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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.

Keywords: circular plunge grinding, technological transitions, the main processing time,
elastic movement, radial feed speed, nursing.
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IMPUMEHEHUE PA3PSIHUKOB HAIIPSIKEHU B OCHOBHBIX
Y3JIAX TEXHOJIOTHYECKOTI'O ObOPYJOBAHUA MHJI3

B pabome na ocnoge amanusa ycnosuti pabomwr obopyooeanus MHJI3 u ocobennocmeii
obpazosanusi  Oeghekmos  NpeonodiceH  Cnocob — YMEHbUWeHUs — MPewuHooOpas08anus ¢
UCNONL308AHUEM PA3PAOHUKO8 HanpsiceHull. Paccmompena ycosepuiencmeosanuuss KOHCMpPYKYust
20/I06KU 3aMpA6KY, papabomanHas HA OCHOBe AHAIU3A ee HANPANCEHHO20 COCMOSHUAL.
IIpeonooicennvle KOHCMPYKYUU 3AMPABOK NO360ISIOM YMEHbUUMb NPOYECC MPEeUUHO00Pa306aHUs
8 HUX U YBETUYUMb CPOK UX IKCHIYAMAYUU.

Knrouesvie cnosa: mawiunvl HEenpepvl@HO20 IUMbsL 3A20MOBOK, 3aAMpPAasKd, HANPI’CEHUS,
mpewjunsl, degheKmol, pa3pAOHUKU HANPAACEHULL, MOOETUPOBAHUE.

ITocTanoBka npodJiembl. B poMbIlIUIEeHHOM 00OpYIOBaHUM HalWuWe TPEIIMH U JIPYTHX
MOBEPXHOCTHBIX J€()EKTOB SBISIETCS HENOMYCTUMBIM INPH 3KcIryaTanuu. OCOOEHHO Ba)KHBIM 3TO
yCIIOBUE ABIISETCS JUISL JeTaliel, SBISIOIIMXCS COCTaBHOM 4YacThi0 OOJIBLIOTO KOMIUIEKCA
obopynoBanus. HampumMep, B MalImHax HeMpepbIBHOTO JIMThS 3arotoBok (MHJI3) ¢ ob6meit maccoii
000pyI0BaHUsI B HECKOJBKO THICSY TOHH BBIXOJ] M3 CTPOS JaKe OJHOW JIeTaau BJEYeT 3a cOOOM
OUEHb CEpbe3HbIE MocieACTBUS. [loTepu Ipon3BoOACTBa OT HE3AIJIAaHUPOBAHHBIX IPOCTOEB CBA3AHbI
C MILJTMOHHBIMH YOBITKaMHU. B To ke BpeMs B o61eit Mmacce o6opynoBanust MHJI3 umerorcs y3isl,
paboTarolye B yCIOBUX, OJMM3KUX K KPUTHUECKUM, YTO OOYCIABIMBAET UX OBICTpOE pa3pylIeHHe
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U MOXET MPUBECTH K aBapuWHBIM oOcTaHOBKaM. JIJis TakuX TSDKEIO HarpyXEHHBIX VY3JI0B
HE0OX0IUMO 00€CIeYUTh MOBBINICHHYIO HAIE)KHOCTh HMX pPA0OTHI 3a CYET JIOTOJHUTEIbHBIX
MEpPOMPUATHIA, U B YaCTHOCTH, C LEJIbI0 YMEHBIICHHUS TpeumHooOpa3oBaHus. B u3BecTHBIX
nyonukanusax mo pabore oOopymoBaHUS I HENPEpBIBHOTO JIUThi [1-3] Takwe BOmpochl HE
paccmarpuBaiuch. [103ToMy BOMPOC KOHCTPYKTHBHOTO YCOBEPIICHCTBOBAHHS 000PYIOBaHUS
MHJI3 u npobiiemMa ymMeHbIlIeHHs 00pa30BaHuUs TPEUIMH B paboUnX y3/iax 000py10BaHUS SBISIOTCS
aKTyaJIbHBIMH U MPEJCTABISIOT UHTEPEC I TEXHUYECKUX CIEIUATUCTOB.

Heab craTby — aHAIU3 HAMPSHKEHHOTO COCTOSIHUS TOJIOBOK 3aTpaBokK cisitooBeix MHJI3 ¢
[ENbI0 OMPEJCIICHNUsST BO3MOXXHOCTH YMEHBIICHHS OO0pa30BaHHsS TpEHNIMH Ha UX Hauboee
HArpy’>kKeHHBIX y4yacTKaX, a Tak)Ke YBEJIMYEHHUs pecypca SKCIUTyaTallid W COKpAllleHHs 3aTpar Ha
PEMOHTBHI.

N310:keHne 0CHOBHOIO MaTepuaJia. /[ OONBIINHCTBA Y3JI0B U JIeTallel TPOMBIIIJICHHOTO
o0opymoBaHusi OTCYTCTBUE AeopMaIuii mpu ux padoTe UMEET MPUHIUITHAIBHO BaXKHOE 3HAUCHUE.
KoHCcTpyKTOp ¥ M3rOTOBUTENH JTI0O0T0 000pYA0BaHUS MPOSKTUPYET U BBIITYCKACT U3ENUs, UCXOI
U3 ero npsMoro HazHadeHws. [lpu 3TOM mpeamonaraeTcs, 9To padbodre pa3Mepbl U3Ieius OymayT
COOTBETCTBOBATh MEPBOHAYAILHBIM U B MPOIIECCE €ro dKCIUTyaTalu. B To ske Bpemst psa aeraneit
U y370B OOOpYIOBaHMS B METAJUIYPrUM TPH HKCIUTyaTallMd HArpeBaloTCi /0 3HAYUTEIbHBIX
TEMIIEpaTyp, YTO BBHI3bIBACT UX TEIUIOBOE pacumupenue. KoaphuiueHTsl TUHEHHOTO TEIIOBOTO
PACIIMPEHHS 0. UMEIOT Pa3JIMuyHOE 3HAYCHHE JIJISl Pa3HBIX MApOK CTAJIel M Pa3IMYHBIX JTMANa30HOB
W3MEHEHHUS TeMIepaTyp JUIsl KaKI0M MapKH CTalH, U MOTYT U3MEHSThCS B Auana3one 9,6 ... 22,5 ,
*10° 1/°C [4]. Kaxknas jeraqb pACCUMTHIBACTCS KCXONS W3 HOMHHAIBHBIX HArPY30K,
OOyCIIOBJICHHBIX TEXHOJOTHMYECKUM IpoueccoM. [Ipu sTom mnpeamomaraercs, 4To Mmpu padoTe
pa3Mepsl aeTanu OyayT COOTBETCTBOBATH paOOYUM pa3zMepam, a caMo U3JIeTUe MPETHA3ZHAUCHO IS
paboThl B TEUEHHE HEKOTOPOTO CPOKa, OOYCIOBICHHOTO periaMmeHToM. [ GoNbIIMHCTBA AeTajei
3TO ycioBue coOmonaercsa. OgHAKO MMEETCsl psAll Y3JIOB, KOTOPBIE, BO-TEPBBIX, HCIBITHIBAIOT
KpaTKOBPEMEHHBIE MEPETPEBBI, U BO-BTOPHIX, MOJBEPIKEHBI NEHCTBUIO IUKINYECKOTO M3MEHEHUS
TeMriepatyp. B aTom ciiydae Metamn u3fenusi MOXKET MpPEeTepIieBaTh CTPYKTYpPHbIE U3MEHEHUS, B
pe3ynbTaTe KOTOPHIX HM3MEHSIOTCS €ro Teruiopu3nuecKue M MEXaHUYeCcKHe CBOMCTBa. B Takmx
CIy4yasix JeTalb MEHSET CBOM CBOWCTBA MpPH OKCIUIyaTalldd CIEAYIOIIUM 00pa3oM: MOTYT
BO3HUKATh JAedopmanuu BBIIIE PACUETHBIX 3HAYCHHM, MPOMCXOAUT OXpYyMUUBaHUE [5] marepuana
W3/IeNIMS U CHUXXEHHE €ro CIIOCOOHOCTH COMPOTHUBIATHCS MPOIECCy 0Opa3oBaHUsl TpemuH. B
YaCTHOCTH, B MalllMHaX HEMPEPBIBHOTO JIUThSI TaKWe€ Y3Jbl KaK KPUCTAIIU3ATOPBI, CEKIIMH 30HBI
BTOPUYHOTO OXJIAXKICHUS, MOAJCPKUBAIOIINE POJUKH U OajKu, 3aTPaBKU M HEKOTOPBIC JAPYTHeE
y3Jbl MOTYT HMCHBITBIBATH IEPETPEBBI, KOTOPbHIE MOBTOPSAIOTCS LUKIWYECKH. TspKenble ycloBUA
Takoro oOOpYJOBaHUSI HE TOJILKO BIUSIOT Ha €ro paboTy, COKpalias CPOK IKCIUTyaTallid, HO U
MOT'YT HETaTMBHO IOBJMATh Ha KA4€CTBO BBINYCKAEMOW MPOAYKIIMU. DTO BIIHUSHHUE BBIPAKAETCA
cIenyromuM 00pa3oM: M3-3a MEPErpeBOB 00O0PYAOBAHUS MOKET U3MEHSTHCS HACTPOHWKA OCHOBHBIX
y3JIOB, CBSI3aHHAsl C TEMIEPATYPHBIMH PACIIUPEHUSIMH HauOoJee HarpeThiX dJEeMEHTOB. B To ke
BpeMs HEKOTOpBIE 3JIEMEHTHI 000PYIOBaHUs, HANpUMEpP, MOJAICPKUBAIONINE POJIMKH U CEKIMH
30HBI BTOPUYHOTO OXJIAXKACHUS HANPSIMYIO BIUSAIOT Ha KAYECTBO HEMPEPBIBHO JINTHIX 3arOTOBOK. B
YaCTHOCTH, NPU HACTPOMKE POJTUKOB 30HBI BTOPUIHOTO OXJIKICHUS TOMYCKAETCS MOTPEITHOCTh MX
ycraHoBku He 6onee 0,2 mm. [Ipu oTKIIOHEHHH HACTPOUKH O0Jiee YKa3aHHOTO 3HAYCHUS BOSHUKAET
Opak B TOBAapHOW NPOIAYKIIMH, KOTOPBIA HEIOMYyCTMM M TpeOyeT MPOBEICHHS BHEIIAHOBOTO
peMoHTa MamuHbl. Kak 3T0 HU YAUMBUTEIHHO, HO HA COCTOSIHUE HACTPONKH KPUCTAIU3AaTOPOB U
MO/ICPKUBAIOIINX POJIMKOB 30HBI BTOPHUYHOTO OXJXKICHHS MOXKET OKa3blBaTh BIIUSHUE W
3aTpaBKka. B dYacTHOCTH, MpU HAIWYUM TPEIIMH B HauOoliee HATPY)KCHHOM Y3lie 3aTPaBKU —
TOJIOBKH, U3MEHSETCS €€ HeCyIas ClIOCOOHOCTh M BO3MOYKHO BO3HUKHOBEHHE CBEPXHOPMATHUBHBIX
nedopmaruii, T.e. U3MEHEHHE Pa3MEpPOB €€ TMOMEPEYHOro Mpoduiss. ITO MOXKET MPUBECTH K
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MCKa)KEHUIO MOMEPEYHOI0 CEUCHHUS TOJIOBHOM YacTH CIUTKA M U3MEHEHHUIO YCUJIMI B 30HE KOHTaKTa
CJIMTKa U MOAACPKUBAOIINUX 3SJICMCHTOB. KpOMe TOro, TpCuiMHbI B 3aMKOBOM YacTU 3aTpaBKU
SIBJIIOTCSI HEJAOMYCTUMBIMH BO M30€KaHUE 3aKIMHUBAHMS KHUIKOIO MeTajula B TpelmuHax. Bompoc
CHUXKXCHUA 06pa30}3aH1/1;1 TPCIIHUH ABJIACTCA AKTYAJIbHBIM U MalllUH HCTIPCPLIBHOI'O JIMThbA BCCX
THUIIOB, XOTA YCJIOBUA paGOTBI Pa3HbIX MAalllMH MOT'YT 3HAYUTCIIbHO OTJIMYAaTbhCA.

[IpoGnemMa CHWXEHUS HMHTEHCUBHOCTH OOpa30BaHUsS TPEIIMH MOXET OBITh pelieHa
pas3nuYHBIMH criocoOamu. EE TpakTHueckoe pelieHue 3aBUCUT OT KOHCTPYKIIUU U3JCIUS |
0coOeHHOCTeH ero Harpyxenus. Eciau paccMoTpers paboty 3aTpaBok cisiooBeix MHJI3, To Hy:xHO
OTMCTHUTH, UTO B OCHOBC HpOGHGMBI JIC)KUT HCCUMMCTPHYHAA KOHCTPYKLUA I'OJIOBKU 3aTPAaBKU U
OJIHOCTOPOHHUU TIOJIBOJT M OTBOJA TeIla OT €€ 3aMKOBOM uacTu. B ol0miem ciydae, rojioBka
3arpaBkn MHJI3 cocTtouTt M3 Kopmyca M 3aMKOBOM YacTH. 3aMKOBasi 4acTh — 3TO IOJIOCTb,
OrpaHMYEHHAas C YEeThIpEX CTOPOH CTEHKAMHM KOpHyca U (UTYPHBIM BBICTYIIOM (3aMKOBBIM
BBICTYIIOM), KOTOPBIM 3aKperuieH K 0a30BOH CTEHEe Kopilyca. 3aMKOBas 4acTh OOECIeUHBaET
HAJEKHOCTh COCJMHEHHUS TOJOBKHU 3aTPAaBKU M HEMPEPHIBHOTO CIUTKA MPU BHITSITUBAHUU €T0 M3
KPUCTAJNIN3aTOpa M 30HBI BTOPUYHOTO OXJIAXKACHUS. Uepe3 3aMKOBYIO YacTh TEpeacTcs yCHUIIUE
BBITSITUBAHUS HEMPEPBHIBHOTO CIUTKA, KOTOPOE MOKET U3MEHAThCS B mperenax oT 1 go 20 tonn. B
CBSI3U C OTBETCTBEHHOW (PYHKIIHE, 3aMKOBYIO YacTh T'OJIOBKH 3aTPaBKH BBIIOJIHSIOT C 3aBEJOMO
Oosbleld MPOYHOCTHIO, 4YeM TpeOyeTcs, BO H30eKaHUE CO3JaHHUS BO3MOXKHBIX aBapUITHBIX
cutyaruii. O0ecriedyeHre 3aBeJOMO OOJIBIIIETO, YeM HYKHO 3araca MPOYHOCTH MaTepuaia roJIOBKH,
KaK JUIsl BCeX IPYrHX BUIOB 00OpyHOBaHUS, TaK U JAJs JaHHOTO OOOPYAOBaHHS B YaCTHOCTH,
COMPOBOXKIACTCS HEAOCTATOYHBIM 3aM1aCOM TUTACTHYHOCTH METajlia, U3 KOTOPOTrO OHA U3TOTOBJICHA.
B mnpuninune, maneie IIaCTUYECKHME CBOMCTBA OOECIEUUBAIOT IKECTKOCTH KOpIyca TOJOBKH
3aTpaBKH. DTUM 00ECTIEUYMBACTCS MUHHUMAJIbHOE UCKAKEHUE TOMEPEYHOTO MPO(UIIS TOIOBKU TPU
dKCIUTyaTanuu. B To ke BpeMs HEAOCTaTOK IJIACTHYHOCTH METalljla CKa3bIBaeTCs Ha MOBEICHUU
3aMKOBOT'O BBICTYIA, KOTOPBIM ¢ TOYKU 3PCHHSI MEXAHHUKHU YIIPOIICHHO MOXHO PacCMaTpHBATh Kak
HECUMMETPUYHO 3allleMJIICHHYI0 Oaliky, KOTOpas WCIbIThIBAET WHTCHCHUBHBICE HArpeBbl U
OXJIAKJCHUS HE 1O BceMy mepumeTpy. [ aHamm3a MOBENeHWS TaKOW KOHCTPYKIIMH OBLTA
MCIOJIb30BaHbl Pa3IMYHbIE BAPUAHTHI TPEXMEPHBIX Moienieil ronoBok. [Ipu 3ToM paccmaTpuUBaluch
TOJIOBKM 3aTPaBOK KaK MCIIOJIb30BABIIUXCS paHee, TaK U COBPEMEHHBIX KOHCTPYKIHMH (T.H.
KOPOTKHE TOJOBKH 3aTPaBOK), puC. 1. B HOBBIX KOHCTPYKIUSX TOJOBOK OTCYTCTBYET XBOCTOBas
9acTh TOJIOBKH, OJIHAKO 3aMKOBAas YacTh BBHITIOJHEHA 0oJiee METANIOEMKOW I OOecCTeueHUs
KECTKOCTU KOHCTPYKIIUU MPU IKCIUTYaTaIlHH.

Pucynok 1 — 3-D mMozenu ronoBok 3aTpaBoOK pa3HbIX KOHCTPYKLUI

Jns aHanmuza  HampsHKEHHO-IE(POPMUPOBAHHOTO  COCTOSHHUSL  HMCIIOJIB30BAICS  METOJ
KOHeuHbIX 371eMeHTOB (MKD) [6, 7]. TpexMepHBIM MOJIETsIM Ha3HAYAIM pa30MeHNE HA KOHEUHBIC
AJIEMEHTHI (pHC. 2), TIOCTE Yero 3aJaBaliCh pa3INuHble TEOPETUIECKH BO3MOXKHBIC HATPY3KHU.
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Pucynox 2 — Mojens ToJI0BKH 3aTpaBKu ¢ ceTkoit KO

Hcnonp3oBaHue Mopeneil IO3BOJIAET  YCTAHOBUTh HamOoJiee  ONACHBIE  Y4aCTKU
KOHCTPYKLUU, B KOTOPHIX BO3HMKAIOT MAaKCHUMAaJbHbIE HAINPSDKEHMsI B Cilydae HPHIOKECHHUS
Harpy3ok. B 4YacTHOCTH, YCTaHOBIIEHO, 4YTO HaWOOJBIIUM jaedopManusM (OTKIOHEHUSM OT
HayalbHOM TreoOMeTpHUH) MOJBEPKEHbI KpaeBble YYacTKU TOPLEBOIO CEYEHHUs TI'OJOBKH 3aTpPaBKH,
puc.3, a MakCUMajbHble HANpPSOKEHUS (M COOTBETCTBEHHO — TPEIIMHBI) MOTYT BO3HUKATh C
OIIpEEICHHBIM LIIarOM U Pa3BUBATHCS, IIPEKIE BCETO, HA IOBEPXHOCTU 3aMKOBOT'O BBICTYIIA.

Pucynok 3 — Ananm3 nedopmanmii ¥ HampsHKEHUH B MOJICITH TOJIOBKH 3aTPaBKU

AHanu3 KapTUHBI paclpeieseHus] HallpsHDKEeHUH B MOJETU TOJIOBKU 3aTPaBKH MOKA3bIBAaeT,
YTO MAaKCHMYyMbI HalpsOKEHUH BO3HUKAIOT B 3aMKe ¢ HEKOTOpbIM mmarom. IIpu sTom HaGmonaercs
XapakTepHasi OCOOCHHOCTh: 4eM OoJibllie JJIMHA 3aMKOBOI'O BBICTYINA, TEM OOJBIINM SBISETCS
KOJIMYECTBO MAKCUMYMOB HalpPsDKEHUHM IO JUIMHE 3aMKa. KOHTpOb COCTOSHUS TONOBOK 3aTpaBOK
npombinuieHHBIX MHJI3 moarBepkmaer, 4ro 00pa30BaHUIO TPEIIMH B 3aMKE TOABEPIKEHBI BCE
KOHCTPYKLIUU TOJIOBOK, B OONbIIEH WM MeHbIIEH cTeneHW. AHalu3 MOBEICHUS KOHCTPYKLUHU
MO3BOJISIET [OJaraTh, 4YTO OJHOM U3 OCHOBHBIX NPUYUH OOpa3oBaHUs TPELIUH SBISETCS
HEOJIMHaKoBasl JieopMalys pa3IMyHO HArpeThIX MOBEPXHOCTHBIX CJIOEB 3aMKOBOTO BBICTYNA U
PacIoyo’KEeHHBIX OJIMKe K OCHOBAHUIO BHYTPEHHHUX CJIOEB 3aMKa. Mcxons u3 3Toro, Ui CHUKEHUS
TEMIIepaTyPHBIX HAIPSKEHUH B 3aMKOBOM BBICTYIIE TOJIOBKH 3aTPaBKU HEOOXOIMMO Je(hOpMalHio
€ro BEpPXHUX CIIOEB cJenaTb Oojee CBOOOJHOW. DTOro MOXHO JOCTHYb, €CIIU BBIIOJIHHUTH
HoNepeyHbI na3 (pa3psAHUK HANPSHKEHU), KOTOPBIM Aeiaui Obl JUIMHY BBICTYIIA HA J1BA JIEMEHTA.
ITpu 5TOM HarpeB M OXJaXJE€HUE MOBEPXHOCTHOIO CJIOS 3aMKa CTAHOBUTCS Oosiee OE30IMacHBIM C
TOYKH 3PEHHMS BO3MOXKHOCTH BO3HMKHOBEHMS DACTATHBAIONIMX HANPSHKECHUH, YTO YMEHBIIACT
BEPOSTHOCTH TPELIMHOOOPa30BaHus, puc. 4.
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P HCYHOK 4— KOHCTPYKI_II/ISI 3aMKa I'0JIOBKH 3aTpaBKH € pa3psAIHUKOM HaHpH)KeHI/Iﬁ

BbimonHeHune Takoro masa CIOYXMT s YMEHbLIEHMsS HamnpsbkeHud B HauOouee
Harpy’>X€HHbIX TIIOBCPXHOCTHBLIX CJIOAX 3aMKOBOI'O BBICTYIIA, T.C. SABJCTCA pa3spaAaIHHUKOM
HanpsbkeHuil. CieyeT OTMETUTh, YTO HECMOTPs, Ha OYeHb OOJIBLION 3amac MPOYHOCTH 3aMKOBOIO
BBICTYIIA, BBIIOJHEHHE I1a3a MOXET cJerka OciaaduTh 3TOT 3amac npodHocTH. llostomy mms
pean3aly JaHHOM MOJIE3HON MOJEIN F€OMETPUUYECKUE ITapaMeTphl 11a3a JOJKHBI yIOBJIETBOPSThH
OIIpEe/ICNICHHbIM PAcyYeTHbIM KpuTepusMm [8]. YcoBepIIeHCTBOBAaHHBIE TOJIOBKH 3aTPaBOK MOTYT
ObITh BBIIOJHEHbI 10 pa3HbIM BapUaHTaM HCHOJHEHUS. Pa3psagHUKM HanpspDKeHUH MOryT
MPUMEHSTHCS M B JPYTUX y3Jax MexaHnudeckoro obopynoanuss MHJI3. Takum oOpas3om, B ciaydae
UCIIOJIb30BaHUsI KOHCTPYKTHBHBIX YCOBEPIIEHCTBOBAaHUI MMEETCSI BO3MOKHOCTH ITOBBICUTH CPOK
ciryObl 000pY/IOBaHNUS 3a CUET YMEHBIIEHHS [IPOLiecca 00pa30BaHMs TPEIIHH.

BbBIBO/IbI
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OTBETCTBEHHBIX y3J1aX MEXaHUYECKOT0 000pYyJOBaHMUSI.

2. TexHOJIOrMYECKH TMPOCTBIM M HEIOPOTMM METOJOM CHIKEHUS HAINpsDKECHUM B
KOHCTPYKIIUSAX C IENIbI0 YMEHBIICHUS 00pa30BaHMS TPEIIUH SIBJSIETCS MPUMEHEHHE pa3psIHUKOB
HaIpPsHKEHUH.

Cnucok ucnonb308aHHbIX UCHOYHUKOG:

1. Huckoeéckux, B. M. MamuHbl HENPEPHIBHOTO JIUTHS CISIOOBBIX 3aroToBok / B. M.
Huckoseckux, C. E. Kapaunckuu, A. /]. bepenos. — M. : Metamnyprus, 1991. — 271 c.

2. Teopus HenpepsiBHOW pa3muBku / B. C. Pymec [u Op.].— M. : Meramnyprus. 1971. —
296 c.

3. Cmupnos, A. H. HenpepoiBHast pasnuska cranmu /| A. H. Cumupnos, C. B. Kybepckuil,
E. B. lllmenan. — Noueuk: JJonHTY, 2011. — 482 c.

4. Mapounuk craneil u cmwiaBoB / noo ped. B. I. Copokuna.— M. . MalmHOCTpOEHHE,
1989. - 639 c.

5. O mpuuyuHax TPEHmMHOOOpa30BaHMA B KOpIycaX KHCIOPOJHBIX KOHBEPTOpoB / B. M.
Topuyxuti [u dp.] // Metammyprudeckass ¥ TOPHOPYIHAS MPOMBINIUIEHHOCTh. — 1987. — Ne 1. — C.
57-60.

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

107


http://uas.su/supervisors/smirnov.php
http://uas.su/supervisors/smirnov.php

Hayka Ta BUpOGHMIITBO

2019 p. Bum. 20
Mawiunoodyoysanns i 36aproéaibhe 6upoOHUUMEO

6. HccnenoBanue HaANMPSHKEHHOTO COCTOSHUS JIUTOTO METalIa MPU ITUKJIMYECKOM Harpese /
A. B. Jlosa, B.B. Yueapes, []. A. Paccoxun, B.B. Illumkun // W3Bectus By30B. YepHas
metamuryprus. — 2016. —T. 59, Ne 11. — C. 781-786.

7. bannukoB O. J[. OuieHKa CXOAMMOCTH HANPSKEHUH B CIIOAKHBIX METALIOKOHCTPYKIIMSIX
MeToAOM KoHeuHbIX 3nemeHToB / O. J[. bannukos, A.D. I'ycimucras // Meramnyprudeckas u
ropHopyaHasi npoMbInuieHHOCTh. — 2011, — Ne 4, — C. 93-96.

8. [Ilar. 121512 Vkpaina, MIIK B 22 D 11/08. T'onoBka 3anany MamiiHu Oe3MepepBHOTO
mutBa cist6iB | A. B. Jloza, B. B. Iuwkun.— Neu201705631; 3assn. 07.06.2017; omy0:1.
11.12.2017, Bron. Ne 23. — 3 c.: uL.

Jlo3za A. B., Paccoxin [I. O., Tkauyk K. B., lIumkin B. B.

3ACTOCYBAHHA PO3PATHUKIB HAIIPY>KEHb B OCHOBHUX
BY3JIAX TEXHOJIOI'TYHOT'O YCTATKYBAHHA MbJI3

Y npomucnosomy ycmamxyeanui nasenicms mpiwun ma iHWUX noGepxHesux deghexmie €
Henpunycmumoio npu ekcnayamayii. Ocobnugo 8axciugoro ys ymosa Aenaemuvcs 0 0emaletl, o €
CKIA0080I0  YACMUHOI B8EIUKO20 KOMNJEKCY VCMAMKYBAHHSL. Hanpuknao, 6 mawunax
besnepepsnoco numms 3azomieok (MBJI3) i3 3acanbhoio Macow ycmamky8aHHs 8 0eKilbKa mucsay
MOH, 6UXIO 3 N1a0dy HABIMb OOHIEI Oemani CNpUYUHAE 3a COOOH Ceplo3Hi HACTIOKU, NO8'A3aHi 3
MITbUOHHUMU 30umKamu. Badicki ymosu makozo ycmamiky8aHHs He Juuie SNAUBAIOMb HA U020
pobomy, cKOpouyruu MepMiH eKChIyamayii, aie ti MONCYMb He2amueHO SNAUHYMU HA AKICMb
npooyKyii, wo sunyckacmocs. Lleil eniue eupasxcacmvcsi makum YUHOM. 3 NPUYUHU NepecpieaHd
VCMAMKYBAHHA ~ MOJCe — 3MIHIOBAMUCA — HANAUWIMYBAHHS — OCHOBHUX — 8Y3]i6, N08'a3ane 3
MmeMnepamypHuMu  pO3WUPEHHAMU HAUOIIbUL HAZPIMUX eleMeHmis. 3a HAAeHOCmi MpiyuH 6
HatoOIIbW HABAHMANCEHOMY 8Y3]i 3anany - 20Ji6KU, 3MIHIOEMbCA il MiyHicmb, 1 Modcauge
BUHUKHEHHSl HAOHOPMAMUBHUX Oehopmayiil, moomo 3mina po3mipis ii nonepeunoco npoginio. Kpim
mo2o, MpiWUHY 8 3AMKOGIU YACMUHI 3aNaly € HenpuUnyCmuMuMy wob YHUKHYMU 3aKIUHIOBAHHS
PpiOKo2o Memany 6 mpilyuHax.

IIpobaema snugwcenHs iIHMeHCUGHOCMI YMEOPEHHs MPIUUH MOdice Oymu po3e'sa3ana pisHuMu
cnocobamu. Ii npakmuune piwenns 3anexcums 6i0 KoncmpyKyii eupoby i ocobnueocmeii 11020
Hasaumaoicenus. Axwo posenanymu pooomy 3ananié cisioosux MBJI3, mo nompiono giomimumu,
Wo 8 OCHOGI NpobreMU NIeHCUMb HeCUMEMPUYHA KOHCMPYKYIS 207i6KU 3anany i 0OHOCMOPOHHE
niogedenHs i 6i0eedenHs menia 6I0 ii 3amMKo6oi wacmuuu. 1A amanizy HanpyjiceHo-
degpopmosarnozo cmawny 6 cmammi 8UKOPUCMOBYBABCS MemoO Kinyesux enemenmis. Tpusumipnum
MoOeaM 3a0asanu po3dumms Ha KiHYyesi eleMenmu, RiClsg 4020 3a0a8anucs pi3Hi meopemuyHo
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 I pO36UBAMUCS HA NOBEPXHI 3AMKOB020 GUCHIYNY.
AHaniz po3paxynkoeux OaHux noKasas, wjo O/ 3HUINCEHHs MeMNepamypHoi Hanpyeu 6 3aMKO8OMY
BUCYNI 20I6KU 3aNaANly HeoOXIOHO deghopmayito 1020 8epXHIX wapis 3pobumu einvHiuow. L{boco
MOJCHA 00CAemU, AKWO BUKOHAMU NONnepedHull naiz (POospsoHUK HAnpyicewv), AKuul Oiiug oOu
006xCUHy sucmyny Ha 0ea eiremernmu. Illpu ybomy HacpieaHHs ma OXONOO0HCEHHS NOBEPXHEB020
wapy 3aMKy cmae Oe3neuHiuum 3 MOUKU 30pPY MONCTUBOCMI BUHUKHEHHA PO3MAYIOUUX
HAnpysicenb, Wo 3MeHULY€ 8ipO2iOHICMb YMBOPEHHS MPIWUH.

Knwuosi cnosa: mawunu 6Gesnepepsnozo 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 MHAYKIIUHU ITPOJIOJIbHOIO MATHUTHOI'O OJIS
ITPU 1YT'OBOW HAIIJIABKE

Ilokaszano, umo 6 macmosawee 6pems umerOwuecs pacyemusvie MemoouKu, No3601AI0UiUe
onpedenums UHOYKYUIO NPOO0IbHO20 Machumnoz2o noas (IIPMII) noo mopyom ceapounoco
anekmpooa, o0oaadaoue2o  HeppoMacHUMHbIMY — CEOUCMBAMY, OMAUYAIOMCA  3HAYUMETbHOU
cnodxchocmoio. Ewe 6onvute YCiodcHAemcs paciemuas MemoouKd, eciu He moabKo 91eKmpoo, HO U
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