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for each of the technological grinding transitions, despite the difference in elastic displacements,
which is caused by a discrete decrease in the speed of the radial feed at each subsequent
technological transition. On this basis, obtained analytical dependencies to determine the speed of
the radial feed at each technological transition. The calculations found that with an increase in the
number of technological transitions, the minimum of the main processing time decreases, but not so
significantly. The greatest effect in this direction is achieved in the implementation of the operation
of the circular mortise grinding in two transitions, which explains the effectiveness in practical use
of the operation of the circular mortise grinding, including preliminary and final grinding. This
indicates the reliability of the mathematical model developed in the paper.

It is shown that when removing relatively large allowances, it is advisable to carry out the
operation of round plunge grinding in three or more transitions in order to reduce the main
processing time. A comparison was made of the main processing time when performing the
operation of a circular mortise grinding with discrete and continuous (when nursing) decrease in
time of the radial feed rate. It has been established that with nursing with a given accuracy of the
surface being treated, the main processing time is much less than with a discrete decrease in time of
the radial flow rate. This indicates the effectiveness of the application of the nursing pattern when
grinding to ensure high precision of the treated surface and reduce the main processing time,
including the removal of increased allowances.
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MNPUMEHEHUE PA3PSAJHUKOB HAMNIPSIKEHU B OCHOBHBIX
Y3JIAX TEXHOJIOTHYECKOI'O OBOPYJTOBAHUSA MHJI3

B pabome na ocnose ananusa ycnoeuti pabomsi obopyoosanuss MHJI3 u ocobennocmet
obpazosanusi  0ehekmos  npeonodceH  Cnocob  YMeHbUleHUs  mpeuwuHooopazoeanus ¢
UCNONIb308AHUEM DPA3PAOHUKOE Hanpsicenul. Paccmompena ycosepuiencmeosanus KOHCMPYKYUs
20JI06KU  3amMpasKku, papaboOmaHHas HA OCHOBe AHANU3A ee HANPANCEHHO20 COCMOSHUSL.
IIpeonoosicennvie KOHCMPYKYUU 3aMPaAsoK NO360AI0ON YMEHbUUMb NPOYeCc MpewuHooopazo8anisl
8 HUX U YBeIUUUMb CPOK UX IKCHILYAMAYUU.

Kniouegvie cnoea: mawunvl nenpepvi6HO20 UMbs 3A20MOB0K, 3AMPAGKA, HANPANCEHUS,
mpewunsl, deexmol, pa3spAOHUKU HANPSHCEHULL, MOOEIUPOBAHUE.

ITocTanoBka npoOd;embl. B nMpoMbIlluIeHHOM 00OPYAOBaHUM HAJIWYME TPEIIUMH U JAPYTHX
MTOBEPXHOCTHBIX JNe(EKTOB SBISETCS HEAOMYCTUMBIM IpH 3Kcrutyatauud. OcoOeHHO BaKHBIM ATO
yCJIOBHE SIBISITCA JUIS JIeTallel, SBIAIONMXCS COCTAaBHOW YacTbio OOJIBIIOrO KOMILIEKCa
obOopynoBanusi. Hanpumep, B MamnHax HernpepbIBHOTO JUThs 3arotroBok (MHJI3) ¢ o0mieit maccoit
000pYyZI0BaHUSI B HECKOJBKO THICSIY TOHH BBIXOJ] U3 CTPOS Ja)Ke OJHOW JIeTaqu BIEUeT 3a COOOM
OuYeHb cepbe3HbIe nocyeacTBus. [lorepn mpou3BoACTBa OT HE3aIJIAaHUPOBAHHBIX MTPOCTOEB CBA3AHbI
C MMJUIMOHHBIMU YOBITKaMu. B To e Bpemst B o6mieit macce o6opynoBanuss MHJI3 numerotcs y3isl,
paboTatoniyie B yCIOBHIX, OJU3KUX K KPUTHYECKUM, YTO 00yCIIaBJIMBAET UX OBICTpOE pa3pylieHHe
U MOXET IPUBECTM K aBapuUHUHBIM OCTaHOBKaM. JIJI1 TakuX TSDKEIO HArpyKEHHbBIX Y3JI0B
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HE00X0AMMO O0OEeCHEeUYUTh MOBBIMIEHHYIO HAJIEXKHOCTh HMX pPabOThl 3a CYET AONOJHHUTENbHBIX
MEPOIPUATHI, U B YaCTHOCTH, C LEJIbI0 YMEHBIIEHHUS TpeuMHooOpa3oBaHus. B M3BecTHBIX
nyosimkanusax 1mo pabore o0OpymOBaHMS Al HENPEpbIBHOIO JHUThA [1-3] Takue BOIpOCHl HE
paccmaTpuBanuch. [lo3TOMy BOMpPOC KOHCTPYKTMBHOTO YCOBEPIIEHCTBOBAHUS 000pYyIOBaHHUS
MHJI3 u npob6iiema ymeHbIIeHHs] 00pa30BaHUs TPELIMH B pabouuX y3i1ax 000pYyAOBaHUS SBISIOTCS
aKTyaJbHBIMU U MPEACTABIISIIOT HHTEPEC Ul TEXHUYECKUX CHEMATICTOB.

Lesab cTaTbu — aHAJU3 HAPSHKEHHOTO COCTOSIHUS TOJIOBOK 3aTpaBokK cistoboBbix MHII3 ¢
LEJIBI0  ONpEAENCHUsT BO3MOXKHOCTH YMEHBIIEHHs 0O0pa3oBaHUs TpEUIMH Ha UX Haubonee
Harpy’>K€HHBIX y4yacTKaX, a TaKK€ YBEJIMYEHHUs pecypca IKCIUIyaTallud U COKpaLIeHHs 3aTpaT Ha
PEMOHTBI.

N3i105xeHne 0CHOBHOrO MaTepuaJia. [ O0NbIIMHCTBA Y3JI0B U I€Tale IPOMBIIIIIEHHOTO
000pyZ0BaHuUs OTCYTCTBHUE edopMalMii IpU UX paboTe UMEeT NPUHIMUITNAIBHO Ba)KHOE 3HAYECHUE.
KoHCTpyKTOp 1 M3rOTOBUTENH JIFOOOr0 000PYAOBAHUS IPOEKTUPYET U BBIITYCKAET U3JENIHSI, UCXOS
U3 ero mpsMoro HasHadeHus. [Ipu 3ToM mpeanosaraercs, 4to pabouyue pa3Mepbl U3Jenus OyayT
COOTBETCTBOBATh NIEPBOHAYAJILHBIM U B IIPOLIECCE €T0 IKCIUTyaTaluu. B To jxe Bpems psa aeraneit
U y370B 000pyIOBaHMsS B METAJUIyprUM IpHU HKCIUTyaTallid HarpeBaroTCs 0 3HAYMTEIbHBIX
TEeMIIepaTyp, YTO BBI3BIBACT MX TeIuioBoe pacmupenue. Kosdduiuments nuHeHHOrO TErioBoro
pacipeHus o UMEIOT pa3iMyHOe 3HaueHHUe I pa3HbIX MapoK CTaje M pa3iMyHbIX AMANa30HOB
M3MEHEHHS TeMITepaTyp Ul KaXI0W MapKu CTaIH, U MOTYT U3MEHAThCS B auanazone 9,6 ... 22,5,
*10° 1/°C [4]. Kaxnas pgeranb pacCUMTBIBACTCS MCXOAS M3 HOMHHAIBHBIX Harpys3ok,
OOYCJIOBJIICHHBIX TEXHOJIOTWYECKHM TmporieccoM. llpm sTom mpenmonaraercs, 4yTo MHpu padboTe
pa3mepsl JieTainy OyAyT COOTBETCTBOBATh pabOUYUM pa3Mepam, a caMo MU3JeIHe MpeIHa3HaAuYeHO JUIs
paboTHI B TEYEHHUE HEKOTOPOTO CPOKa, OOYCIOBICHHOTO periiaMeHToM. [t OoNbIMHCTBA AeTanen
3TO ycioBue coOmropaercs. OnHAKO MUMeEETCs psii y370B, KOTOpbIE, BO-TIEPBBIX, HCIBITHIBAIOT
KpaTKOBPEMEHHBIE NEPETPEBBI, U BO-BTOPHIX, MOJIBEPIKEHBI JEHCTBUIO LUKINYECKOTO M3MEHEHUS
Temneparyp. B aToMm cityyae MeTayul M3Jenus MOXKET MpeTepreBaTh CTPYKTYpHbIE M3MEHEHUs, B
pe3yabTaTe KOTOPBIX HM3MEHSIOTCS €ro TerIo(u3WYecKrne W MEXaHWYeCKHe CBOWCTBa. B Takmx
cllyyasix JleTajlb MEHsSeT CBOM CBOICTBa MpHM SKCIUTyaTallMM CJIEIYIOIUM 00pa3oM: MOTYT
BO3HUKATh JAedopmanuy BbILIE PACUETHBIX 3HAYEHHM, MPOMCXOAUT OXpymnuuBaHue [S] marepuana
U3JeNUsl U CHUXKEHHME €ro CIIOCOOHOCTH CONpPOTHBIATHCS Ipoleccy oOpa3oBaHus TpeuuH. B
YaCTHOCTH, B MalllMHaX HENPEPBIBHOIO JUThbSI TAKHE Y3JIbl KaK KPUCTAJIN3ATOPbI, CEKIIUHU 30HBI
BTOPUYHOTO OXJIQXKJEHHS, MOAJCPKHUBAIOIINE POJMKU U OaJIKM, 3aTpaBKU M HEKOTOpBIE Ipyrue
Y376l MOTYT HCIHBITHIBaTh IMEPErPEBbI, KOTOPbIE MOBTOPSIOTCS LMKIMYECKU. TspKenmble ycloBUS
TAKOro 00OpY/NOBaHMS HE TOJIBKO BIMSAIOT Ha €ro paldoTy, COKpallas CpPOK HKCIUTyaTallld, HO U
MOTYT HETaTUBHO TMOBJUATH HAa KAYECTBO BBITYCKAEMOW MPOIYKIUHU. DTO BIHSHHUE BBIPAKAETCS
CIIEAYIOIIMM 00pa3oM: U3-3a MEePErpeBOB 0OOPYAOBAHUS MOKET U3MEHAThCS HACTPOIKAa OCHOBHBIX
y3JI0B, CBSI3aHHAs C TEMIIEPATYpPHBIMHU pacIIMPEHUSIMU HauOojiee HarpeThlX 3JeMEHTOB. B To xke
BpeMsl HEKOTOpbIE JIEMEHTHl O0OpYAOBaHMS, HANpuUMep, MOAJEPKUBAIOIINE POJUKUA M CEKLUU
30HbI BTOPUYHOT'O OXJIAX/ICHUS HANpPSMYIO BIUSIOT Ha KaY€CTBO HEMPEPHIBHO JIMTHIX 3arOTOBOK. B
YaCTHOCTH, ITPH HACTPOMKE POJIMKOB 30HBI BTOPUYHOT'O OXJIAKIACHMSI TOIYCKAETCS OTPEIIHOCTh X
yctaHoBkH He 6osee 0,2 MMm. [Ipu oTKIIOHEHNH HACTPOMKHU Oojiee yKa3aHHOTO 3HAYEHHs] BO3ZHUKAET
Opak B TOBapHOH MNPOJYKLUH, KOTOPBIA HENOMYCTHMM MU TpedyeT MpOBEACHUS BHEMJIAHOBOTO
pemMoHTa MamuHbl. Kak 3T0 HM yIMBUTENBHO, HO Ha COCTOSIHHME HACTPOMKHU KPUCTAIIM3aTOPOB U
MOAJEPKUBAIOIINX POJIMKOB 30HBI BTOPUYHOIO OXJIAXKIECHHUS MOXET OKa3blBaTh BIUSHUE U
3aTpaBka. B uacTHOCTH, MpU HAJIWYMM TPELUIMH B HauOojiee HArpy>KCHHOM Y3Jie 3aTpaBKH —
TOJIOBKH, U3MEHSETCS €€ HeCylasi ClIOCOOHOCTh U BO3MOXKHO BO3HMKHOBEHHE CBEPXHOPMATHUBHBIX
nedopmaruii, T.e. U3MEHEHHE pa3MEpOB €€ TMOMepeyHOro mpoduiis. DTO MOXKET MPHUBECTH K
MCKQKEHUIO MONEPEYHOI0 CEUYEHNUS FOJIOBHON YaCcTH CIIMTKA U U3MEHEHHIO YCHIIMN B 30HE KOHTAKTa

Pexum noctymy: http://sap.pstu.edu

104


http://sap.pstu.edu/

Hayka Ta BUpOGHMIITBO

2019 p. Bum. 20
Mawunooyoyeanns i 36aproeanvhe 6UPOOHUUMEO

CIIUTKA U TOJJICP)KUBAIOIIUX 31eMEHTOB. Kpome Toro, TpemyHsl B 3aMKOBOM 4YacTH 3aTpaBKU
SBIISIIOTCS] HEIOIYCTUMBIMH BO M30€KaHHe 3aKJIMHUBAHUS KUAKOTO METajlula B TpeulrHax. Bompoc
CHIDKEHUS 00pa3oBaHUsl TPEUIUH SIBISIETCS aKTyalbHBIM JJII MAIIMH HETPEPHIBHOTO JIUThS BCEX
THUIIOB, XOTSI YCJIOBUS PaOOTHI pa3HBIX MAIIMH MOTYT 3HAYUTEIHHO OTIMYATHCS.

[Ipobnema CHMKEHHMSI HMHTEHCHBHOCTH OOpa30BaHMs TPEIIMH MOXET OBITh pelIeHa
pa3nuuHbIMH  criocobamu. EE mpakThueckoe pelleHrue 3aBUCUT OT KOHCTPYKLIUU H3ACTUS U
ocoOeHHOCTeH ero HarpyxeHus. Eciau paccmoTpers padoty 3aTpaBok cistboBsix MHJII3, To Hy)HO
OTMETUTH, YTO B OCHOBE MPOOJIEMBI JISKUT HECUMMETPUUHAS KOHCTPYKIHUS T'OJOBKH 3aTPaBKH U
OJHOCTOPOHHHUI TOJBOJ W OTBOJ Telja OT €€ 3aMKOBOH dYacTu. B olmem ciyuae, roioBka
3arpaBkn MHJI3 cocTtout M3 Kopmyca M 3aMKOBOM YacTH. 3aMKOBas 4acTb — 3TO IIOJIOCTb,
OTpaHUYEHHAsi C YEThIpEX CTOPOH CTEHKaMH KOpIyca ¥ (HUTYpHBIM BBICTYIOM (3aMKOBBIM
BBICTYIIOM), KOTOpBIM 3aKkperuieH K 0a30BOM cTeHe Kopilyca. 3aMKoBasi 4acTb OOecreyuBaeT
HAJE)KHOCTh COEIMHEHUS T'OJOBKHM 3aTPAaBKU M HEIPEPHIBHOTO CIMTKA MPU BBITSITUBAHUU €TI0 U3
KPUCTAJIJIN3aTOpa U 30HBl BTOPUYHOIO OXJIAKICHMSA. Uepe3 3aMKOBYIO 4acTb NEPENACTCs YCHIIUE
BBITSITMBAHUS HENPEPBHIBHOTO CIUTKA, KOTOPOE MOKET U3MEHAThCS B npenenax oT 1 go 20 tonH. B
CBSI3U C OTBETCTBEHHOW (DyHKIIMEW, 3aMKOBYIO 4acTh I'OJIOBKHM 3aTPaBKU BBIIOJHSIIOT C 3aBEJOMO
OoJbIIel TPOYHOCTHIO, 4YeM TpeOyercs, BO H30eKaHUE CO3JaHHUS BO3MOXKHBIX aBAPUIHBIX
cutryauuid. ObecneueHue 3aBe1oMo OOJIbILEro, YeM HYXKHO 3araca IpO4YHOCTH MaTepHalia TOJIOBKH,
KaK JUIsl BCEX NPYrMX BUIOB OOOpYHOBaHWS, TaK W IS JIAHHOTO OOOPYAOBAaHHS B YaCTHOCTH,
COIIPOBOXAAETCS HEAOCTaTOUYHBIM 3a1acOM IUIACTUYHOCTU METalljla, U3 KOTOPOro OHAa U3rOTOBJICHA.
B mpuHnune, Manble IUTACTUYECKHME CBOMCTBA OO0ECHEUMBAIOT JKECTKOCTh KOPITyca TOJIOBKH
3aTpaBKU. DTUM 00ECIeYnBaeTCs MUHUMAJIbHOE MCKa)KEHUE MONEePEeYHOro npoduis ToJIOBKU MpU
JKcIUTyaTanuu. B To ke BpeMs HeAOCTaTOK IJIACTUYHOCTH MeTalljla CKa3blBaeTcs Ha MOBEICHUU
3aMKOBOI'O BBICTYIA, KOTOPBIM ¢ TOYKU 3PEHMSI MEXAaHUKHU YIPOLICHHO MOYKHO pacCMaTpuBaTh Kak
HECHMMETPUYHO 3aIIEeMJICHHYI0 O0ajKy, KOTOpas UCHBITHIBAET WHTCHCUBHBIC HArpeBbl U
OXJIAXJIEHUsI HEe 1o BceMy nepumerpy. s aHanu3a MOBEAEHUS TAKOM KOHCTPYKLHUHM OBLIH
HCII0JIb30BaHbl pa3IN4HbIE BAPUAHTHI TPEXMEPHBIX MOJelel TooBoK. [Ipu aToM paccMaTpuBainch
TOJIOBKM 3aTPaBOK KaK MHCIOJb30BABIIUXCA paHee, TaK U COBPEMEHHBIX KOHCTPYKLUUH (T.H.
KOPOTKHE TOJIOBKH 3aTPaBOK), puC. 1. B HOBBIX KOHCTPYKIUSX TOJIOBOK OTCYTCTBYET XBOCTOBas
YacTh TOJOBKM, OJHAKO 3aMKOBas 4acThb BBINOJHEHAa Oojiee METAUIOeMKOW JuIsl oOecredeHus
KECTKOCTU KOHCTPYKIUU MPU IKCIUTyaTal|H.

Pucynok 1 — 3-D Moenu roJIoBOK 3aTpaBOK pa3HBIX KOHCTPYKITHI

Jnsa ananmuza  HanpsHKEHHO-I€(POPMUPOBAHHOTO  COCTOSHUSL  HUCIIOJIB30BAICS  METOJ
koHeuHbIX 2NeMeHToB (MKD) [6, 7]. TpexmepHbIM MOJAENSM Ha3HA4YaId pa30HeHHe Ha KOHEYHBIS
AJIEMEHTHI (pHC. 2), TIOCTE Yero 3aJaBajlich pa3indHble TEOPETUUECKH BO3MOMXKHBIE HATPY3KU.
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Pucynox 2 — Mojens ToJI0BKH 3aTpaBKu ¢ ceTkoit KO

Hcnonp3oBaHue Mopeneil IO3BOJIAET  YCTAHOBUTh HamOoJiee  ONACHBIE  Y4aCTKU
KOHCTPYKLUH, B KOTOPHIX BO3HMKAIOT MAaKCHUMAJbHBIE HANPSDKCHWS B Cilydac IIPUIIOKEHUS
Harpy3ok. B 4YacTHOCTH, YCTaHOBIIEHO, 4YTO HaWOOJBIIUM jaedopManusM (OTKIOHEHUSM OT
HayalbHOM TIeOMEeTpHUM) HOJBEPKEHbI KpaeBble yYacTKM TOPLIEBOTO CEYEHMs T'OJIOBKH 3aTPaBKH,
puc.3, a MakCUMajbHble HANpPSOKEHUS (M COOTBETCTBEHHO — TPEIIMHBI) MOTYT BO3HUKATh C
OIIpEEICHHBIM LIIarOM U Pa3BUBATHCS, IIPEKIE BCETO, HA IOBEPXHOCTU 3aMKOBOT'O BBICTYIIA.

Pucynok 3 — Ananu3 nedopmanmii 1 HanpspKEHUH B MOJICITH TOJIOBKH 3aTPaBKH

AHanu3 KapTUHBI paclpeieseHus] HallpsHDKEeHUH B MOJETU TOJIOBKU 3aTPaBKH MOKA3bIBAaeT,
YTO MAaKCHUMYyMbI HallPsOKEHUH BO3HUKAIOT B 3aMKe C HEKOTOpHIM mmiarom. Ilpu stom Habmogaercs
XapakTepHass OCOOCHHOCTh: 4eM Oouibllle JJIMHA 3aMKOBOIO BBICTYIA, TE€M OOJBIIMM SBISETCA
KOJIMYECTBO MAKCUMYMOB HalpPsDKEHUHM IO JUIMHE 3aMKa. KOHTpOb COCTOSHUS TONOBOK 3aTpaBOK
npombinieHHsIx MHJI3 nonrBepkaaer, 4ro oOpa3oBaHMIO TPEIIMH B 3aMKE IOJIBEPKEHBI BCE
KOHCTPYKLIMU TOJIOBOK, B OOJbIIEH WM MeHbIIEH cTeneHu. AHaIU3 MOBEACHUS KOHCTPYKIIMU
MO3BOJISIET [OJaraTh, 4YTO OJHOM U3 OCHOBHBIX NPUYUH OOpa3oBaHUs TPELIUH SBISETCS
HEOJIMHAKoBasi JleopMalys pa3iIMyHO HArpeThIX MOBEPXHOCTHBIX CIIOEB 3aMKOBOIO BBICTYMa U
PacIoyo’KEeHHBIX OJIMKe K OCHOBAHUIO BHYTPEHHHUX CJIOEB 3aMKa. Mcxons u3 3Toro, Ui CHUKEHUS
TEeMIIEpaTyPHBIX HAIIPSKEHUM B 3aMKOBOM BBICTYIIE TOJIOBKH 3aTPaBKU HEOOXOIMMO J1e(hOopMallHIo
€ro BEpPXHUX CIJIOEB cjenaTb Oojee CBOOOJHOW. DTOro MOXXHO JOCTHYb, €CIH BBINOJIHUTH
HoNepeyHbI na3 (pa3psAHUK HANPSHKEHU), KOTOPBIM Aeiaui Obl JUIMHY BBICTYIIA HA J1BA JIEMEHTA.
ITpu 5TOM HarpeB M OXJaXJE€HUE MOBEPXHOCTHOIO CJOS 3aMKa CTAHOBUTCS Oosiee Oe30MacHbIM C
TOYKH 3PEHHMS BO3MOKHOCTH BO3HMKHOBEHHMS DPACTATHUBAIONIMX HANPSHKCHUM, YTO YMEHBIIAET
BEPOSTHOCTH TPELIMHOOOPa30BaHus, puc. 4.

Pexum noctyny: http://sap.pstu.edu

106


http://sap.pstu.edu/

Hayka Ta BUpOGHMIITBO

2019 p. Bum. 20
Mawunooyoyeanns i 36aproeanvhe 6UPOOHUUMEO

P HCYHOK 4— KOHCTPYKI_II/ISI 3aMKa I'0JIOBKH 3aTpaBKH € PA3PAAHUKOM HaHpH)KeHI/Iﬁ

BbimonHeHune Takoro masa CIOYXMT s YMEHbLIEHMsS HamnpsbkeHud B HauOouee
Harpy’>X€HHbIX IIOBCPXHOCTHBLIX CJIOAX 3aMKOBOI'O BbICTyIId, T.C. ABJICTCA PaspsAIHUKOM
HanpsbkeHuil. CieyeT OTMETUTh, YTO HECMOTPs, Ha OYeHb OOJIBLION 3amac MPOYHOCTH 3aMKOBOIO
BBICTYIIA, BBIIOJHEHHE I1a3a MOXKET cJerka ociaaduTh 3TOT 3amac npodHocTH. llostomy mms
peanu3auy JaHHO! MOJIE3HOW MOJAEIN T'eéOMETpUUYECKHe MapaMeTphl Ma3a JODKHBI YAOBIETBOPATh
OTpEICJICHHBIM PacuYeTHBIM KpuTepusiM [8]. YcoBeplIeHCTBOBaHHBIE TOJIOBKH 3aTPaBOK MOTYT
ObITb BBIIOJHEHbI 10 PAa3HBIM BapuUaHTaM HUCHOJIHEHUS. Pa3psIHUKU HamnpspkKeHUH MOryT
MPUMEHSTHCS M B JPYTUX y3Jax Mexanndeckoro obopynosanust MHJI3. Takum obpa3om, B ciryuae
HCIOJIb30BAHUS KOHCTPYKTHUBHBIX YCOBEPLICHCTBOBAHUN HMMeEETCS BO3MOXKHOCTH IOBBICUTH CPOK
ciykObI 000pyIOBaHUS 3a CUET YMEHBIIEHHS [IPolLiecca 00pa30BaHMsl TPEIINH.
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3ACTOCYBAHHA PO3PATHUKIB HAIIPY>KEHb B OCHOBHUX
BY3JIAX TEXHOJIOI'TYHOT'O YCTATKYBAHHA MbJI3

Y npomucnosomy ycmamxyeanui nasenicms mpiwun ma iHWUX nogepxHesux oeghexmie €
Henpunycmumoio npu ekcnayamayii. Ocobaugo 8axdciugoro ys ymosa Aenaemuvcs 0 0oemaetl, o €
CKIA0080I0  YACMUHOI B8EIUKO20 KOMNJEKCY VCMAMKYBAHHSL. Hanpuknao, 6 mawunax
besnepepsnoco rumms 3azomieok (MBJI3) i3 3acanbhoio Macow ycmamky8auHs 6 0eKilbKa Mucsay
MOH, 6UXIO 3 110y HABIMb OOHIEI Oemani CNPUYUHAE 3a COOOIN Ceplio3HI HACNIOKU, NO8'a3aHi 3
MITbUOHHUMU 30umKamu. Badicki ymosu makozo ycmamiky8aHHs He Juuie SNAUBAIOMb HA U020
pobomy, cKOpouyrouu MepMIiH eKCHIyamayii, aie t MOJNCYMb He2amueHO 6NIUHYMU HA AKICMb
npooyKyii, wo sunyckacmuvcs. Lleil eniue eupaxrcacmvcsi makum YUHOM: 3 NPUYUHU Nepecpieanb
VCMAMKYBAHHA ~ MOJCe — 3MIHIOBAMUCA — HANAUWIMYBAHHS — OCHOBHUX — 8Y3]i6, N08'a3ane 3
MmeMnepamypHuMu  pO3WUPEHHAMU HAUOIIbUL HAZPIMUX eleMeHmis. 3a HAAeHOCmi MpiyuH 6
HatOIIbW HABAHMANCEHOMY 6Y37i 3aNnany - 20JI6KU, 3MIHIOEMbCA il MiyHicmb, 1 Modciuge
BUHUKHEHHSl HAOHOPMAMUBHUX Oehopmayiil, moomo 3mina po3mipis ii nonepeunoco npoginio. Kpim
mo2o, MpiWUHY 8 3AMKOGIU YACMUHI 3aNaly € HenpuUnyCmuMuMy wob YHUKHYMU 3aKIUHIOBAHHS
PpiOKo2o Memany 6 mpiuHax.

IIpobaema snudicenHs iIHMeHCUGHOCMI YMEOPEHHs MPIuuH Modice Oymu po3e'ssana pisHumu
cnocobamu. Ii npakmuune piwenns 3anexcums 6i0 KoncmpyKyii eupoby i ocobnueocmeii 11020
Hasaumaoicenus. Axwo posenanymu pooomy 3ananié cisioosux MBJI3, mo nompiono siomimumu,
Wo 8 OCHOGI NpobIeMU NIeHCUMb HeCUMEMPUYHA KOHCMPYKYIA 201i6KU 3aNany i 0OHOCMOPOHHE
niogedenHs i 6i0eedenHs menia 6I0 ii 3amMKo6oi wacmuuu. 1A amanizy HanpyjiceHo-
degpopmosarnozo cmawny 6 cmammi 8UKOPUCMOBYBABCS MemoO Kinyesux enemenmis. Tpusumipnum
MOOenaM 3a0asanu po3dumms Ha KiHYyesi elemenmu, NiCla 4020 3a0a8anucs pi3Hi meopemudHo
MOJNCIUBE  HABAHMAMCEHHA. 30Kpema, 6CMAHOBIEeHO, WO 00 HAUdIbwux Oeopmayit CXUTbHI
Kpatiogi OLNAHKY MOpYe8o20 nepepizy 20i6KU 3andy, a MAKCUMAlbHe HanpysiceHHs (i 8i0n06ioHo -
MPIWYUHY) MOJCE BUHUKAMU 3 NEGHUM KPOKOM 1 pO36UBAMUCS HA NOBEPXHI 3AMKOB020 GUCHIYNY.
AHaniz po3paxynkoeux OaHux noKasas, wjo O/ 3HUINCEHHs MeMNepamypHoi Hanpyeu 6 3aMKO8OMY
BUCYNI 20I6KU 3aNANy HeOOXIOHO Oeghopmayito 1i020 8epXHIX wapie 3pobumu einvHiuow. [{boco
MOJCHA 00CAemU, AKWO BUKOHAMU NONepedHutl naz (Po3psaoHUK HANPYICeHsv), AKull Oitue oOu
006xCUHy sucmyny Ha 0ea eiremernmu. Illpu ybomy HacpieaHHs ma OXONOO0HCEHHS NOBEPXHEB020
wapy 3aMKy cmae Oe3neuHiuum 3 MOUKU 30pPY MONCTUBOCMI BUHUKHEHHA PO3MAYIOUUX
HAnpyicenb, Wo 3MeHULy€E 6Ip02iOHICMb YMBOPEHHS MPIUUH.

Knwuosi cnosa: mawunu 6esnepepsnozo qumms 3a20Mmi6oK, 3andil, Hanpyad, mpiujuHu,
Oeghekmu, pO3PAOHUKU HANPYIHCEHb, MOOEIOBAHHSL.
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Loza A. V., Rassokhin D. A., Tkachuk K. V., Shishkin V. V.

APPLICATION OF STRAIN REDUCERS ON MAIN UNITS
OF CCM PROCESS EQUIPMENT

Presence of cracks and other surface defects is completely prohibited at exploitation of
industrial facilities. This condition is of vital importance for component parts of a complex of big
equipment. For example, for continuous casting machines (CCMs), whose total weight exceeds
several thousand metric tons a failure of a single component part can lead to serious consequences,
due to imminent hue material losses. Such hard conditions of such equipment not only influence its
operation, reducing its service life, but also may have a negative impact on the quality of
production. Such negative influence can be expressed in the following way: regulation of the main
units may be altered following overheating of the equipment, due to thermal expansion of mostly
heated elements. In case of presence of cracks in the most loaded unit of dummy bar —its head part
its bearing capacity may be altered and appearance of excessive deformations may not be excluded,
i.e. its transverse dimensions may be changed. Besides, cracks in the locking part of the dummy bar
are out of the question, in order to avoid solidification of liquid metal in cracks.

The problem of reducing intensity of cracks formation can be solved in different ways. Its
practical solution depends upon the part’s design and peculiarities of its loading. For operation of
dummy bars of slab casting CCMs it should be noted that this problem is closely connected with
asymmetric design of dummy bars heads and one-way heat delivery and removal for its locking
part. The finite elements method was used for the analysis of stress-strain state in the article. Three-
dimensional simulation models were divided into finite elements and after that they underwent
various theoretically possible loads. Simulation made it possible to establish the most vulnerable
sections of the design, undergoing most severe loads, in case they are applied. Particularly, it was
found out that the edge parts of transverse section of a dummy bar head experience the biggest
deformations, consequently, cracks can spring up at a certain pitch and develop on the surface of
the projection of the lock. The analysis of the initial data showed that for reduction of thermal
strain in the lock projection it was necessary to make deformation inside its upper layers more free.
It will be is possible if a transverse slot is made, dividing the projection length into two elements.
Heating and cooling of the surface lock’s layer could become safer, at that, from the point of view
of elongating stresses, thus reducing the probability of cracks formation.

Keywords: Continuous casting machines, dummy bars, tension, cracks, defects, strain
reducers, simulation.
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PACYET HHAYKIHWU IMMTPOJOJBbHOI'O MAT'HUTHOI'O ITOJIA
IIPU YT OBOM HAILTABKE

Tloxazano, umo 6 Hacmosiyee 6peMs UMelWUecs pacuemuvie MemoOuKy, NO360NIOUUE
onpeodenums UHOYKYUIO NPOO0OTbHO20 Machumuo2o noas (I[IPMII) noo mopyom ceapounozo
2NIeKmpooa, 061a0arwe20  GepPoMAaSHUMHBIMU — CEOUCMEAMU,  OMAULAIOMCS  3HAYUMETbHOU
cnooicHocmoio. Euge bonvute ycrnoscnsemes paciemuas MemoouKd, eciiu He moabKo 21eKmpoo, HO U
uzoenue uzeomogieHsvl U3 peppomacHumnblx mamepuanos. HUmeowascs npocmas memoouka Os
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