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OCOBEHHOCTW TEXHOJ10N’MN N3roToBrEHNA
NATbIX NHCTPYMEHTAJIbHbLIX 3AroTOBOK
N3 BbICTPOPEXXYLLEWN CTAJIN PEMS

@. 1. PYJHULIKHH, JI.I1. JOJITHH, Benopycckuii HayuonantbHblll mexHudeckuil yHueepcumen,
2. Munck, Benapycs, np. Hezasucumocmu, 65. E-mail: stl_minsk@tut.by

B cmamve npusedervt pe3yibmamsl KOMAbIOMEPHO20 MOOENUPOBAHUS YCI0BUL KPUCTATIUZAYUL OMIUBOK U3 ObLICINPOPENC-
wetl cmanu P6MS, npeonasnauennvix 0ns uzeomosneHus gpes u 3y600010€HCHOLO UHCMPYMEHMA, UCNONb3YEMbIX 8 YCIOBUAX
OAO «Munckuil 3a600 wecmepeny. I[Ipumenenue mMooeaupo8anus NO360UI0 ONMUMUZUPOBAN TUMHUKOBYIO CUCHIEMY, YMeHb-
wume obvem npudvinenol ywacmu na 30-35% u nogvicums 8bIX00 200HO20 AUMbSL, YMO OANO BO3MOICHOCIL CHUBUMb PACXOO0
00pPO2OCMOAUUX TeLUPYIOUUX INEMEHMO8, BBOOUMBIX 6 PACNIAE OIS UX KOMAEHCAYUU NPU Y2ape 80 6peMsi NIAGKU U PA3IUEKU.

Knroueswie cnosa. Bvicmpopexcywas cmanb, OmAusKy, yCioeus KpUCMAIIU3ayuu, KOMIbIOMepHoe MOOeIuposanue, JumeiHas
OCHacmka.

Jna yumuposanus. Pyonuyxuii, @. H. Ocobennocmu mexHono2uu u32omoeieHus Iumulx UHCMpPYMeHmMAalbHblX 3a20Mo60K U3 Obi-
cmpopescywei cmanu P6MS5 / @. U. Pyonuyxui, JI. I1. Joneuu // Jlumee u memannypeus. 2020. Ne 4. C. 68—74.
https://doi.org/10.21122/1683-6065-2020-4-68-74.

FEATURES OF TECHNOLOGY FOR MANUFACTURING
CAST TOOLBILLS FROM RAPID-CUTTING STEEL R6M5

F.I. RUDNITSKY, L. P. DOLGIY, Belarusian National Technical University,
Minsk, Belarus, 65, Nezavisimosti ave. E-mail: stl_minsk@tut.by

The article presents the results of computer simulation of the crystallization of castings from high-speed steel R6M5, intended
for the manufacture of cutters and gear shaping tools in the conditions of OJSC “Minsk Gear Plant”. The use of modeling made it
possible to optimize the gating system, reduce this volume of the profitable part by 30—35 % and increase the yield of suitable
casting, which made it possible to reduce the consumption of expensive alloying elements introduced into the melt to compensate
Jfor burnout during melting and casting.

Keywords. High speed steel, castings, crystallization conditions, computer modeling, foundry equipment.
For citation. Rudnitsky F. 1., Dolgiy L. P. Features of technology for manufacturing cast toolbills from rapid-cutting steel R6MS.
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OnbIT NPUMEHEHHS TUTEHHBIX TEXHOIOTUH TPU U3TOTOBJICHUH JIMTBIX 3arOTOBOK M3 OBICTPOPEXKYIIUX CTa-
Jiel O3BOJISIET C YBEPEHHOCTHIO BBIICIUTH Pl MPEUMYIIECTB 110 CPABHEHHUIO C TPAJUIMOHHBIMUA METOJaMU
UCIIOJIb30BAHUS MPOKATA U TIOKOBOK:

*  BO3MOXXHOCTH HCIIOJIb30BaHUsI COOCTBEHHBIX OTXOJOB MHCTPYMEHTAIBLHOTO MPOM3BOACTBA (CTPYKKa,
BBILICIIINI U3 CTPOS HHCTPYMEHT, HEMEPHBIE 3arOTOBKH MPOKaTa, METANI0a0pa3uBHBIH LIJIaM);

*  OKOHOMHS MeTaJlla 3a CYeT MaKCHMMAJIbHOTO YMEHBIICHUS MPUITYCKOB MO/l MEXaHUYECKYI0 00padoTKy
P UCTIOIB30BAaHUHU TOUHBIX METONOB JUTh (110 90 %);

*  MOBBIIICHHE CTOMKOCTH MHCTPYMEHTa MyTEM ONTUMH3AIUU XUMHUYECKOTO COCTaBa, TEXHOJIOTHYECKUX
(haKTOpOB M3TOTOBJICHHSI HA BCEX ATaNax OT IUIAaBKHM MeTajlla /10 3aJJMBKH U TEPMUUECKON 00pabOTKM 3aTOTOBOK
C MaKCHMaJbHBIM YUETOM KOHKPETHBIX YCJIOBUH 3KcIuTyaranuu [1-3].

J1st TpOMBINIIICHHOTO MCIIONB30BAHMSI HEOOXOIMMBI 3aTOTOBKH KPYIJIOTO M KBaJAPaTHOIO CEUEHUs pas-
JUYHOHN JUTMHBI, 8 TakKe (aCOHHBIE 3arOTOBKH IO pazMepaM, MAaKCUMaJIbHO MPHOIMKAIOMIMMCS K pa3Me-
paM roToBOTO HHCTpyMeHTa. it obecredeHus KaueCTBEHHOTO 3alOTHEHHS OPMBI METAJIIOM, IPEAOTBPA-
HICHHS TUTCHHBIX Ne(EeKTOB (YCaJOYHBIX PAKOBHH, IOPUCTOCTU U JIP.), KOTOPBIE OCOOCHHO HEAOMYCTHMBI
B MHCTPYMEHTAJIBHBIX 3arOTOBKAaX, YUYHUTHIBask 0COOCHHOCTH cTaiu PO6MS (ClI0KHOJIETHPOBAaHHBIN IIUPO-
KOMHTEPBAJIbHBIN CIUIaB C HEBBICOKMMH TEXHOJIOTHYECKUMHU CBOMCTBaMH, TAKUMH, Kak ycaaka (2-2,2 %),
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CKJIOHHOCTB K 00Pa30BaHUIO rOPSUMX M XOJOIHBIX TPEIIUH ), HCIIOJIb30BaJIM METO/Ibl KOMITBFOTEPHOTO MOJIC-
JUPOBAHUS MIPU MPOCKTUPOBAHUU OCHACTKH.

B xoie paboThI JjIsl BHITIOTHEHUS MOJICIIMPOBAHUS JINTCHHON TEXHOJIOTMH MTOJYUSHHS [IMIUHIPUUSCKHUX 3a-
roToBOK u3 cranmu P6MS (st msroroBnenus ¢pe3) B mporpammuoM nakere «SolidWorks» Obuia moctpoena
3D-Mo/1e1b KOKHJIS ¢ TPAIUIIMOHHON NPUOBLILHON YaCThO, BBITIOJIHEHHOM B TEJIe METaNIMYECKOM (OpMBI U KO-
KIS ¢ TPUOBUTHPHON HAJCTaBKOM U3 XUMUYECKH TBEpACIONIeH cmecH (puc. 1).

Hns pacueToB nuteitHOM TexHOoIoruu B nakere «[[oJuron» nocrpoeHa KOHEYHO-3JIEMEHTHAS MOJIEIb KOKH-
JIs1 ¢ ucnoiib3oBanueM nakera «CosmosDesignStar (puc. 2).

Puc. 1. Bupryanbnas 3D-mMonenb KOKUIIS:
@ — MOZIeNb KOKHJISI; 6 — MOZIENb KOKHJIS ¢ TPUOBLIBHOM HaJICTAaBKO#
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Puc. 2. KoHeuHO-311eMEHTHAST MOJICITb KOKHJIS: @ — MOJICJIb KOKHUJIS; 6 — MOJICITh KOKUJIS C TPUOBLILHON HAICTABKOU

[IpoBenen pacyer THAPOJMHAMUYECKUX IPOLECCOB 3alONHEHMs KOKWIS paciiiaBoM B moayne «Flow
Vision» nakera «[lomuron» (puc. 3). BeinoaHeHO MOeIMpOBaHUE TIPOIecca KPUCTAJUTM3AIMY PACIIaBa B KO-
ke B Moayine «Dypre3Dy» makera «[lomuron» (puc. 4). [lonydena kapTuHa ycagouHbIX aeekToB B 00beMe
OTJIMBKH, 00pa30BaBIINXCS B MPOIECCE KPUCTAIUIM3ALUK paciuiaBa B KOKuie (puc. 5).

U3 pe3ynsTaTtoB MOAEIMPOBAaHUS CIEAYET, YTO IPH BEIOPAHHOH JTUTHUKOBOHM CHCTEME MocIe 3anoiHeHus (op-
MBI PacIsIaBOM M €ro KpUCTAUIM3AIMU B TeJe OTIAMBKU BO3MOXXHO 00pa3oBaHue Ae(EKTOB, UTO SBISETCS HEIO0-
MyCTUMBIM. J{JI MCTIpaBIIEHHsI CUTYallMl ¢ BOSMOXKHBIM IOSIBIICHUEM JIe(DEKTOB MPEATIOKEH BApHAHT C UCIIONbB30-
BaHWEM MPUOBUIHLHON HAJICTABKU U3 CTEPKHEBOM XMMHUYECKHU TBepctonlel cMecH. Takas HaJcTaBKa BCIICACTBHE
MEHBIIEH TEMI0aKKyMYIUPYIOLIeH CIIOCOOHOCTH ee MaTepraia MOKET CYIIECTBEHHO H3MEHUTh YCIIOBHS 3aTBEp-
JeBaHusl OTIMBKH. [1oaTOMY Ha BTOpOM 3Tane padoThl MPOBEICH pacyeT TMAPOAUHAMUYECKUX MPOLIECCOB 3arod-
HEHUsI KOKHJISL ¢ IPUOBIIBHON HaJcTaBKoH pacruiaBoM B Moayie «FlowVision» nakera «Ilomuron» (puc. 6). Boi-
MOJIHEHO MOJINTMPOBaHUE Mpoliecca KPUCTAUIN3AIMY PACIiaBa B KOKUIIE C MPUOBUIHLHON HAJACTaBKOH B MOJIyIE
«Dypre3D» nakera «[lomuron» (puc. 7). [lonmydyena kapTuHa ycagouHbIX JedekToB B 00beMe OTIMBKH, 00pa3o-
BaBIIMXCS B MPOIIECCE KPUCTAUTU3AIMHU PACIlJiaBa B KOKHJIE ¢ PUOBLIBHOM HAJICTaBKOM (pHC. 8).
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Puc. 4. MonenupoBaHue mpoliecca KpUCTaTH3alii paciiaBa B Kokuie: a — 1,5 MuH; 6 — 3; 6 — 4; 2 — 6 MUH
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Puc. 6. MogenupoBaHue mporecca 3aroTHeH s KOKHIIS ¢ TPUObUIBHOM HaACTaBKOI pacmnaBoM: a —2,5¢; 6 —6;6—13;2—21 ¢

Pesynbrarel MopenupoBaHHs TOATBEPAMIAN 3PPEKTUBHOCTh NMPUMEHEHHs NPUOBUTLHON HAJACTaBKU JUIS
yCTpaHEHUsl yCaJOUHBIX Te(PEKTOB B TEJIC OTIUBKH.

B pamkax BbINONHEHHS HAYYHO-IPOU3BOACTBEHHOTO a0roBopa ¢ OAO «MUHCKHIA 3aBOA IIECTEPEH» IO
pa3paboTKe TEXHOJIOTHH MeperiaBa JIoMa U OTXOA0B cTainu POMS ¢ 1enbio MOBBIIEHHUS BBIXOA TOAHOTO JIU-
Ths ObLTa pa3padoTaHa ¢ UCIIOIb30BaHMEM PE3YIBTATOB MOJICIIMPOBAHNUS M M3TOTOBJICHA CIICMAIbHAs JIUTCHHAS
ocHacTKa. KOMIIEKT BKIIIOUAET METAIUTMYECKYIO IUTEHHYIO PopMy (KOKMIIB) C eMKOCTBIO JIJIsl YyCTAaHOBKH MPH-
OBUIBHBIX HAJCTaBOK W YHH(HUIMPOBAHHBIN IUIACTHKOBBIMA CTEP’KHEBOH SIIMK JUIS TONyYCHHs HAJCTABOK U3
MarepuanoB (M UX KOMOMHAIMN) ¢ Pa3TMYHON CTENEHBIO TEIUION30IALUH (puc 9).

OnpoOoBaHbl HECKOIBKO BAPHAHTOB TEIUIOM30JIMPYIOIIUX KOMITIO3UIMN, OCHOBHBIC M3 HUX:

1) xBapueBbli Mecok (KUIAKOCTEKOIbHAsI cMech ¢ mpoxyBkoit CO,);

2) pa3paboTaHHBIA KOMIO3UIIMOHHBIN cocTaB Ne 3 [1];

3) BCTaBKH U3 MYJUIMTO-KpeMHE3eMHOro BotokHa MMPP-130;
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Puc. 8. KapTrHa ycagouHbIX 1e()eKTOB B OTIMBKE, ITOJyUYCHHONW B KOKIJIC C IIPHOBIITLHON HAaJCTaBKOM:
a — B CEYEHUE OTIIMBKH; O —B 00beMe OTIINBKH

4) oOma3ka nec4aHoil HaJICTABKU SK30TEPMHUYIECKON CMECHIO CO CBA3YIOIINM;

5) JONOJHHUTENBHBIH MOIOTPEB MPUOBUTLHON YaCTH OTIIMBKH, IPECCOBAHHOM IK30TEPMHUUECKON BCTAB-
koit (puc. 10).

V3 npuBeCHHBIX HAWIyYIlIHe Pe3yJbTaThl MMOKa3adu BapuaHThl 2, 3 U 5. HemocraTku WMCIONb30BaHUS
MYJUTUTO-KPEMHE3EMHOT0 BOJIOKHA — €T0 BBICOKasi CTOMMOCTh M HEYIOBJICTBOPUTEIIbHBIC 3KOJIOTHUSCKHE YyC-
JIOBHSI TIPU MPOM3BOJCTBE BCTABOK. [IpW JIOMOJHUTENBEHOM IOAOTPEBE MPECCOBAHHBIMU YK30TEPMHUUCCKHMHU
BCTaBKaMM HAOJIONACTCS 3HAYMTEIILHOE JIIMOBBIJICTICHUE 1 TTUPO3((DEKT, 4TO TAKKE YXYIIIACT SKOJIOTHYESCKYO
00CTaHOBKY B 3aMKHYTOM MPOCTPAHCTBE JUTEHHOTO ydacTka. KpoMe TOro, CJI0KHO JOCTHYb CTAOHIBHOTO (-
(exra npu JaHHON TEXHOJNOTHH. [103TOMY MPH OTHOCHTENHHO PABHBIX MPOYUX YCIOBHSX MPEINOYTCHUE OT-
JIAHO KOMITO3HMIIHOHHOMY cOcTaBy Ne 3 Ha OCHOBE HEIOPOTHMX U TOCTYIHBIX MarephaioB (B OCHOBHOM OTXO-
Jibl TIpou3BoJicTBa) — ivHA (15%), npeBecubie omwiku (40 %), OTXOMbI MPOU3BOICTBA CTEeKIOBOIOKHA (20 %)
Y MapIIJUIUT WIK KBapleBbli necok (25 %) (puc. 11).
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(4] 2l

Puc. 10. BHenurHuit BU TEIION30IUPYIOIINX BCTABOK:
a — KBapueBsIi mecok; O — coctaB Ne 3; ¢ — BctaBka n13 MMPP-130; 2 — oOMa3ka 3K30CMeChi0

6

Puc. 11. OtnuBku ¢ HpH6bIJ’ILHOI>i YacTbO, NOJTYUYCHHBIC C IPUMEHCHUEM BCTABOK PA3JIMYHOI'O COCTaBa:
a—06e3 yTemjieHus; 6 — cO BCTaBKOM 13 KOMIO3uTa Ne 3; 6 — ¢ 00Ma3Koii mecuaHou HaaCTaBKHU 3K30TepMH‘IeCKOﬁ CMECBIO
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[IpumMeHeHne yKazaHHBIX MEPOIPUSATHI TO3BOJIIIIO YMEHBIIUTE 00beM mpuObur Ha 30-35 %, 4TO MOBBICH-
JI0 BBIXOJ] TOJTHOTO JIUTHSI U J1AJI0 BO3MOXKHOCTh CHU3UTH PACXOA AOPOTOCTOSIINX JISTHPYIOMINX MaTEPUAIIOB JUIst
UX KOMIICHCAIIUU TIPH yrape BO BPEMs IJIaBKH U Pa3JIHBKH.

JIMTEPATYPA

1. Yayc A.C., Pynaunkmii @. U. BrusiHue ycaoBuUii 3KCIUTyaTalluy JINTOTO0 METAIOPEKYILET0 HHCTPYMEHTA Ha 0COOCHHOCTHU €r0
M3HAIUBAHUS U CTOWKOCTh. YacTh 1. AHanu3 ycinoBuii paboTel nHCTpyMeHTOB // Tperne u usHoc. 2007. T. 28. Ne 5. C. 449-456.

2. Yayc A.C., Pynnunkuii ®@. A. BiusHue ycioBhil SKCIITyaTalluy JUTOTO METAIOPEIKYIIIETO HHCTPYMEHTA Ha 0COOCHHOCTH €T0
W3HAIIMBAHUS U CTOWKOCTB. YacTh 2. Pesynbrarsl cToiikocTHBIX nenbitanuii / Tpenue u usnoc. 2008. T. 29. Ne 2. C. 198-203.

3. Pymumukmii ®. U. OcoOCHHOCTH SKCIUTyaTallid MHCTPYMEHTa M3 JHTOW ObICTpopexyiei ctamu // JInThe U MeTaJuTyprus.
2006. Ne . 2. 4. 2. C. 173-177.

4. Joarmii JI.I1., Kanunnyenko M. JI., Kanmuuuuenko B. A., Jlymuk I1. E. [Tonydyenue u3aenuii OTBETCTBEHHOTO Ha3HAuYCHUS
u3 u3HOococToiKoro uyryna UX16M2 // Jlureitnoe mpousBoncto. 2002. Ne 1. C. 8-11.

REFERENCES

1. Chaus A.S., Rudnickij F.1I. Vlijanie uslovij jekspluatacii litogo metallorezhushhego instrumenta na osobennosti ego
iznashivanija i stojkost’. Chast’ 1. Analiz uslovij raboty instrumentov [Influence of the operating conditions of a cast metal-cutting tool
on the characteristics of its wear and durability. Part 1. Analysis of working conditions of instruments]. Trenie i iznos = Friction and
wear, 2007, vol. 28, no. 5, pp. 449-456.

2. Chaus A.S., Rudnickij F.I. Vlijanie uslovij jekspluatacii litogo metallorezhushhego instrumenta na osobennosti ego
iznashivanija i stojkost’. Chast’ 2. Rezul’taty stojkostnyh ispytanij [Influence of the operating conditions of a cast metal-cutting tool on
the characteristics of its wear and durability. Part 2. Results of resistance tests]. Trenie i iznos = Friction and wear, 2008, vol. 29, no. 2,
pp. 198-203.

3. Rudnickij F.I. Osobennosti jekspluatacii instrumenta iz litoj bystrorezhushhej stali [Features of the operation of tools made of
cast high-speed steel]. Lit e i metallurgija = Foindry production and metallurgy, 2006, no. 2, ch. 2, pp. 173-177.

4. Dolgij L.P., Kalinichenko M.L., Kalinichenko V.A., Lushhik P.E. Poluchenie izdelij otvetstvennogo naznachenija iz
iznosostojkogo chuguna ChH16M2 [Obtaining critical products from wear-resistant cast iron ChKh16M2]. Litejnoe proizvodstvo =
Foundry, 2020, no. 1, pp. 8-11.



