKe BO3MOXHO ncnonb3osaHve dpes DROPMILL B kKayecTse CBEPN

Npv CBEPNEHWUM C HEGOBLLION rYyOUHON. KOHCTPYKTUBHO Gpesbl cemencTea NpeAcTaB/ieHbl B BUAE
MHCTPYMEHTOB C HEePa3bEMHbIM KOPMYCOM M CMEHHbIX PEXYLLMX FONIOBOK A/151 COOPHOIO MHCTPYMEHTA
FLEXFIT v MULTI-MASTER.

CywecTsytoT gBa Buga nnactmd DROPMILL: QT co wamMdoBaHHON 60KOBOM (3aHeN) MOBEPXHOCTbIO
M NOMHOCTbLIO NpeccoBaHHbIN CS co CTpyHKOopasaenbHbIMU KaHaBKamu. MocneaHun ns yKasaHHbIX
BMZOB NpeaHa3HayeH B OCHOBHOM A/151 YePHOBBIX onepauuii ppe3epoBaHna B TAHKEbIX PEKMMAaX C
60/1bLLION [yOUHOM pe3aHns. OPPEKT CTPYHKOpasaeeHWA NPeNsTCTBYET 06pa30BaHMI0 LUMPOKON
CTPYKKW, CHUKAET CUNY Pe3aHus U yy4llaeT yaaneHne CTPYHKKM.

Ta6nuua 74. MnacTuHbl K cepuyeckum ¢pesam cemerictsa DROPMILL

MepenHas | 3apHss OCHOBHblE Aviam. Gpesbl, MM
Mty noB.-Tb MoB.-Tb BEFIERED onepauuu
' ' 12 16 20 25 30 32 40 | 50
BCRD...-QT LWAMGOBAH. HeT NONY4UCTOBbIE
———————— NpeccoBaH.
BCRD...-CS WAKGoBaH. na YepHoBble
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Kak v B cnyyae cemeincTB chepryecknx ppes ¢ OfHOM CMEHHOW NNACTUHOM, A5 NPOM3BOACTBA
CMI DROPMILL vncnonbayetca TBEpAbIV cninas mapok IC908, 1C928 1 IC328.

B Tabnmue 73 npeacTaBneHbl 3Ha4eHMA 6a30BOM CKOPOCTH pe3anua. [Mpu dpesepoBaHmm
cthepuyecknmmn dpesamv DROPMILL wupuHa pesaHnsa 06bI4HO He npeBbiwaeT 30% HOMWHAIBHOMO
AMameTpa MHCTPYMEHTA AJ/151 YEPHOBBIX NMPOXOA0B, a AJ1A MOY4YMCTOBbLIX M YACTOBbIX MPOXOA0B OHA
HaMHOro MeHblUe. B cnyyae e TAmeoHarpyeHHoro hpesepoBaHus CO 3HAYUTENbHOM LUIMPUHOM
pe3aHus WY Npu BbINOJIHEHWM Nasa B CMJIOLHOM MaTepuale C MyouHoOM pesaHusa 6o1ee YeTBePTH
avamvetpa gnsa nnactuH Buga QT v 6onee TpeTu anameTpa AnA naactvH Buga CS TabinyHble
3HayeHun crefyeT ymeHblWnTb Ha 10-20%.

Ta6nuvua 75. Chepuyeckue dpeabi DROPMILL: 6a3oBasa nogaya fzo, mm/3y6

Tpynna no ISO Mpynna fzo pna pnametpa dpesbl D, Mm

DIN/ISO 513 | marepuana* 12 16 20 25 30/32 40 50

1-4 0.11 0.13 0.15 0.17 0.18 0.21 0.25

5 0.11 0.12 0.14 0.16 0.17 0.18 0.21

6,7 0.1 0.11 0.13 0.15 0.16 0.17 0.19

8,9 0.1 0.11 0.13 0.14 0.15 0.16 0.18
0.09 0.1 0.12 0.13 0.14 0.15 0.17
0.08 0.09 0.1 0.1 0.12 0.13 0.15
12,13 0.09 0.1 0.12 0.13 0.14 0.15 0.17
15-16 0.11 0.13 0.15 0.17 0.18 0.21 0.25
17-18 0.11 0.12 0.14 0.16 0.17 0.18 0.2
38.1 0.07 0.08 0.09 0.1 0.11 0.12 0.13
38.2 0.05 0.06 0.07 0.08 0.09 0.09 0.1
0.04 0.04 0.05 0.06 0.07 0.07 0.08

* Tpynna matepnanos MICKAP no ctangapty VDI 3323

Kannsa, pasgensaiouwjan cTpyHry

PpesepoBaHme nasoB 1 KAHABOK (0COBEHHO r/1y60KNX 3a HECKOJ/IbKO MPOX0A0B), yCTYrnOB CO
CHATMEM 60/1bLLIOrO MPUITYCKA, BbICOKOMPOU3BOANTE/IbHAA YEPHOBaA 06paboTHa No/0CTEH

M KapMaHoB CO 3Ha4YNTE/IbHOM CKOPOCTbIO yAaIeHNA Matepuana - Bce 3T1 onepawymm,
BbInosHAeMble ppesamm DROPMILL, xapaKTepn3yTcA CyLyeCTBEHHbIM HarpyHeHnem
WMHCTPYMEHTA Y BTOPUYHbIM PE3AaHNEM CTPYHKM.

XopoLumm peLLeHneEM B TaKOV CUTYLMK ABAAETCA NC0b30BaHUe naacTuH Buga CS, KoTopble
HEeobxo4aMMO paccMaTpmBaTh B KAY€CTBE MPEANOYTUTE/IbHOrO BbI6OPa, €C/IN MPUXOAUTCA UMETh
AEJ10 C (hpe3epoBaHNEM B TAKE/IbIX PEHMMAX U TPOBJIEMHOIO yAa/lEHUA CTPYHHKM.

BasoBble nogaum Ha 3y6 npuBeaeHbl B Tabauue 75. Mpu GpesepoBaHmm nasa B CrIOLWHOM
maTtepuane ¢ rnyobuHoM pesaHus 601ee YeTBEPTM anameTpa Ana nnactvH suga QT n 6onee
TpeTu aMameTpa Ana naacTtvH Buaa CS, a Takke npy 06paboTKe yCTyna B TAXKENbIX PEHMMax
PEeKOMeHAYeTCA YMEHbLNTb Tab/nyHble BenyMHbl Ha 10-20%.

Mpumep

[nA BbINONHEHWA Na3a C 3aKPYIEHHbBIM HOM LWMPUHOM 50 MM 1 ryGMHOM 43 MM NiaHupyeTcA
nNpUMeHnTb chepuryeckyto dpesy ¢ xsoctoBikoMm BCM D50-A-W50-C, Ha KOTOpoW 3aKkpennatTca
nnactuHbl BCR D500-CS 1C908.

Marepwan 3arotoBKM - iernpoBaHHas ctanb 50XMPA TeépgocTbto HB 250...260. HHécTHoCTb
cuctembl CMNJ, goctatodHan. TexHoor, MPOEKTUPYIOLLMIM TEXHONOMMYECKMIM NpoLecc,
npeanonaraeT dppe3eposarb Nas B TPy npoxoaa rmybuHorm 25 MM, 10 MM 1 8 MM COOTBETCTBEHHO.
TpebyeTca onpefennTb Ha4anbHbIe NapameTpbl PeXMMa pesaHus.

Papnyc dpesbl paBeH 25 Mm. Taknm 06pasom, yiKe Ha NepBOM NPOXO4e SPDEKTUBHbIN AUaMeTp
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cocTasuT 50 MM, a KO3DDULMUEHT YMEHbLUEHUA TONLLMHBI CTPYHKKU HTH=1.

Matepwan getanu otHocTuTCA K rpynne matepuanos MCHAP No. 8 no ctaHgapty VDI 3323, yto

NPUBOAMT K CneayomMm 6a30BbIM 3HAYEHWAM:
* basoBas nogaya fz0=0.18 mm/3y6 (Tabaumua 75)

* basoBas cKopocTb pesanusa Vo=180 m/mMuH (Tabnnua 73)
C y4€TOM 3amMeyaHui Bblle OTHOCUMTEIbHO Ppe3epoBaHuA nasa B CM/IOLHOM Matepuane
cthepuyecknmmn dpesammv DROPMILL cnepyeT yMeHbLWNTb HangeHHble No Tabavuam 6a3oBble
3Ha4veHuA Ha 10-20% ana nogayum n Ha 20-30% 419 CKOPOCTU pe3aHus.
Ecnv npuHATL CpegHWe BEMYUHBI PEKOMEHAYEMOIO YBEIMYEHUSA, TO NPOrpaMMupyemas nogada Ha
3y6 nonyyaetca 0.18x0.75=0.13 (Mm/3y6), a CKOPOCTb pe3aHunsa 419 NePUOAa CTOMKOCTU 60 MUH.

180x0.85x0.8=122 (M/MUH).

YacroTa BpaLeHusa wnuHaensa1000xVc/(rixDe)=1000x122/(1t x50)=776 (06/MW1H) ~ 770 06/MUH
Mporpammupyemas ckopocTb nogaun VE= 0.13x2x776=202 (MM/MWH) = 200 MM/MWUH

3ameyaHue

B npuBegeHHOM NpuMepe 1A yMeHbLUEHMA 6a30BbIX 3HAYEHWUM MO4AYM U CKOPOCTU pe3aHuns
MCNO/Ib30Ba/IUCh YCPeAHEHHbIE KoahduLUmeHTbl. Bonee akKkypaTHbIM pacyéT notpebosan Obl
MEeHbLUEro yMeHbLLEHWA HAa NEPBOM NPOXOAE M GO/bLLErO Ha TPETbEM (TaK Kak npobiema yaaneHus
CTPYHKM cTaHOBUTCA ocTpee). CKameM, 135 M/MuH 1 0.14 Mm/3y6 AnA NepBOro Npoxoaa m

115 M/MUH 1 0.12 MM/3y6 g5t TPETLETO.

LlenbHble TBEpaocnaaBHblie chepruyecKue KoHueBble ppesbl

SOLIDMILL, nvHus uenbHbix TBEpgocnnaBHbIX dpes nponssoactea MCHKAP, BKAOUaET B cebs
60/bLLYI0 rpynny chepruyecknx dpes, KOTOpbIe PasINYalOTCA MO PEHYLLEN FEOMETPUMN U YUCTY
3ybbeB. [1nA M3rotoBneHna dpes MCnosb3yoTCA pasHblie MapKu TBEpZoro cnaasa (tabavua 10).
Mo cBOEMY KOHCTPYKTUBHOMY MUCMOHEHUIO hpe3bl NpeacTaBaeHbl KOPOTKON, CpeaHeN, A/IMHHON
1 CBEPXJ/IMHHOM cepuaAMM anH (puc. 50), a weika dhpesbl ObIBaET NPAMON (LIUIMHAPUHECKOM )
N KOHMYECKOM. Takoe MHOroo6pasme LesbHbIX TBEPAOCNIaBHbIX Chepuyeckux hpes npnsBaHo
06ecneynTb LMPOKUIA AnanasoH UX NPMMEHEHMA B MPECCOoLUTaMnoBOM nNpon3soacTse. O6bI4HO
AMana3oH HOMUHaJIbHbIX AMameTpoB cdhepryeckunx dpes coctasnseT 1...25 um (0.4...2 mm gas
MUHMATIOPHBIX HPE3), yroN HaK/I0Ha 3yObeB K 0CK pesbl (Yroa BUHTOBOM KaHaBKku) - 30°.
JonycK Ha HOMWHaNbHbIV AnameTp dpesbl HasHavaetca no e8 (h10 a4na SKOHOMUYHOM cepum

SOLIDMILL, Ta6nuua 76).

HopoTkas

CpegHssn

OnunHHas

Csepxa/vMHHasA

~
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MOHATHO, YTO MOHOMTHAA KOHCTPYKLUMA 0bnagaet 601bLLUMMM BOSMOKHOCTAMM MO MOBbILLEHWIO
TOYHOCTM MHCTPYMEHTA MO CPaBHEHMIO CO COOPHbLIM BapMaHTOM B C/ly4Yae Gppes CO CMEHHbIMM
naacTMHamu. MosToMy OCHOBHOE NPUMEHEHWE Lie/ibHble TBEPAOCNIaBHblE Chepryeckue dhpesbl
HaLL/IM B YCTOBOM M NOYYUCTOBOM 06PabOTKE acOHHbIX MOBEPXHOCTEN, KOTOPAsA XapaKTepusyeTca
He60bLIMM NPUMYCKOM, OAHAKO, Takue dpesbl UCMOb3YIOTCA TaKKE U 415 YEPHOBbIX ONepaLLmi.

B cnyyasx, Korga CHUMaeMbIM NPUMYCK HEBEMK (YTO YaCTO BCTPEYAETCSA M NPY YEPHOBOM
hpe3epoBaHm CHEPUHECKMMU MOHONUTHBIMU hpe3amm), rpaHuLbl MEKAY PasIMYHbIMU TUNAMK
06paboTKM pasmbIThl. Tabaumua 77 MOKET NOMOYb ONPeAeTb TMN hpe3epoBaHUs TUMUYHBIX
mMaTeprasioB, BCTPEYAIOLLMXCA B NPAKTUKE NPECCOLITaMMNOBOr0O NPOM3BOACTBA, M COOTBETCTBYIOLLYIO
BEJIMYMHY MPUNYyCKA.

ABa nnu yetbipe?

O6bI4HO MOHO/IMTHbIE cepnyecKkne ppesbl MCHAPa umerot 2 nam 4 3yba. Hakmmn
npenmyLyecTsamm U HegocTaTkamy 061afaeT Ta Mm MHas KOHCTPYKUMA?

YeTbipéx3ybbie cheprieckne ppesbl npescTaBIAT cO60H HaAEHXHOE M NPOJYKTUBHOE
peLueHue 419 pas/IM4HbIX onepaymii, 0CO6eHHO 4151 0J1yYUCTOBOr0O N YACTOBOIO
(hpe3epoBaHuA, 1 HacTo XapaKTepPU3YIOTCA KaK chepudecKue ppessl LUMPOKOro NPUMEHEHNA.
LBy x3y6ble #e ppesbl C nX yBEIMYEHHBIM CTPYHEYHbIM KapMaHOM M KaK CAeACTBMUE, JTyYLUMMMU
YCI0BMAMM y[aNEHUA CTPYHKM 60/1€€ MOJXO0AAT A/19 HEPHOBOIo pe3epoBaHuA n 06paboTH1
na3oB. CiegqyeT OTMETUTb TaKe, YTO MPUMEHEHME 4By X3YbbiX PE3 - KOHCTPYKTUBHbIM METOL
M YUCTOBOro (hpe3epoBaHnA B CBA3U C MEHbLLEN HAKOM/IEHHOM NMOrPELIHOCTbIO, 3aBUCALLEN OT
yucaa 3ybbeB MHCTPYMEHTA.

BepHémcA onATh K 4eTbIpéx3ybbiM ppesdam. Hak npaBu/io, ULk ABa U3 HUX, & HE BCE YEThIpe
HernocpeacTBEHHO y4acTBYIOT B pe3aHnm B6/1M3n BEPLUMHBI (LeHTpa) Ppessl. [loaTomy npu
ppe3epoBaHuM ¢ Masiok r/ly6UHON pe3aHua nogadya Ha 3yb onpesenaeTca u3 pacqéra 4ByxX

3 PEKTUBHBIX 3yObEB, U MPENMYLLECTBA MHOIrO3y60ro MHCTPYMEHTA 34ECh HE OLyLLaloTCA. A
BOBJ/IEYEHME B MPOLECC Pe3aHNA "MEPEXOLHOM 30HbI" MEKAY ABYMSA LEHTPasIbHbIMU U 4BYMSA
ocTa/ibHbIMW 3yObAMM MPUBOANT K MHTEHCUBHOMY M3HOCY MOC/EA4HNX U CHUHEHUIO TOYHOCTH
06paboTKU. [TOHATHO, YTO B AAHHOM C/ly4ae npearnodYTeHne cae[0Bas0 6bl 0TAaTh MPUMEHEHMIO
ABYX3y604 ppesbl.
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Tabnuua 76. LienbHble TBéppocnnaBHble chepruyeckue ppesbl

pesa Pexyliias KpoMKa 2+ | Awiaverp, | Srokou. Mapku 8. crinasa OcHoBHOE TBEPAOCTH
Coepwy. | Linnungpny.. M BapuanT CraHnaapTH. OKOHOM. MIPYMEHBHHE SaTOTOBOK
EBRF 180° na 3,4 6...20 no 1C903 - YepH. 06p.-Ka no HRC 55
1C903 - TBEpPAbIE MaT. no HRC 65*
EB 180° aa 2,34 | 04..25 yes
1C900; IC300; 1C08 IC900;1C08 | wMpoKOro npum. no HRC 45
ESB ~220° HeT 2,4 3...16 no 1C903 - TBEpAbIE MaT. no HRC 65

* Yucno 3ybbes

** Moarpynna aByx3y6bix dpes EB ...A... npegHasHaveHa ana 06paboTku 3aroToBoK TBEpAocTbio HRC 55...70

Tabnvua 77. LlenbHble TBEpAocNaBHble chepuyeckue ppesbl U chepruyecKme CMEeHHbIE
ronoBku MYJIBTU-MACTEP: Tun 06paboTku U ycpeaHEHHbIe BEe/IMYUHbI CHUMAeMoro npunycKa

lpynna no ISO
DIN/ISO 513

Tun 06paboTky
Ipynna marepuana * O6pabatbiBaeMblit Matepuan

YepHoBan Monyuncrosan Yucrosan

1,2,4,6,10 MsrKas HB<250 0.12xD** 0.07xD 0.02xD
3,7 crab HB 250...300 0.1xD 0.05xD 0.015xD

5,8,9, 11 CTanb cpeaHeit HRC 30-37 0.1xD 0.05xD 0.01xD

9-11 TBEPAOCTH HRC 38-44 0.08xD 0.04xD 0.01xD

12,13 MapTeH. HEpH. CT. HB<250 0.1xD 0.05xD 0.01xD

15-18 YyryH HB< 300 0.15xD 0.08xD 0.03xD

38.1 HRC 45-49 0.08xD 0.04xD 0.01xD

CTaslb M YyryH
38.2 BbICOKOW HRC 50-55 0.06xD 0.04xD 0.01xD
39 TBEPAOCT HRC 56-63 0.05xD 0.03xD 0.01xD

* Tpynna matepuanoB MCKAP no ctangapty VDI 3323
** AnameTp chepryecKor Gpesbl (CMEHHOM FONIOBKM)

BasoBble CKOPOCTb pe3aHua 1 nogada npuBeaeHbl B Tabavuax 78 n 79. Hak yie yKasbiBanocb
paHee, ANS Bbibopa TBEPLOro cnyiasa caegyeT Bocnonb3oBarbea Tabanuen 10.

Ta6nuua 78. LilenbHble TBEpAocnaBHble chepudeckue Ppesbl U chepuyeckrue CMeHHbIe
ronoBku MYJIbTU-MACTEP: 6a3oBas cKopocTb pe3aHusa Vo

lpynna no ISO
DIN/ISO 513

Vo, M/MuH, Ans TMNa 06paboTku
[pynna marepuana™
YepHosan Monyuurctosas YucTosan

1 180 220 280
2-4 150 170 200
5 125 140 170

6 130 150 190
7-9 120 135 170
10 115 130 165
11 100 110 120
12,13 110 110 150
15-16 160 180 220
17-18 150 170 200
38.1 70 80 100
38.2 40 50
39 30 40

* YKasaHuA no BbI6OpY MapOK TBEPLOro criasa AA LesbHbiX pes - cM. Tabamuy 10
** Ipynna matepnanos MCKAP no ctangapty VDI 3323

(7at
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Mpumep

[na dpesepoBaHna MacTep-nyaHCoHa, M3roTaB/IMBAEMOro U3 MHCTPYMEHTa/IbHOM LITaMMNOBOM CTa/u
7XM2BM®, npegnaraetca UCNoAb30BaTh LiEeSIbHYI0 TBEPAOCMNIaBHYO CHEPUIECKYIO KOHLIEBYIO Dpesy
EB-A2 12-12/24C12H110 903. TBEpAOCTb 3aroToBKM Ha MOMeHT onepaumu -HRC 55, eé (3arotoBKm)
CTEHKM HaK/IOHEHbI NOA, YI/IOM 3° K OCY LUNWHAENA CTaHKa.

OnepaumoHHbIM npunyck coctasnset 0.1...0.15 MM Ha CTOPOHY.

HeécTrocTb cuctembl CMN/ oueHMBaeTCA Kak focTaToqHas.

HalTi HayaNbHble NapaMeTpbl peXMMa pe3aHus.

Mo Tabnunue 69, cnyyan 6), onpegenserca SPPEKTUBHbIV AUaMETP:
De=(12-2x0.15)xsin3°+2xv(12x0.15-0.15%) xc0s3°=3.3 (MMm)

Ocesas ry6uHa pesaHus (puc. 47) BbIMMCAAETCA CAeayoLLMM 06pasom:
ap=D/2-0.5xV(D*-De?)=12/2-0.5xx+(122-3.3%)=0.23 (MM)

MNo Tabnuue 70 KOADPULMEHT YMEHBbLIEHMA TONLMHBI CTPYHKKM KTH=3.5.

[Ona rpynnbl matepuanos MCHAP No. 38.2 no ctaHgapty VDI 3323, K KOTOpPOM NPUHAANEHUT
obpabaTbiBaemblii MaTepuan C yKadaHHOM TBEPAOCTLIO, 6a30Bas CKOPOCTb pPe3aHmA paBHa

50 m/MuH (Tabnuua 78), 6a3osas nogaya - 0.011 mm/3y6 (0.13%0.85 B COOTBETCTBMM C TabAMLEN 79 1
3aMeYaHUAMM K HER).

Mporpammmnpyemas nogada Ha 3y6 fz=0.011x3.5x1=0.038 (mm/3y0).

CKopocTb pesanus s nepyoga cTomkoct 20 MuH. Ve=Vo=50 M/M1H

YacToTa BpawleHuns wnuHaena 1000xVo/(rixDe)=1000x50/(1t x3.3)=4822 (06/MuH).
Mporpammupyemasn ckopocTb nogayum VE= 0.038x2x4822=366 (MM/MUH).

NHTEpecHO OTMETWTb, CKOPOCTb PE3aHusl, BblMMCASIEMas OTHOCUTEIbHO HOMWHAIbHOMO AMaMeTpa
dpesbl (12 MMm), npuMeT cnegytowlee sHadeHne: VeD =1ix12x4822/1000=182 (M/MuH)

HamomHunm ewyé pa3s!

M3y4as oTYET 06 MCTbITaHUM, CTATbH B TEXHUHECKOM JINTEPATYPE MU PYKOBOACTBO,
cresyeT 06paTUTb BHUMaHUE Ha TO, KaK ONpeAesieHa CKOPOCTb Pe3aHUS: M0 OTHOLUEHMIO K
3 eKTUBHOMY U/ HOMUHA/ILHOMY AnameTpam ¢pesbi!

Q Member IMC Group
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Tabnuua 79. LUenbHble TBépAocnnaBHbie chepuyeckue ppesbl U chepruyecKne CMeHHble
ronioBku MYJIBTU-MACTEP MM EB...: 6a3oBas nogaya Ha 3y6 fzo

Tpynna o ISO Tpynna fzo, Mm/3y6, Ana puametpa D
DIN/ISO 513 | matepuana™ 2 3 4 5 B 8 10 12 16 20 25
1-4 0.008 | 0.02 | 003 | 0.04 | 005 | 0055 | 0.062 | 0.07 | 008 | 0.09 | 0.11 0.13
5 0.007 | 0.018 | 0.025 | 0.032 | 0.038 | 0.043 | 0.05 | 0.06 | 0.068 | 0.075 | 0.085 | 0.11
6,7 0.007 | 0.018 | 0.02 | 0.028 | 0.035 | 0.04 | 0.048 | 0.057 | 0.062 | 0.072 | 0.082 | 0.09
8,9 0.007 | 0.015 | 0.02 | 0.025 | 0.032 | 0.035 | 0.038 | 0.045 | 0.05 | 0.06 | 0.07 | 0.08
10 0.007 | 0.013 | 0.015 | 0.022 | 0.027 | 0.03 | 0.032 | 0.038 | 0.042 | 0.05 | 0.06 | 0.07
11 0.006 | 0.009 | 0.01 | 0.015 | 0.02 | 0.025 | 0.028 | 0.035 | 0.038 | 0.045 | 0.055 | 0.06
12,13 0.007 | 0.013 | 0.015 | 0.022 | 0.027 | 0.03 | 0.032 | 0.038 | 0.042 | 005 | 0.06 | 0.07
15-16 0.008 | 0.021 | 0.031 | 0.042 | 0.052 | 0.058 | 0.065 | 0.073 | 0.085 | 0.095 | 0.117 | 0.137
17-18 0.007 | 0.021 | 0.031 | 0.042 | 0.052 | 0.058 | 0.065 | 0.073 | 0.085 | 0.095 | 0.117 | 0.137
38.1 0.006 | 0.007 | 0.008 | 0.012 | 0.017 | 0.021 | 0.025 | 0.027 | 0.03 | 0.035 | 0.04 | 0.05
38.2 0.005 | 0.005 | 0.006 | 0.007 | 0.007 | 0.008 | 0.009 | 0.01 | 0.013 | 0.015 | 0.02 | 0.025
39 0.004 | 0.004 | 0.005 | 0.005 | 0.006 | 0.007 | 0.007 | 0.008 | 0.009 | 0.009 | 0.01 | 0.013

* [puBeaeHHble B TabauLe AaHHbIE XapaKTepu3yIoT YEPHOBOE 1 MONyYUCTOBOE pe3epoBaHne
[nf YNCTOBBIX NPOXOAOB CeAyeT YMEHbLINTb TabnYHbIE BeMYMHbI Ha 10-20%
YKkasaHusa no BbIGOPY MapoK TBEPAOro cnsiaBa Ana LeNbHbiX hpes - cMm. Tabauuy 10

** [pynna matepuanos MCKAP no ctangapty VDI 3323

*** D -guameTp pesbl (roN0BKK), MM
HasHaueHure nopay Ana ppes (rono0BoK) AMaMeTPOM MeHee 1 MM paccMaTpuBaeTCA OTAEIbHO B PyKOBOACTBAX
N0 MUHUATIOPHOMY UHCTPYUEHTY

CmeHHbIe cpepuyeckue ppesepHblie rosoBku cuctemol MYJIbTU-MACTEP

Jnina MYNIbTU-MACTEP npegnaraeT noTpeomuTeNIO LUIMPOKMIM CMIEKTP CHEPUYECKNX DPE3EPHbIX
FOI0BOK C pa3HbIMK pasmepamu, NpohuiemM M TOHHOCTbIO. B KOMBUHALMM C XBOCTOBUKaMMU,
YOJIMHUTENAMM U NEPEXOAHMKAMM FOJIOBKM NO3BOAKT CO3aBaTb MHOTOYMCIEHHbIE KOHCTPYKLMM
CHOPHOro MHCTPYMEHTA, OTBEYatoLLMe NOTPEOHOCTAM NPEeCCOLITaMNOBOro NPOM3BOACTBA.

Hak v gpyrue pexywue ronoskn MYJIBTU-MACTEP (90-rpagycHble, TOpongasbHbie U T.4,.),
cthepryecKme rosIoBKM BbIMYCKAOTCA B ABYX MaBHbIX KOHCTPYKTUBHbIX BapuaHTax: MHorosybbeie MM
EB... v gByx3y6ble "akoHOMMYHbIe" MM HT... (Tabanua 80).

Pexywana reomeTpuma ronosok MM EB... nOBTOpAET reOMeTPUIO Lie/IbHbIX TBEPAOCMNABHBIX
¢dpes. OTnume - oIMHa peryLLen KPOMKM: y rOIOBOK OHa KaK, NpaBu/o, MeHblue. HasHaveHue
napameTpoB pexumma pesaHua aas ronoBok MM EB... npoMcxoguT no TaKom e MeToamKe, Kak 1 Ans

MOHO/IMTHBIX CheprUyecKMxX dpes.

Tabnvua 80 Chepuyeckue ppesepHblie ronoBku nuHun MYJIbTU-MACTEP

PexyLian | Pexyuwas . O ronoskm
v | oo o | o | S0 | |1
Cdbepu. | LinmHap. PXH. 6|8 |10]12]16]20 P
MM HCR npeccos. ho | 1C908 LLMpOKOro
180° | ects NpUMEHEHMS
MMHRF | skoHoMm.. wamgos..| 2 | h7 | 1C903 YMcToBasA U
06paboTKa TB.
MM HBR ~240° | HeT | o, h7 | 1C908 cranei
MM EB wamdos..| 180° ecTb wnmdos..|2;4 | e8 | 1C908 ILMPOKOTO
MPUMEHEHMS

* Yucno 3ybbes
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Cdepuyeckue ronoskm MM H... Ha3biBatOT 9KOHOMUYHBIMW HE MO NPUYMUHE MEHbLLEN TOYHOCTMU.
Bonee Toro, npeuuanoHHblie ronoskn MM HBR... 1 MM HRF... MetoT ECTKMIM AONYCK Ha
Hapy*Hbln gruameTp (h7). MpocTo TEXHONOrMA N3FOTOBJIEHMA TaKMX FOJIOBOK, KaK M APYr1X ros0BOK
9KOHOMMYHOro ucnonHexua amHun MYJIbTU-MACTEP, npegycmatpuBaeT npegsapuTenbHoe
nosy4yeHne GopMbl rOJIOBKM MNyTEM NPECCOBAaHMA C MOCEAYIOLLMM CNIEKAHWEM C MUHUMAJTbHO
Heo6X0AMMbIM MPUMYCKOM Ha OKOHYaTe/IbHOE WA OBaHWE NepeaHen n/mnm 3agHemn
nosepxHocTen. CnegyeT OTMETUTb TaKKe, YTO NPeccoBaHWe No3BoJIAEeT HafeMTb FOI0BKU
0COObIMU KOHCTPYKTUBHbBIMWU CBOMCTBaMM, peann3anma KOTopbiX METOAAMU WANGOBaHUA
MOHOJIMTHOrO CTEPHHA 3aTPYAHUTENbHA, NPUYEM Jae 418 HOBEMLIMX 3aTOYHbIX CTaHKOB:
Hanpumep, KOMGMHaLMA OTPULATENBbHBIX 3HAYEHWIM NEPeaHEro yrna B6,1M3un BEPLUMHBI C €10
NOJIOKUTESIbHBIMM BEJIMYMHAMM HA MPOTAKEHUN 6ObLIEN YAaCTV CHEPUHECKOrO yHaacTHa pexyLen
KpoMKu ronoskn MM HCR..., 3ameTHOe yBennyeHne chepmnyecKon KpOMKM rpyLueBuaHon (6onee
180° ) ronoskn MM HBR... n gp. 3y6 npeccoBaHHOM roNI0BKM O4EHb MPOYHbIM U BbiAEPKMBAET
3HAYUTENIbHOE HarpyXeHUe, YTO UCKJIIOUYMTENIbHO BaXKHO NPU YHEPHOBOM (pe3epoBaHnm acoHHbIX
NOBEPXHOCTEN M 06pabOoTKE MaTepUaoB C BbICOKOM TBEPAOCTLIO. B TO e Bpems yros Hak/ioHa
3y6bEB K 0CK dpes3bl (Yro/l BUHTOBOM KaHaBKMK) Y faHHbIX FO/I0BOK 3HAYMTE/IbHO MEHBLLE, YEM Y
LeSIbHbIX TBEPAOCNAaBHbIX dppe3 1 ronosok MM EB... .

[na narotosneHns 60bLMHCTBA chepryeckux ronosok nHun MYJIbTU-MACTEP npumeHseTcs
TBEPALIN cnnas mapku 1IC908, a ronoskn MM HRF..., npegHa3HayYeHHble, B OCHOBHOM, /1S
BbICOKOTOYHOr0 YACTOBOrO Ppe3epoBaHnA CTasen 1 YyryHa BbICOKOM TBEPAOCTH, BbIMYCKAOTCA U3
TBépAoro cnnasa IC903.

Tabnvua 81 COpepPHUT yCpeaHEHHbIE BEIMYMHBI MPUNYCKA A5 Pa3/IMYHbIX BULOB 06paboTHU
OCHOBHbIX Fpynn MaTepunassioB NPeccoLTamMnoBOro NPOM3BOACTBA C MOMOLLb0 dhpe3
MYJIbTU-MACTEP c ronoskamu MM H... . BasoBas CKOpPOCTb pe3aHua onpeaenseTca no rabavue
78, a 6a3oBas nogada Ha 3y6 - no Tabauue 82.

Mpumep

TexHONorM4ecKui NpoLecc N3roToBAEHUA GOPMbI ANIA IMTbA NOJ AaB/eHWeM npegycmaTpusaeT
onepauumio yaaneH1sa 0CTaTo4HOro npunycka c6opHbiM MHCTpyMmeHTom MYJIBTU-MACTEP,
cocToALmM 13 xBocToBrKa MM S-B-L125-C16-T06 1 3akpennéHHoM B HEM CheprUYeCKON rONOBKK
MM HCR100-2T06 IC908. MaTtepran popMbl - MHCTPyMeHTasIbHaA WTamnosas ctanb 4X5MPC

€ TBEPAOCTbIO Ha MOMeHT onepaumn HRC 40...42. ®dpesepoBaHme NPOM3BOANTCH NPOXOA4aMKU

CO cHATMeM npunycKa Ao 0.2 mm Ha npoxog,. Cuctema CIM/ xapakTepuayeTca JocTaTaTtoqHoOM
HECTKOCTbIO. TpebyeTca onpeaenvTb HavabHble NapamMeTpbl PEXMMa pe3aHus.

Mpeanosioxmm, Y4To Bee 3ybbs pesbl y4acTBYIOT B pe3aHum, a aQPeKTUBHbIN JMaMeTp paBeH
HOMMWHaNbHOMY AnameTpy dpe3sbl (10 MM) - XyaALwri N3 BOSMOXHbIX c/lydaeB. COOTBETCTBEHHO,

KOS OULMEHT YMEHbLLIEHNA CTPYHKN KTH=1.

Matepuan dopmbl npuHagnexuT K rpynne matepmanos MCKAP No. 38.2 no ctangapTty VDI 3323.
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Ta6nvua 81. Cepuueckue dppesepHbie rosiosku MYJIbTU-MACTEP MM H...: Tun o6paboTHu
yCcpeaHEHHble BeJIMYMHbI CHUMaeMOoro nNpumnyckKa

LA 50 lpynna matepuana* O6pabatbiBaeMbiii MaTepuan ICENT,
DIN/SO 513 YepHoBas MonysncTosas Yycrosas
1,2,4,6,10 HB<250 0.14xD* 0.08xD 0.02xD
MArkas cTasib

3,7 HB 250...300 0.12xD 0.06xD 0.015xD

5,8,9,11 CTanb cpeaneit HRC 30-37 0.11xD 0.05xD 0.01xD

9-11 TBépAOCTA HRC 38-44 0.09xD 0.04xD 0.01xD

12,13 MapTeH. HEpX. CT. HB<250 0.11xD 0.05xD 0.01xD

15-18 YyryH HB< 300 0.17xD 0.08xD 0.03xD

38.1 CTa M YyIYH HRC 45-49 0.09xD 0.04xD 0.01xD

38.2 BbICOKOM HRC 50-55 0.06xD 0.04xD 0.01xD

39 TBEPROCTA HRC 56-63 0.05xD 0.03xD 0.01xD

* Tpynna matepnanos MCKAP no ctangapty VDI 3323
** D - gnametp cepunyeckom hpesbl (CMEHHOW rON0BKH)
*** PeKoMeHayemMasa mapKa TBEpZOoro crnaasa rosioBku - IC903

®pesepoBaHUe 0CTaTOYHOro NPUMYCHa

Kak npaBwn/o, npy npoeKTnpoBaHmuu pe3epHbix onepawmi TEXHO/I0rMYeCKMX NpoLeccos,
0CO6EHHO YEPHOBBIX, NIAHUPYIOT NMPUMEHEHUE Hanbo/1ee MPOYHbIX M HECTKUX MHCTPYMEHTOB:
TakMM 06pa3oM 06eCreyYMBaeTCA BbICOKUI TEMI CHATHUA MaTepuasa. Bo MHormnx ciyqaax gopma
MHCTPYMEHTA 1 Ero pa3mephbl He MO3BOJIAIT PE3aHNE Ha HEKOTOPBIX yYyacTKax 0bpabaTtbiBaeMor
3aroToBKM, HanpuMep, B yriax noa0CTv LWTamna uam npecc-popmel (puc. 52). CoxpaHuBLumica
martepuas, 0CTaToK, CHUMaeTCA NyTEM (pe3epoBaHmsa OCTATOYHOro NPUMNycKa - ornepaumen
TEXHOJIOrMYECKOro NpoLecca, B X04€ KOTOPOH MHCTPYMEHT MEHbLLEro AuameTpa OCyLyeCTBAAET
yaaneHne "usnnwkoB" matepmasa. ObbIHHO pe3epoBHUE OCTATOYHOrO NMPUIycKa ABAAETCA
OAHOW M3 YUCTOBbLIX OrepaLmi.

LlenibHble TBEpAOCTIaBHbIE cheprudecKme Ppesbl U chepudecKne ppe3epHbie ro/I0BKU
MYJIBTU-MACTEP aBasawTca 3¢@HEKTUBHBLIM MHCTPYMEHTOM A/19 Pe3aHMA OCTaTO4YHOro
npunycka.

CoxpaHuBLLMIACA maTepuan l A

(ocTaToYHbIN NPUNYCK)

Tpebyembli
npoouib fetanu

YepHoBas ppesa
avametpom D

ax-NMPUMYCK Ha YMCTOBOE (hpe3epoBaHme A
ar-MNpUMNyCcK Ha YepHOBOE Ppe3epoBaHne
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I
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Tabnmua 82. Cpepuyeckue ppesepHble ronosku MYJIbTU-MACTEP MM H...:
6a3oBas nogava fzo

Tpynna o ISO- T— fzo, Mm/3y6, ina auametpa D
DIN/ISO 513 8 10 12 16 20
1-4 0.08 0.09 0.11 0.12 0.13
5 0.07 0.08 0.1 0.11 0.12
6,7 0.07 0.08 0.09 0.1 0.1
8,9 0.06 0.07 0.08 0.09 0.1
10 0.06 0.07 0.08 0.09 0.1
1 0.05 0.06 0.07 0.08 0.09
12,13 0.06 0.07 0.08 0.09 0.1
15-16 0.08 0.09 0.1 0.12 0.13
17-18 0.08 0.09 0.1 0.11 0.12
38.1 0.04 0.05 0.06 0.07 0.08
38.2 0.03 0.037 0.045 0.055 0.065
39 0.02 0.025 0.03 0.035 0.04

*

MpuBeaeHHble B TabMLE JaHHbIE XapaKTEPU3YIOT YEPHOBOE U MONYYUCTOBOE pe3epoBaHme

[na 4ncToBbIX NPOXOAOB CNEAYET YMEHBLUUTD TabMyHbIE BENMYMHBI Ha 10-20%

Mpn 4epHOBOM Ppe3epoBaHnK ¢ Ucrnonb3oBaHnemM ronosok MM HBR... TabnnyHble 3Ha4eHWA HE0BXOAMMO
yMeHbLNTb Ha 10%

Mpv hpesepoBaHMK CTaIM 1 HyryHa BbICOKOV TBEPAOCTM PEKOMEHAYETCA MPUMEHATL rOJI0BKM M3 TBEPAOIO
cnnasa IC903

** Tpynna matepuanos MCKAP no ctanaapty VDI 3323

***D - puameTp chepryecKom dpesbl (CMEHHOM roN0BKM)

CpaBHeHwue npunycKa Ha Npoxog ¢ AaHHbIMK TabnuLpbl 81 NoKasbIBaeT, YTO onepaumsa OTHOCUTCA K
ymcToBoMy pesepoBaHmio. CnegosaresbHO, 6a30Bas CKOPOCTb Pe3aHuaA A5 Nepuoga CTOMKOCTH
rosfioBku 20 MUH. cocTaBnsAeT 165 m/MuH (Tabaunua 78), 6asosas nogada - 0.06 mm/3y6 (B Tabavue
82 npusegeHo 3HayeHue 0.07 MMm/3y6, 1 ero cneyeTt yMeHblWUTb Ha 10% B COOTBETCTBUM C
npuMeYaHneM K Tabaumue).

YacToTa BpaueHua wnnmHaena 1000xVo/(rtixDe)=1000x165/(rt x10)=5252 (06/M1H)
Mpuorpammupyemasn ckopocTtb nogadn VF VF= 0.06x2x5252=630 (MM/MWH)




3.4. CneuymanbHble METOAbI: BbICOKOCKOPOCTHOE (ppe3epoBaHue U
06paboTHa 3aKaNéHHOM cTaNu

TepMuH "BbICOKOCKOPOCTHaA 06paboTKa" 1 ero aHrmicKan abopesunarypa "HSM" (High Speed
Machining") yacTo ynoTpebasaTCA B NPOMbILLIEHHOCTU U, B 0COOEHHOCTH, B MPECCOLITAMNOBOM
npou3BoACTBe. YT e 310 Takoe? [ToveMy BbICOKOCKOPOCTHas 06paboTKa TaK aKTy/ibHa B
COBPEMEHHOM TEXHOJIOMMM M3FOTOBEHMA LUTAMMNOB U Npecc-hopm?

K coraneHuto, eanHoro onpesaeneHus BbICOKOCKOPOCTHOM 06paboTHM NMOKa ELLE He CyLLEeCTBYET, a
abb6pesunatypa "HSM", Takaa pacnpocTpaHéHHas B NEPEBOAHOM TEXHUYECKOW IMTEpaType MOHKET
HECTU HECKOJIbKO 3HAYEHMM:

High cutting speed machining (06paboTKa C BbICOKOM CKOPOCTbLIO pe3aHms)

High spindle speed machining (06paboTKa C BbICOKOM YaCTOTOW BPALLEHUA LLNUHAE/A)

High feed speed machining (06paboTKa ¢ BbICOKOM CKOPOCTbLIO Mogaum)

['0BOPA O BbICOKOCKOPOCTHOM 06paboTKe, €€ HacTo XapaKTepPU3YHOT KaK "...
BbICOKOMPOW3BOAMTESbHbIN METOZ, COBPEMEHHOM TEXHOIOTMM PEe3aHMA C BbICOKMMMW YaCTOTOM
BpaLLeHWsA LWNMHAENA U CKOPOCTbIO Nojayu...", obecneymBaroLLmni pag npemmyLlecTs. MoHATHO,
YTO CKOPOCTb Pe3aHus, YacToTa BpaLLEHNA LWNUHAENSA U CKOPOCTb NOAAYM CBA3aHbI ApYr C APYroM.
YBe/MuMBaeTCA YacToTa BpaLLeHNA WNMHAENS - PACTET CKOPOCTb Nogayuu U T.4. Kak onpegennTb
CKOpPOCTb pe3aHua?

B pasgene "LienbHble TBEpAOCNIaBHbIE chepuyecKmne KoHLEBbIE hpesbl’ paccMaTpuBaicsa
npumep bpesepoBaHna 3akanéHHon ctanmn TeBépaocTbio HRC 55. Mpumep nokasbiBaeT, YTo ec/iu
[encTBUTEIbHasA CKOPOCTb pe3aHus (Mo OTHOLLIEHMIO K 3PPEKTUBHOMY anamMeTpy) cocTtasuaa 50
M/MWH, TO €€ NepecyéT Ha HOMMHA/bHBIV AMaMeTp Aasan ye 182 m/MuH. bonee noKkasTesbHbIM
ABnAeTCA 06paboTKa chepryecKnmMmn hpesamm pasanyHoro guameTpa ¢ myomHom pesanmsa 0.1
MM (Tabnuua 83). Tabnuua CoBEPLUEHHO ACHO AEMOHCTPUPYET, H4TO Npy pesepoBaHUn HacoHHbIX
NOBEPXHOCTEN C MaIon rNyOUHOM pe3aHnsa fare HebobLUME CKOPOCTU Pe3aHuns NPUBOAAT

K CYLLECTBEHHOM YaCcTOTe BpalleHWaA WNWMHAENS, YTO B CBOK 04epesb, BEYET 3HaUYMTebHOe
yBE/IM4EHNE CKOPOCTU MOAaUM.

Mpeanonoxmm, 4To y chepryeckon dpesbl AMaMeTpom 4 MM, NpuBeaeHHoOM B Tabnauue 83, aBa
3y6a, 1 nogada Ha 3y6 goskHa 6biTb 0.04 Mm/3y6. Torga CKOPOCTb NOAa4YM CTAHOBUTCA PaBHOM
815 MM/MUH, 1222 MM/MUH 1 1630 MM/MWH g5t CKOpocTU pe3aHuns 40 m/MuH, 60 M,MWH 1 80 M/MWH
COOTBETCTBEHHO!

Manble rny6uHbl pe3aHns B KOMOGUHALMKU CO 3HAYUTEIbHOWM HYaCTOTOM BpaLLEHWUA LWNUHAENA
ABNIAIOTCA XapaKTepHbIMK aTpnbyTaMmn BbICOKOCKOPOCTHOIO dpesepoBaHma. [JaHHbIN e

BUA hpesepoBaHus, NPOrPECCUBHBIVM METOL, MEXaHUYECKON 06paboTKK, TPEBYET A/1A CBOEN
peanusauum 0Co60M TEXHUKM pe3aHma 1 cneundUHecKnX CTaHKOB, AepHaTenen MHCTPYMEHTa 1
pasyMeeTcs, CaMoro MHCTPYMeHTa, 06ecneynBaloLLero HE06Xo0AUMY0 CTOMKOCTb. MprMeHeH1e
BbICOKOCKOPOCTHOIO hpe3epoBaHNA MOKET NPUBECTHU K KapAMHaIbHOMY COKPALLEHWIO OCHOBHOIO
BPEMEHMU.

CrouT, npaBaa, 3aMeTUTb, YTO BbICOKOCKOPOCTHAaA 06paboTKa He Bcerga BeAETcA ¢ 60/1bLLION
4aCTOTOM BpaLLEHNA LUNUHAE/A, U HEKOTOPbIE BbICOKOCKOPOCTHbIE Ppe3epHble onepaLmm
OMePUPYIOT NPUBbLIYHBIMU 3HAYEHUAMM JManas3oHa 4acToT.
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HUctopusa: BbicoKocKopocTHaAa 06paboTHa

B gBaguatbix-Tpuguatbix rogax XX BeKa HeMeLKUi uccaegoBaresib JOKTOp-nHweHep Hapn
Ca/IoMOH rpOBEJ CEPUIO SKCMEPUMEHTOB 0 N3MEPEHMIO TEMIEPATYPbI B 30HE Pe3aHMs Mo
OTHOLLEHUIO K CKOPOCTH Pe3aHuA npu 06paboTHE pas/InyHbIX KOHCTPYKLMOHHbIX MaTepUasios.
IpagnyecKoe npescTaBieHUE MOTyYEHHbIX PE3Y/ILTATOB NPUBE/IO MCCIEL0BATENA K
MPeAno/IoKEHUIO, YTO TEMIEPATypa PacTéT C yBesIMYEHUEM CKOPOCTU [0 TEX Mop, MOKa
CKOPOCTb pe3aHusA He NPUOBPETET HEKOTOPOE KPUTUHECKOE 3Ha4YeHUe, a 3aTeM C Aa/IbHENLLINM
POCTOM CKOPOCTM TEMMepaTypa yMeHbLuaeTcA (puc. 53). CnegoatesibHO, 3ak/to4ma CaaoMoH,
CyLLEeCTBYET 06/1aCTb CKOPOCTEMN, 3HAYUTE/IbHO MPEBLILIAIOLLMX 0ObIYHbIE 3HAYEHUS, /1A KOTOPbIX
TeMreparypa B 30He PE3aHWA TaKas e, KaK 1 npu 0BLLENPUHATLIX BE/IMYMHAX CKopocTw. 1o
BbIABMHYTOM MCC/IeA0BaTeNEM rMoTe3e peydb AET O CKOPOCTAX, 60/bLmX B 5-10 pas, yem
HOpMa/lbHbIe.

UG B oo

Temnepatypa
B 30He pesaHus

Kputnueckas Touka
Ter oo o—

Te -9 ————: ———————————————————————————— =\

\

| CKopoCTb
Ver Vh pesaHus
TpaauumoHHoe pesatme BbICOKOCKOPOCTHaA
obpaboTKa

Tabnuua 83. CpaBHUTENbHbIN NpUumep: ppesepoBaHue chepruyeckuMU Pppe3amu pasnyHoOro
Anametpa c ry6uHoi pesaHua 0.1 mm

D, mm
Ve, 5020 S@10 SO 8 S@6 S04 S@2
M/MUH
De=28 De=2 De=1.77 De=15 De=1.25 De=0.87

06/MuH Vep 06/MUH Vep 06/MuH Vep 06/MuH Vep 06/MiH Vep rpm Vep
40 4547 286 6366 200 7193 181 8488 160 10186 128 14635 92
60 6820 429 9549 300 10789 271 12732 240 15279 192 21952 138
80 9094 572 12732 400 14386 362 16976 320 20372 256 29270 184

D - HoMWHanbHbBIN AnameTp hpesbl

De, MM, - a3 deKTUBHbIN AnameTp dpe3sbl 4nA ry6uHbl 0.1 MM

V¢ -CKOPOCTb pe3aHus Mo OTHOLLEHUIO K addeKTuBHOMY anameTpy De

06/MVH - 4acToTa BPaLLEHMA LWNUHAENA

VCp, M/MUH - CKOPOCTb Pe3aHu1sA Mo OTHOLLEHWIO K HOMUHANIbHOMY AnameTpy ¢pesbl D

Q Member IMC Group
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CeroaHs BbICOKOCKOPOCTHOE pe3aHne NPOYHO YKOPEHMIOCh B 06paboTHE alloMUHWS B
A3POKOCMMYECKOM M aBTOMOBM/IbHOM OTPAC/IAX MPOMbILLIEHHOCTH, @ TAKKE B U3rOTOB/IEHUM
WTamMnoB 1 GopmM. M MMEHHO B NpeccoLLITamnoBOM NPOU3BOACTBE BbICOKOCKOPOCTHOE pe3aHue
NPUHECNo paguKabHble NepeMeHbl B TEXHOOMMYECKMIA MpoLecc.

TpaA UMOHHbIM NOAXOA K M3rOTOB/IEHMIO LITAMMOB 1 GOPM NpearnonaraeT 6o/bLUyo 400

pe3aHuna metanna HEBbICOKOM TBépp,OCTVI (MHFHOFO MeTanna), NOTOM - TepPMHUYECKOE YNPOYHEHHKE,

3N1EKTPO3PO3NOHHAA 06paboTKa, YUCTOBOE pe3aHme 3aKanéHHOro Metanna (¢ BbICOKOM

TBEPAOCTbLIO), @ 3aTEM - pyyHble JOBOAKA W noanpoBaHme. O6paboTKa 3NEKTPUYECKOM 3PO3MEN U
PYYHbIE OTAENOYHbIE OnepaLmmn TPeBYOT HEMasbIX 3aTpaT BpeMeHW. BocnponsBoAMMOCTb - TOYHOCTb

MOBTOPEHWA PE3YNETUPYHOLLEro NPOhKAA - PyYHbIMU PaBGOTaMKW OCTAB/ISET HENATb JIYHLLETO, YTO
MPUBOAMT K AOMONHUTENBHBIM TPYAHOCTAM. OCTpas KOHKYPEHLMS Ha PbIHKEE NPOU3BOAUTENEN
LITAMMOB M NPecc-QopM AUKTYET U3rOTOBUTESIO NPEeEe/IbHOE COKpPaLLEeHUe LKA U3roTOBEHUA

1 BCEMEPHOEe YMEHbLUEHWE PYYHOM OTAENKW. [JocTueHus B obnactu ycTporcts HMY, TexHonornu
BCEMEPHOE YMEHbLUEHWE, MPUBOAA, NOALIMMHUKOB M APYTMX SN1EMEHTOB METAITIOPEMYLLMX CTAHKOB,
MPOrpecc B MPELMU3MOHHbIX AEPHATENAX MHCTPYMEHTA C BO3MOXHOCTBIO MX TOYHOM 6anaHCHPOBKM U
KOHEYHO e, COBEPLLEHCTBOBaHME MHCTPYMEHTA/IbHBIX MaTEPUasioB U PEKYLLEN FrEOMETPUN OTKPBIIO

nepes BbICOKOCKOPOCTHOM 06pabOoTHOM LUMPOKYH AOPOrY K NPECCOoLITamMnoBOMY NPOM3BOACTBY.
HoBbIM MeTOZ OKasanca o4eHb yenewHbiM. OH U3SMEHWT NPeACTaBNEHNE O TEXHONOrMYECKOM
npoLecce, NO3BO/MB Cpasy Ha4MHaTb 06PabOTKY 3aKaNEHHbIX 3ar0TOBOK, 3HAYUTENIbHO CHU3WA
noTepw, CBA3aHHbIE C MEPEYCTaHOBKOM 1 BbIBEPKOW AeTaNEN, N MPAKTUHECKN UCKITIOUNIT PYYHYIO
oTaenKy. [NponsBoACTBEHHbBIN LKA coKkpaTuaca Ha 40-50%! M0aToOMy BbICOKOCKOPOCTHaA

06paboTKa B M3roTOB/IEHWMM LITAMMOB U Npecc-hopM CBA3aHa NPEXAE BCEro C BbICOKOCKOPOCTHbIM

hpesepoBaHMEM 3aKaNEHHOM CTaln M OCOBEHHO, hpe3amMu Manoro gnameTpa.

Crasib BbICOKOM TBEPJOCTH

Crtanm BbiCOKOM TBEPAOCTH (3aKanEHHbIEe CTa/M, TBEPAbIE CTa/M) ABAAIOTCA
TpyAHObpabaTbiBaeMbIMu cTanAaMn. He Tak gaBHo TBEpaocTb HRC 45 cuntanack npesesibHok
A4 pesaHus, n 418 6os1ee TBEPAbIX MaTepUaioB PEKOMEHZO0BAI0CH MPUMEHATb abpasmBHYIO
06paboTHy. JOCTUHEHUA MHCTPYMEHTA/IbHOM MPOMbILLIEHHOCTH M3MEHW/IN YCTOABLUNECA
MOHATUA O rPaHUYHbIX 3Ha4YeHUAX TBEPAOCTH. CerofHs, roBopsA o TBEPAbIX CTa/IfX,

06b14HO rnogpa3ymesatoT TBEpZocTb HRC 60 n 6onee. M npuMeHUTEIbHO K TaKUM CTaIAM
BbICOKOCKOPOCTHas 06paboTKa ABAETCA JeNCTBEHHbIM CPEACTBOM A/1A MX 9(PEKTUBHOIO
pesaHuA.
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PesaHune 3aKan€HHOWM CTa/n XapaKTepmayeTca MHTEHCUBHBIM Bbie/IEHWMEM Tenia 1 4acTo
CONpOoBOXAaeTcs BUGpauuaAMK. B pesynbrarte ymMeHbLIaeTCA CTOMKOCTb MHCTPYMEHTA, CHUIKAOTCA
TOYHOCTb M YCTOMUYMBOCTb 06PABOTKM U T.4., YTO NPUBOAUT K NpobaemMam NporHo3MpoBaHus

W N1aHWMPOBaHKsA onepauuu. Takas HeonpeaeNEHHOCTb COBEPLUEHHO HEMpUemMaema As
NPECCOLLTaMMNOBOro NPOU3BOACTBA, OCOBEHHO MPU U3FOTOBIEHNU KPYNHOrabapmUTHbIX LLITaMMOB

1 hopM, KOTopble TPEBYIOT A/IMTENbHOM MEXaHWMYECKON 06PabOTKN, USMEPAEMON MHOTAA LHAMM.
BbICOKOCKOPOCTHOE pe3aHue NpPegoCcTaB/IAET XOPOoLUMe BO3MOKHOCTHU A5 NPEOS0IEHNA YKa3aHHbIX
TpygHocTen. KoHeYHO, BbICOKOCKOPOCTHasA 06paboTKa - 3TO He TOJIbKO PENYLLUMM MHCTPYMEHT, HO
TaKKe M CTaHKM 0COBOM KOHCTPYKLMK, CneuudrUIecKme CUCTEMbI YNPaBAEHWS, UHCTPYMEHTa/IbHble
HaNaLKM U METOAbI MX 3aKPEMNJIEHWSA - TO/IbKO NpaBuibHasA KOMOMHALMSA BCEX HEOOXOAMMBIX
COCTaBASAIOLMX MPUBELET K yCnexy.

o cyLiecTBy, BbICOKOCKOPOCTHasA 06paboTKa 3aKaNEéHHOM CTann ABAETCA KOMMJIEKCHbIM
TEXHOIOMMYECKUM METOAOM, U BCE €r0 KOMMOHEHTbI OT META/IIOPEHYLLEro CTaHKa [0 MHCTPYMEHTa
- 06A3aTeNbHbIe M OAHOBPEMEHHO KPUTUHECKME 3BEHbA BCEro npouecca. OHa CyLeCTBEHHO
OT/IMYAETCA OT TPaAMLMOHHOIO hpesepoBaHnA TBEPLOM CTaM M BbICOKOCKOPOCTHOIO pe3aHuns
MAKOM cTanu. [1oaTomy BbI6OP CaMOro NOAXOAALEro MHCTPYMEHTA M HA3HAYEHNE Ha4yaIbHOrO
pexurma pesaHusa TpebyeT 601ee ryOoKOro N3yYeHus, 1 Mbl PEKOMEHA0BaM Obl MPUBJIEYb K HEMY
cneumanucTa Komnainm MCKAP B gaHHoM o6nacTw. B To e Bpems, gas NepBUHHOM OLEHKU U
o6Len nHhopmaLum no o6CyxaaemMon TEMe MOXKHO BOCNO/Ib30BaTbCA Tabauuel 84, B KOTOPOM
cofeparca ycpeaHEHHble 3HaYeHMA, OTHOCALLMECSA K LieNbHbIM TBEPA0CNIaBHbIM KOHLIEBLIM
dpesam n nHcTpymeHTam ¢ dpesepHbimm ronoskamv MYJIbTU-MACTEP gruamveTtpom 4...25 mm.

AmnupuyecKoe npasusio

lpy BbICOKOCKOPOCTHOHM 06paboTKe 3aKanEHHOM CTa/IM Havya/lbHyH nogady Ha 3y6 4acto
onpegensaT Kak 0.5-1% anametpa pesbl. MeHblLume 3Ha4eHUA OTHOCATCA K 60s1ee TBEPAOH
cTanm.

Tabnvua 84. YcpepHEHHbIE MapaMeTpbl peHuma pe3aHuA NpyU BbICOKOCKOPOCTHOM
thpesepoBaHUM CTasIbHbIX 3aroTOBOK

TeépgocTtb CpepgHss MoBbILLEHHAA U BbICOKAA
Ipynna matepuana* 11 38.1 38.2 39.1 39.2
Teépgoctb, HRC 38-44 45-49 50-55 56-60 >60
ae (0.40-0.70)D (0.40-0.60)D (0.40-0.60)D (0.35-0.55)D (0.30-0.50)D
YepHoBoe ap (0.07-0.15)D (0.06-0.12)D (0.05-0.08)D (0.04-0.07)D (0.03-0.07)D
tpeseposarve Ve, MiMuH 120-190 100-170 90-150 70-100 60-80
fz, Mm/3y6 0.03-0.24 0.03-0.22 0.03-0.2 0.03-0.17 0.02-0.14
ae (0.40-0.70)D (0.40-0.60)D (0.35-0.55)D (0.35-0.45)D (0.30-0.45)D
MonyuvcToBoe ap (0.05-0.12)D (0.04-0.09)D (0.03-0.07)D (0.03-0.05)D (0.02-0.05)D
tpeseposarie Ve, MMUH 140-200 130-180 120-170 90-150 70-130
fz, Mm/3y6 0.03-0.22 0.03-0.2 0.03-0.17 0.03-0.14 0.02-0.12
ae (0.40-0.70)D (0.40-0.55)D (0.35-0.50)D (0.35-0.45)D (0.30-0.40)D
Yucrosoe ap (0.04-0.1)D (0.03-0.08)D (0.02-0.06)D 0.1-0.4 mm 0.1-0.3 mm
(hpeseposaHie Ve, MMUH 150-230 180-220 170-190 130-200 110-160
fz, Mm/3y6 0.03-0.2 0.03-0.18 0.02-0.15 0.02-0.13 0.015-0.11

lpynna matepuanos MCHKAP no ctangapty VDI 3323

D - anameTp dpesbl

ae - lWMpMHa pe3aHua / Lar CTpoYeyHoM nogaqm

ap - mybuHa pe3anus / cmeLleHre Gpesbl B 0CEBOM Hanpas/ieHnW Noc/e Npoxoaa
Vc - CKOPOCTb pesaHuns No OTHOLLEHMIO K addeKTMBHOMY aAnameTpy De
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Crout npoBepuThb!

Pacmatpusas BOMpoCkl BbICOKOCKOPOCTHOM 06paboTKM, B YHACTHOCTH, ppe3epoBaHms
3aKanéHHOM cTanm chepu4ecKMMm pe3amm, HEKOTOPbIE MCTOYHMKM TEXHNYECKONM MHGOopMaLmM,
0CO6EHHO cogepalyme peKnaMHbIe Matepuasibl, ONepupyrT He COBCEM KOPPEKTHLIMM
Be/IMYMHaMm CKOpocTH pesanus. CegyeT NpoBepuTb, KaK onpeaesieHa CKOpOCTb: N0 OTHOLLIEHUIO
K 3¢ eHTUBHOMY WJIM HOMUHA/IbHOMY AnameTpam ¢pessbi.

Bo3bmu Ha 3ameTHy!

Pa3znnyHble nccaegoBaHuA MOKasbiBatoT, YTO MPU BbICOKOCKOPOCTHONM 06paboTHe CheprnyeCcKUMm
ppesamm [ 0becrneqeHns HanMEHbLLEH LLIePOXOBAaTOCTHM MOBEPXHOCTH Luar CTPOYEYHOH nogaqm
(cmelueHue pesbl B 6OKOBOM HanpaBieHUMM 0C/1e OKOHYaHWUA NPoXoAa) AOHEH ObITb paBHbIM
nogaye ¢pesbl Ha 060pOT.

Mpumep

CoBepLueHCTBys NPOLECC U3rOTOBAEHNUSA NAUTBI NONOCTH NPECC-(QOPMbl, TEXHOOT
WMHCTPYMEHTa/IbHOro y4acTKa NaaHUpyeT OpraHn3aLmio BbICOKOCKOPOCTHOIO (pes3epoBaHus Ha
3aK/YUTENBHBIX CTaauMAX npouecca. C 3TOM Le/blo FOTOBUTCA SKCNEPUMEHT NO hpe3epoBaHmIo
NAUTbI LiesIbHOM TBEpAOCnIaBHOM KoHLeBor dpesorn EC-A4 060-13C06-50 IC903 Ha HegaBHO
NPUOBPETEHHOM BbICOKOCKOPOCTHOM BEPTMKA/IbHOM 06pabaTbiBatoLeM LLeHTpe. MaTepman nanThbl -
NlernpoBaHHasn MHCTpyMeHTanbHaaA ctanb 95XIMBD tBépgocTeio HRC 58...60. TpebyeTca HasHauMTb
Haya/ibHbIM PEXUM pe3aHus.

MmeeTcs LOCTAaTOYHO OCHOBaHWIM 418 NpeanoaoKeHus, 4to cuctema ClNN/ o6nagaet
HeobXxo4MMOM HKECTKOCTbIO. MaTepuan nanTbl xapakTepuayeTcs rpynnov matepmanos MCKAP No.
39.1 no ctaHgapty VDI 33283. NpuHMMas B pacyéT, 4To B Tabauue 84 npeacTaBnieHbl AaHHble ANA
dpes 4...25 MM, a AnameTp UCMbITbiIBAEMON Gpe3bl 6 MM, MOXHO YCTAHOBUTb CIeAYIOLME 3HAYEHUSA
napameTpoOB peXnMa:

LLnpunHa pesaHusa = 0.4x6=2.4 Mm

[ny6uHa pesanunsa= 0.15 Mm

CkopocTb pesaHus = 130 M/MWH

Mogaya = 0.03 mm/3y6

YacToTa BpalleHua wnrHaena = 1000x130/(rx6)=6896 (06/Mu1H)=7000 06/MWH
CkopocTtb nogaun= 0.03x4x7000=840 MM/MWH

3ameyvaHue
HavigeHHan B npuMepe YacToTa BpalleHWs LNMHAENA NeXUT B npegenax "TpaguumoHHbIX"
3HayeHui. Ho He CTOMT 3abbiBaTh, YTO paccMaTpMBaeMbIi NPUMEP OTHOCUTCS K pe3epoBaHmio

CTa/n BbICOKOM TBEPAOCTH, ANA KOTOPOM "06bl4HAA" CKOPOCTb pe3aHua (M COOTBETCTBEHHO,
yacToTa BpalLeHWs WNUHAENS) B 4Ba pa3a MeHbLue!
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3.5. CneuMa.ﬂbele MeTo/bl: ¢pe3epOBaHMe OCeBbiM Bpe3aHUuem

dPpesepoBaH1e 0CEBbIM Bpe3aHNEM, Ha3blBAEMOE TaKKe CKYbNTypHbIM hpe3epoBaHneM, BPE3HbIM
(pesepoBaHUEM W JarKe "NAyHIKepoBaHWEM", NPEACTaBAAET COOOM BbICOKONPOU3BOAUTEbHbIV
MEeTOZ, YePHOBOM 06pabOTKK, MPY KOTOPOM BpaLlaLLanca dpesa ABUKETCA C Nogaven BAO/b
COBCTBEHHOM OCH (pUC. 54), U NOAOBHO CBEPAEHUIO, MOrPYKAETCA B MaTepman 3arotoBku. OgHakKo,
HECMOTPA Ha TO, YTO HEKOTOPbIE paboTaloLLMe N0 METOLY 0CEBOro Bpe3aHus hpesbl UCMO/b3YIOTCA
A1A 06pa3oBaHWA OTBEPCTUM, UX [NTABHOE Ha3HaYeHWe - Ppe3epoBaHMe BbIEMOK, CTEH W Na30B.

— [lowarosoe cmeLleHne
---- P BosBpaTHoe [BuHeHNe ppesbl

— OceBoe Bpe3aHue
(paGouee AsumeHne dpesbl)

O6bI4HO hpe3epoBaHNE OCEBbIM Bpe3aHMEM NPOXOAMT LMKIMYECKH: hpe3a BXOAWT B MaTepual ¢
nofayen BAOb CBOEN OCH, BO3BpALLAETCA Ha3as, CMELLAETCA Ha Luar M NOBTOPAET OTMEYEHHbIE
ABVHeHUsA. [TOHATHO, YTO TaKkaa TeEXHNKA 06PabOoTKM NPOM3BOANT 3a3yBPEHHYIO NOBEPXHOCTD C
BbICTYMaMM, BbICOTA KOTOPbIX CHUMKAETCA C YMEHbLUEHWEM NOLIArOBOro CMELLEHMA, OJHAKO KaK
npaBuIo, BCE paBHO TPEOYET AONOHUTENBHOrO pe3epoBaHUsa NOBEPXHOCTHU A1 06ECTEYEHUS
Heo6X04MMOM TOYHOCTN MPOPUIIA 1 LLEPOXOBATOCTY.

dpesepoBaHMe 0CEBbIM Bpe3aHneM 6bICTPO 3aBOEBaI0 NONYAAPHOCTb CPEAN MPON3BOAUTENEN
LTamnoB 1 npecc-dhopm baarogapsa 0gHOMY CBOEMY BaXHOMY KayeCTBy: 06paboTKa ¢ 60/1bLMM
BbIJIETOM MHCTPYMEHTA He MPUBOAMT K CyLLECTBEHHbIM Harpy3Kkam (pesbl B pagnasibHOM
HanpasneHun. CnefoBaTtenibHO, U U3rMb pesbl B TAaKOM Cyyae 6yaeT MUHUMAasIbHbBIM. [pu
dpesepoBaHMM e "06bI4HBIMU" MeTOAaMK, KOrAa ABUKEHWE NOAAYM HANPaBAEHO NOA, Yr0OM K
OCW MHCTPYMeEHTa, 1 dhpesa yaanaeT maTepuas C/ok 3a C/I0eM NOCAEA0BaTE IbHbIMU NPOXOAaMM,
60/1bLLION BbINET MOPOHKAAET CEPbE3HOE YBENMYEHME pagnaibHON COCTABAAOLLEN CWUJTbl pe3aHns
1 nsrnbarolero MomeHTa. Bo MHOrMxX cnyyasx gpesa He B COCTOAHMM BbiAepHaTb TaKoe
HarpyeHve. Kpome Toro, 3HaumMTeibHaA YacTb YaCTb Harpy3Ku NnepesaéTca WNMHAEO CTaHKa.

B peaynbrate HabnwaaTca BUbpauum, LWym, nsrné dpesbl - hakTopbl, ONPeseNALME CHUKEHNE
TOYHOCTM 06PaBOTKM, NOBPEKAEHME MHCTPYMEHTA, €ro AepKaTens U Aaxme camoro cTaHka. B
MomMbITKE NPOTUBOCTOATb MM NPUXOAMTCA YMEHbLUaTb 3HAa4YeHMs NapamMeTpOB pexrMa pesaHua 1
CHUM¥aTb NPOU3BOAUTENBHOCTbL pe3epHor onepaLuu.

MNpun hpesepoBaHnm OCEBLIM BPE3aHWEM OCHOBHAA COCTAaB/AOLLAA CUJIbl PE3aHKA

LEVCTBYET BAO/Ib OCY Ppesdbl - KaK pa3 B Hanpas/IEHUM HanbOoIbLLIEN IECTKOCTU CTaHKa, 4TO
onpefenaeT BbICOKONPOM3BOANTEbHYI0 06PabOoTKY M NpeaesIbHO YMEHbBLUAET OTK/IOHEHME OT
NPAMOJIMHEMHOCTU rEHEPUPYEMOI CTEHKM B HanpaB/ieHWUW nogadm. Ppesbl, paboTatoLme no
MeTOAY OCEBOro Bpe3aHWs, Ha3bIBalT BPE3HbIMU MU NIYHKEPHbIMM (2 TaKHKe 1 "nayHxepamu”

B NpodecCroHabHOM KaproHe). B fononHeHne K CnocoBHOCTM paboTaTb MO METOAY OCEBOrO
BpE3aHnA MHOTME KOHCTPYKLMM Takux dpes NO3BOAIOT UX MPUMEHEHME A5 TOPLEBOro
hpesepoBaHns ¢ OrpaHUYEHHOM ryBMHON pesanua (41A o6ecnevyeHns NI0CKOM NOBEPXHOCTH
[Ha noaocTH, HanpumMep), GpesepoBaHuna Ha 60/bLIOM BblsieTe C BbICOKOM nojayen Ha 3y6,
3€eHKepOBaHUA 1 Apyrux onepaumi.

Mporpamma ctaHgapTHo anHun MCKAPa npegycmaTpyBaeT pasHoobpasHble CeMencTBa BPe3HbIX
dpes. B Tabnumue 85 npeactaBieHbl 06LWME AaHHbIE O UX HaMbosiee NONyAAPHbIX NPeACTaBUTENSAX..
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BosmoM#HOCTb OCeBOro Bpe3aHua

PpesepoBaHme 0CEBbLIM BPE3aHNEM HE ABJ/IAETCA NCKAOYUTEbHONM YHKLMEN TOIbKO
Bpe3HbIX pe3. HexoTopbie Apyrue MHCTPYMEHThI (Harnpumep gpessi MYJIbTU-MACTEP

¢ TopouganbHbimu ronoskamm MM HT...) Toxe B COCTOAHUU peaim30BaTh TaKyto TEXHUKY
06paboTku. [paBaa Ux UCMOIb30BaHNE B KAYECTBE M/1yHHEPHbIX pe3 CONPAMEHO C PAAOM
OrpaHny4yeHni U MOXKET paccMmaTpuBaThbCA B KAYECTBE [OMNO/THUTE/IbHOM BO3MOKHOCTH.

Tabnuua 85. OCHOBHble cemelcTBa Bpe3Hbix ¢ppe3 KomnaHum UCHAP

MenontHenne dpesbl [on. dyHKumm
CemelicTBo O603HaueHe ﬂ;ﬂMeTth :ﬁae:::::e . E::::z: - - e
* opuesoe BbICOKOM
XBOCTOBMKOM Hacapran  FLEXFIT dpes-e  [nojadelt |nog yriom
HTP ...LN10 25...52 TaHreHuuanbHoe [ | [ ]
TANGPLUNGE [ | [ |
HTP ...LN16 50...100 | TaHreHuuanbHoe [ | Hert | |
HELITANG FTP...LN10 50...63 TaHreHuuanbHoe [ | [ | [ |
PH...-13 40...63 TaHreHuuanbHoe [ ]
PLUNGER [ | Ectb [ |
PLX...-12 32...80 PaguansHoe | |

* CMEeHHblE roI0BKM AN151 CO0PHbIX dpe3 cuctembl FLEXFIT

dpesepoBaHne 0CEBbIM Bpe3aHeM dBafeTca IQHEKTUBHBIM M SKOHOMWYHBIM METOLOM HYEPHOBOM
06paboTKM rTy6OKMX MONOCTEN, OTBECHbIX CTEH, MA30B M (PacOHHbIX NoBepxHocTen. OaHaKo,
npaBuW/IbHOE onpeseseHne TPAeKTOPUN MHCTPYMEHTA M NMOATOTOBKA YNpaB/iAtoLwer NporpaMmel
UMetoT psag cneumduryecknx ocobeHHocTeN. B aTol cBA3K Mbl peKoMeHLoBa M 6bl U3y4YnTb
COOTBETCTBYIOLLME PYKOBOACTBA U MHCTPYKLMK KomnaHui MICKAP nam o6patutbea K MECTHOMY
NPeACTaBMTEN0 KOMMNaHWK, 3aHUMaIOLMMCA Ppe3epoBaHMEM, 1A NOJTYHEHUA KOHCYIbTaLuK B
JaHHOM BOMpoCe.

B T0 e Bpemsa AnA nyywero NnoOHMMaHUA BONpOca pacCMOTPUM Ha3HaYeHWEe HavyabHbIX
napameTpOB peXnMa pesaHua s Hanbosiee nonynapHbix BpedHbix ¢pes HTP ...LN cemeicTBa
TANGPLUNGE.

BbicekaTb ¢ppesepoBaHnem

Bo3BpaTHO-nocTynate/ibHbie ABUKEHNA MHCTPYMEHTA Py BPE3HOM (pe3epoBaHmm
HamnomumHaroT paboTy CKapnesif B pyKax CKy/ibnTopa, 06pabaTtsiBaroLLero KaMeHb Ha paHHUX
craguax BaaHnA. CKapne/ib TOMe yaaiaeT matepual nyTém nocae408aTe/IbHOro Bpe3aHus.
Buammo o aTok npuyYmMHe Bpe3HOE (pe3epoBaHne 1 Ha3biBaroT CKY/IbNTYPHbIMKU. HYacTo
CKY/IbMTYPHOM Ha3bIBAKOT M MOJIYHEHHYIO B pe3y/ibTaTe BPe3HOro (pe3epoBaHUs MOBEPXHOCTb
(e€ oTIM4aeT MHOKECTBO BbIEMOK Pa3HoW r71y6UHbI), HO TaKOE ONpeseIeH1e He COBCEM
KOPPEKTHO M OTHOCHTCA, NoxaayH, 60/bLue K 06/1aCTU BasHWA, YeM K 06paboTHe MeTasi/ioB
pe3aHuem.
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HauyanbHble cKopocTb pesaHua Ve 1 nogaya Ha 3y6 fz onpegenatotca no dopmynam (17) n (18):

Ve=VoxXKHXKt a7
fe=froxKH s

loe: Vo - 6asoBas ckopocTb pesaHuna Asis nepuoga CTonKocTh 20 MuH. (Tabnuua 88),
KH - voapduupmenT Bbineta ppessbl (Tabamua 86),
Kt - koadhduupeHT cTorKocTy (Tabnuua 8),
fz0 - 6asoBas nogaya Ha 3y6 (Tabauua 89).

Tabnvua 86. HoadduumneHT BbineTa ppe3bl aAna BpesHbix ppe3 TUNGPLUNGE Kak ¢yHKuuA
OTHOLLEHUA BblaIeTa UHCTPYMeHTa H K ero HomMuHanbHoMy Anametpy D

H/D o4 CBbliLLe 4 1 MeHee 6 CBblLLe 6 1 MeHee 8 cBbile 8 1 MeHee 10

KH 1 0.9 0.8 0.7

Ta6nuua 87. BpeaHble ppe3bl TANGPLUNGE HTP...LN: Han6onbluve nowaroBoe cMmeLeHue
Limax v wupurHa ppesepoBaHua ae 9 HOMUHANILHOro AnameTpa MHCTpymeHTa D* (puc. 56)

D, mm
a6, HTP... 06 HTP...10 HTP...16
i 6 | 20 | 25 | 25 | @ | 3 | 40 | 42 | 50 | 52 | 50 | 52 [ 63 | 66 | 80 | 100
L1max, mm

1 77 | 87 | 98 | 98 | 114 | 117 | 125 | 128 | 14 | 143 | 14 [ 143 | 157 | 161 | 178 | 199
2 105 | 12 | 135 | 135 | 154 | 162 | 174 | 178 | 195 | 20 | 195 | 20 | 22 | 206 | 249 | 28
3 124 | 142 | 162 | 162 | 187 | 196 | 21 | 216 | 238 | 243 | 238 | 243 | 268 | 275 | 30.4 | 34
4 138 | 16 | 183 | 183 | 212 | 223 | 24 | 246 | 271 | 277 | 271 | 277 | 307 | 314 | 348 | 394
45 | 143 | 167 | 192 | 192 | 222 | 234 | 252 | 259 | 286 | 202 | 286 | 202 | 324 | 332 | 368 | 414
5 173 | 20 | 20 | 233 | 245 | 265 | 272 | 30 | 307 | 30 | 307 | 34 | 349 | 387 | 436
6 213 | 25 | 264 | 286 | 294 | 325 | 332 | 325 | 332 | 87 | 37.9 | 421 | 475
7 204 | 264 | 28 | 303 | 313 | 347 | 355 | 347 | 355 | 396 | 406 | 452 | 51
75 209 | 271 | 287 | 312 | 322 | 357 | 365 | 357 | 365 | 408 | 418 | 466 | 526
8 277 | 204 | 32 | 33 | 367 | 375 | 366 | 375 | 419 | 43 | 48 | 543
9 385 | 393 | 431 | 453 | 505 | 57.2
10 40 | 41 | 46 | 473 | 529 | 60
1 M4 | 425 | 478 | 492 | 551 | 626
12 427 | 438 | 495 | 509 | 571 | 65
13 438 | 45 | 51 | 525 | 59 | 67.3
14 524 | 539 | 60.8 | 69.4

* B3anmMocBA3b BeMumnH Limax 1 ae onpeaensetca cnefyowmum ypasHeHnem: Limax = 2xvDx ae -ae”




Tabnvua 88. Bpe3Hble ¢ppe3bl TANGPLUNGE HTP...LN: 6a3oBas CKOPOCTb pe3aHusa
Vo, m/MuH*

Fpynna no ISO Tpynna Vo ana mapru Tépgoro cnnasa MCHAP
DINISO513 | marepuana IC808 IC810 IC830 1C928 IC330 IC328

1 190 175 165 155 150 145
2-4 175 155 150 140 135 135
5 155 145 140 135 130 130
6,7 150 140 135 130 125 120
8,9 150 140 135 130 125 120
10 140 140 135 130 125 120
11 130 125 125 120 115 110
12,13 145 135 130 125 120

15-16 210 230 210 200

17-18 175 180 170 165

38.1 105 95 90

*

[na nepuosa cTonKkocTn 20 MUH.
pynna matepuanos MCKAP no ctaHaapTy VDI 3323
|:|- Haunbonee nogxogawas mapKa cnaasa

*k

BpesaHue B ... CTPYHKY

pu ppe3epoBaHm pasinyHbIX NOA0CTEN U KAPMaHOB, 0COBEHHO 60/IbLLIOH I71y6UHbI, METOLZ0M
0CEBOro Bpe3aHusA BOMPOChI CTPYHKOyAaAeHUA NpruobpeTatoT 0cobyro ocTpoTy. CTaHKu ¢
rOPU30HTAa/IbHBIM PACTOI0MEHNEM LUMUMHAE/IA [/1aBHOIO ABUMEHNA 06/1a4al0T B 9TOM C/ydae
JAYYLWMMHU YCAOBUAMM [J19 OPraHn3aLmm yaaaeHUa CTPYHKH, Y CTAHKOB C BEPTUKA/IbHbIM
LUMMHAEIEM MOJIOKEHNE HECKOJIBKO Xy e. []/1A CTaHKOB C BEPTUHKA/IbHBIM LUMMHAE/IEM

OYEHb BaxHO MOCTPOUTb TPAEKTOPUIO MHCTPYMEHTA TaK, YTOObI CTPYHKa He co3haBasa
JOrMOJIHUTE IbHbIE MPENATCTBUA (PPESE: HENATE/ILHO CKOM/IEHNE CTPYKN B MECTax, CBO6OAHbIX
OT ABUMEHWI Gpe3bl, caeayeT naberatb [OMNO/HUTE/ILHOIO CHAaTHA CTPYHKN U €€ BTOPHUYHOIO
pe3aHus - ykasaHHble (aKTopbl NPEACTaBAAKT CepbE3HbIE NPO6aEMbI U MOTYT MPUBECTU K
CYLYECTBEHHOM OTEPE CTOMKOCTH (pesbi.

Tabnvua 89. BpeaHble ppe3bl TANGPLUNGE HTP...LN: 6asoBasa nogada Ha 3y6 fzo, mm/3y6

[pynna no S0 - ) fzo pna mapkv TBEpAOro cnnasa MICKAP
DINISO 513 | ' Pynnamarepuana IC808 IC810 1C830 IC330
1C928 IC328
1 0.12 0.13 0.14 0.15
2-4 0.1 0.11 0.12 0.13
5 0.1 0.11 0.12 0.12
6,7 0.1 0.11 0.12 0.12
8,9 0.09 0.1 0.11 0.12
10 0.08 0.09 0.1 0.11
11 0.08 0.09 0.1 0.1
12,13 0.08 0.1 0.1
15-16 0.13 0.15 0.16
17-18 0.11 0.12 0.13
38.1 0.07 0.08

* Ipynna matepnanos MCHKAP no ctangapty VDI 3323
Bo3bmu Ha 3ameTRy!

®pesepoBaHme 0CeBbIM BPE3aHNEM MOMET C/lyHUTb XOPOLUMM PeLUeHUeM /19 06paboTHU
3aroTOBOK Ha CTaHKax C OrpaHNYeHHOk MOLLHOCTbIO [JIABHOO Mp1BoAA.
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Bo Bpe3Hbix ppesax HTP ncnonb3ytoTca nnacTuHbl cnegyowmx asyx tunos: HTP LNHT...
ER wupokoro npumeHenuns n HTP LNHT...ETR, peKomeHayeMble A5 3aroTOBOK U3
TPyAHOO6pabaTbiBaEMbIX M 3aKaNEHHbIX CTaNEN, a TAKKe A1A Pe3aHNUA B TAKENbIX PEXMMAX.

Mpumep

MNp1 NPOEKTUPOBaHWUM TEXHONOMMU U3rOTOBJIEHMA MOOCTU HOPMbI HA HEAABHO NPUOBPETEHHOM
CTaHKe NPUHATO peLLeHne NPUMEHUTb OCEBOE BpesaHue HacagHon dpesoin HTP D040-4-16-R-
LN10 ¢ 3akpennéHHbiMu B Helt nnactuHamym HTP LNHT 1006 ER 1C830. Matepuan 3arotoBKku

- NermpoBaHHas MHCTpyMeHTanbHas ctanb 4XC tBépgocTeto HRC 30...35. Ans obecneyeHus
rny6uHbl Bpesanua 100 mm ¢pesy 6yayT ycTaHaBamMBaTh Ha onpaske DIN69871 40 SEMC 16X100,
W BbIIET MHCTPYMEHTA B TAKOM C/lyyae cocTaBuT 140 MM (0T 6a30BOr0 CEYEHNA KOHUYECKOrO
XBOCTOBMWKA OMPaBKM).

WupuHa dpesepoBaHua cocTaBaseT 5 MM, MOLLaroBoe cMmeLleHue - 20 MM.

TpebyeTca NPOM3BECTM OLLEHKY HaYanbHbIX NapamMeTpOB pexmMa pe3aHua 418 nepuoaa CTOMKOCTH
60 MUH.

YKasaHHas ctanb npuHagnexuT K rpynne matepmanos MCKAP No. 9 no ctangapty VDI 3323.
BasoBas ckopocTb pesanus Vo = 135 m/MuH (Tabaumua 88).

Basoas nogaya fzo = 0.11 mm/3y6 (Tabamua 89).

OTHowweHwue BblneTa Gpesbl K eé guameTpy 140/40 meHbLue 4, cnepoBaTenbHo, KoOahduumeHT KH=1
(Tabnuua 86).

TaKkum obpasom:

- HayasibHan CKOpPOCTb pe3aHuaA s nepuoga ctomkoct 60 MuH. (Kt=0.8, Tabamua 8) Ve =
135x1x0.8=108 (M/MWH) (OKpPYrAA, MOKHO NPUHATL 110 M/MUH),

- HavyanbHana nogaya fz=0.11x1=011 (mm/3y6).

YacToTa BpalieHua wnnHaena = 1000x108/(rix40)=860 (06/MUH)

CkropocTb nogaum = 0.11x4x860x=378 (MM/MUH)

ITA - Baw nomoLwHMUK B nogb6ope Hanbosee agp(peKTUBHOro HHCTPYMEHTa

ITA, Iscar Tool Advisor, - 3T0 MoncKoBas nNporpaMMmHas cCMCTemMa, KoTopas oCyLecTBIAeT
rnoa6op Tpebyemoro MHCTPyMeHTa 1 OnpeaeeHne psaga napameTpoB, HEO6XOAMMBIX A/1A
MPOEKTUPOBAaHMA TEXHOI0MMYECKOro NMpoLecca, Ha JEeNCTBUTEIbHO MHOM ypoBHe. OHa "gymaet”
KaK UHEHEP-TEXHOIOM U BEAET MOUCK MHCTPYMEHTA C MOMOLLbIO OBLUMPHO 6a3bl 3HaHMH,
YYATBIBAIOLLMK OMbIT SKCNTyaTaumm MHCTPYMEHTA B Pa3/IMYHbIX CTPaHax.

[naBHble TP 0CO6EHHOCTH, OTAMYaKLMeE e€ OT APYrMx NOMCKOBbLIX CUCTEM B AaHHOM 06/1aCTH,
cnegyroyme:

* Quick Search/Advanced Search Option, pexuMbl 6bICTPOrO MOMCKa/PacLUMPEHHOr0 MOMCKa.
Ucnonb3ys To/IbKO TpU napameTpa, XapaKTepU3YIoLLMX onepaumio, paboTta B peUMe 6bICTPOro
MOMCKa NPUBOAUT K J1yHLLEMY BbIGOPY NPUHLMIOB 1 CTPATernmn pesaHus, oTgaBas npeano4TeHne
JOCTUIHEHUIO HauBbICLLEH MPOM3BOAMTENILHOCTH. Pexnm paclumpeHHoro noucKka Tpebyet
60/1bLLIE BXOAHbIX fAaHHBIX 06 orepaumm, yMeHbLIAET YMCA0 BO3MOXHbIX BAPUAHTOB U B UTOre
npeanaraeT no/b30BaTe/il0 060CHOBaHHOE OMTUMA/IbHOE PELLEHUE.

¢ ITA B COCTOAHUM y4ECTb MOKEaHNA 10/1b30BATE/IA M0 MPEANOYTUTE/ILHOMY Bbl6OPY M B3ATh
B pacy4éT pasHoobpasHble MHAMBUAYabHbIE orpaHnyeHns (Shop Preferences and Variables).
lMonb30BaTesib MOXET OroBOPUTL CBOM NPEAMNOYTEHUA, HANPUMED, MPEeUMyLLEeCTBEHHbIN BbI6OP
MOHOJ/INTHOIO MHCTPYMEHTA, Ha3BaHWe IMHUU, CEMEHICTBO U T.MN., & TaKKe 1 TaKne KpUuTepum
MOMCKa, KaK Mpon3BOAMTEIbHOCTb/PAacX0Abl HA MHCTPYMEHT M NOTpebaeMan MOLHOCTb. [ToucK
MOHO OpraHn30BaThb 10 Tury 06paboTHK, ZOCTYNHOM YaCTOTE BPALLEHNA LUNNHAE/IA, MOLHOCTH
npvBoAa rNaBHOrro ABUEHUA, 06LLEMY COCTOAHMIO CTaHKa, MECTKOCTU cuctembl CMM/, BbiieTy
MHCTPYMEHTa U MHOMMM APYruM AOMOHUTE/IbHbIM XapaKTEPUCTUHAM.

WUcnonb3oBaHne orpaHu4eHuii no Tem uam uHbiM gaHHbiM (Variables) genaet cuctemy
UCKJII0YMTEIbHO YA0BHOM /151 PA3/IMYHbIX CrIeLUPUIECKMX CYHaeB U KOHKPETHbIX
npeanpuaTui. Cosgatenn cuctembl KomnaHmm MCHAP npecTaBaAioT, 4TO NPpOM3BOACTBEHHNKN
XoTenm bbl 3QPEKTUBHO UCMO/Ib30BATH OAMH U TOT e MHCTPYMEHT Ha HECKO/IbKUX Onepaumax, 1
npeaycMoTpe v 3To npu cosgaHum ITA.

* He T0/1bKO NOA60P PEKYLLEro MHCTPYMEHTA, HO U HEOBXOAMMbIE TEXHOIOMMYECKME JaHHbIE -
paboTas B pexmme pacLuMpeHHOro MoMcKa, no/b30Barte/lb MOXET HakTU U PEKOMEHAAaLMU 0
napameTpam pexuma pes3aHua 419 CBOero 060pyA0BaHUA 1 MPeaaraemMyto MHCTPYMEHTA/IbHYO
OCHAacCTHY.

lMoceTute carit www. iscar.com/ITA 1 oLeHUTE BO3MOKHOCTH HOBOM MOMCKOBOM CUCTEMbI!
ZocTynHbl Tak#e u Bepcun Ha CD - obpalyanTecb K MECTHbIM NPEACTABUTENAM KOMIaHMH!



UHCTPYMEHTbI 419 06paboTHKU OTBEpPCTUH

FOBOPS O PEHYLLEM MHCTPYMEHTE AR NPOM3BOACTBA WTaMMNOB M Npecc-hpopM, NoApasyMeBaroT,
KaK yMe HeO4HOKPATHO OTMeYasioCh, Npemae Bcero dpesbl. [eMCcTBUTENbHO, 6O/bLUMHCTBO
onepauui MexaHM4eCcKoM 06paboTHU pe3aHneM Mo U3roTOB/IEHMIO LUTaMMOB U GOPM OTHOCATCA
K Gpe3epoBaHuIo, YTO 1 fenaeT Gppesbl CTO/b XapaKTepHbIMU A1 oTpacau. OfHaKo TPyAHO

npeacTtaBuTb, 4TO KaKOM-TMB0 TEXHOJIOMMYECKMM npouecc npeccowTamnoBoro nponM3eoacTea

obxoauTcs 6e3 onepaLuii 06paboTKM OTBEPCTUN, U B 3TOM CBA3M KpaTKUIM 0630p Haubonee
NOMNyAsAPHbIX COOTBETCTBYIOLMX MHCTPYMEHTOB B paMKax AaHHOro pyKoBOACTBa NpeAcTaBifaeTcs

MOJIe3HbIM.

Mporpamma MHCTPYMeHTa cTaHAapTHOM nocTaBkM Komnanun MCHAP BKaovaeT 6oraTtoe
pa3Hoo6pa3ne CBEPS, pa3BEPTOK, 3EHKEPOB U 3E€HKOBOK, KaK Lie/IbHbIX, TaK U CO CMEHHbIMM

nnactHaMmn U CMEHHbIMU peXyLLUMK roioBKamMu.

OnHUM 13 Hanbonee aOEKTUBHbLIX PELLEHWI 415 CBEPJIEHUS C MaIOM U CpeaHen rnybruHamm
asnaetca SUMOCHAM - oTHOCUTE/IbHO HOBOE CEMENCTBO CBEPJ1 CO CMEHHBIMUW FrO/I0BKamu (puc. 57).
[0NOBKM BbIMYCKAOTCA B YETLIPEX MCMOJIHEHUAX PEXYLLEV FEOMETPUM, HaNpPaBAEHHbIX HA 06PabOoTKY
OCHOBHbIX TUMOB KOHCTPYKLMOHHbIX MaTepunanos. [yTém 3aKpenieHus FOSI0BKU B CTaslbHbIX
XBOCTOBMKAaX Pas/M4YHOM AJ/IMHbI MOJTy4atloTCA BbICOKOIDdEKTUBHbIE CBEPAA A5 U3rOTOB/IEHUA
OTBEPCTHIM pas3HOW Fy6uHbI: OT NOATOpa AMaMETPa MHCTPYMEHTA 40 BOCbMU AMAMETPOB.
MpoyHasa KOHCTPYKLMA XBOCTOBMKA MMEET CNpasibHble BHYTPEHHME KaHabl AN nogadn COM,

a opma BUHTOBOM CTPYHEYHON KaHaBKW 06ECNEYMBAET XOPOLUME YCIOBUA /1A OTBOAA CTPYHKKM.
YHUKaIbHbIM MPUHLMM KPEnIeHWs NO3BONAET BECTN 06pabOTKY Ha UCK/IOUNTENIBHO BbICOKMX

pexmmax.

CemeicTBO CBEPA OTHOCUTEIBbHO 60s1bLoro AnameTpa (60 mm v Bbilwe) SUMODRILL vcnonbsyeT
NPUHLMM KpenJieHWsl KBagpaTHbIX CMEHHBIX MNJ1ACTMH B KacceTax, KOTOpbIe, B CBOK O4epesb,
yCTaHaB/IMBAKOTCA B KOPNyce MHCTPyMeHTa. Karaoe cBepo NocTaBAAETCA BMECTE C KOMM/IEKTOM
PeryiMpoBOYHbIX MAAHOK 18 HACTPOMKM Ha AnaMeTp BHYTPY YKa3aHHOMo fuManasoHa B c/yyae

HeobxoamMmocTH (puc. 58).

CBépna gns rnyboKoro CBepAeHMA CO CMEHHbIMM pexyLimmu ronoskamm CHAMGUN (puc. 59)

06ecnevnBaloT BbICOKOMPOU3BOAUTENBHYIO U TOUHYO 06PabOTKY B COMETAHUM C Maso

Z

LIEPOXOBaTOCThLIO MOJy4aeMOi NOBEPXHOCTU. CyLLeCTBYeT HECKOJIbKO BapUaHTOB KOHCTPYKTUBHOMO
MCMOJIHEHMWS FTOJIOBOK MO UX PEMYLLEN FreOMETPUU, NPeAHa3HAYEHHbIX 415 CBEP/IeHUA OTBEPCTMIA
B 3aroTOBKaXx M3 pasHbix MatepuasoB. 3aMeHa roIoBKM NPOM3BOAMTCA HEMOCPeACTBEHHO Ha Ha

3aKpennéHHOM B LUNUHAENE CBEpie.

Mo cpaBHEHUIO C TPAAULMOHHBIMM Pa3BEPTKaMM CEMENCTBO BbICOKOCKOPOCTHbBIX MHCTPYMEHTOB
CO CMeHHbIMM TBEpAocnaBHbIMK ronoBkamv BAYO T-REAM no3BonfaeT 3Ha4MTeIbHO YBEIUYNTD
NPOM3BOAMTENBHOCTL pPasBépThIBaHMA. PasBEPTKM 3TOrO TMNA OT/IMHAIOTCA CBOEOBOPasHbIM
6aoOHETHBIM MEXaHN3MOM HaEHHOr0 3aKpenaeHWs roIoBKK B KOPNyce 1 eé 6bICTPON CMEHbI 1
HanpaBJ/ieHbl Ha 06ecneYyeHne TOHHOCTU OTBEPCTUA No H7. BHyTpeHHWe KaHanbl, NpefyCMOTPEHHbIe

B KOHCTPYKLMK, cayHaT gna nogsoga COMH npsaMO K peryLMM KpoMKaM.

B Tabauue 90 cobpaHbl 06Lme faHHbIe, XapaKTepuaylolwmne Hanbosiee pacnpocTpaHéHHble CBEpa.

I




Hopnyc ceepna

QMMMHOM BUHT U1 Lianba
[NA KPenieHus KacceTbl
C nnacTuHamu B Hopnyce

BHyTpeHHAA KacceTa
C n1acTMHamu /

PerynMpoaquaﬂ nnaHKa

HapyHas Kacceta ¢
nnacTuHamm

BWHT KpenneHus
peryMpoBOYHOM MAaHKK

KomnnekT K KacceTe

PEryIMPOBOYHbIX

MOAyﬂbele NPUHLKNIMT HOHCTPYHUPOBaHUA U MHOTI Od)_VHHL[MOHaﬂbHOCTb

Mof06HO yrHe pacCMOTPEHHbIM IMHUAM Pe3, NPUHLMI, Koraa B O4HOM KOPIYCe MOMHO
3aKpen/iATb r0/I0BKU Pa3HOM PEYLLEN reoMeTPpMM U HA06OPOT, KOrAa O4Ha U Ta e CMEHHas
ro/10BKa NpUrogHa A/id yCTaHOBKU B Pa3J/IMYHbIX KOPycax, LUMPOKO pacrnpoCcTpaHéH B
KOHCTPYKUMAX MHTCTPYMEHTOB A/1f1 06paboTHM 0TBEPCTMH. MHOrogyHKLUMOHAIbHbIE M
HaAéMHbIe B SKcryaTaumy cBép/ia v pasBEPTHU CO CMEHHBIMU PEHYLUMMU roJIOBKaMu
SUMOCHAM, CHAMGUN 1 BAYO T-REAM cripoeKTMpoBaHbl KaK pa3 B COOTBETCTBUU C TAKUM
npuHuunom. OHU He TPebyIoT AONOJHUTE/IbHOIrO BPEMEHU Ha MOAHACTPOMKY MHCTPYMEHTa npu
3aMeHe roJioBKU U NMpefoCcTaB/IAT NPeCccoLITaMoBOMY MPOM3BOACTBY 3G HEKTUBHOE peLleHue
A/15 YBEJIMYEHUA MPOU3BOANTE/IbHOCTU METa/1/1006pabOTKU U NOBLILLEHMA PEeHTabe/IbHOCTH
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npPeAnpPUATUA.
Tabnvua 90. MonynAapHble cemelicTBa cBEépsa npousBoacTsa UCKAP
. Hawb. ry6uHa
CewmeiicTBo 0O603HaveH1e Tun [nametp, Mm Mpumeyanus
CcBEp/IeHNs
0.8...20 5xD*
SCD... 3..10 8xD AByx3ybas
SOLIDDRILL LlenbHble TBEpAOCNNABHbIE
5..10 20xD
SCCD... 3..20 5xD Tpéxay6as
SUMOCHAM DCN... Co CMeHHbIMM roNoBKaMm 6...25.9 12xD
DR-TWIST DR... Co CMeHHbIMM NnacTMHaMK 12...60 5xD
ISCAR DR-DH DR-DH... Co CMeHHbIMK NAacTUHaMM1 25.4...69.5 cB.5xD
SUMODRILL DR...CA-N C0 CMEeHHbIMM NAIACTUHAMM B KacceTax 61...80 ~2.5xD C AiaM. HaCTPOMKOM
CHAMGUN STGT... C0 CMEHHbIMM roN0BKaMK 10...16 rny6oKoe CBepAeHme

D - HOMMHaNbHbIN AMameTp cBepaa

Member IMC Group



B 3aKn04YeHue

ABTOpPbI PyKOBOACTBA NOJIHbI HAAEK AbI, HTO OHO MPELOCTABUT CHATYH, HO LeMCTBUTE/IbHO
Heo6X0AMMYI0 MHPOPMALIMIO, MO3BOIAOLLYIO NOA06paTb HaMboee NOAXOAALMA UHCTPYMEHT U
Ha3Ha4YMTb A4/1A HErO Ha4YasIbHble NapameTpbl PEXUMA pe3aHus.

JaHHoe pyKOBOACTBO NMPU3BAHO CJTYHUTb MPAKTUHECKUM JOMNOAHEHUEM K KaTasioram v apyrum
TEXHUYECKUM MaTepmanam Komnanun MCKAP, u aBTopbl 6yAyT UCKPEHHE pajbl, C/IM OHO
OKameTCs eNCTBEHHbIM B pELLEHWMM Pas/IMiHbIX MPOM3BOACTBEHHbIX 3aay.

BbicTynas B Ka4eCTBe KPaTKOro CnpaBoYHMKa, PYKOBOACTBO JIMLLb 3aTparMBaeT HEKOTOPbIE TEMbI,
CBAI3aHHblE C PEHYLLMM MHCTPYMEHTOM B NMPeCccoLTamMnoBOM NPOM3BOACTBE. [103TOMY aBTopbI
paccuMTbIBAKOT HA OT3bIBbI M NPeANoKeHUa yntarenen. Okasanoch M PyKOBOACTBO MOJIE3HLIM?
Yto cneposano 6bl f06aBuTL? CokpaTuTh? Kakos Ball AnyHbIM OMbIT, YuTaTesb, B paboTte
MHCTPYMeHTOM KomnaHun MCKAP npu M3roToBieHMM LUITaMMOB 1 Npecc-hopm?

ABTOpbI ByAyT WAaTb 3aMevaHui U NPeAJ0KEHNIM MO YAyYLIEHUIO PYKOBOACTBA U B COTPYAHUYECTBE
¢ Bamu, untatens, caenatoT ero 601ee CoBepPLUEHHBIM M 60/1e€ 3DDEKTUBHbBIM.

3P (3): Productivity, Performance, and Profitability - [l[pon3BognTesIbHOCTb,
lMokra3satenu npegnpuatusa, MpnbbibHOCTb

CumBon "3P" Ha ynaKoBKe MHOrMx usgemni komnaHum UCHAP - He TO/IbKO OT/IMYMTEIbHaA
0COBEHHOCTb HOBEVLLEN MPOAYKLUMHN, HO U OTPAaMKEHME TPEX OCHOBHbIX MPUHLMIOB, "TPEX KUTOB"
rnoAxoAa KOMMaHun K 3aga4am pexyLyero MHCTPYMEHTA Mo OTHOLLEHUIO K noTpebuTesio. Yepes
MPOrpeccUBHbLIN MHCTPYMEHT K YBEIMYEHNIO POM3BOAMTEILHOCTH onepaumii pe3aHusa 418
YAyHLEHWA NoKasaTteies NpeAnPUATHAA U MOBbILLIEHUSA MPUObIIbHOCTH - 3TO U €CTb A0pora K
HacToALyemy B3auMOBbIrOHOMY COTPYAHNYECTBY U AeHCTBUTE/IbHOMY NapTHEPCTBY MEXAY
KomnaHneri UCHAP u eé s3aKasqnKkamm.
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OueHKa MOLHOCTU XON0CTOro Xoaa Aapurarens Pu

MoLLHOCTb X0N0CTOro Xoaa Pm 06bI4HO cocTaBnseT 7-12% o6bLer noTpe6aaemon MoWwHOCTH. s
NnpesBapuUTeNbHOM OLLEHKN MOXHO MCNO/Ib30BaTb AaHHbIE Tab/uLbl HUKE.

5.5 0.4
7.5 0.4-0.6
11.0 1.0
15.0 1.5
18.0 2.2
22.0 25

P

P
Pc
Pwm

= Pc+Pm

o6Lan notTpedasemasn MOLLHOCTb
MOLLHOCTb pe3aHus
MOLLHOCTb X0/IOCTOrO Xofa

CKOpOCTb pe3aHus

YacToTa BpalleHuna wnuHgena

CKopocCTb nofgaun

Mopauva Ha 3y6

Mopaya Ha o6opoT

CKOpOCTb CHATUA MaTepurana

MalwumrHHoe Bpema

YpenbHasa cuna pesaHus

CpeaHsan TONWMHA CTPYXKKM NPy

dpesepoBaHum yctyna gna b/D<0.1

CpeaHsan TONWMHA CTPYXKKM Npu

dpesepoBaHum yctyna gna b/D>0.1

MowHocTb pe3aHmna

DN

Ve = W [M/MMH]

N = m [06/MWMH]
D

Ve =1*Z*N [MM/MUWH]

V
f=e_
Nz [MMm/3y6]
f, = fz*Z [Mm/06]

Q= &V

1000

[cM3/MUH]

Th= Lw [MUH]
V

f

Kc = Kc1*hmw|C

hzf*\/EMM
o=\ (v

me (sinK«180+b+f , ) [mm]
m=D+arcsin ( b/D)

b (BVrke) o
6+107m
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[M/MKH]
[Mm]
[06/MuH]
[MM/MKH]
[MMm/3y6]

[MM/06]
[em¥/MuH]
[Mm]

[m]
[MWH]
[MM]
[H-mm2?]
[H-mm2]

[m]

[
[KBT]

CKopocTb pe3sanus

[Ounametp dpesbl

YacToTa BpalleHus WnMHAeNs
CKopocTb nogayu

Mopaya Ha 3y6

Yucno apheKTUBHbIX 3yObEB
MNMopaya Ha o6opoT

CKOpoCTb CHATUA MaTepuana
[ny6uHa pesaHus

LLinpunHa pesaHus

MawmuHHoe Bpems

[nvHa dhpesepoBaHua
YpenbHasa cuna pesaHus
YpenbHasa cuna pesaHnsa npu
CHATUKM 1 MM2 MaTepuana

CpefHAA TONLWMHA CTPYHKM
Mokasarenb cTenexHn ans
TOJILLMHBI CTPYIKKM

Yron @pesbl B niaHe
MoLHoCTb pesaHusa

H.n.a. ctaHka



Tunbl XBOCTOBMKOB KOHLEBbIX dpes3

— 10 1.5xd
16 1.5xd
j rnanmnﬁ 20 1.5xd
- d LUANHAPUYECKUIA 25 1.5xd
J 32 1.5xd
40 1.5xd

12 45

16 48

u . 20 50

WNVHAPUYECKNI

c nbickamu (Weldon) 23 56

32 60

40 70

50 80

16 39

f KoM6GUHUPOBaHHbIN = i

d (Clarkson:) . o

y 32 54

o 40 75

p——
CM 2 64.0
KoHyc Mopse M3 81.0
! CM 4 102.5
IZ(R

Bridgeport 101.6

'ﬁﬂl
Dlegg Mold
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Tunbl Nocago4YHbIX OTBEPCTUI NMOJ ONpPaBKKU Y HacagHbIX ppes

d E d, a
16 19 13.5
22 20 18
27 23 38
20 31
25 38
25 46
33 56
d
65 66.7
— 101.6 177.8 25.7 1

Member IMC Group



rPYMMbl MATEPUAJIOB UCHAP

B cootBeTcTBMM ¢ DIN/ISO 513 n VDI 3323

MpoyHocTb M
Ha paspeis | Ke (1) TeéppocTb Tpynna
ISO__| Matepuan CocrofHue [Hmm?] | [Himm?]  [m @ HB marepuana
< 0.25 %C| OTnyLieHHas 420 1350 0.21 125 1
Yrepog.. CTanb, >= (.25 %C| OTnyLieHHas 650 1500 0.22 190 2
CTa/IbHOE IUTHE, <0.55 %C| 3akanéHHas u oTnyLieHHas 850 1675 0.24 250 3
aBTOMaTHaA CTajlb | >=0.55 %C| OtnyLieHHaA 750 1700 0.24 220 4
3aranéHHas 1 oTnyLeHHan 1000 1900 0.24 300 5
OtnyweHHas 600 1775 0.24 200 6
Huakoner1poBaHHble cTasb
W CTaslbHOE JIUTbE (CopepHaHme 930 1675 0.24 275 /
g;r)wpylou.mx SNIEMEHTOB MEHEE | 3aranéHHas 1 OTNYLIEHHaA 1000 1725 0.24 300 8
)
1200 1800 0.24 350 9
BbicoKonervp. cTanb, cTansHoe | OTNyleHHas 680 2450 0.23 200 10
JMTHE M MHCTPYMEHTA/IBHAA CTallb | 3ayanéHHan 1 oTnyLLeHHas 1100 2500 0.23 325 11
(eppuTHas/MapTeHCHUTHaA 680 1875 0.21 200 12
Hepiasetowas ctasb
MapTeHcuTHan 820 1875 0.21 240 13
AycTeHuTHanA 600 2150 0.20 180 14
DeppUTHBIA/NEPANTHBIA 1150 0.20 180 15
Cepbli 4yryH
MepanTHbIi 1350 0.28 260 16
BbICOKOMPOYHBIN YyryH DeppuTHbIt 1225 0.25 160 17
MepanTHbI 1350 0.28 250 18
®eppUTHBI 1225 0.25 130 19
HoBKuit wyryH
MepanTHbI 1420 0.3 230 20
Jedopm1pyemble HeynpoyHéHHble 700 0.25 60 21
alloM1HKEBbIE CriiaBbl YNpo4HEHHbIE 800 0.25 100 22
. <=12% Si| HeynpoyHéHHble 700 0.25 75 23
JinteitHble
alOM1HKEBbIE YnpoyHEHHbIE 700 0.25 90 24
cnnasbl -
>12% Si| HaponpoyHbie 750 0.25 130 25
>1% Pb| CuHL0Bas 6poH3a 700 0.27 110 26
MegHble cnnasbl NatyHb 700 0.27 90 27
ONEKTPONUTHYECKAA Medb 700 0.27 100 28
HewmeTanmyeckie [ltoponnact, BOMOKHUTbI 29
MaTepHankl Teépnan pesvHa 30
OTOHKEHHbIE 2600 0.24 200 31
Fe-ocHoBa
YNpoyHéHHble 3100 0.24 280 32
HaponpoyHble -
cnaBhl OTOHKEHHbIE 3300 0.24 250 33
Ni v Co -
i YNpoyHEHHbIE 3300 0.24 350 34
Jinteé 3300 0.24 320 35
TWTaH ¥ TUTaHOBbIE 1700 0.23 36
cnnagbl Anbha+6eTa CTPYKTYp.CriNaBhI 2110 0.22 37
4600 55 HRC 38
3akanéHHan cTanb
4700 60 HRC 39
OT6€eneHHbIM YyryH 4600 400 40
YyryH co creL,. CBOACTBaMM 3aKanéHHbIi 4500 55 HRC 41
. Cranb |:| Hepx.. ctanb . YyryH
. HemeTannuny. matepuansi |:|TVITaH W TUTaHOBbIE CMJiaBbl . 3aKanéHHas ctanb

:
IMold 135
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('YnenbHas cinia pe3aHuns Npum CHATUN CTPYXKKM MaTepuana ceueHmem 1 mm?
2 Moka3zaTtenb cTeneHu Ans TONWHbI CTPYXKN.
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

lpynna

marepuana

1

= = i
AN
AISI/SAE W.-Nr. DIN BS EN AFNOR
A 366 (1012) 0.0030 c10 040A 10 AF34C10
1008 045 M 10 XC 10
144910 CS
1.0028 Ust 34-2 (S250G1T) A34-2
1.0034 RSt 34-2 (5250G2T) 1449 34/20 HR,
HS,CR,CS A 34-2NE
1.0035 St185 (Fe 310-0) Fe 310-0 A33
St33 1449 15 HR,HS
A570Gr.33,36 | 1.0036 $235JRG1 (Fe 360 B) | Fe360B
Ust 37-2 4360-40 B
1.0037 $235JR (Fe 360 B) Fe 360 B
St37-2 4360-40 B E 24-2
1115 1.0038 GS-CK16 030A04 1A
A 570 Gr.40 1.0044 S275JR (Fe 430 B) Fe 430 BFN
St44-2 1449 43/25 HR, HS
4360-43 B E 28-2
1.0045 $355JR 4360-50 B E 36-2
A 570 Gr.50 1.0050 E295 (Fe 490-2) Fe 490-2 FN
A572 Gr.50 St50-2 4360-50 B A50-2
A572 Gr.65 1.0060 E335 (Fe 590-2) Fe 60-2
St60-2 4360-55 E; 55 C A60-2
1.0060 St60-2
1.0070 E360 (Fe 690-2) Fe 690-2 FN A70-2
St70-2
1.0112 P235S 1501-164-360B LT20 A37AP
1.0114 8235JU;St 37-3U 4360-40C E24-3
A 284 GrD 1.0116 S5235J2G3 (Fe 360D 1) Fe 360 D1 FF E 24-3
A 573 Gr.58 St37-3 1449 37/23 CR E 24-4
A570 Gr 36;C 4360-40 D
A611Gr.C
1.0130 P265S 1501-164-400B LT 20 A42 AP
1.0143 8275J0; St 44-3 U 4360-43C E28-3
A573Gr.70 1.0144 S275J2G3 (Fe 430D 1) Fe 430 D1 FF E 28-3
A611GrD St 44-3 4360-43C;43D E 28-4
1.0149 8275J0H; RoSt44-2 | 4360-43C
1.0226 DX51D; St02 Z 72 GC
M 1010 1.0301 c10 040A 10 AF34C10
045M 10 XC 10
144910 CS
A 621 (1008) 1.0330 DC 01 1449 4 CR
St2:St12 14493CS TC
A 619 (1008) 1.0333 Ust 3 (DCO3G1) 14492 CR:3CR E
Ust 13
A 621 (1008) 1.0334 UStW 23 (DD12G1) SC

&
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1B & O
S f—
SS UNI UNE JIS rocT
C10 F.1511 S10C 10
1C10 F.151.A
Fe 330,Fe 330 B FU SS330
Fe 330 B FN Ct2cn
1300 Fe 320 Fe 310-0 Ct0
1311 FE37BFU AE 235B 16/, 18kn
1312 Fe 360 B Ct3kn
1311 Fe 360 B AE235B STKM 12 A;,C
1449 37/23 HR Fe 360 B
1325
1412 Fe430B AE275B SM 400 A;B;C Cr3nc, CT3cn
Fe 430 BFN Fe 430 BFN
2172 Fe510B AE 355 B
1550 Fe 490 a490-2 SS490 Ct5nc, Cthen
2172 Fe 490-2 FN
1650 Fe 60-2 A 590-2 SM 570 Crénc, Ctéen
Fe 590 Fe 590-2 FN
FE60-2
1655 Fe 70-2 A 690-2
Fe 690 Fe 690-2 FN
Fe 360 C AE235C
Fe 360 C AE235C
1312 Fe 360 D1 FF
1313 Fe 360 CFN AE235D Ct3kn, Ct3nc, Ct3cn
Fe 360 D FF Fe 360 D1 FF 164
Fe 37-2
SPH 265
1414-01 Fe 430D AE275D
1411,1412 Fe 430 B, Fe 430 C (FN) AE275D SM 400 A;B;C Cr4kn, Ct4nc, Ct4en
1414 Fe 430 D (FF) Fe 430 D1 FF
1412-04 Fe430C Fe430C
1151 10 FeP 02 G FeP 02 G
c10 F.1511 S10C 10
1C10 F.151.A
1142 FeP 00 AP 11 SPHD 15Kn
FeP 01
FeP 02 AP 02 SPCD
FeP 12 AP 12 SPHE 10Kn

Firg

P
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

p— SIEESE
lpynna 'A N
marepuana| AISI/SAE W.-Nr. DIN BS EN AFNOR
[E A622(1008) 1.0335 DD13; StW 24 1449 1HR 3C
1 A 620 (1008) 1.0338 DCO04 14491 CR;2 CR ES
St4; St 14
A516Gr.65;55 | 1.0345 P235GH 1501 Gr. 141-360 A 37 CP;AP
A 515 Gr.65;55 HI 1501 Gr. 161-360; 151-360
A414Gr.C 1501 Gr. 161-400; 154-360
A 442 Gr55 1501 Gr. 164-360; 161-360
(M) 1020 1.0402 c22 055M 15, 070M20 2C/2D | AF42C20;
M 1023 1499 22 HS, CS XC 25;1C 22
1020 1.0402 c22 050A20 2C/2D | CC20
1020;1023 1.0402 c22 055M 15;,070M20 2C AF 42 C 20;
XC 25;1C 22
1.0425 P265GH HI | 1501 Gr.161-400;151-400 A 42 CP; AP
1501 Gr. 164-360; 161-400
1501 Gr. 164-400;154-400
A27 65-35 1.0443 GS-45 Al E 23-45 M
1.0539 S355NH;StE 335 TSE 355-4
1.0545 S355N; StE 355 4360-50E E355R
1.0546 S355NL;TStE 355 4360-50EE E 355 FP
1.0547 $355J0H 4360-50C TSE 355-3
1.0549 355 NLH;TStE 355
1.0553 $355J0;St 52-3U 4360-50C E 36-3
AB33GrC 1.0562 P355N 1501 Gr.225-490A LT 20 FeE 355 KGN
A588 StE 355 E 355 R/FP;
A510 AP
1.0565 P355NH; WSHE 355 1501-225-490B LT 20 A510 AP
1.0566 P355NL1; TStE 355 1501-225-490A LT 50 A510FP
1 1.0570 $355J2G3 Fe 510 D1 FF E 36-3
St52-3 1449 50/35 HR>HS E 36-4
4360-50 D
1213 1.0715 9SMn 28 (1SMn30) | 230 M 07 $250
1213 1.0715 9SMn 28 230 M 07 $250
12113 1.0718 9 SMnPb 28 $250 Pb
(11SMnPb30)
1108 1.0721 10520 (210 M 15) 10520
1109 10F 2
11L08 1.0722 10 SPb 20 10PbF 2
11L08 1.0722 10 SPb 20 10 PbF 2
1215 1.0736 9 SMn 36 11SMn37) $300
12114 1.0737 9 SMnPb 36 $300 Pb
(11SMnPb37)
1.0972 S315MC; QStE 300 TM| 1501-40F30 E315D
1.0976 S355MC; QStE 360 TM|  1501-43F35 E355D
1.0982 S460MC; QStE 460 TM| 1501-50F45

Q Member IMC Group
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SS

1147

1331
1330

1450

1450
1450

1431
1430
1432
1305
2134-04
2334-01
2135-01
2172-04
2135

2106

2106
2107-01
2132,2133
2134,
2174

1912

1912

1914

1926

2642

UNI

FeP 13
FeP 04

FeE235, Fe 360 1 KW;KG
Fe 360 2 KW;KG

C20

C21,C25

C20C21

C20;

C21,C25

Fe 410 1 KW; KG;
KT Fe 4102 KW; KG

Fe510B

FeE 355 KG
FeE 355 KT
Fe510C
Fe510D
Fe510C

FeE 355 KG;KW

FeE 355-2
FeE 355-3
17GS
17G1S

CF SMn 28
CF9SMn 28
CF 9 SMnPb 28

CF10S20
CF10SPb 20
CF10SPb 20

CF9Mn 36
CF 9 SMnPb 36

FeE 355TM

I
&
[ ]
UNE

AP 13
AP 04

A37RCI
RAII

1022 F112

F112
1C22F112

A42RCI
A42RCII

Fe 355 KGN
AE 355 KG
AE 355 KT
Fe510C

FeE 355 KTM

AEE 355 KG;DD

AE 355D
Fe 510, D1FF

F2111-11SMn 28
11 SMn 28
F2112-11 SMnPb 28

F.2121-10S20

F.2122-10 SPb 20

10 SPb 20

F2113- 12 SMn 35
F.2114- 12 SMnPb 35

JIS

SPHE
SPCE

SGV 410, SGV 450
SGV 48, SPV 450;
SPV 480

S20C

S22C
S20C;S22C

SPV 315; SPV 355

SG 295; SGV 410
SGV 450; SGV 480

SM 490 A;B;C; YA;YB

SM 490 A;B;C;YA;YB

SUM 22

SUM 22

Sum22 L

SUM23 L, SUM24 L

SUM 25

roct

08Kn
0810, tOBA

20

20

16K

20K

15r'®

171C
1771C

n g
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

p— Nz n )
lpynna 'A N
marepuana| AISI/SAE W.-Nr. DIN BS EN AFNOR
1.0984 S500MC; QStE 500 TM E490D
1.0986 S500MC; QStE 500 TM | 1501 - 60F55 E560D
1010 1.1121 CK 10 040A10 XC10
(C10E)
1.1121 St 37-1 436040 A
1015 1.1141 CK 15 040A 15 32C XC12 XC15
(C15E) 080 M 15 XC 18
1020 1.1151 C22E 055 M 15 2C22 XC18
1023 CK 22 (070 M 20) XC 25
D3 1.2080 X210Cr 12 BD3 Z200C 12
1 |A% St44-2 4360 43 A NFA 35-501 E 28
StE 320-3Z 1501 160
1 |A572-60 1.8900 StE 380 4360 55 E
(M) 1025 1.0406 C25 070 M 26 1C25
1.0416 GS-38 20-400 M
A537Cl1 1.0473 P355GH 19Mn6 A52CP
A414Gr.G
A612
1035 1.0501 C35 080A32, 080A35 1C35
080 M 36, AF 55 C 35
1449 40 CS XC 38
1045 1.0503 CF 45 060 A 47 XC42H1TS
- (C456) 080 M 46
2 1040 1.0511 C40 080 M40 1C40
AF 60 C 40
1.0540 C50
E A27 70-36 1.0551 GS-52 A2 280-480 M
A148 80-40 1.0553 GS-60 A3 320-560 M
2 A738 1.0577 $355J2G4 (Fe 510D 2) | Fe 510 D2 FF A52FP
1501 Gr.224-460
1501 Gr. 224-490
1140 1.0726 35520 212M 36 8M  [35MF6
1146 1.0727 45 S 20 (46820) 45 MF 4
1035 1.1157 40Mn4 150 M 36 15 35M5
1041 40M5
1025 1.1158 C25E (070 M 25) 2C25
CK 25 XC25
1536 1.1166 34Mn5
1330 1.1170 28Mn6 (150 M 28), (150 M 18)
Mn 6
1330 1.1170 28Mn6 150M5 20M5
1330 1.1170 28Mn6 14A  |20M5
1.1178 C30E; CK 30 080M30 XC 32
2 1035 1.1180 C35R 08D A35 3C35
Cm 35 XC 32

Q Member IMC Group
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FeE 560 T I A

C20 C25 F1120-C25K S20C,S20CK 20
S22C

FeE390KG | s I

1572 C35 F113 S35C 35
1550 1C35

A52RBII
AE355D

C25 F1120-C25K S25C 25
S28C

C28Mn 28Mn6 SCMn 1
C28Mn | scwn .

F.1135-C 35 K-1

CnpaBo4Haa uHpopmaLme
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

lpynna

marepuana

AISI/SAE

1035
1038
1035

1042
1049
1050

1050
1055
4520

A516 Gr.70
A515Gr.70
A414GrF;G
1043

1074
1086
1095
1036
1330
1335

1040

1045

1049

A387Gr.12Cl
A387Gr.12Cl.

W.-Nr.
1.1181

1.1181
1.1191
1.1206
1.1213
1.5423

1.0050
1.0481

1.0503

1.0614
1.0616
1.0618
1.1165
1.1167
1.1186

1.1191

1.1201

1.7242
1.7337
1.7337
1.7362
1.0535
1.0601

1.0603

DIN

C35E
CK 35
C35E
CK 35
GS- Ck 45
C50E
CK 50

Cf53
(C53G)
22Mo4
St50-2
P295GH
17Mn 4

C35

C76D;D75-2
C86D;D 852
C 92 D;D 95-2
30Mn5

36Mn5

C40E
CK 40
C45E
CK 45

C45R
Cm 45

18 CrMo 4
16 CrMo 4 4
16CrtMo 4 4
12CrMo 195
17 MnV 6
C55

C60

C67

08

BS EN

080 A 35
(080 M 36)
080 A 35
(080 M 36
080 A 46
080 M 50

070 M 55
1503-245-420

1501 Gr.224

060 A 47
080 M 46
1449 50 HS, CS

120 M 36
(150 M 28)
150 M 36

060 A40, 080A40
080 M40
080 M 46
060 A 47

0 M 46

3606-625
436055 E
070 M 55

060 A 62 43D
1449 HS,CS

080 A 67

1449 70 HS

AFNOR

2C 35 XC32
XC38H 1
XC38

XC 45
2C50
XC48H1;
XC 50 H1
XC48HTS

a48 Cp;AP

1C45
AF 65 C 45

XC75
XC80
XC 90
35M5

40M5

2C40
XC42H1
2C45
XC42H1
XC 45
XC48H1
3C45
XC42HA1
XC48H1

Z10CD5.05
NFA 35-501 E 36
1C55

AF 70 C 55
1C60

AF70C 55

XC 65




| 16Mo5KG: KW F2602- 16 Mo 5 SB 450 M; SB 480 M

Fe 510 KG;KT;KW A47RCI RAIl | SG365,SGV 410
Fe 510-2 KG;KT;KW SGV 450
FeE 295 SGV 480

2120 F.1203-36 Mn 6 ssmN 438 (H) 352
F.8212-36 Mn 5 SCMn 3 3571
1672 C45 F.1140-C45K S45C 45
C46 F1142-C48 K S48C

18CMo4 |
| ABCMoaskw ||

2142 I R

C60
1C60 S58C

(x
S
=
©
=
o
O
S
T
=
0
©
T
T
O
m
©
Q
=
O
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CpaBHMTeanaH Ta6n|4u,a TUMHUYHbIX ﬂpeACTaBMTGHEﬁ rpynn

o6pabatbiBaeMbiX MaTep1anoB

lpynna
warepuana| AISI/SAE

1074
1075

4 1055

-

4 1060
1064

4 1074
1075
1078
1086
1095
W112

A573-8165
A515 65
5120

E 50100
52100

W.-Nr.

1.0605

1.1203

1.1209

1.1221

1.1231

1.1248

1.1269
1.1274
1.1663

1.0070
1.7238
1.7701
1.0116
1.0345
1.0841
1.0904
1.0904
1.0961
1.2067
1.2108
1.2210
1.2241
1.2311
1.2330
1.2419
1.2510
1.2542
1.2550
1.2713
1.2721
1.2842
1.3501
1.3505

1.5024

DIN
C75

C55E
CK 55
C55R
Cm 55
C60E
CK60
Ck 67
(C67E)
CK75
(C75E)

CK 85 (C85E)
Ck 101 (C101E)
C125W

St70-2

49 CrMo 4
51 CrMoV 4
St37-3

H1

St52-3
55Si7
55Si7
60SiCr7
100Cr6

90 CrSi5
115CrV3
51Crv4

40 CrMnMo 7
35CrMo 4
105WCr6
100 MnCrW 4
45 WCrV7
60WCrV7
55NiCrMoV6
50NiCr13
90MnCrv8
100Cr2
100Cr6

46Si7

AN

/|
BS

1449 80 HS
060 A 57
070 M 55
070 M 55
060 A 62

060 A 67

060A 78

4360408B
1501 161
150 M 19
250A53
250 A 53

BL3

708 A37

BO1
BS1

BO2

25135
535A 99

VAN

EN

43D

45

31

AFNOR

2C55
XC55H 1
3C55
XC55H 1
2C60
XC 60 H 1
XC 68

XC75

XC 90
XC 100
Y2120

E24-U
A37CP
20MC5
5587
5587
60SC6
Y100C6

100C3
34CD4
105WC13
8MO 8
55WC20
55NCDV7
55NCV 6
90 MV8
100C6

45S7;Y 46

746817




1655 C55 F1150-C 55K S55C 55

1665 C60 S58C 60
1678 60r, 60TA
774 C75 , 75A)

AR 2 1L A VS
e
R F—
B I A A
T 5 . A
B O A A
AR T (R A
A I A A

| 35cRmOsKU I T R
2140 10WCr6 105WCr5 ] ChWG
2710 45WCrV8 KU 45WCrSi8 ] 5XHM

CnpaBo4yHada uHdopmauuma




CpaBHMTeanaH Ta6n|4u,a TUMHUYHbIX ﬂpeACTaBMTGHEﬁ rpynn

o6pabatbiBaeMbiX MaTep1anoB

——| ™ |~ I I
VAN
AISI/SAE W.-Nr. DIN BS EN AFNOR
9255 1.5025 518i7 5187
518i7
9255 1.5026 55Si7 251a58 5587
9260 1.5027 60Si7 251 A60 60S7
251 H60
9260 H 1.5028 65Si7 60S7
1.5120 38 MnSi 4
A 204 GrA 1.5415 16Mo3 1503-243 B 15D 3
4017 15Mo 3
4419 1.5419 20Mo4 1503-243-430
A350-LF 5 1.5622 14Ni6 16N6
3415 1.5732 1 NiICr10 14 NC 11
3310; 3314 1.5752 14NilCr14 655M13 36A 12NC15
1.6587 17CrNiMo6 820A16 18NCD6
1.6657 14NiCrMo134
5015 1.7015 15Cr3 523 M 15 12C3
5132 1.7033 34Cr4 530A32 18B 32C4
5140 1.7035 41Cr4 530M40 18 42C4
5140 1.7045 42Cr41 530 A 40 42CA4TS
5115 1.7131 16MnCr5 527 M 17 16 MC 5
1.7139 16MnCr5
5155 1.7176 55Cr3 527 A 60 48 55C3
4135; 4137 1.7220 34CrMo4 708 Aa 37 35CD 4
4142 1.7223 41CrMo4
4140 1.7225 42CrMo4 708 M0 42CD4
1.7228 55NiCrMoV6G 823M30 33
1.7262 15CrMo5 12CD 4
1.7321 20mOcR 4
ASTM A182 F-12 | 1.7335 13CrMo4 4 1501-620Gr27
A 182-F11;12 1.7335 13CrMo 4 4 1501620 Gr.27 15CD 4.5
ASTM A 182 F.22 | 1.7380 10CrMo9 10 1501-622gR31; 45
A182 F-22 1.7380 10 CrMo 910 1501-622 12CD9.10
1.7715 14MoV6 3 1503-660-440
A355A 1.8509 41CrAIMo 7 905 M 39 41B 40 CAD 6.12
A570.36 1.0038 S235JRG2 (Fe 360B) | Fe360BFU E 24-2NE
RSt 37-2 1449 27/23 CR
4360-40 B
3135 1.5710 36NiCr6 640A35 35NC6
1.5755 31 NiCr 14 653 M 31 18NC 13
8620 1.6523 2 NiCrMo2 805M20 362 20NCD 2
8740 1.6546 40 NiCrMo 22 311-Tyre 7
4130 1.7218 25CrMo4 CDS 110 25CD4
1.7733 24 CrMoV 55 20CDV 6
1.7755 GS-45 CrMOV 104

Q Member IMC Group
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SS
2090

2085 2090

2912

-2512
14 Ni 6 KG;KT
16NiCr11

41Cr4
2245
2511
2127
2253
2234

2244
2512
2216
2625
2216
2218

2940
1312

2506

2225

UNI

48 Si7
508Si7
558i 7
60 Si7

16Mo3(KG;KW)

G20Mo5 G 22 Mo5
F.2641-15Ni6
15NiCr11

14NiCrMo13
14NiCrMo131

34Cr4(KB)
42Cr4

41Cr4
16MnCr5

41CrMo4

653M31
14CrMo4 5

12CrMo9,10

41CrAIMo7
Fe 360 B FN

20NiCrMo2
40NiCrMo2(KB)
25CrMo4(KB)
21 CrMoV 5 11

&
|
UNE
F1450-50Si7

F.1440-56 Si 7
F.1441-60Si7

F.2601-16 Mo 3

SNC415(H)
SNC815(H)

35Cr4
SCr440(H)
42Cr4
16MnCr5

42CrMo4

12CrMo4

14CrMo45
12CrMo4

TUH

13MoCrV6
41CrAIMo7

AE 235 B FN;FU
Fe 360 B FN; FU

20NiCrMo2
40NiCrMo2
55Cr3

JIS

50P7 SUP 6

SCPH 11

SCra15(H)
SCra30(H)

SCr440

SUP9(A)

SNB 22-1

SCM415(H)

SNCM220(H)
SNCM240
SCM420/430

roct

55C2
60C2

15X
35X

50XTA
35XM
40X®A

12XM; 15XM

Ct3nc, Ct3cn

20XTHM
38XIHM
20XM, 30XM

Firg
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CpaBHMTeanaH Ta6n|4u,a TUMHUYHbIX ﬂpeACTaBMTGHEﬁ rpynn

o6pabatbiBaeMbiX MaTep1anoB

lpynna

marepuana

AISI/SAE

W.-Nr.

1.8070
1.2332
1.3401
1.5736
1.6511
1.6582
1.7361
1.8159
1.8161
1.8515
1.8523
1.4882

1.5710
1.5864

1.0144
1.0347

1.0401

1.0570
1.0718
1.0718
1.0723

1.2083
1.2343
1.2344
1.2363
1.2379
1.2379
1.2436
1.2581
1.2601
1.2606
1.3343
1.4563
1.5662
1.5662
1.5680
1.5680
1.3202

DIN

21 CrMoV 5 11
47 CrMo 4
G-X120 Mn 12
36 NiCr 10
36CrNiMo4
35CrNiM 6

32 CeMo12
50Crv 4

58 CrV 4
32CrMo 12
39CrMoV13 9
X 50 CrMnNiNbN 21 9

36NiCr6
35niCr 18

31 NiCrMo 134
ST 44-3

DCO3
RSt;RRSt 13
C15

ST 52-3
9SMnPb28
9 SMnPb 28
15522
15520

x 38 CrMoV 5 1

X 40 CrMoV 5 1
X100 CrMoV 5 1
X155 CrVMo 121
X210Cr12G
X210 Crw 12
X30WCrvV9 3
X165 CrMoV 12
X 37 CrMoW 5 1
S6-5-2

X8Ni9
X8Ni9
12Ni19
12Ni19
S12-1-4-5

BS

708 M 40

816M40

817 M 40
722 M 24
735A50

722 M 24
897M39

640A35

830 m 31
436043 C
14493 CR
14492 CR
080M 15
080M 15
144917 CS
436050 B

10A15
210M 15

BH 11
BH13
BA2
BD2
BD2
BD6
BH 21

BH 12
BM2

1501-509;510
502-650
12Ni19

BT 15

EN

19A

110
24
40B
47

408
40C

111A

AFNOR

42CD4
Z120M 12
30NC 11
40NCD3
35NCD 6
30CD 12
50Crv4

30CD 12

Z 50 CMNNb
21.09
35NC6

E28-3
E

AF 37C12
XC 18

E 36-3
S250Ph
S250Pb

Z38CDV5
Z40CDV 5
Z100CDV 5
Z160CDV 12
Z160CDV12
Z2200CD 12
Z30WCV9

Z35CWDV 5
2200C12
Z1NCDU31-27-03

9Ni
Z18N5
Z18N5

Q Member IMC Group
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SS

2244
2183

2541
2240
2230

2240

2534
1412
Crden

1350

2132
1914
1914
1922

2314

2242
2260
2310
2736
2312

2310

2715
2584

UNI

35 NiCr9
42CrMo4
GX120Mn12

36nIcRmO4(KB)
35NiCrMo6(KB)
30CrMo12
50Crv4

32CrMo12
36CrMoV12

Fep 02

C15

C16

1C15
Fe52BFN/Fe52CFN
CF9SMnPb28

CF 9 SMnPb 28

X387 CrMoV 51 KU
X40CrMoV511KU
X100CrMoV51KU
X165CrMoW12KU

X215CrW 12 1 KU
X30WCrV 9 3KU

X 35 CrMoW 05 KU
X210Cr13KU

14 Ni 6 KG;KT
X10Ni9

HS 12-1-5-5

=
[ ]
UNE

42CrMo4

F. 8251-AM-X120Mn12

35NiCrMo4

F124.A
51Crv4

F124.A

f-1270

AP 02

F111

11SMnPb28
11 SMnPb 28
F210.F

F-5318
F-5227
X160CrMoW12KU

F-5213
F-526

F.537
X210Cr12

XBNiIO9
F-2645

12-1-56-5

JIS

SCM (440)

SCMnH 1, SCMn H 11

SUP10
SNCM 447

SNC236

SM 400A;B;C

S15C
SM490A;B;C;YA;YB

12L13
SUM 32

SKD61
SKD12

SKD5

SUH3

SLIN60(53)

roct

110r13/1

40XH2MA
38X2H2MA

50XT A

Cr4kn, Ct4nc,

08t0

1775

4X5MdC
4X5MD1C
95X5I'M
X12BM®

3X2B8D

5XHM
X12

Firg

P
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

p— Nz B
lpynna 'A N
marepuana| AISI/SAE W.-Nr. DIN BS EN |AFNOR
s 1.3207 S 10-4-3-10 BT42 Z130WKCDV
1 T15 1.3243 $6-5-2-5 KCV
06-05-05-04-02
_ 1.3246 §7-4-2-5 Z110 WKCDV
07-05-04
1 1.3247 $2-10-1-8 BM 42 Z110 DKCWV
09-08-04
[ V42 1.3249 $2-9-2-8 BM 34
1 T4 1.3255 S18-1-2-5 BT 4 Z80 WKCV
18-05-04-0
D m2 1.3343 S6-5-2 BM2 Z85WDCV
1 M7 1.3348 $2-9-2 Z 100 DCWV
09-04-02-
T1 1.3355 S 18-0-1 BT 1 Z 80 WCV 18-4-01
630 1.4548 Z7CNU17-04
HNV 3 1.4718 X45CrSi 93 401845 52 |Z45CS9
1 422 1.4935 x20 CrMoWV 12 1
12 403 1.4000 X6Cr13 4038 17 Z6C13
12 1.4001 X6Cr14
12 (4109) 1.4001 X7Cr13 (40387) Z8C13
12 405 1.4002 X6CrA12 405817 Z8CA12
12 405 1.4002 X6 CrAl 13 4058 17 Z6CA13
12 416 1.4005 X12CrS 13 416 S 21 Z11CF13
12 410;CA-15 1.4006 (G-)X10Cr13 410821 56A |[Z10C13
12 430 1.4016 X8Cr17 Z8C17 430815
12 430 1.4016 X6 Cr17 4308 15 60 [Z8C17
12 1.4027 G-X20Cr14 420029 Z20C13M
12 1.4027 G-X 20 Cr 14 420C 29 Z20C13M
12 420 1.4028 X30Cr13 420 S 45 Z30C13
12 1.4086 G-X120Cr29 452C11
12 430F 1.4104 X12CrMoS17 420837 Z10CF 17
12 440B 1.4112 X90 CrMoV 18
12 434 1.4113 X6CrMo 17 434817 Z8CD 17.01
12 1.4340 G-X40CrNi27 4
12 831500 1.4417 X2CrNiM0Si19 5
12 $31500 1.4417 X2 CrNoMoSi 1853
12 1.4418 X4 CrNiMo16 5 Z6CND16-04-01
12 XM 8 1.4510 Z4CT17
4307Ti
439
12 430t 1.4510 X6 CrTi 17 Z4CT17
12 1.4511 X6 CrNb 17(X 6 CrNb 17 Z4CNb 17
12 409 1.4512 X 6CrTi12 LW 19 Z3CT12
(X2CrTi12) 409 S 19

Q Member IMC Group
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UNI

I"

SS UNE JIS roct
2723 HS 6-5-2-5 6-5-2-5 SKH55 P6M5K5
7-4-2-5 HS 7-4-2-5 M35
2-10-1-8 HS 2-9-1-8 M 41
2-9-2-8
R6M5
2722 HS652 F-5604 SKH 51
2782 HS292 F-5607
R18
X45CrSi8 F322 SUH1 40X9C2
2301 X6Cr13 F3110 SUS403 08X13
F8401 08X13
2301 08X13
X6CrAI13
2302 X6CrAI13
2380 X12 CrSC13 F-3411 SUS 416
2302 X12Cr13 F.3401 SUS410 12X13
2320 X8Cr17 F3113 12X17
2320 X8Cr17 F3113 SUS430 12X17
20X13/1
20X13/1
2304 20X13
2383 X10CrS17 F3117 SUS430F
2325 X8CrMo17 SUS434
2376
2376
2387
X6CrTi17 F3115-X5 CrTi 17 SUS 430 LX 08X17T
08X17T
X6 CrNb 17 F.3122-X 5 CrNb 17 SUS 430 LK
X6CrTi12 SUH 409

fire
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CpaBHMTeanaﬂ Ta6n|4u,a TUMHUYHbIX ﬂpeACTaBMTGHEﬁ rpynn

o6pabatbiBaeMbiX MaTep1anoB

Mpynna

12
12
12
12
12
12
12
12
12
13
13
13
13
13
13
13

13

13

13
13
14
14
14
14
14
14
14
14
14
14
14
14
14

14

marepuana

AISI/SAE

405
430
HNV6
446
446
EV8
302
429
420
420

431

CA6-NM
630

348

304
303
304L
304L
CF-8
301
304 LN

305
304
532304
202

316

W.-Nr.

1.4720
1.4724
1.4742
1.4747
1.4749
1.4762
1.4871

1.4021
1.4031
1.4034
1.4057
1.4125
1.4313
1.4542

1.4544

1.4546

1.4922
1.4923
1.4301
1.4305
1.4306
1.4306
1.4308
1.4310
1.4311
1.4312
1.4312
1.4332
1.4350
1.4362
1.4371

1.4401

DIN

X20CrMo13
X10CrA113
X10CrA118
X80CrNiSi20

x18 cRn 28
X10CrA124

X53 CrMnNiN 219
x12CrNi 189

X10 CrNi 15
X20Cr13

X40Cr 13
X46Cr13
X20CrNi172

X105 CrMo 17
G-X4CrNi 134

X5 CrNiCuNb 17 4
(X5CrNiCuNb 16-4)

X5CrNiNb 18-10

x20cRmV12-1
X22 CrMoV12 1
X5CrNi 189
X10 CrNiS 189
X2CrNi18 9

X2 CrNi 1810
X6 CrNi 189
X12CNi177
X2 CrNiN 18 10
G-X10CrNi18 8
X8 CrNi 18 12
X2 CrNi 18-8
X5CrNi18 9

X2 CrNiN 23 4
X3 CrMnNiN 188 87

X5 CrNiMo 17 122
(X4 CrNiMo 17 -12-2)

BS

4035817
439515
443565

349 S 54
302 S 31

420837

420 S 45
431529

425C 11

S.524

S.526

347 S 31
28.130

2 8.143/144/145
S.525/527

304S 15
303 S 21
304512

304 S 11
304C 15
301 S 21
304 S 62
302C25

305s19

304515

284S 16

316S13
316517
316519
316 S 31
316 S 33

EN

60
59

57

58M

58E

58E

AFNOR

Z10C13
Z10CAS18
Z80CSN20.02

Z10CAS24
Z52 CMN 21.09
Z10CN 18-09

Z20C13
Z40C14
Z40C 14
Z15CN 16.02
Z100CD 17
Z4CND 13-04 M

Z5CN 18.09
Z 8 CNF 18-09
Z2CrNi18 10
Z3CN19-11
Z6CN18-10M
Z12CN17.07
Z2CN18.10
Z10CN18.9M

Z6CN18.09
Z2CN23-04 AZ
Z8CMN

18- 08-05
Z3CND 17 -11-01
Z6CND 17-11
Z6CND 17-11-02
Z7CND 17-11-02
Z7CND 17-12-02

Q Member IMC Group
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SS

X80CrSiNi20
2322
2330

2303
-2304
X40Cr14
2321

2385

2317

2332,2333
2346
2352
2352
2333
2331
2371

2332
2327

2347

UNI

X10CrA112
X8Cr17
F.320B

X16Cr26
X53CrMnNiN21 9
14210

F.3405
X16CrNi16

X105 CrMo 17
(G)X6CrNi304

X6 CrNiTi 18 11
X6 CrNiNb 18 11

x20cRmOnl 12 01

X10CrNiS18.09
x2cRnl18 11
X2CrNi18 11

X2CrNi18 07
X2CrNiN18 10

X5CrNi18 10

X5CrNiMo 17 12

I"

UNE

F.311
F3113
SUH4

SuS420J2
F.3427

F.3508
F.3503

F.3517

F.3551

F.3534-X 5 CrNiMo
17122

JIS

SUS430

SUH446
SUH35,SUH36

SUS431

SCS5

SUS303
SCS19

SUS304L

SUS304LN

SUS304

SUS 316

roct

10X13CI0
10X13CI0

55X20M9AH4

20X13
40X13

20X17H2
95X18

08X18H12T

08X18H10
30X18H11

10X18H9N
10X18HIN

(7at

ﬁ
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

Mpynna

marepuana

14

14
14
14

14
14

14

14

14

14
14
14

14
14

14
14
14

14
14
14

AISI/SAE
316L

316LN

CF-8M

316 Ln
316L

316

317L

(s31726)

317
329

329

17-7PH
443

444

UNS N 08904
CN-7M

321

W.-Nr.
1.4404

1.4406
1.4408
1.4410

1.4429
1.4435

1.4436

1.4438
1.4439

1.4440
1.4449
1.4460

1.4460
1.4462

1.4500
1.4504
1.4521

1.4539
1.4539
1.4541

DIN

X2 CrNiMo 17132
(X2 CrNiMo 17-12-2)
GX 2 CrNiMoN 18-10

X2 CrNiMoN 17 122
(X2CrNiMoN 18-10)
GX 5 CrNiMoN 7 122
G-X 6 CrNiMo 18 10
G-X10CrNiMo18 9
X2 CrNiMo 17 -13-3
X2 CrNiMo18 14 3

X5CrNiMo 17133
(X4CRNIMO 17-13-3

X2 CrNiMo 18 16 4
(X2CrNiMo 18-15-4)
X2 CrNiMoN 17 135

X 2 CrNiMo 18 13
X5 CrNiMo 17 133
X 4 CrNiMo 275 2
(X3CrNiMo27-5-2)
X8CrNiMo27 5
X2CrNiMoN22 53

G-X7NiCrMoCuNb25 20
X2CrMoTi18-2
X1NiCrMoCuN25-20-5

(G-)X1 NiCrMoCu 25 20 5
Z6 CNiTi 18-10

BS EN

316S 11, 316 S 13

316S 14, 316 S31; Z2

316 S 42, 5.537;316
C12, T.75, S.161

316 S 61
316563
316 C 16 (LT 196)
ANC 4B

316 S 62
316S11;316 S 13
316 S 14;316 S 31
LW 22

LWCF 22
316S19;316 S 31
316 S 33

LW 23

LWCF 23
317812

317516

(Z3

318513

3165111

3215 31
3215 51 (1010;1105)
Lw 24

LWCF 24

AFNOR
Z2CND 17-12

CND 18-13

Z3CND 17-11-02
Z3CND
17-12-02 FF
Z3CND 18-12-03
Z3CND19.10M
Z2CND 17-12 AZ

Z5CND20.12M
Z2CND 17-13 Az

7 3CND 17-12-03
Z3CND 18-14-03

Z6 CND 18-12-03
Z7CND 18-12-03

Z2CND 19-15-04
z3cnd 19-15-04
Z3CND
18-14-06 AZ

CND 25-07 Az)

Z5CND 27-05 Az

Z3CND 2205 Az
(Z2CND 24-08 Az)
(Z 3 CND 25-06-03 Az
23NCDU25.20M

Z2NCDU 25-20
Z1NCDU 25-02 M

Z6CNT 18-10

Q Member IMC Group
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% f—
]
SS UNI UNE JIS roct
2348 X2 CrNiMo 17 12 F.3533 - X 2 CrNiMo
17132
G-X2 CrNiMo 19 11 F.3537 - X 2 CrNiMo
17133 SUS 316 L
X2 CrNiMoN 17 12 F.3542-X 2 CrNiMoN
17122 SUS316LN 07X18H
2343 F.8414-AM-X 7
CrNiMo 20 10 SCS 14
2328
2375 X2 CrNiMoN 17 13 F.3543-X 2 CrNiMoN 17 133 | (SUS 316 LN
2375 X2CrNiMoN 17 13 F.3533-X 2 CrNiMo
17132 SUS 316 L 03X17H14M3
2343 X5 CrNiMo 117 13 F.3543-X 5 CrNiMo 17122 3 SUS 316
X8cRnimO 17 13 F.3538-X 5 CrNiMo 17 13
2367 X2CrNiMo18 16 £.3539-x 2cRnimO 18 16 4 | SUS317L
X5CrNiMo 18 15 SUS 317
2324 F.3309-X 8 CrNiMo 17 122
F.3552-X 8 CrNiMo 18 16 4 | SUS 329 J 1
2324
2377 SUS 329 J3L
Z8CNA17-07 X2CrNiMo1712
2326 F.3123-X2 CrMoTiNb 182 | SUS 444
2562
2564
2337 X6 CrNiTi 18 11 F.3523 - X 6 CrNiTi 06X18H10T
1810 SUS 321 08X18H10T
09X18H10T
12X18H10T
Frmg
=
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CpaBHMTeanaﬂ Ta6n|4u,a TUMHUYHbIX ﬂpeACTaBMTGHEﬁ rpynn

o6pabatbiBaeMbiX MaTep1anoB

p— Nz BB
Mpynna 'A N
marepuana| AISUSAE W.-Nr. DIN BS EN |AFNOR
14 630 14542 X5 CrNiCuNb 17 4 Z7CNU 15-05
(X5 CrNiChNb 16-4) Z7CNU17-04
14 17-4PH 14542 Z7CNU17-04
14 $31254 14547 X1 CrNiMoN 20 18 7
14 17-4PH 14548 Z7CNU17-04
14 347 1.4550 X6 CrNiNb 18 10 347517 58F [Z6CNNb 18.10
14 14552 G-X7CrNiNb18 9 Z4CNNb19.10M
14 17-7PH 14568 3165111
14 3161Ti 14571 X6 CrNiMoTi 17122 | 32031 Z6 CNDT 17-12002
14 3167 14571 x6 CrNiMoTi 17122 | 320 S 31 58) |Z6NDT 17.12
14 14581 G-X 5 CrNiMoNb 318C 17 Z4CNDNb 18.12 M
14 318 14583 X10CrNiMoNb 1812 | 303 S 21 Z15CNS20.12
14 14585 G-X7CrNiMoCuNb18 18
14 1.4821 X20CrNiSi25 4 Z20CNS25.04
14 14823 G-X40CINiSi27 4
14 309 14828 X15CiNisi20 12 309 5 24 58C | Z15CNS20.12
14 14829 X 12 CiNi 22 12
14 3098 14833 X6 CrNi 22 13 309513 Z15CN 24-13
14 310S 14845 X12 CrNi 25 21 310824 Z12CN 25-20
14 321 14878 X6 CrNiTi 189 321820 58B |Z6CNT18-12 (B)
14 $530415 14891 X5 CrNiNb 18 10
14 $30815 14893 X8 CrNiNp 11
14 304H 14948 X6 CrNi 18 11 304 S 51 Z5CN 18-09
14 660 14980 X5 NiCrTi 25 15 Zz8nctv 25-15 b f
14 X5 NiCrN 35 25
14 $31753 X2 CrNiMoN 18 134
X2 CrNiMoN 25 22 7
15 CIASS20 0.6070 GGT0 FTT0D
A48-20B 0.6010 GG-10 FT10D
NO258B 0.6015 GG 15 Grade 150 FT15D
CLASS25 0.6015 GG15 GRADE150 Ft15D
A48258B 0.6015 GG 15 Grade 150 Ft15D
A48-30B 0.6020 GG-20 Grade 220 Ft20D
NO30B 0.6020 GG 20 Grade 220 Ft20D
A436 Type 2 0.6660 GGL-NiCr202 L-NiCuCr202 L-NC 202
60-40-18 0.7040 GGG 40 SNG 420/12 FCS 400-12
No20B GG 10 Ft10D
CLASS30 0.6020 GG20 GRADE220 Ft20D
CLASS45 0.6030 GG30 GRADES00 F130D
A48-45B 0.6030 Grade 300 Ft30D
(16 | A48-50 0.6035 GG-35 GRADE 350 F35D
A48-60 B 0.6040 GG40 GRADE400 Ft40D
100/70/03 0.7070 GGG-70 SNG700/2 FGS 700-2
0.7033 GGG35.3

" asadh
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& ® f—
I I ]
SS UNI UNE JIS rocT
SCS 24
SUS 630
2378
2338 X6CrNiNb18 11 F.3552 SUS347 08X18H126
Z8CNA17-07 X2CrNiMo1712 09X17HO1
2350 10X17H13M2T
2350 X6CrNiMoTi17 12 F.3535 10X17H13M2T
x15¢Rnlsl2 12
X6CrNiMoTi17 12
F.8414 SCS17 20X20H14C2
2361 X6CrNi25 20 F.331 SUH310 20X23H18
2337 X6CrNiTi18 11 F.3553 SUS321
2372
2368
2333
2570
110 G10 CY10
0110-00 CY10
0115-00 G15 FG 15 FC150 CY15
115 G15 FG 15 C415
0115-00 G14 FG15 CY15
0120-00 CY420
120 G20 FC200 C420
0523-00
0717-02 GS 370-17 FGE 38-17 FCD400 BY42-12
110 FC100
120 G20 FG 20
130 G30 FG 30 FC300 CY420
0130-00 C430
135 G35 FG 35 FC350 C430
140 C440
07 37-01 GGG 70 GGG 70 FCD700
07 17-15

Firg
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

lpynna
marepuana| AISI/SAE

60-40-18
60/40/18
80-55-06
65-45-12

A43D2
A48-40B

80/55/06
A4840B

A220-50005
50005
70003
90001
A220-90001

1022
1518
1035

W.-Nr.

0.7033
0.7040
0.7043
0.7050
0.7050
0.7652
0.7660

0.6025
0.7060
0.7060

0.8055
0.8135
0.8135
0.8145

0.8035
0.8040
0.8045
0.8065
0.8155
0.8155
0.8165
0.8170
0.8170
0.817

1.1133
1.1183

3.0205
3.0255
3.3315
3.1325
3.1655
3.2315
3.4345
3.2381
3.2382
3.2581

DIN

GGG-35.3
GGG-40
GGG-40.3
GGG50
GGG-50
GGG-NiMn 137
GGG-NiCr202
GGG 40.3
GG25

GGG60
GGG-60

GTW55
GTS-35-10
GTS-35-10
GTS-45-06
GTS-35

GTS-35
GTM-35
GTW-40

GTMW-65

GTS-55-04
GTS-55-04
GTS-65-02
GTS-70-02
GTS-70-02
GTS-70-02

20Mn5
Cf 35 (C35G)
GTS-45
GTS-65

Al99.5

AlMg1
AlCuMg 1
AICuSiPb
AlMgSii
AlZnMgCu0,5
G-AISi10Mg
GD-AISi10Mg
G-AISi12

BS EN

350/22 L 40
SNG 420/12
370/7
SNG500/7
SNG 500/7
S-NiMn 137
Grade S6
SNG 370/17
Grade260
SNG600/3
600/3

B 340/12
B 34072
P 440/7
B 340/12
8290/6
B340/12
W340/3
W410/4

P 510/4
P510/4
P570/3
P 690/2

IP70-2
120M 19
080 A 35
P440/7
P 570/3

L31/34/36

L 86

AFNOR

FGS 370/17
FGS 400-12
FGS 370/17
FGS 500/7
FGS 500-7
S-Mn 137
S-NC 202
FGS 370-17
Ft25D
FGS600-3
FGS 600/3

MN35-10
Mn 35-10
Mn 450-6

MN 32-8
MN 35-10
MB35-7
MB40-10

Mn 550-4
MP 50-5

Mn 650-3
Mn 700-2
Mn 700-2

20M5
XC38H1TS
MP 60-3

A59050C

AZ 4 GU/9051
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CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

— Nz
Mpynna 'A N
warepuana| AISI/SAE W.-Nr. DIN BS EN |AFNOR
3.3561 G-AlMg 5
(23 | ZE4 35101 G-MgZn4sE1Zr1 MAG 5
EZ33 35103 MgSE3Zn27r1 MAG 6 GTR3Z2
AZ 81 3.5812 G-MgAI8Znt NMAG 1
AZ 91 3.5912 G-MgAI9Zn1 MAG 7
2.1871 G-AlCu 4 TiMg
3.1754 G-AICuSNi1,5
3.2163 G-AISI9Cu3
4218B 3.2371 G-AISi 7 Mg
(24 | SCe4D 3.2373 G-AISIIMGWA A-S7G
3.2373 G-AISi 9 Mg
(24 | QE22 3.5106 G-MgAg3SE2Zr1 MAG 12
GD-AISI12 G-ALMG5 LM5 A-SU12
[ 23-24 | A360.2 3.2383 G-AISiOMg(Cu) LM9
A356-72 2789;1973 NF A32-201
356.1 LM25
A413.2 G-AISi12 LM 6
A413.1 G-AISi 12 (Cu) LM 20
A413.0 GD-AISi12
2324 | A380.1 GD-AISIBCu3 LM24
C 93200 2.1090 G-CuSn75pb UE7Z5pb4
(26 | C83600 2.1096 G-CuSn5ZnPb LG2
C 83600 2.1098 G-CuSn 2 Znpb
(26 | C23000 2.1182 G-CuPb158n LB U-pb 15E 8
C 93800 2.1182 G-CuPb158n Uu-PB 15¢ 8
2.0240 Cuzn 15
C 27200 2.0321 Cuzn 37 CZ108 CuZn 36, CuZn 37
C 27700 2.0321 CuZn 37 CZ 108 Cuzn 36, Cuzn 37
2.0590 G-CuZn40Fe
C 86500 2.0592 G-CuZn 35 Al 1 U-Z36N3 HTB 1
C 86200 2.0596 G-CuZn 34 Al2 HTB 1 U-Z36N3
C 18200 2.1293 CuCrzr CC 102 U-Cr0.8Zr
2.0060 E-Cu57
2.0375 CuZn36Pb3
C 94100 2.0596 G-CuZn 34 Al2 HTB 1 U-Z36N3
(28 | C63000 2.0966 CuAl 10Ni 5 Fe 4 Ca 104 U-A10N
B-148-52 2.0975 G-CuAl 10 Ni
(28 | C90700 2.1050 G-CuSn 10 CT1
C 90800 2.1052 G-CuSn 12 pb2 UE 12P
(28 | C81500 2.1292 G-CuCrF 35 CC1-FF
2.4764 CoCr20W15Ni
N 08800 1.4558 X 2 NiCrAITi 32 20 NA 15
N 08031 1.4562 X 1 NiCrMoCu 32 28 7
31 N 08028 1.4563 X 1 NiCrMoCuN 3127 4

Q Member IMC Group
160 .--'.-
— 41| [



2584

EK77

o 3

L7y

(x
S
=
©
=
o
O

S
T
=
0
©
T
T
O
m
©
o
=

O




CpaBHUTeNbHaA TabMua TUNUYHbIX NpeAcTaBUTENIel rpynn
o6pabatbiBaeMbiX MaTep1anoB

lpynna

marepuana

31

31

32

33

33

33

33

34

34

34

34

34

34

35

35

36

36

36

37

37

37

37

AISI/SAE

N 08330
330

AMS 5544

Monel 400
5390A
Hastelloy C-4
Nimonic 75

Inconel 690
Inconel 625
5666
Incoloy 825
Monel k-500
4676

Inconel 718
Inconel

5383

5391

5660

5537C

AMS 5772
Inconel X-750
Hastelloy B
Hastelloy C
AMS 5399

R 50250
R 52250
AMS 5397

R 54620

AMS R54520
AMS R56400
AMS R56401

W.-Nr.

1.4864
1.4864
1.4865
1.4958
LW2.4668
1.4977
2.4360
2.4603
2.4610
2.4630
2.4630
2.4642
2.4856
2.4856
2.4858
2.4375
2.4375
2.4631
2.4668
2.4694
2.4955
LM2.4668
LW2 4670
LW2.4662
LW2.4964

2.4669
2.4685
2.4810
2.4973
3.7115
3.7025
3.7225
LW2 4674
3.7124
3.7145
3.7165
3.7185
3.7195

DIN

X 12 NiCrSi 36 16
X12 NiCrSi 36 16
G-X40NiCrSi38 18
X 5 NiCrAlITi 31 20
NiCr19NbMo

X 40 CoCrNi 20 20
NiCu30Fe

NiMo16cR16Ti
NiCr20Ti

NiCr20Ti

NiC29Fe
NiCr22Mo9Nb
NiCr22Mo9Nb
NiCr21Mo

NiCu30 Al
NiCu30Al
NiCr20TiAl
NiCr19FeNbMo
NiCr16fE7TiAl
NiFe25Cr20NbTi
NiCr19Fe19NbMo
S-NiCr13A16MoNb
NiFe35Cr14MoTi
CoCr20W15Ni
COCr22W14Ni
NiCr15Fe7TiAl
G-NiMo28
G-NiMo30
NiCr19Co11MoTi
TiAI5Sn2

Ti1

Ti1 pd
NiCo15Cr10MoAITi
TiCu2
TiAIBSn2Zr4Mo2Si
TiAIBV4
TiAl4Mo4Sn2
TiAI3V 2.5
TiAl4M04Sn4Si0.5
TiAI5Sn2.5
TiAlBV4
TiAIBVAELI

BS EN

NA 17
NA 17
330 C 40

NA 13

HR 5,203-4
HR5,203-4

NA 21

NA 16
NA 18
3072-76
Hr40;601

HR8
3146-3

2TA1
TP 1

2TA21-24
TA10-13;TA 28
TA 45-51;TA 57

TA14/17
TA10-13/TA28
TA11

AFNOR

Z12NCS 35.16
Z12NCS 37.18

NC20K14

Z 42 CNKDWNb
NU 30
NC22FeD

NC20T
NC20T

Nnc 30 Fe
NC 22 FeDNb
Inconel 625
NC 21 Fe DU
NU 30 AT

NC20TA
NC 19 Fe Nb

NC19eNB
NC12AD
ZSNCDT42
KC20WN
KC22WN

NC 15TNb A

NC19KDT

TA6BV

T-A5E
T-A6V

Q Member IMC Group
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CpaBHMTeanaH Ta6n|4u,a TUMHUYHbIX ﬂpeACTaBMTGHEﬁ rpynn

o6pabatbiBaeMbiX MaTep1anoB

— IESTRT
roynna AN\
marepuana| AISI/SAE W.-Nr. .DIN BS EN AFNOR
1.1545 C 105 W1 BW 1A Y1105
1.1545 C105W1 BW2 Y120
1.2762 75 CrMoNiW 6 7
1.4125 X105 CrMo 17 Z100CD 17
1.6746 32 nlcRmO 14 5 832 M 31 35NCD 14
0.9620 G-X 260 NiCr4 2 Grade 2 A
0.9625 G-X330NiCr42 Grade 2B
0.9630 G-X300 CrNiSi952
0.9640 G-X300 CrMoNi 152 1
0.9650 G-X 260 Cr27 Grade 3D
0.9655 G-X'300 CrNMo 27 1 Grade 3E
1.2419 105WCr 6 105WC 13
1.4841 X15 CrNiSi 25 20 314 S31 Z 15 CNS 25-20
0.9635 G-X300CrMo 153
0.9645 G-X260 CrMoNi 20 2 1
0.9655 G-X 300 CrNMo 27 1
“ f—
Fpynna ]
marepuana SS UNE JIS rocTt
1880 C 100 KU F-5118 SK3 Y10A
38 2900 C120KU CF515 SUP4 Y10A
38 95X18
40 0512-00
40 0513-00
40
40 0466-00 XBlr
20X225H20C2
41
107 WCr5 KU
41
|
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“As part of Iscar’s ongoing effort
to improve its products, it reserves
the right to make changes to any
of the products appearing in this
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