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CopTorpokaTHOe TPOU3BOJICTBO

A.B.Mosuiep, O.H. Tyaynos, . U.Kun3un, C.A.JleBannosckuii, C.}O. Capanua
OI'bOY BO «MarHuTOropckuii rocyaapCTBEHHBIN
TeXHU4ecKui yHusepcuret um. I'.M.Hocosa»

PAZPABOTKA TEXHOJIOI'NH YCKOPEHHOI'O OXJIAKJIEHUA
®ACOHHOTI'O ITPOKATA JJIAA OBECIHHEYHEHUA 3AJJAHHOT'O KOMIVIEKCA
MEXAHUYECKHUX CBOMCTB

Annomayus. B pabome pewaemcsa 3a0aua nogvluieHus d¢hhexmusHocmu copmonpoKamHbix
CMAanos, nymem YNpaeieHus MeXaHU4eCKUMU CEOUCMBAMU PACKAMA U COOepAHCAHUEM O0pPO2o-
CMOAWUX lecupyroumux 000asox (8anaduil) uepes 8blpabOMKY OP2AHUZAYUOHHBIX U MEXHOL02UYe-
CKUX MepOonpusimuil N0 COKpAWEeHUIo He MeHee YeM HA NAmbOecsim NnpoyeHmos COOepICAHUsT BAHA-
OuUsi 8 3a20MOBKAX NPEOHAZHAYEHHLIX O NPOU3IBOOCMBA (DACOHHO20 U COPMOBO20 NPOKAMA NO
I'OCT 19281-2014.

Kniouesvie crnosa: yckopennoe 800anoe oxnaxcoenue npoKkama, UCKIOUEHUe MUKPOLe2UPO8a-
HUSL CIAAU, COPMONPOKAMHOE NPou3so0cmaeo, mexanuveckue ceovicmea, I OCT 19281-2014.

BBeaenue

J{ns1 noBBIIIEHUS SKCIUTyaTalMOHHBIX XapakTepucTuk npokara u3 mapku 09122C u 10XCH/]
Ha OAO «MMK)» Obl1 pa3paboTaH KOMILJIEKC MEPONPUATUN, B YACTHOCTH — JIETUPOBAaHUE BaHA U~
em. Jlob6aBka BaHaMs IO3BOIMIIA MOAHATH Kiace nmpouHocTu ¢ 325 no 345. [Ipu 3TOM BaXKHO OTMe-
TUTh, YTO JIOTIOJHHUTEIHHOE JIETHpoBaHUe BaHaaueMm Mapku ctaymm 091'2C mpu npowmsBoncTse da-
COHHOT'O IIPOKAaTa Kjacca MpoYyHoCTH 325 CHUXKAeT KOJIM4eCcTBO Opaka.

B nannoi#i paboTe mpeasiaraeTcsi TEXHOJIOTHSI YCKOPEHHOTO OXJIaXACHUS (PaCOHHOTO IpoKaTa
u3 ctanu 091'2C npu npousBoactee Ha craHe 450 OAO «MMK» ¢ nenpio nomyueHus: TpedyeMbIxX
MEXaHUYECKUX CBOMCTB FOTOBOW MPOJAYKIMH 0€3 MUKPOJIETUPOBAHUS BAaHAIUEM.

AKTyaJIbHOCTb H COCTOSIHME BOIIPpOCa

Ha coBpeMeHHBIX HEeNpephIBHBIX CTAHAX TOPsiYei MPOKATKH COPTOBOTO IpOKaTa TemMrepaTrypa
KOHI[A IPOKATKU JJOCTUTAeT BBICOKUX Temrepatyp B auanazone 1000-1100°C. [Ipu Takoii Temmepa-
Type (opMupyercs KpylnHOE ayCTEHHTHOE 3€pPHO, YTO OOYCIIOBIMBAET MOBBIIICHHBIE 3HAYCHUS
BPEMEHHOI'O CONPOTUBIICHNUS Pa3pbIBY U MOHI)KEHHOE 3HAUEHUE MpeJiea TEKY4eCTH CO CHUKEHUEM
B HEKOTOPOHW CTENEHM MOKa3aTenel MIaCTUYHOCTH (OTHOCUTEIBHOIO YIJIMHEHUS U OTHOCUTENBHO-
IO CY)KEHHUsI), a TAaK’K€ HU3KHE 3HAUECHUS OTHOILLEHUS IpeJieNa TEKYUYeCTH K BPEMEHHOMY CONpPOTHB-
JeHHIo pa3pbiBa MeTaiuia. Kpome Toro, KpynmHoe 3epHO 00YCIIOBIMBAaeT HU3KKUE 3HAYCHUS YAApHOH
BA3KOCTH METajula, OCOOCHHO MpH OTPHUIATEIbHBIX TemrepaTypax (IIOBBILAETCS MOPOT XJIaJHO-
JIOMKOCTH CTaJiM). TO, B KOHEYHOM UTOTe, TPUBOANT K 3a0paKOBaHHIO TAaKOM MPOIYKIIMH.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB M3MENbUEHUS 3epHa.

1. MukposerupoBaHue cTajld HUTPHUJIO- U KapOUI000pa3yoLMMH JIeMEHTaMU, TAKUMHU Kak
BaHaUM, HUOOUH, alIFOMUHUNA, TUTAH, OOP U Jp., 4YTO 00YCIOBIUBAET U3MEIbUEHUE aYCTEHUTHOTO U
JIEMCTBUTENLHOTO 3€pHa [2].

2. CHuxeHue TeMrepaTypbl KOHIIA TPOKATKK Takke AEMCTBEHHBIN Cr1oco0, HO ISl TIOCTHUXKeE-
HUS 3HAUUMOro 3¢ ¢exTa U3MelbYeHUs 3epeH Heo0X0AMMO oOeciedeHre TeMIIepaTyphl KOHIA Mpo-
katkd Ha ypoBHe 900-850°C m HmKe, 9TO OOYCIOBIMBAET BHICOKHE YHEPTOCHIIOBBIE TapaMeTphI
npoiiecca npokarku [3-5].

3. IlpuMeHeHne yCKOPEHHOTO OXJIaX/IeHUs MeTaula (B peKUMe TePMUYECKON MM TepMOMe-
XaHW4YeCcKOoi 00pabOTKM) HEMOCPEACTBEHHO cpa3y MOCiie OKOHYaHHUS ero JeopMaluu ¢ Helbio Mo-
JaBJIeHUs] cOOMpaTeNbHON (IIOBTOPHOM) pEKpUCTAIIM3ALMU CTAJIU, IPU KOTOPOU MPOUCXOIUT UH-
TEHCUBHBIN POCT 3epeH [6, 7].

[IpocToii aHamu3 MO3BOJIAET CIENaTh BHIOOP B MOJIB3Y 3 Croco0a M3MENbUCHHSI 3€PEH CTaIH
BBUJIY €0 JICIIEBU3HBI U BBICOKOH 3()(heKTUBHOCTH. BhINoNHEHHBIE HCCIeI0BaHNs HAIIPABICHBI Ha
oOecrnieueHre (pOPMUPOBAHUS MEIKO3EPHUCTON CTPYKTYphl (PACOHHOTO IMpOKaTa M3 HU3KOJIErHpo-
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CopTorpokaTHOe TPOU3BOJICTBO

BaHHBIX craneil Tuna 0912C B ycnoBHSX COPTONPOKATHOTO MPOM3BOACTBA. MapouHbIN cOCTaB U
MEXaHWYECKHUE CBOMCTBA MCCIIEAYEMBIX CTaJIel cOOTBETCTBYIOT TpeboBanmsim ['OCT 19281-2014.

OO6nacTpi0 NPUMEHEHHUS PE3yIbTATOB UCCIICIOBAHUN SIBIISICTCS TEXHOJOTHS YCKOPEHHOTO OX-
naxgaeHus: pacoHHbIX Mpoduieil mpokara B MOTOKE MEIKO- Cpe/iHe- U KPYMHOCOPTHBIX CTaHOB C
LEJIBI0 MOTYyYeHUs1 0oJiee BBICOKOTo kiacca npoyHoctu 10 440 Mlla ¢ uckitoueHueM MUKPOJIETru-
POBaHMUSI CTATU JOPOTOCTOSIIUMUA XUMUYECKIUMHU dJIeMEHTaMH 0€3 yMEHbIIEHUS TPOU3BOIUTENIbHO-
CTH CTaHOB.

ITocTanoBka 3agaun

Br160op criocoba u ycTpoHCTBa U1l YCKOPEHHOTO OXJIaKACHUS (PACOHHOTO MPOKaTa B MOTOKE
IPOKAaTHOI'O CTaHa JIOJKEH OCHOBBIBAThCA Ha CIEIYIOIIUX MOJOKEHUSX.

1. Heo6x0uMO CTPEMUTHCS K ABYXITAITHOMY OXJIKACHUIO MPO(UIIs: Ha TIEPBOM dTArle Moj-
BepraTb UHTCHCUBHOMY OXJIQKIACHUIO MACCUBHBIE YYACTKU IONEPEYHOI0 CEYEHUs Takue, KaK Bep-
IIMHA YTOJKa, HAa BTOPOM JTale PaBHOMEPHO OXJIAXKIATh BCE IONEPEYHOE CeyeHHe (PacOHHOTO
npodus.

2. Jng pa3paboTKH TEXHOJOTUU U KOHCTPYKIMH JIMHUU BOASHOTO OXJIAKICHHUS HEOOXOIUMO
IPOBECTH AJAITAlMIO pelleHUs] (Ha OCHOBE MaTeMaTH4YeCKOro M (pU3MYECKOro MOJEIMPOBAHUSA)
JUTSL YCTIOBHIA MTPOU3BOICTBA (hacoOHHBIX mpodmiten n3 Mapok ctamu 0912, 0912C, 10XCH/I B ycmo-
BusAxX cra”a 450 OAO «MMK».

MarteMaTH4yecKoe u (1)n3nqec1coe MOACJIUPOBAHUEC

HawnGonpmuii uHTEpEC 1715 MccaeaoBanus npeactasiser craib 091 2C. B cBsa3u ¢ HEBO3MOK-
HOCTHIO IIPOBEJICHUS HUCCIIEOBAHUS HA TUHAMUYECKOW YCTAaHOBKE OXJIAXKJIEHUS B JIMHMM CTaHA B
BUJY OTCYTCTBHUS TAaKOBOM B HacTosuiee Bpems Ha craHe 450, ObuIM BBIOpaHBbI CIEIYIOLIME METO/IbI
IIPOBEICHUS MOJICITMPOBAHUS: OXJIAXKIEHHE (PACOHHBIX MPOQUIEH MPH TEPMOYIPOUYHEHHH, MOIEITH
TepMHUecKOll 00paboTku (acoHHoro mnpokara B mporpammuoii cpene DEFORM 3D + Heat
Treatment, ¢pu3nyeckoe MOACTHPOBAHUE TSI OTIPENICIICHUSI TEMIIEPATYPHBIX KOA(PPHUIIUEHTOB KOH-
BEKTUBHOMW TEIJIOOT/1a4M, CTATHYECKOE MO/ICIMPOBAHNE HA YCTAHOBKE OXJIAXKICHHS JUIsl BBISIBIICHUS
TEHJICHIIMI K YIIPOYHEHUIO W ONPEJCIICHUIO €r0 AMHaMUKU. B kauecTBe 00pa3noB s pusnyecko-
ro MOJIeIMpoBaHus Obula BeIOpaHa ctainb CT3cIl, OTHOCALIAsACA K TOH ke IpyIie XapakTepa ynpou-
HeHus uto u cranb 091°2C.

Maremaruueckoe MOJESTHPOBAHWE OCHOBAHO HA CTPYKTYpHO-MaTpuuHOM moaxone [8-19] u
MoziensiX, pa3paboTaHHbIX CHOUPCKUM TOCYJapCTBEHHBIM WHJIYCTPHUAIbHBIM YHUBEPCUTETOM
(CuoI'Y) [20-22]. Mogenu CubI'Y opueHTHpOBaHBI HAa MX MPUMEHEHHE B YCIOBHUSIX TEXHOJO-
rum 3anagHo-CHOUPCKOro METaITypruueckoro KoMOuHaTa, U ObLIIM afanTUPOBaHbl JUIsl YCIOBHM
TemneparypHbix pexxuMoB craHa 450 OAO "MMK". IIpu npoekTupoBaHUKM MaTEMaTHYECKON MO-
JIeNIA OXJIaX/IEHUs packara 3a OCHOBY B3ATa MaTeMaTH4ecKas MOJeNb, MpeACTaBlIeHHas B padoTe
[20-22], ycoBepiieHCTBOBaHHAs M aJalTHPOBaHHas AJst yciaoBuid ctaHa «450» OAO «MMK». Mo-
JIeJIb PACCUUTHIBACT BHEIIHUNA W BHYTPEHHUH TEIIOOOMEH C yY4ETOM HM3MEHEHMsI TEMJIONPOBOIHO-
CTH, TEIUIOEMKOCTH M JIMHEWHOTr0 paciiupenus ctanu. C UCronb30BaHUuEeM pa3paboTaHHONH MaTeMa-
TUYECKOW MOJENU MPOBEJEHA CEpUsi MHOTOBAPUAHTHBIX PAcueTOB OXJIAKICHMS MpPOKaTa U3 CTalld
09I"2C: paBHonosounbix yronkos 40x3, 80x7, 125x16, mBemiepoB Ne5, 12, 18 n nByraBpa Nel2
(tomumHbl ook (cTeHok) 3; 7; 16; 4,4; 4,8; 5,1 u 4,8 MM COOTBETCTBEHHO). PexHM OXJTaXaeHUs
TPEXCTAUIHBIN: mepBas CeKIUs CTpyiHHOE (POPCYHOUHOE OXJIaxaeHue, Bpems oxmnaxaeHus 0,45 c,
BTOpasi CeKIUs — oxJaxaeHue Ha Bo3ayxe 0,07 ¢ B yCIOBUAX €CTECTBEHHOW KOHBEKLUHU (CKOPOCTh
TPaHCHOPTUPOBKH packara 5,5 M/C), TpeTbsl CEeKUUsI — BOJAsSHOE (POPCYHOUHOE OXJIAXKIEHHE IpO-
noikutensHOCTRIO 0,75 ¢. Temmeparypsl Havana yckopeHHoro oxjaxiaeHus 900-1050°C. Ha
puc. 1 mpexncraBiaeHsl pe3yiabTaTbl MaTEMaTUYECKOTO MOJEIMPOBAHUS (TEMIEPATYpHBIM PEKUM)
OXJIQXACHUS TIPOKaTa YroJioK, IIBEJUIEP, IBYTaBp C TOJIIUHOM MOJOK (CTeHOK) 3, 5, 7 1 16 Mmm.

beun paccunTansl pacnpeeneHns TEMIEpATyp MO TONIIMHE pacKaTa Iociie MepBoil, BTOpoi
U TPETheH CTaMU OXJIKACHUS (IPUMEp OJHOTO M3 PacyEéToB Ha pHC. 2).
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Puc. 2. Pacnipenenenue temriepaTyp 1o TOJIIMHE packaTa mocie nepsoit (t = 0,45 ¢),

BTOpOii (T = 0,52 c) u Tpetbelt (t = 1,27 ¢) cTaauii oxJaxaeHus packaTta

JlnarpamMmbl TeMIrepaTypHBIX PEXHMOB OXJIaKICHHS packaTa MOKa3ajld BO3MOXHOCTb IpH-
MeHeHus TexHosnoruu Ha crane 450 OAO «MMK».

Pe3ynbrarhl npUMeHEHUsl aJalTUPOBAHHOW MOJENU OXJaxJIeHus (HacoHHBIX Mpoduiiel npu
TEPMOYIPOUYHEHHH, UCIOIb3yeMOM Ha 3amagHo-CHOMPCKOM MeTaTyprudeckoM KoOMOWHATe Moj-
TBEPXKIAIOTCA Ha TEKyIIeM copTameHTe ctaHa 450 »Toro KkoMOWHaTa, OTHOCSIIIMUMCS K KPYITHBIM
ceueHusiM (Hanpumep, mBemiep 18, yronok 100, asyrasp 155). DEFORM 3D (c monynem «Heat
Treatment») ucHoab30BajiCs AJsl MPOBEIEHUS HCCIENOBAHMS C II€JIbI0 BBIABICHUS TEIIOOOMEHa
[23] B mONIEpEYHOM CEUYEHHUH pacKara ¢ y4€TOM MHTEHCHUBHOCTH OXJIAXACHUS, CTaJUIHOCTH U MpO-
TSOKEHHOCTU BBIICPKKHA MEXKIY CTaIUsSMU JUIsl ONpEeNIeHUsl CPEAHEB3BEUICHHON TeMIlepaTyphl U
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CopTorpokaTHOe TPOU3BOJICTBO

($a30BBIX COCTOSIHMIA B TOTOBOM IIpoKate. MojenupoBaHue MPOBOAUIOCH TSl YCIOBHUS BOJSIHOTO
TypOyJIEHTHOTO TOTOKa U oxJaxaeHus B teuenue 0,5; 1,0; 1,5; 2,0; 3,0; 4,0; u 5 ¢ my1s paBHOMO-
JIOYHBIX yroJikoB 63x63x4, 40x40x4 u 75x75x8 MM u mBemiepa Ne 5 — o mects 0Opa3LoB U3 CTa-
mu Ct3cn ¢ Temneparypsl 900 u 1000°C u nmocieayromero oTiycka ¢ OTAEIbHOrO HarpeBa Mpu
temneparypax 200, 300, 400, 500, 600 u 650°C. Onaun U3 pe3yabTaTOB MPUBEACH HA PHC. 2.

B mporpamvme DEFORM 3D 06bimu cMOJETMPOBAHEI: pacnaj ayCTeHUTA, MEPIUTHOE MPeBpa-
HIeHHEe, MaPTEeHCUTHOE MpEeBpallleHre U U3MEHEHHE TeMIIepaTypbl BO BpEMEHH JJIsl YKa3aHHBIX Bpe-
MEHHBIX HHTEPBAJIOB U Npoduieii. B 3aBUCUMOCTH OT TeMIieparyp ayCTeHUTU3AlluH, CAMOOTITyCKa
U TOJIIIMHBI KOHCTPYKTUBHBIX 3JIEMEHTOB (JPACOHHOTO Mpoduis ompesesneHo HeoOXOAMMOe BpeMs
oxnaxaenus. [Ipu 3ToM Ha mepBOM 3Tame CIEAYeT OXJIaXJaTh MAaCCHBHBIC HJIEMEHTHI IMpoduIeit
UCXOJSl U3 TOJIIMHBI TAaKMX YYacTKOB, HA BTOPOM ASTale — PaBHOMEPHO OXJIAXJaTh BCE CEUEHHUE
npoduiiei, 4To MO3BOJIUT MOJYYUTh PABHOMEPHYIO CTPYKTYPY M CBOMCTBA IO CEYCHHUIO M JIJIMHE
packaToB. DTO MO3BOJUT 00ECIIEUUTh YIIPOUYHEHHE MeTaljia Ha 33/1aHHbII KJ1acC IPOYHOCTH.

du3nuecKoe MOJAEIMPOBaHUE MPOBOAMIOCH HA oOpasnax OAO «MMK»: npuMeHHTENbHO K
ycinoBusiM OAO «MMK» nmst ycranoBieHust ko3 puiimeHTa KOHBEKTUBHOM TEIIOOTAAYU U OTpe-
JIEJICHUS HATMYHS TUHAMUKHA YIPOYHEHHS Il KOHKPETHBIX 00pa3IoB; i1 YCTAHOBICHUS MEXaHU-
YEeCKUX XapaKTEePUCTHK (Tpefiesia MPOYHOCTH U Mpejeia TeKydecTH), (GOPMHUPYEMbIX MPU pasind-
HBIX CKOPOCTSIX M BeJIMUHHAX TEMIIEpaTyphl (Hadajia U KOHIIA OXJIaXKICHHU).

[TpoBoaunocs ucneiTanue odpasua yroika 40x40x4 u3 cranu Ct3cn B ropsyekaTaHOM CO-
CTOSTHUM ¥ TI0CiIe (PU3MUYECKOTO MOJEIMPOBAHUS YCIOBHI BOISHOTO OXJIAXICHUS: UCTBITAHWE HA
pacTspkeHue o0pasiia ¢ ONpeesIieHHeM BPEMEHHOTO COMPOTHUBIICHUS Pa3phIBY, Mpeesia TeKYy4eCTH,
OTHOCHTEJIGHOTO YIJIMHEHUS Ha 5-TH KpaTHOH M3MEpPUTENHHON 0a3e; MCIBITAaHHE HA yJapHBIA W3-
rud Ha oOpasmax ¢ miaaBHbIM KoHIeHTpatopoM HampspkeHud (KCU) mpu TemmepaTypax MHHYC
40°C, munyc 70°C, mocie mexanndeckoro craperus npu temmeparype mioc 20°C mo T'OCT 9454,
['OCT 7564; na oOpa3uax ¢ ocTpeiM KoHIeHTpatopoM HampspkeHuid (KCV) mpu temmneparypax
witoc 20°C u munyc 20°C.

OO0rmiee KOJMYECTBO OMBITHBIX 00pa3noB pasHsercs 30, miuuHa oOpas3na — B JUana3oHe
50-60 mmM. ITocne Tepmuyeckoil 0OpabOTKH y OMBITHBIX 00pPa3lloB 3aMepsIIach TBEPAOCTh B €IUHU-
nax HRC B Heckoabkux yyacTkax acoHHOTO MpoQuis — B IIEHTPE U Y KPOMOK TTOJIOK.

Pe3ynbrarhl 1a00paTOPHOTrO MOJICTHPOBAHUS JOKA3bIBAIOT 3P(HEKTUBHOCTH TEPMUUYECKOM 00-
paboTku (acOHHOTO IMpoKaTa M MojiyueHue Tpedyemoro 3gdexra ynpoUHEHHsI HEJIErHpOBAHHOTO
MeTalljia U3 HU3KOYTIIEPOJUCTON CTalM OOBIKHOBEHHOTO Ka4ecTBa B AMANa30He TeMIEpaTyp OTIyC-
Ka, IMHUTHPYIOITUX TEMIEpaTypy camooTnycka B auamnazone ot 200 go 650°C, koaddunment yu-
POUYHEHHS IPU 3TOM COOTBETCTBEHHO HaxoauTca B MHTepBaie 2,6-1,4. To ectb mpu Temneparype
otnycka 650°C 3HaueHue npezesia TeKy4eCTH MOBBICUTCS ¢ UCXOIHOTO 3HaueHust 320 10 mpuMepHO
450 MlTa, a mpu 500°C — no 480 MI]a.

CrpykTypooOpa3oBaHue npu (GpU3MUECKOM MOJEIMPOBAHUU MOJHOCTHIO COOTBETCTBYET TEO-
PETHUYECKHUM MOJIO)KEHHUEM M MPENONPEeIIeT YPOBEHb MEXaHUUECKUX CBOMCTB (PaCOHHOTO MpOKa-
Ta. Ha ocHOBaHMM NpeaCcTaBIECHHBIX PE3yJIbTaTOB MOKHO C YBEPEHHOCTBIO YTBEPKIATh, UTO MO Y-
YEHHBbIE Pe3yNbTaThl MOKHO PacIpOCTpaHUTh Ha Apyrue mapku ctanu (0912, 0912C, 10XCH/) u
CYILIECTBEHHO CHU3UTh MUKPOJIETUPOBAHNE BAHAIUEM ITUX CTAJICH.

[Ipu mNOHMWKEHHH TeMIepaTypbl CaMOOTIITyCKa HAOJI0aI0Ch TIOBBIIICHUE MPOYHOCTHBIX
CBOMCTB, YBEJIMYEHHUE YJAPHOU BSA3KOCTH U IUIABHOE CHM)KEHHE IUIACTUYHOCTH, a TaKXe MOJATBEp-
XKJIeHa TeHJEHIUS K (HOPMHUPOBAHHMIO MPOYHOCTHBIX CBOWMCTB (Kjacc mpoyHocTu He Hike 390) u
BBISIBJICHA €€ TMHAMUKA.

Pe3ynbTaThl cpaBHEHHUS! CBEJCHUH, MOJYYCHHBIX MATEMAaTHYECKUM MOJCIHPOBAHUEM, C pe-
3ylbTaTaMu (PU3MUECKOTO MOJIEITMPOBAHUS CBHUACTEIHCTBYIOT 00 aJeKBATHOCTU PabOTHI MOJIEIH.
CnenoBarenbHO, Leraecoo0pa3Ho MPUMEHUTh MAaTEMaTHUECKYIO0 MOJIENb IIpolecca oXIakaeHus da-
coHHbIX mpoduiel crana 450 OAO «MMK» npu cocTaBIeHUH TEXHHUYECKOTO 3a/JaHUS M KOHCT-
PYKTHUBHBIX PEIICHUN JUIsl PEKOHCTPYKIIUU CTaHa.
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O6ocHoBaHMe U BHIOOP KOHCTPYKIUHM YCTAHOBKHM TEPMOYIIPOYHEHUSI

[Tpu BBIOOPE BapuaHTOB PACIIONOKEHHS U YCTPONCTBA YCTAHOBKU TEPMOYIPOYHEHUs (hacoH-
Horo npokara Ha crane 450 OAO «MMK» pyKoBOJACTBOBAINCH CIEIYIOIIUMH OCHOBHBIMHU TpeOo-
BaHUSIMM: YHUBEPCAJIbHOCTh YCTAHOBKU — 00€CIIeYeHNEe BO3MOKHOCTH OXJIAKIACHUS IIMPOKOIO COp-
TaMeHTa npoduiepa3MepoB Mpokara (YroJKd PaBHOIOJIOYHBIE W HEPABHOIIOJIOYHBIC, IIBEIJIEPHI,
JIByTaBPOBbIE OAJIKM) U BO3MOYKHOCTH BAPHUPOBAHUS PEKUMOB TEPMOYIPOUYHEHHUS; KOMIIAKTHOCTh
YCTaHOBKH T€PMOYIPOYHEHHUS.

N3 paccMOTpEHHBIX BAPHMAHTOB KOHCTPYKTHUBHBIX PEIIEHUI YCTPONCTB TEPMOYIPOUYHEHUS
npokata g yciaoBuih OAO «MMK» Oonee nepcrneKTUBHBIM NPEACTaBIsieTcss OJ0YHast cXxema yc-
TAHOBKH C €€ PACIIOJI0KEHHUEM 32 JISTUTEIbHBIMU HOXKHULIAMH (pHcC. 3).

19000
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Crpemka
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VeranoBka \ A
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Puc. 3. Cxema pacnosyio’keHusl yCTaHOBKU JIMHUM BOZsIHOTO oxJaxaeHus (JIBO)
crana 450 OAO «MMK»

Takast cxema yCTaHOBKH IO3BOJUT 00ECIIEUUTH BO3MOXKXHOCTH TEPMOOOPAOOTKH HIUPOKOTO
HOMEHKJIATYpHOTO psiia MPOKaTHBIX Mpo¢uiel, BO3MOKHOCTh BapbHPOBAHUS MapaMETPOB YCKO-
PEHHOTO OXJIAXJIEHUS B IIMPOKUX mpezenax. KoHCTpykTuBHOE pelieHue, Mo3BOJISIoNIee OCyIecT-
BUTH TMIEpEMEIICHNE B JIMHUIO POKATKU POJIbraHra B3aMeH CEKIIMH yCTaHOBKH TEPMOYIPOYHEHUS U
ObICTpOe 00paTHOE MepeMeIIeHNE, TO3BOIUT 00ECEeUNTh BHICOKYIO IPOM3BOJUTENBHOCTh IPOKAT-
HOT'O CTaHa.

Ha ocHoBe 0630pa u aHanu3a MHpPOBOTO OIbITA, BHIOPAHHBIX TEXHOJOTHYECKHX U TEXHHUYE-
CKUX PpeIIeHUI C NPUMEHEHHEM HPSIMOTOYHBIX HIETEBBIX (POPCYHOUHBIX YCTPOWCTB Ha y4yacTKe
JEMCTBYIOLIEro poJbraHra 3a nociegHeil kieTbio craHa 450, mpoBeeHHOr0 MaTeMaTHuyeckoe (Ha
a/IalITUPOBAHHOM MaTeMaTHYeCKON MOJIeNn) U (pru3ndeckoe MOJeTUPOBaHKE MPOLecca OXJIAXKIEHUS
IIPOKATHIBAEMBIX MPOMIEH, pa3padOTaHHBIX PEXUMOB OXJIAXJAECHUS YTOJIKOB M IIBEJIEPOB Ha
KJacchl pouHocty 295...390 MIla kateropuu 12-15 cornacuo I'OCT 19281-2014 6b11m pazpabo-
TaHbl TEXHUYECKUE TpeOOBaHUS K cTalMOHapHOMY oOopyzaoBaHuio JIBO, TexHuueckoe 3aJlaHue Ha
PEKOHCTPYKIHIO cTana 450, comeprkaliiee YepTek KOHCTPYKTUBHBIX pelleHuid (puc. 4).

[Tnanupyemoe mecto JIBO (3a mocneaHei KieTbi0) UMeET AIUHY 19 MeTpoB, 4TO 10CTaTOYHO
Ui Tpedyemoro oxnaxaeHus npoduis. [IpemioxkeHHoe peleHne UMeeT CIeAyIolnue XapaKTepu-
CTHKU: TPH CEKIMH OXJIAXJIECHUS — JIB€ JJIMHHBIX U OJIHA KOPOTKasl; OXJIaXK/1al0TCs YTOJIKH, IIBEJUIe-
pBl U Mosoch! (TONMMHON 70 30 MM) aKTyaJbHOTO pa3MEpPHOT0 COPTaMEHTa CTaHa; BapbUpyeTCs
MHTEHCUBHOCTh YCKOPEHHOT'O OXJIAXKIACHHS KOJMYECTBOM paboTaroniux (GOpCyHOK; MPUMEHUMOCTh
YCTaHOBKH JJIs BBIIIOJIHEHUS TOCTABJICHHOM 3aaui oTHOcuTeNnbHO ctanu mapok 0912C, 10XCH/,
I15XCHA, 10XHAII, 14I'2 ¢ BO3MOKHOCTBIO HMCKJIFOYCHHUS MHUKPOJIETUPOBAHMS CTAlIA;, pean3ye-
mocTh JIBO B paMKax CyIIeCTBYIOLIEH CHUCTEMbI BOJOCHAOXEHHS OTHOCHTEIBHO OOIIEIIEXOBOIO
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pacxojia BOJABI C y4E€TOM JECUCTBYIOIIEH CUCTEMON aBTOMATU3UPOBAHHOIO KAJICHAAPHOIO IUIAHUPO-
BaHUs IPOU3BOJICTBA.

4800

B
=
=

Puc. 4. IIpuHuunuanbHasi cxema CeKIIMM YCKOPEHHOTO OXJIAXKICHUS

K ocHOBHBIM TpeOOBaHMIM K MeXaHU4YeCKOro o0opynoBanust JIBO oTHOCSTCS: CEKITMH TMHUA
BOOSHOT'O OXJIAXKACHUSA JOJI?KHBI OBITH B3aUMO3aMCHIACMBIMU, KaXX1asd OTACIbHAA Q)opcyHKa JOJI’KHaA
UMETh BO3MOXKHOCTb MPUOJIMKECHHUS K IIOBEPXHOCTH MPOKATa Ha paccTosiHue 10 20 MM; TaKkKe Kax-
aast (bOpCYHKa J0JI’KHAa HUMCTH I/IHI[I/IBI/II[yaJ'IBHBH\/JI KJIarnad i MEPCKPLITHA IMoAa4Yu BOJbI;, 4aCTb
pOJIbraHra JIOJKHA OBITh PEKOHCTPYMPOBAHA IyTEM YCTAHOBKH POJIHMKOB B TOPU30HTAIBHOE IMOJIO-
JKEHUE U OpraHU3aluu MOCaJAOYHBIX MECT AJi1 YyCTaHOBKH cekiuii JIBO; HeoOXoIuMo yCTaHOBUTH
JIOTIOTHATEIBHBIA (PHIIBLTP BOJIBI HA TMOaronieM Boaomnposoe 1o JIBO c menbro obecniedeHus B BO-
JIe KOJIMYECTBA B3BEIICHHBIX YacTHIl 10 20 Mr/i (BO3MOXKHO moTpedyercs: 6osee CylmecTBeHHOS 13-
MEHEHHE BOJJOCHAOKEHUSI COPTOIPOKATHOTO 11€XA).

Pacyersnl pe:xuMoB TepM000OPAOOTKH HA NPOEKTHPYEMOIl TMHUYU OXJIAKACHUS

[lepBoHayaIbHO OBLIM BBIIIOJIHEHBI PACUETHI PEKUMOB OXJIAX/ICHUS YTOJIKOB U LIBEIEPOB U3
copramenta ctana 450 ana mapku ctanu 0912C (mpakTHUeCcKHil MHTEpeC MPEACTaBIseT KIAcc
npoynoctu 390 Mlla) [24]. B nacrosmiee Bpemst ynapsas Bsizkoctb KCU cranu mapku 0912C npu
temneparype -70°C nns mpokata kiacca npoyHoctd 345 mo tpeboanuto ['OCT 19281-2014 ne
menee 29 Jix/em® i 34 JIk/cM® — 06eCIIeunBACTCS B TOPSHYEKATAHOM COCTOSHHH TONBKO MPH MHUK-
pOJIETUPOBAHUM BaHaMEM, cojiepkaHue Kotoporo B ctainu 0,06%.

Jlanee TemnoTeXHUYECKHE pacdyeThl ObUIM MPOBEAEHBI, YTOYHEHBI M pacCIIMpPEHbl J0 Kiacca
npoyHocty 700 ¢ mpuMeHEeHHEM MaTeMAaTUYECKO MOJIETT OTHOCUTENIbHO BPEMEHH U NHTEHCUBHO-
CTH OXJIaX/ICHHS B 3aBUCUMOCTH OT TEMIIEpATyp ayCTEHUTH3ALMHA U CAMOOTIIYCKa C LIEJIBIO CYIIe-
CTBEHHOT'O MMOBBIIIEHHUS 3KCIUIyaTallUOHHBIX CBOMCTB MpOKaTa MyTeM TepMUYecKoil o0paboTKu B
JIMHUM CTaHa C UCIIOJIb30BAHUEM ITPOKATHOTO HAarpeBa.

[Ipuyem B nepBoit cexuun JIBO HaunHaeT OXJIaxkIaTbCs MAcCCHUBHAS 4acTh MPOQPUIS MyTeM
npubimkeHnss GOPCYHOK K METaTy OXJIaXJIaeMOro y4yacTKa, a 3aTeM IPOBOJIUTCS OXJaKICHUE
BCero Mpo(duiis B OCTaBIIEICS YaCTH TIEPBOM ceKiuu. J[amee BO BTOPOM U TPETheil CEKIMIX OXJIaxK-
JICHHE MOXKET OCYILECTBIISATHCS MO JIByM CXEMaM: IepBasi — B peKUMe (a) HEMPEepbIBHOTO OXJIaX/e-
HUs (BTOpasi U TPEThs CEKLIMU BKJIIOUEHBI); BTOpasi cXxema — B pekuMe (0) MpepbIBUCTOr0 OXJIax/e-
HUS (BTOpasi U TPEThs CEKIIMU BKIIFOYEHBI YaCTHUYHO, YTO MPEAyCMaTPUBAET BBIJIEPKKY MpoKarta 6e3
OXJIQXKJIEHUS BOJIOM C 1I€JIbI0 BEIPABHUBAHUS TEMIIEPATYPHI IO CEYEHHUIO U OCYIIECTBIIEHUS CaMOOT-
IycKa, MO3BOJISIIOIIETO MOJYyYUTh MOBBIIIEHNE U MPOYHOCTHBIX U IIACTUYECKUX CBOWCTB IIPOKATa.
[Tpu oxnaxaeHnn yrojikoB O0KOBbIE (OPCYHKH B y3JIaX OXJIaxaAeHUs He paboTtaroT. Hanpumep, npu
npousBojcTBe yronka 40x40x4, temneparype koHua npokarku 1100°C u kmacce NmpouyHOCTH
390 MIla nns oxnaxaenus nosku tpedyercsa 0,1 ¢ u 0,29 ¢ — nns BepmuHbl. Bpemst oxnaxaeHus
onHoi Qopeynkoit 0,3/12 = 0,025 ¢ (mar mexay dopcynkamu 0,3 M, CKOPOCTh JBH)KEHUS pacKara
12 m/c). Toraa xommuecTBO HEOOXOAMMBIX (popcyHOK 4 — st monku u 11,6 — s BepmuHbL. B
UTOTE pacCMaTpUBAaEMBbIi YroJIOK CIIEyeT OXJIaXJaTh Tak: BepiurHa ¢ 1 o 8 (dhopcyHku npubiu-
JKEeHBI), a ToNIKK ¢ 8 o 12 (popcyHku ynaneHst).
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PazpaboTanbl peXMMBl OXJaXKICHHUS YIJIOBOro mpokara pasmepamu oT 40x40x4 1o
125x125x16 MM ¢ yuéToM OBYX BapHUAHTHOCTH CXEMBbI OXJIAXKICHHS a U O (KIaccoB MpOYHOCTH 345,
390 u 440). Taxxe pazpaboTaHbl PEeKUMBI OXJIAXKIACHUS s mBesuiepoB (0T Ne5 1o Nel8) u moso-
COBOTI'O MpOKaTa (3KBUBAJICHTHON TOJILIKHBI).

3akjaueHue

B pamkax umccrnenoBaHmii pa3paboTaH BapuaHT PEKOHCTPYKIMU craHa 450 1y yCTaHOBKH
CUCTEMBI YCKOPEHHOTI'O OXJIAXK/IEHUSI B IPOMEXYTKE MEXKIY YMCTOBOM KJIEThIO CTaHA U XOJOJWIIb-
HUKOM, a TaK)X€ CO3[aHbl PEXMMBbI YCKOPEHHOTO OXJIQXKIEHHUS IPOKaTa B IIOTOKE CTaHa C LEJIbIO
obecrieyeHus TpeOyeMbIX MPOYHOCTHBIX CBOMCTB (DACOHHBIX MPOQHIIEH, YTO MO3BOJISET OTKA3ATHCS
OT IIPUMEHSEMOI0 B HACTOSIIEE BPEMs MUKPOJIETUPOBAHUS U CHU3UTh C€0ECTOMMOCTb ITPOU3BO/I-
cTBa (haCOHHOTO MPOKATa.

OkoHoMu4eckui 3¢dexr oT BHeApseMol pa3pabOTKU OyneT AOCTUTHYT 3a CUET CHUXKEHUS
ce0ecCTOMMOCTH IIPOKaTa Ha CTOMMOCTb 3JIEMEHTOB i MuKposierupoBanus ctanu 0912C, nons
KOTOpOH 0T o01iero oobemMa Mpou3BOJACTBA CTaHa cocTaBisieT okoio 10%. MoaepHu3npoBaHHAs
JIBO 1o3BOJMT MHOBBICUTH HPOYHOCTHBIE XapaKTEPUCTUKU U Jpyrux Mmapok crtanu (10XCH/,
I15XCH/J, 10XHAII, 14I'2), uro MOkeT ObITh IOJBEPTHYTO JETAILHOMY HU3YUEHUIO JJIsl OIpe/erie-
HUS JTOTIOJIHUTEITEHOTO SKOHOMHYECKOT0 P QeKTa.

B kaudecTBe pekoMeHAalui M0 Pa3BUTHIO PabOThHl M €€ MPUMEHEHUI0 Ha JIPYI'HX OOBeKTax
CTOUT OTMETUTD, YTO MPOLIECC MHTEHCUBHOTO BOJSIHOTO OXJIaXKI€HUSI MOKHO B MaKCUMaJIbHOU CTe-
HEHU NPUOIU3UTH K MPOLEcCy TepMUUYecKoil 00paboTKH (PaCOHHOrO MpoKara Mo TEPMOLUKINYE-
CKOH cxeme 00pabOTKHU — TEXHOJOTUHU NMPEPHIBUCTOTO OXJIAKIEHUS C MHOTOKPATHBIM YepeOBaHU-
€M oIepanui 3aKaJIKi IIOBEPXHOCTHBIX U MOCIEAYIOLUX CJIOEB IO TONIIMHE IPOKAaTa B PA3IMYHBIX
LUKJIaX ¥ CaMOOTITYCKa 3aKaJeHHbIX CJIOEB METaJlIa MOCJIe KaKJ0ro IMKJIa 3aKajlku. Takas TepMHU-
yeckass 00paboTka 00yclIOBIMBaeT (OPMHUPOBAHUE CIIOMCTON, KBA3UKOMIIO3UTHOM MHMKPOCTPYKTY-
pBl, GOPMHPYIONIEH YHHUKAIBHOE COUYETAHWE MEXaHHMYECKHUX CBOICTB METaula — BBICOKHE ITPOY-
HOCTb, IUIACTUYHOCTB, BSA3KOCTH NP OTPHULIATEIBHBIX TEMIIEpaTypax, PAllMOHAIBHOE OTHOILLECHUE
npejiena TeKy4ecTd K BpEMEHHOMY COIIPOTUBIIEHUIO Pa3phIBY.

ITpu npoeKTUPOBAHNN U MOACPHU3ALMH AHAJIOTUYHBIX TEXHOJIOTUYECKUX JIMHUM: TPOKATHBIN
COpPTOBOM CTaH — Y4acTOK IOTOYHON TEpMUYECKOW 00pabOTKH MOKHO PacCMOTPETHh BO3MOKHOCTh
OCYILIECTBIICHHS MOJHON TepMOMEXaHH4YecKko oOpaboTku [25, 26], HampuMep, MyTeM YCTaHOBKU
IIPEABAPUTENIBHOIO OXJIAKIAOIIEr0 YCTPOMCTBA MEXKAY NMPOMEKYTOYHOM M YMCTOBOW TI'PYIIIAMH
IIPOKATHOT'O CTAaHA, IIPU NOMOIIM MaTeMaTHYECKOI0 MOIEIMPOBAHUS C YIETOM KOHCTPYKIMH CTAHA.
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Nosov Magnitogorsk State Technical University

DEVELOPMENT OF TECHNOLOGY OF ACCELERATED COOLING
OF SHAPE-ROLLED STEEL FOR PROVIDE SPECIFIED MECHANICAL PROPERTIES

Abstract. The work is intended to solve the problem of increasing the effectiveness of section
rolling mills, by controlling the mechanical properties of metal and the content of expensive alloy
additives (vanadium) through the preparation of organizational and technological events to reduce
by at least fifty percent of the content of vanadium in the billets intended for the production of
shaped and long products according to GOST 19281-2014.

Keywords: accelerated cooling by water, excluding microalloying of steel, section rolling,
mechanical properties, GOST 19281-2014.
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HOW TO REDUCE IMPACT OF INDUSTRIAL ROLLING
ON GLOBAL RESOURCE CONSUMPTION AND CLIMATE CHANGE?

Abstract. Motivation for scrutinizing rolling process is triggered by growing evidence of an-
thropological causes of global climate change that are amplified by worldwide acceleration in nat-
ural resource consumption. While the key industries such as steel manufacturing systems are condi-
tion sine qua non for our progress, the rationalisation of relevant technologies is of critical im-
portance. Hot rolling systems, which are in the heart of steel industry, are ineludible examples of
unavoidable man-made enterprises crying for rationalisations. The promising avenue for decisive
progress in (re)designing rolling systems is by implementing Big Data strategy for mitigating the
problems in untenable production and in designing new processes. This strategy stems from recog-
nising importance of knowledge extracted from data accumulated in industrial repositories. An in-
ternationally maintained collaboration between industry and academe is the prerequisite for appli-
cation of proposed strategy in practice.

Keywords: global warming, natural resources, industrial rolling, rationalisation, big data.

Introduction

The alarming evidence of global warming, key resource decline, and consequent socioeco-
nomic disruptions indicate a need for addressing aspects of significance for future wellbeing. Rather
than bluntly proposing various cutbacks in living standards (such as reductions in water and energy
supply to urban settlements) a more intelligent and humanistic approach is to focus on further im-
provements and rationalizations in operating large-scale industrial enterprises. These gigantic man-
made systems are governed by multinational corporations that are too often driven by narrow-
mindedly defined profit. Typical examples are steel manufacturing plants. A conservative estimate
indicates that the production of one tonne of steel product requires nearly 90 tonnes of fresh water.
The complete metalworking sector and majority of complementary industries are seething with
sources of environmental pollution and hazard. As another example, the gas and ore mining (that
present the primary suppliers for steel industry itself) have critically affected landscape, food pro-
duction, water security and communities across too many geographic regions [1].

However, awareness of this state of affairs must not overshadow mindfulness of their intrinsic
and intended usefulness. The significance of metallic materials such as steel for constructing and
maintaining infrastructure is well known. Abundant examples include Chaotianmen Bridge (with
the world’s longest arch span of 1,700 m) over the Yangtze River, Burj Dubai, the tallest skyscraper
in the world (incorporating 4,000 tonnes of steel), Sydney Harbour Bridge (the world’s largest steel
arch bridge), trans-Pacific 9,000 km long undersea cable, (that includes steel wire along with other
metallic components) connecting Oregon US and Japan, to mention just a few [1].

What makes steel so favourable as a construction material? Steel is one of the world's most-
recycled materials, which makes it environmentally sustainable. This versatile, durable and afforda-
ble material has a very advantageous combination of elasticity, strength, plasticity and strain hard-
ening, and these properties do not decline during the recycling process. When a structure such as a
bridge or a power transmission tower is assembled and fastened, any individual component (col-
umn, joint) that is exposed to extreme stress, will react elastically. If load persists this component
will adjust its dimension plastically to transfer the fraction of load on its neighbours. It will not lose
integrity nor will undermine the integrity of the assembly. On the contrary, the deformed element
will gain in strength, thus relaxing the stress in other members.

As the world’s largest steel producers India and China China's iron and steel technology have
stepped into post industrialization stage, the new road to industrialization must be taken and the
ecological iron and steel technology system must be built, in order to solve the problems of re-
source, energy and environment. The entire industrialised world is faced with an imperative to real-
ize "green production”, to enforce the harmonious and sustainable development of the steel sector.
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About 90% of all steel products (and about 80% of all metallics) are at some stage processed
by rolling, and the foreseeable long-term global views imply growing requirements for metallic
products of increasing quality, [2-7]. The challenge for contemporary rolling technology is how to
reconcile this with the reality that, in addition to environmental pollution, the rolling plants con-
sume enormous amount of energy that is generated mostly by fossil fuels (which, in turn, are nonre-
newable resources).

The fossil fuel peak of discoveries has been passed and followed by a steady decline more
than a half a century ago. Global environment in which these trends make their hefty impact is
characterized by the disproportionate amount of energy resources consumed in technically inflated
countries. Although the orientation on renewable sources of energy is gaining in progress (e.g.
South Australia has closed its coal-based power plants; by 2020 Denmark will be producing half of
its electricity from renewables) the growing challenge remains: how to reduce energy consumption
and yet to sustain industrial development [1]?

Indisputable efforts are invested into improving the sustainability of rolling mill systems, but
the global warming forecasts indicate that more must be done, more urgently. Apart from energy
issues, the mill infrastructure is a matter that demands a particular focus. Steel rolling operations
rely heavily on the availability of equipment such as rolls. The owners of such assets need to keep
their equipment up and running as efficiently as possible. The last resort is replacing defective com-
ponents with ready for use components. The defective components are usually expensive. There-
fore, a defective component is repaired if possible and put back in operation. It is important to note
that any instant of the process interruption (in order to perform such a replacement) causes consid-
erable losses. One hour of delay (stoppage) in a typical rolling mill production process costs about
$ 30,000 [1].

The above issues ought to be resolved along with a continuous strive to improve the quality of
rolled products. Quality is not just a complementary aspects, it is in fact the principal key perfor-
mance indicator. The numerous paradigms promoted over the recent decades converge to emphasis-
ing the need for implementing continuous improvements in manufacturing systems. Typical exam-
ples are Kaizen and Taguchi’s philosophy.

Key features of Kaizen include.

1. Improvements are based on many small changes rather than the radical interventions.

2. As the ideas come from the workplace, they are less likely to be fundamentally different,
and therefore these suggestions are easier to implement.

3. Small improvements are less likely to require major capital investment than major process
changes, etc.

Taguchi's quality philosophy can be summarised as follows.

1. An important dimension of the quality of a manufactured product is the total loss generated
by that product to society.

2. In a competitive economy, continuous quality improvement and cost reduction are neces-
sary for staying in business.

3. A continuous quality improvement program includes an incessant reduction in the variation
of product performance characteristic about their target values.

4. The final quality and cost of a manufactured product are determined largely by the engi-
neering designs of the product and its manufacturing process.

The overall picture would be incomplete without realising that large multinational and nation-
al corporations operating rolling mills remain burdened by over-commercialisation and an emphasis
on short-term profit. This results in too slow introduction of technological advances and, as a con-
sequence, many current rolling systems are unsustainable. Moreover, there is a strong but narrow-
minded trend of creating exclusive circles of so called inter-industry and intra-industry trades —
closed within politically and economically allied countries [1].

In spite of efforts of institutions such as World Steel Association (http://www.worldsteel.org),
Association of International Roll Pass Designers and Rolling Mill Engineers (http://www.aikw.org),
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Kalibrovochnoe Biro (http://www.passdesign.ru) and Association for Iron & Steel Technology -
AIST (https://lwww.aist.org), the above problems persist on a worldwide scale. Rolling system de-
sign consultants (such as WICON, Gerdau, Hatch, Morgardshammar and Danieli) and industrial
technology departments (such as those incorporated in VVoestalpine, Siemens AG, Sumitomo Heavy
Industries, and Sandvik) are restricted by competitive environment and do not
collaborate efficiently.

Academic interactions present a movement that acts to break these barriers, yet these initia-
tives need more institutional endorsement in order to prevail. Scientific advances in principle allow
for significant technological improvements by means of introducing intelligent modifications in the
material processing and product finalisation. Operations research theories developed a variety of
models for analyzing complex dynamic systems, such as Markov modulated Poisson process, Non-
stationary Poisson processes, Static or Dynamic Priority Rules, Decomposable Lagrangian multipli-
ers. Multi-item repairable inventory models are abundant in literature [8].

Along with the vigorous research into advanced materials and new sources of energy, there is
a whole spectrum of theoretical, analytical and intelligent methods that are explored within the re-
search into design and optimisation of rolling systems. Theory of plasticity has been greatly eluci-
dated by application of deterministic models such as FEM, slip-line and finite difference analyses.
In spite of all this, the actual rolling practice outstrips understanding of it [9, 10]. When facing prob-
lems such as low productivity and poor quality, rolling system designers still must rely on costly
trials and errors. New solutions by virtue of evolutionary algorithms are increasingly sought for by
utilising rapid advances in computing technology [11-14].

In summary, there is an evident urge for complementing and combining the existing method-
ologies with additional strategies, might they be found within or beyond the boundaries of accus-
tomed disciplines.

Promising avenues

The contemporary availability of growing industrial and academic databases and the capabil-
ity of information technology and communication systems open a possibility to analyse this treasure
and share the extracted knowledge in unprecedented volumes and at the sped of magnetic waves.
Big data is a concept that embraces very large and/or complex data sets that may be analysed com-
putationally to reveal patterns, trends, outliers and correlations. This strategy is already broadly uti-
lized in the fields of social sciences, medicine, climatology, and increasingly in research related to
global warming.

Big data analyses can make important contributions but also present unique challenges to in-
ternational development, such as privacy and interoperability issues. Advancements in big data
analysis offer cost-effective opportunities to improve decision-making in critical development areas
such as technological infrastructure, operations and product quality [15-17].

Big data provides a methodology for unravelling uncertainties such as inconsistent component
performance and availability. It facilitates real-time decisions that mitigate operation problems,
such as downtime, by online transforming measurements into useful information. Vast quantity of
sensory records (such as vibration, pressure, voltage, dimensions) present an information rich repos-
itory that can be correlated to the historical evidence of process key performance
indicators [17, 18].

Cyber-physical implementations use information during the actual operations while analytical
algorithms perform more reliably when more data throughout the machine's lifecycle is entered.
There is a potential to systematically integrate, manage and analyse machinery, tool or process data
during different stages of manufacturing operations. This includes the capacity to handle infor-
mation such as system configuration more efficiently and further achieve better transparency of
equipment and tool utilisation [18].

There is a well-accepted general understanding about the importance of analysing actual in-
dustrial records. The most valid evidence about the interplay of all possible variables in a rolling
mill and the ultimate outcome is a factual manufacturing process. "Intelligent systems that continu-
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ously learn and optimise the performance of rolling mills are extremely valuable for the manufac-
ture of consistent/repeatable product quality. Rolling mill operations generate huge quantities of
records, and this database has not been put to good use in the past. Developing analytical tools to
utilise the manufacturing databases would be of great benefit to the industry. It only requires a
small yield improvement to make a valuable financial contribution when rolling such large quanti-
ties of steel products™ [19].

In essence, the principles of multivariate statistics, nonlinear optimisation and matrix algebra
are projected to increasingly more complex and voluminous sets of data by virtue of analysis of
principal components, canonical correlation and MANOVA, to mention just a few techniques. Ana-
lysing data in high dimensions by including hundreds of parameters is viable as long as the suffi-
cient number of observations is made available. In summary, the reliable information can be ex-
tracted from big data and combined with a variety of empirical and deterministic approaches. As-
sortment of available mathematical methods that can be employed is quite rich (starting with de-
scriptive techniques, via multivariate distributions and inferential statistics to probabilistic optimisa-
tion). Factor analysis and fuzzy logics can be used to uncover the latent structure (dimensions) of a
set of variables. It reduces attribute space from a larger number of variables to a smaller number of
factors. In the absence of sufficient observations, the statistical analysis can be combined with em-
pirical and theoretical models leading to hybrid models.

However, on one side, the competitive environment that dominates in steel manufacturing in-
dustry prevents standardisation and open sharing these records. On the other side, even when pub-
lished, these records show only summative key performance indicators, and technical parameters.
When it comes to a more detailed information, the available records differ in customs and conven-
tions. For example, technical drawings are dimensioned using non-standardised codes, tool life is
defined using different criteria, etc. In order to translate industrial records into structured database,
there is need to define these specificities using generic and standardised format. This will allow for
applying mathematical methods to analyse processes of interest.

Initial attempts to utilize big data and apply mathematical analysis are taking place, usually
including limited collaboration between a single industrial organisation and one research institution.
For example, authors in [20] reported successful collaboration with a specific corporation operating
industrial rolling mills. The company was interested in implementing corrective actions to improve
quality management, and especially to prevent recurrence of production drawbacks. The need for
investigation arose when management was urged to reduce the portion of finished product of unsat-
isfactory quality due to the presence of defects. Deciding on specific corrective measures for such
complex production process that involves multiple stages entailed identifying an unknown combi-
nation of (two or more) factors that were responsible for the defect [20, 21].

Rolling technology aspects

A number of researchers observed that dynamic and morphometric factors (deformation rate,
geometry and dimensions) rank high in the hierarchy of the variables controlling the rolling process.
It is known that suboptimal geometric conditions during the rolling operation can distort the shape
of the finished product as well as the distribution of the local plastic flow and kinematic parameters.
The use of mathematical models to determine the reasons that a given metallurgical product is of
low quality can significantly shorten the time needed to devise corrective measures and reduce the
costs incurred in substantiating technological innovations [9-11, 21-22].

"Normal rolling conditions™ can undergo many different changes during tool exploitation. Af-
ter a roll change or an operation delay, rolls need some time to return to stable thermal conditions.
Every new bar entering the mill creates an impact. Sometimes, severe rolling accidents occur, due
to faults by operators, internal defects in the roll or rolled material, a power cut, mechanical prob-
lems, transportation hold-up or interruptions in the water cooling system. These "abnormal™ rolling
conditions are more or less quite "normal” for industrial operations, as roll damage often occurs
with consequences for the mill and the rolled product. Evidently, the reasons of roll failure have to
be discussed and analysed to reduce further risks. It is impossible to predict all such accidents, how-
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ever, reasonable emergency rolling schedules can be anticipated, provided that engineers have suf-
ficient knowledge of possible design boundaries and variants [23, 25].

Brinza et al. have shown that relations between geometric factors in the section-rolling and
theoretical indices that characterize various components of the quality of deformed material can be
generalized in mathematical models. A range of such models has been constructed, tested, and put
to practical use in analysing the laws which determine the quality of rolled products. These models
have been constructed using experimental and theoretical solutions of three-dimensional plastic
flow expressed in terms of the mechanics of deformable solids. A set of geometric factors that
uniquely characterize the deformation zone during the rolling in roughing passes was defined for
the purpose of modelling the rolling process in bar and wire rod mills operated by company Evraz.
Geometric parameters of rolling pathways were transformed into dimensionless factors and statisti-
cally analysed. The multivariate representation of the passes yielded significant information which
enabled detection of technological reserves in the rolling process. Production records were collected
over the period of three years of full production in 250 mm bar and wire rod mills. A universal
method for process improvements is defined allowing for rapid corrections of the groove elements
and the rolling protocol [20, 21].

Another example leading to big data approach is discussed by Appleton [11] who promotes
hierarchical classification system termed Durham matrix-based methodology. This strategy, which
has been successfully used in several areas, such as design for manufacture and maintenance plan-
ning, gives the designers an incentive to consider all input-related parameters, issues and concerns
they think are important. The whole spectrum of mechanistic, materials, operation and maintenance
data is embraced and analysed by means of manifold iterations.

Other authors explored whether significant statistics can be inferred by analysing published
information about morphometric and dynamic aspects of rolling series. Pilot statistics indicated that
significant correlations can be inferred by using various linear combinations of morphometric vari-
ables. There is a wide range of publications that provide information about rolling mills, roll mate-
rials, and rolled products that all fit into the same category with regard their technical configura-
tions, chemical compositions of processed materials, etc. In order to apply multivariate analysis on
morphometric data there is a need to invent appropriate generic functions that assign to each obser-
vation a unique combination of coefficients. Preliminary simplified analyses of morphometric data
for symmetrical products have shown statistically significant correlations [9, 10, 24, 26].

Roll pass design (RPD) is a concept that is embedded in the heart of rolling mill technology.
Bearing in mind that RPD is one of the most influential aspects, an assumption has emerged that
significant patterns and correlations can be observed by analysing morphometric RPD series. Since
all published designs of rolling series aimed to achieve the best key performance indicators, it fol-
lows that the statistical patterns and correlations can be extracted from this database. When these
patterns are combined with empirical knowledge (e.g. spread calculations), probabilistic design al-
lows for anticipating morphometric improvements for each individual pass. For example, minute
corrections can be introduced to counterbalance the inevitable wear of the roll surface, when the
analysed case statistically falls on the wrong side of the common trend [9, 10, 24].

The complexity of applied RPD depends on the level of expectations; some designs are in-
tended to enable energy or productivity effective schedules, others aim at more exact morphometry
or the best thermo-mechanical processing for the product microstructure. Roll grooves can be de-
signed in a variety of ways at the same cost, but with significant economic consequences for both
maintenance and operations. A complete RPD needs to take into account the gradual change in the
groove contour during the rolling campaigns due to roll wear. As discussed above, this class of op-
timisations can be pursued based on knowledge extraction from databases constructed from indus-
trial records.

First step in developing Big Data RPD is to describe rolling processes by means of structured
matrices such as illustrated by Eq. (1):
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In order to apply multivariate analysis on morphometric records defining more complex
grooves there is a need to invent appropriate generic functions that assign to each observation a
unique combination of coefficients.

The elements in the matrix A must present morphometric parameters for the subsequent pass-
es along the rolling sequence. These parameters are successfully defined using Chebyshev polyno-
mials to provide a generic formulation that filters out the insignificant differences in morphometric
RPD records. In this way the principal features of the rolling pass sequence are represented by di-
mensionless parameters. This multivariate representation provides significantly more information
which further enables making inferences about technological RPD reserves of the process [26].

Although a significant correlation can be inferred based on morphometry of rolling passes ex-
clusively, for extracting more comprehensive knowledge about the process the matrix A needs to be
further extended. This is done by including additional process parameters of interest (e.g. product
and tool specifications such as chemical composition, and operation variables such as rolling tem-
perature and velocity).

Matrix B components can be summarised as follows:
1. productivity;

yield;

reliability;

quality;

costs.

arwnN

Ultimately, matrix A needs to be correlated with corresponding matrix B where the process
output parameters are embraced. When knowledge about mutivariate distributions of RPD parame-
ters is presented in a conceivable fashion, the reliability of predictions increases proportionally to
the quantity of the observations and the predictors taken [26].

Sequel

The quantity of published theoretical works addressing plastic forming by rolling and related
solid mechanics and materials science is impressive. However, the resulting models do not offer
sufficiently close approximations to real actualisations in the case of the design of rolling process,
simply because they fail to include all significant variables. In addition, it appears that idealisation
of experimental designs in laboratories and the resulting deterministic models undermine their ser-
vice as possible realisations in practice [27].

Theoretical derivations and idealised experiments are caught in the trap of the first principles
and so-called natural laws. Practical applications (empowered by today's improved detectors and
sensors) indicate that the "laws™ hold only under limited circumstances that often do not reflect the
real situations of practical importance. Complex mathematical formalisations appear to serve only
for the self-purpose of theory itself — not for the purposes of practice, i.e. for solving the problem as
it has been stated. As explained by Griesemer [28]: "A theory does not count as formalized unless
its presentation in a conceptual notation is actually used in these practices. In other words, formali-
zation is a practice, not merely a state, property, or condition of a theory. Successful formalization
affords increased facility or even makes possible new kinds of theoretical and empirical practice
(that were) unavailable without (such) formalization”.

Theories of physics of solids, continuum mechanics, elastoplasticity and thermodynamics
provide the grounds on which the industrial processes of rolling are designed and constructed ini-
tially. Yet, these methods alone do not provide sufficient optimisation effects in the actual manufac-
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turing operations. This means that costly corrections and trials must be undertaken at the resource-
consuming industrial scale. In this scenario the information about the multifactorial correlation be-
tween the critical dependent variables and actually independent and controllable parameters is deci-
sive. The knowledge of how we can affect the outcomes within the scope of real controls must be
ranked highly in the hierarchy of modelling of the rolling process [27].

Although the sensors, actuators and the logics of pertinent loop control are constructed based
on exact scientific theories, the key idea of their operation is the so-called "black-box™ principle.
We do not need to know exactly why the output changes due to other factors, as long as we know
that by changing a limited number of the input control factors we can control the process. The pre-
requisite for this is to define the system operation and maintenance statistics, which are ultimately
estimated by means of a statistically significant number of repetitions. Records of such repetitions
are abundant in rolling mills, however, published sources providing such databases are rare [27].

Attempts were made to share in such data bases with institutions and companies involved in
similar research and fabrication. Communication with potential industrial stakeholders was met
with initial interest that advanced only to a point where access to industrial data bases was request-
ed. The industrial correspondents exhibited an interest in receiving, however, not in providing, in-
formation.

On the other side, academics are interested in collaboration related to this topic; the following
are several examples of institutions from which the positive responses were received over
recent 5 years.

1) The University of West Bohemia; contact: Prof. Dr. Ing. Bohuslav Masek, Director
FORTECH (e-mail: masekb@kmm.zcu.cz and bohuslav.masek@mb.tu-chemnitz.de) The Research
Centre of Forming Technology, Czech Republic (http://fortech.zcu.cz).

2) National University of Science and Technology “MISIS”, http://en.misis.ru/; contact: Dr.
Viacheslav V. Brinza, Director, The Scientific and Research Center of Technological Forecasting
(e-mail: viachbrinza@mail.ru) Russia (misis.ru/spglnk/b3631767).

3) The University of Adelaide; contact: A. Prof. Reza Ghomashchi, School of Mechanical
Engineering (http://mecheng.adelaide.edu.au) (e-mail: reza.ghomashchi@adelaide.edu.au) Struc-
tures and Materials Group, Australia (www.mecheng.adelaide.edu.au/mrg/).

4) The University of South Australia, http://www.unisa.edu.au/ Contact: A. Prof. Kazem
Abhary (http://people.unisa.edu.au/Kazem.Abhary) School of Engineering,
(http://www.unisa.edu.au/IT-Engineering-and-the-Environment/School-of-Engineering) ~ (e-mail:
kazem.abhary@unisa.edu.au).

5) CQ university Australia, Contact: Dr. Ramadas Narayanan, School of Engineering Tech-
nology, (https://www.cqu.edu.au/), Australia, Qld 4670 (e-mail: r.narayanan@cqu.edu.au).

6) Faculty of Metallurgy and Materials (http://www.famm.unze.ba/) — a member of the Uni-
versity of Zenica (http://www.unze.ba); contact: Prof. Faik Uzunovic e-mail: fa.uzun@yahoo.com
(Head of the Department for Working-Processing of Metals.

Conclusions

Initiative for employing Big Data strategy to RPD is motivated by recognising the following.

(i) The need for sustaining industrial practice in operating rolling mills that deliver current
and develop new products of continuously increasing quality and quantity (volume of manufactured
steel has surpassed 1,6 billion tons per year).

(i1) The necessity for urgently reducing the natural resource consumption and carbon emission
caused by the above industry.

(iii) The demand for activating multi-disciplinary research synergy by connecting academics
and professional engineers at a level of coordinated international collaboration.

(iv) The urge for unlocking access to growing industrial and academic databases and take ad-
vantage of capability of information technology and communication systems to share the extracted
knowledge.
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(v) The need to shift the competition attitude from an emphasis on short-sighted profit and
knowledge ownership towards a competition based on inventiveness in applying advanced technol-
ogy, sustainable operations, and constructive distribution of profit.

Along with the well established statistical merits, the criteria for evaluating the Big Data RPD
strategy include the following questions:

(i) whether or not it incites continuous improvement in product quality, and improved control
with regard to morphometric, mechanical, metallurgical and other aspects as specified by standards;

(ii) does it lead to an increase in production yield (due to a decrease in scrap and losses caused
by production interruptions);

(iii) how it enhances and increases productivity (due to a decrease in the frequency and dura-
tion of the delays, and due to decrease in the overall duration of the manufacturing campaigns);

(iv) whether it assists in improving the system reliability (due to extended tool life); and

(v) does it lead to a decrease in the overall sustainability of the operations, both with regard to
commercial viability of the metalworking plant and with regard to environmental impacts?

Big data paradigm, which provides designers with powerful tools for transforming intricate
records accumulated in manufacturing systems into useful knowledge, opens promising avenues in
search for improving design of complex systems such as rolling mills.
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M.U.PymsiHueB
OI'bOY BO «MarHuTOropckuii rocyaapCTBEHHBIN
TexHu4yeckui yausepcuret um. I'.1. Hocosa»

PA3BUTUE METOJIUKHN CUHTE3A YACTHBIX OBXKATHUI I'OPU30HTAJIBHBIMH
BAJIKAMM IIPU TOPSAYEN ITPOKATKE HA IIIAPOKOIIOJIOCHBIX CTAHAX

Annomayus. Paccmompenvl 3aKoHOMePHOCIU paAChpedeeHUtl YaCmHbIX 00Jcamuil 20pUu3oH-
MANbHLIMU BAIKAMU 68 YEPHOBOU U YUCOBOU SPYNNAX WUPOKONOIOCHO20 CMAHA 20pAYell NPOKAM-
Ku. Buvlsignenvl memoowt evloopa wacmuwix obscamuil, obecneuusarouyue HAUMeHbUUe OMKIOHEHUS.
nepeo2o NPUOTUNCEHUS PEHCUMA 0eOPMAYUU OM NPUMEHAEMO20 HA NPAKMUKe.

Kntouesvie cnosa: wupoKkonorocuviii cmam 2opayell npokamKu, 4acmuoe ooxcamue 3a npo-
X00, pesicum 0bHcamull 8 4ePHOBOU 2pynne, pedcum 004camull 8 YUCMO8oU pynne.

BBenenue

Jedopmarust MeTallia Ha MUPOKOIIOJIIOCHOM cTaHe ropstueit nmpokatku (LLICITT) mpousBoauT-
Cs B YEPHOBOM M YMCTOBOM IPYNIAX KJIETEH, B KOKIOU M3 KOTOphIX ocymecTBiasgercs Ny m N

IIPOXO/I0B COOTBETCTBEHHO. [IpOKaTKy B YEpHOBOMW IpyIIe KIETEH PEKOMEHIYIOT IPOU3BOJIUTH C
MaKCHUMaJIbHO BO3MOKHBIM 00aTHeM B KaXKIOH KJIETH TaK, YTOObI CyMMapHOE 00KaTHe YepHOBOM
NpOKaTKH ObUTO OBl HEe MeHee 75-90% obmero o0xarus, HEOOXOAUMOTO /ISl TOTYUCHHS U3 33JaH-
HOTO cJs16a 10J0Chl HEOOXOAMMOM TomKHbL. Takoil moaxoa mo3BossieT Haubosee MOJIHO UCTIONb-
30BaTh BBICOKYIO IUTACTUYHOCTH OTHOCHTEJIBHO TOJICTOIO M TOPSYEro packara, a Takke odecredu-
BaeT HamboJiee BBICOKYIO TEMIIEpaTypy KOHIA YePHOBOW IPOKATKH, YTO OJAronpHsTHO BIUSAET Ha
YCIIOBUS MIPOKATKU B MEPBBIX YMCTOBBIX KieTsAX. [Ipy 4McTOBOI IpoOKaTke OCHOBHBIMU 33JayaMu
CUMTAIOT o0ecleyeHrne 3aJaHHOM TOJIIMHBI U YAOBJIETBOPUTEIBHON MIIOCKOCTHOCTH IOJIOCHI, pa-
[IMOHAJILHOM TeMIIepaTypbl KOHIIA MPOKATKK U HanOoJbIleH npousBoauTeabHoctu [1, 2]. Ykazan-
HbIE Pa3JIn4Ms 3a/1a4 YEPHOBOW M YUCTOBOW NMPOKATKU MPEIOINPENeNA0oT He0OOXOAUMOCTb MpHMe-
HEHUS Pa3JIMYHbIX METO/I0B BbIOOpa 00XKaTHIA.

3aKOHOMEPHOCTH Pe:KMMOB 00:KaTHIi B YePHOBOIl rpynime

OcoOeHHOCTH PEXHUMOB JAepopMali pacKaToOB M3 CTalu Pa3IWYHBIX Mapok (puc. 1) pac-
cmotpuM s cra"a 2000 OAO «MMK» B 4epHOBOH Ipymie KOTOPOrO YCTaHOBJIEHBI LIECTh Kile-
Tel ¢ TOPU3OHTAIbHBIMU BajkaMu. llepBas U3 HUX — KJIETh Ayo ¢ BajgkamMu quamerpom 1400 mwm,
OCTaJIbHble — YHMBEpCaJIbHbIE KJIETH KBapTO ¢ pabounmu Bajmkamu auamerpoM 1180 mMm. Ananu3
abcomoTHBIX OoOatuil (puc. 1) mokasan, YyTO OTYETVIMBO IPOCMATPUBAIOTCA [BE XapaKTEPHBIX
CTpaTeruu JeGopMaluu rOpU30HTAIBHBIMU BajikaMU. OCOOCHHOCTH CTpaTervil OLleHUBAJIN HAIPS-
JKCHHEM TEKY4YECTH IPU CTAHAAPTHBIX YCIOBHAX UCIBITAHHUSA Ogy, 3HAYEHUE KOTOPOrO ONPEIEIISIIN
C peaJIbHOro y4eToM XHMMcocTaBa ctanu no Metoauke JI.B.Anapetoka [3], u koapduureHTom uc-

TI0JIb30BaHMs JUIMHBI OOYKH BalkoB B, =b, / L, (rme b, — mupuna momocsl, L, — umHa 00uKH

pabouero Bajka).

[TepBas crpaterus (puc. 1, a) UCmoyib3yeTcsl IpU MPOKATKE OTHOCUTEIBLHO MATKUX MapoK CTa-
m (o He 6osee 85 MIla), mubo mpu npokaTke HeMMUPOKUX packatos (3 < 0,64) mpounsix ma-
pok ctanu. {15 3TOro BapuaHTa XapakTepHO, YTO B MEPBOM KJIETH MPUMEHSETCS MOHMKEHHOE al-
comtoTHOe oOxarue B npeaenax 30-35 mm. Bo Bropoii u TpeTbeil KieTsx oHO aocTturaer 53-56 MM
(B oTAENbHBIX cay4asx — 60 MM), a 3aTéM MOHOTOHHO CHMKaeTcst 10 15-20 MM B mocieHel KIeTu.
Tpyu HaGII0IAEMBIX OTHOCHTENBHBIX 00%kaTHsAX B mepsoM npoxoae €/100=0,12-0,15 (8 cpearem
0,135). CnenoBarenbHO, B TOM Cllydae

Ath == 0,135 . H et (1)
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-#-C13cn_1,5x1250
——0810_1,5x1250
==080_2,5x1280
——C1_3nc_2,5x1010
—==07TBI0A_2,5x1283
—006IF_3x1135
—X52(M)_5,2x1031
=+—=C13cn_4,0x1280
07TBHOA_4x1250
08HOPA_5,0x1220
08HOPA_5,0x1050

-2-09r2C_3,0x1190

—=—08nc_3x1280

== Cr13cn_5x1650

=—C13cn_6x1640

==09r2C_5x1205

== 10XCH/_6x1540
10XCH,_10x1500

—+=10M20BH_7x1145

—077Bl0_3,1x1270
10r2¢6_15,7x1660
A36_2_4,5x1829
A36-2 6x1829
A36-2 9,14x1524
A36-2 12,55x1524
08HOPA_2,0x1480

Puc. 1. Pacnpenenenne abcomoTHRIX 00kaThid 10 KiaeTssM uepHoBoii rpymmsl LIICT'TI 2000:
a— g, He Oonee 85 MITA, g, He Gosee 0,64; 6 — o,00nee 85 MIla, g, 6onee 0,64

Bropast crparerust nedopmanuu TOPU3OHTATBHBIMH BAJIKAMU TPHUMEHSETCS TPU TPOKATKE
IPOYHBIX Mapok craimd (o, > 85 MIla), a Taxke npu nmpokaTke mMupokux packaros (f, > 0,64).

s Hero xapaktepHa cienyromas TEHIACHUUA (puc. 1, 6): Hambombiiee abCOMIOTHOE OOXKaTHE
(50-55 mM) mpousBoaMTCS B TEPBOW KIIETH, BO BTOPOH W TPEThEH KJIETAX OHO CHMKACTCS
1o 40-46 MM, a 3aTem yObIBaeT 10 15-20 MM B ocneHel. AGCOIIOTHOE 00KaTHE B TIEPBOM YEPHO-

BoM mpoxozae coctapigeT 0,83-0,92 oT gomycTUMOro mo yCIOBHIO 3axBaTa [Ath]a (B cpenHem

Ath/ [Ath]a pasuo 0,875). CnengoBarensHO, B 3TOM ciy4yae (CKOpPOCTh MPOKaTKU okojo 1 m/c,
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BAJKM CTAJbHBIC C IJIAJKON Ooukoif) kodpduument ycnosuii 3axBara K, =0,042 u abGcomoTHOE
o0>kaTre B MIEPBOM MTPOXOJIC

Ahg, =[ Ahg | ,=0,875K D, =0,875-0,042-D,=0,037-D,. @)

Metoabl cuHTe3a pe:xkuMa o00xaTuii B yepHosoii rpynne IICI'TI

Jns cuHTe3a pexxuMa 00XKaTUH rOpU30HTAIBHBIMU BajkaMu B yepHoBo# rpymme [HICI'TI mo-
T'yT OBITh UCTIOJB30BAaHBI HECKOJIBKO METOJOB. V3BeCTeH, HapuMep, MOAX0]l K CUHTE3Y PEKUMOB
obkatuii [4], KOTOpBIi MOYHO Ha3BaTh METOJOM JIOJIEH CYMMAapHOTO aOCOJIFOTHOTO OO0KaThs

(MACAO). CyTh MeTO/Ia 3aKJIIOYAETCS B TOM, UTO abCONIOTHOE oO)atue B | -M npoxone Ahy 3ama-

€TCsl Kak JIoNA [3 Apj OT CYMMapHOro 00KaTHsi 3a BCE IIPOXO/BI, T. €. OT TOJIIMHBI cias16a H ., 1o

TOJIIIMHBI PacKaTa 3a YepPHOBOM TPYIIIOH hp (Ahy =H o h B ):

Ah; =B AniAhs . 3)

Od4eBHUIHO, YTO 3HAYCHUS JIOJNCH O0XKATUSI CBSI3aHBI C OCOOCHHOCTSIM KOMIIOHOBKH U Xapak-
TEPUCTHKAM 00OpyIOBaHMs 4YepHOBOHM rpymmbl. Hanpumep, Ha puc. 2 NpHUBEICHBI YCPEIHCHHBIC
sHaueHus [3 Apj A1 HempepbiBHBIX cTaHoB 2000 OAO «HJIMK», OAO «Cesepcrainby,

OAO «MMK» u 1700 TTAO «MapuynonbCkuil MeTaryprudeckuii komOuHat um. Wiabuua»
(«MapMK um. Unbuya», Ykpauna), a Takxke noayHernpepbsiBHoro craia 2500 OAO «MMK». Bo
BCEX CIy4asX OTUETJIMBO MPOSIBIAIOTCS PA3JIMUUs B CBSI3U C KOA(PPHUIIMEHTOM HUCIOIb30BAHUS JUTH-
HbI O0UKU pabouero Bajka (IpU yBEJIMYEHUH 3, JOIM 00KaTHsl B IEPBBIX MPOXOJAaX, KaK MPaBUIIO,

ymenbinatores). Ha cranax 2000 gonu o6kaTusi B MepBOil YEPHOBOI KJIETH BBIIIE, YEM Ha CTaHaX
1700 «MapMK um. Unpuga» u 2500 OAO «MMK». D10, BEposTHO, CBSI3aHO C TEM, YTO B YEPHO-
BbIX rpymnmnax craHoB 2000 uMeroTcs BepTUKaIbHbIE OKaJMHOJIOMAaTeny, a Ha craHax 1700 u 2500
pa3pylieHue MEYHON OKAJTUHBI MPUXOUTCS MPOU3BOJUTH B IEPBOM YEPHOBOM IIPOXOJIE.

)BAh -1 -2 =3
0,25 x4 x5 —o6 _
——7 -8 -9
0,20 \\;
0,15 A N 2\
\\ \\
0,10 \ o ™\
M‘: \n
0,05 . . . . . —

R1 R2 R3 R4 R5 R6 R7

Puc. 2. lonu o6xatus pu MpoKaTKe B YepHOBBIX Tpynmnax pasnuasbix [ICTTI:
1 u 2 —nenpepsiBabie cTanbl 2000 OAO «CeBepctanby 1 OAO «HJIMK»

(Ng =5, B <0,64u 3, >0,64); 3 u4 — nenpeprisubIii cTan 2000 OAO «MMK»
(Ng =6, B <0,64u 3, >0,64); 5 u 6 — nenpepriBubiii ctan 1700 [TAO «MapMK um. Unbuuay;
7, 8 n 9 — momynenpepsiBHbIA LLICTTI 2500 OAO «MMK» (Ng =5; Ng =61 Ny =7)
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Bonee ynuBepcanbHbIM siBisieTcs MeTo KodddunmentoB ooxkatust [5] (MKO), B kotopom
dopmanuzoBan moaxoxa, npemnoxkeHHbiii H.B.JIutoBuenko [6]. M3 mpeanosioxeHus JIHHEHHOIO

pacnipenienenus kodddurmentos obxkarust 1; =h , /h no yeproswm npoxomam (i=1,...,Ng) mony-
yriu [7]

Ng HCJl/hp —Ng1 , 4)

Ngi =MNg1 +2(1—1)

rle Mg, — K03 dHUuKeHT 00xaTus B IEPBOM YEPHOBOM IIPOXOJE, 3HAUEHUE KOTOPOIO MOXKET OBbITH

BbIOpPaHO, HAaIpUMeEp, U3 YCIOBUSA 3axBaTa. B nelicTBUTENbHOCTH pacrnpeneneHne KodpGHIHUEHTOB
00XaTHsl TI0 YEPHOBBIM MPOXOJAM HE SIBJISETCS JIMHEMHBIM M B 3aBHCHUMOCTH OT OCOOEHHOCTEH
IPOKaThIBAEMBbIX MTpoduiiel (Mapka cTajly, IIMPUHA U Ap.) BapbUPYIOTCS B IIUPOKUX Ipeesnax.
AHanu3 3aKOHOMEPHOCTEH PeKMMOB 00XaTHl IIPH NMPOKATKE KPYIMHOradapUTHBIX JIUCTOB [8]
IoKas3all, 4To 6oJiee TOUHO peabHble paclpeaeIeHHs 00KaTUii 0TOOpaXKarTCs C IPUMEHEHUEM I10-

Kasarens Mg /My, rae Ny =H,, /M — xoaduumnent nakorennoro 06Karust OT TONUKMHBI CiistOa
10 TonumHs nocine |-ro mpoxona hy; ; ns =H,_, /h, — KO3 PHUIMEHT CyMMapHOTO 00XaTus B 4ep-

HOBOM rpymme. Ha ocHOBe yka3aHHOTO mokaszaress pa3paboTaH MeTol KO (UIIMEHTOB HAKOILICH-
Horo ooxarusa (MKHO) u npumenutenbHo k yepHoBeiM rpynnam HICI'TI Haiinena 3aBucumocTs U3
KOTOPOH TMOJIYYMIJIN CIIEAYIOIIEe BhIpAXKEHUE IS OmpeeieHus K03 duumenTa HaKoIIeHHOro 00-
JKATUS B | -M Ipoxoe:

Nz ="z (0,1889-0,0174 —0,0197\/n; )exp[2,1o56(i /NR)1’218]_ 5)

YroObl OLIEHUTHh MOIPEIIHOCTH PACCMOTPEHHBIX METO/I0B, CPAaBHMIIM MPOTHO3MpYEMblE 3Ha-
YeHHs a0COMIOTHBIX OOkaTtuii ¢ HaOmromaBmmMucs B ycnoBusx mnpokatku Ha ILICITI 2000
OAO «MMK», KOTOpBIM COOTBETCTBYIOT I'padpuku Ha puc. 1.

OneHky norpemHocTeld NpuBeieHbl B Tad. 1.

Tabmuua 1
OneHky NorpenHoCcTy pekuMoB o0xkatuil B uepHoBoii rpynmne LICITI,
pa3pabOoTaHHbIX C MPUMEHEHUEM Pa3IMYHbIX METOI0B
Mertonsl
XapaKkTepuCTUKU TOYHOCTH "
MKO MKHO MICAO MKHO

S min» % -55,16 -91,28 -64,77 -30,09
O max » % 45,59 51,25 38,25 19,58
5, % -1,99 0,14 -1,24 0,70
Syx> MM 5,41 9,40 5,72 4,06

Haumenbpiiyto TOUHOCTh 0OHapYX M1 METOA KO3(PPHUIIMEHTOB HAKOIUIEHHOTO 00aTus (nua-

ma3oH morpemHocTH Ag =8 minl 10 max|

X0Tsd €My KE€ COOTBCTCTBYCT HAMMCHBIICC TII0 MOAYJIIO 3HAYCHUC CpG,I[HCfI MOrpeIIHOCTHU

=142,53% npu cTaHmapTHON OIINOKE Syx = 9,4 Mm),

(S: -0,14%). IlorpemHocTH MeTOA0B KOd(hPuIeHToB neopMalnuu 1 10JIe CyMMapHOro 00xka-
THSL MEHBLIE U NpakTHIecKu onauHakosbie (Ag 100,7 u 103,02%, Syx 541 15,72 MM, O 1,99 u

1,24% cootBeTrcTBeHHO). AHanu3 uctoyHukoB norpemHoctd MKHO mnokasan, uro Haubosnbiiue
OTKJIOHEHUS MPOTHO3UPYEMBIX 00XaTUil OT JNEHCTBUTENbHBIX HaOIIOJal0TCS B MEPBON M BTOPOU
YEPHOBBIX KIIETSAX MpU MpOKaTKe Mo MepBoi crpareruu aedopmanuu. [IpudanHoi 3TOrO0 sIBIsIeTCs
T0, yTO B MeTos1ax MKO u M/ICAO B gBHOM BUJ€ YUUTHIBAETCS (PAKT MPUMEHEHHS TOHMKEHHOTO
0o0xaTus B TIEpBOM 4epHOBOM mpoxoje, a Meroq MKHO naetr MOHOTOHHO yOBIBaroIee pacrpee-
JeHue 00XkaTui, YTO XapaKTEPHO JUIs MPOKATKU 10 BTOPOH cTpaTerud. UToObl MOBBICUTH TOYHOCTH
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merona MKHO paspa6otanu anroputm MKHO?, koTopeblii npeaycMaTpyuBaeT peraaMeHTaluio oo-
)KaTus B IIepBOM mpoxoje (puc. 3).

HAYANO

e |||k =N3g (0.1889-0,0174B, —0,0197\/ny ) P
22
BL=by/Ly| »nsr=He /N, sy =nkexp[ 2,1086(1/Ng) ¢ ] Ahy = K';a' He,
’ | :
ARG =H, (1=Y/n5 )| 3,40 = (AN —AN])/(Ng-1) o
Ah; =Kp D,

g; = Ah; /hy;
i

TABILIA
OBXATUM

hyi =Ngi — Ahjle—Ah; = Ahy
|Ah' = (hgi — h1i)+5Ah|
L

Ny =Nr exp[2,1056(i/|\| . )1218]

Puc. 3. Anroputm Metoaa K03 (HUIIMEHTOB HAKOILIEHHOTO 00KaTHS
C peryiaMeHTaIuei 00KaTus B IEPBOM ITPOXOIE

KOHEL,

PernamentupoBatHoe o0xkarue B neppoM npoxoge AN, BeiGupaercst 6o KaK 101 OT TOJ-

IMHBI csiba, Mo Kak J0Js OT AuaMerpa padodero Baika. 3HaueHus kodpdurmentoB Ky u Ky

MOT'YT OBITh IPUHSATHI, HATIPUMEP, Ha ocHoBaHuK Gopmyn (1) wiu (2). danee o dpopmyine (4) pac-
CUMTHIBAETCA 3HAYEHHE KOO(D(PUIMEHTa HAKOMIEHHOTO 00KaTHs IS IEPBOTO MPOXOJA My, COOT-

BEeTCTByIOIlee eMy abcomoTHoe oOxarme Ah; ©  BelMYMHA KOPPEKIMH  OOKaTHiA
Opn = (Ahi —Ah; ) / (N —1), xoTopasi paBHOMEPHO PaCIIPEENIETCs [0 OCTATBHBIM IIPOXOAAM

(i=2,Ng). Yka3zanHas MoJepHH3ALHs MO3BOJIMIA OOECHEUUTh JOCTATOYHO BHICOKYIO CTEHEHb
COOTBETCTBUS PACCUMTAHHBIX U AEHCTBUTEIBHBIX a0COMIOTHBIX 00kaTHil (puc. 4).
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Puc. 4. JluarpaMma cOOTBETCTBUS IPOrHO3UPYEMBIX U JEHCTBUTEIbHBIX 00KaTUI
B uepHoBoi rpynme LLICI'TI 2000 OAO «MMK»
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Jlnara3zoH MOTrpenIHOCTH COKPATHIICs 10 A 5=49,67%. [Ipu npakTHYeCKH TaKoi ke, Kak y oc-

TalbHBIX METO0B cpeaHeil morpemnoctu (O = -0,7%), cTaHaapTHAS OIIMOKA OLEHUBAHHS CHU3M-
aack 10 4,06 mm (Tabdu. 1).

3aKOHOMEPHOCTH PEKMMOB 00:KATHIA B YMCTOBOM rpymnime

OCHOBHBIMU OTPaHUYCHUSAMH TApPaMETPOB MPOKATKU B YUCTOBOM TPYIIIIE SIBISIOTCS MPOU-
HOCTb KJIET€H U BO3MOXKHOCTH MPHUBOJA, & YCIOBHS 3aXBaTa KaK OrpaHUYEHHUE MOTYT MPOSIBUTHCS
TOJIbKO B MEPBOM KJIETH NP MCMOJIB30BAaHUM PAcKaTa yBEIMYECHHOW TOJIIMHBI. AHAIU3 NMPAKTHKU
pa6otsr LLICTTI 2000 OAO «MMK)» nokasai, 94To MoJIOCHl TOJIIWHON He 0ojiee 5 MM IpOKaThIBa-
IOTCS B CEMH YHCTOBBIX KJIETSX, a MPHU TOJIIHHE Ooee 12 MM — HCONB3YIOTCS AT Kiered. Ecin
JOJKHA OBITH IPOKaTaHa MoJIoca TONIIUHON OT 5 10 12 MM, TO KpUTEpUEM AJisl BBIOOpa YKcia Kie-
Tel ABsAeTCA OTHOWEHUE [y, =D, / h, . Ilpu By, > 210 ucrnonb3yercs MeCTh YUCTOBBIX KIETEH, a

B IIPOTUBHOM ciiydae — rmaTh [9]. Bo Bcex ciyuasx gacTHble 00KaThsi yOBIBAIOT OT MEPBOW YHCTO-
BOW KJIETH K mocienHei (puc.5).

18 -0-0810_1,5x1250 60 ~0-0810_1,5%1250
16 -1~ 08nc_2,5x1285 O\ {1~ 08nc_2,5x1285
=~ Cr3cn_4,0x1280 50 = ——Cr3cn_4,0x1280

14 -
= —Z—CT3cn_6,0x1640 L\\\)\o\ —%-C13cn_6,0x1640
= 12 —a—C13nc_8,0x990 2 40 —a—Cr3nc_8,0x990

: = - -e-10r2d6_15,7x1660
éﬁ 10 —-e—10M2®E_15,7x1660 o
30 A &

NSNS N

10 7

F1 F2 F3 F4 F5 F6 F7
Knetb

a o

Puc. 5. Pacnpenenenus abCoMOTHBIX (a) U OTHOCUTEIBHBIX (0) YaCTHBIX 00KaTHA
o knetsaM yrctoBoil rpynmsl LLICI'TI 2000

Meton cuHTe3a pexxuMa 005KaTHIi B YHCTOBOM rpyIie

VYka3aHHbIE BbIlIE OCOOCHHOCTH OOYCIOBMJIM IIMPOKOE PACIPOCTPaHEHHE I CHHTE3a pe-
xkuma oOxatuii B unctoBoi rpymme LIICITI meroma Mmau. Meton Ga3upyercs Ha Cleayrolien
dopmyine (mpuBoauTcst Ha ocHoBanuu [10] ¢ ucmonp30BaHUEM 0003HAYCHUN, IPUHATHIX B HAIICH
pabote):

s = il , 0
h im im im
\/ Wihp +(1_BWi)hK
riae M — ko3 uIMenT, paccunThIBAEMBIi 110 GOopMyIIe:
0,21 ©)

im=0,30+——;
h

K
BWi - KOS(I)(bI/IL[I/ICHTLI HCIIOJIb30BaHUA MOIIHOCTH I'JIaBHBIX IIPUBOJOB:

i:NF

j=i
Bwi = ZW j Z Wi, (8)
=1 i=1
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W, — monHOCTE, HE06X0MMMas JUIS IPOKATKH B | -if Kierw.

B oreuectBenHO# nuTepaType mero] BrepBbie onucan F0.B.KonoBanoBbim u ap. [11], npu-
4eM JUIs TPOKATKM B CEMH KJIETEBOM YMCTOBOW TpyIie OOOCHOBAHBI CIICAYIOIINE 3HAYCHHS
Bwi: 0,16; 0,33; 0,49; 0,66; 0,79; 0,90 u 1,00. Ypasnenus (5 u 6) nomydensr 63 yuera yucia 4uc-
TOBBIX IIPOX010B N - , KOTOPOE, OJIHAKO, B 3aBUCUMOCTH OT Pa3MEPOB I10JIOCHI M IIPOYHOCTH CTaJIH,
MOXET MEHATHCSA OT 5 10 7. Tak Kak B CBS3U C PA3JIMYHBIM YUCIOM AKTUBHBIX KJIETEW YHCTOBOM
TPYIIbI MPOSIBISIFOTCS OTYETIIMBO BBIPAKEHHBIE OCOOCHHOCTH PEeKUMOB nedopMmanuu [9], 3amauy
BbIOOpa K03 HLMEHTOB [3,); HEOOXOMMMO PaccMOTPeTh Ul Kaxjaoro koukpersoro N g o1-
JIENIBHO.

UT0o0BI OBBICUTH OOOCHOBAHHOCTH PEKHUMOB O0XATHIA, MOJIy4aeMBbIX Ha OCHOBE (hopMyIb
Mmawu, ObLIH MCCIEN0BaHBI pacnpeneneHus KodGouunentos [3\y; Mpu NPOKATKE MOJIOC Pa3IHYHOMI
tonuHbel. B pabore [12] Takoe wmccnepoBaHue OBLIO BBITOJHEHO ISl CIydas MPOKATKH TOJIO0C
ToamuHoM 1,2-2,5 MM Kak creruduueckoi yactu pasmeproro copramenta IIICITI. B pa6ore [13]
BBIJICTICHBI JIBE TPYIIITBI TOJIIHH: «TOHKHE» (10 4,0 MM BKITIOYUTEIILHO) U «TOJICTHIE» (Ooiee 4 MM).
[TpokaTKy TOHKHX IOJIOC pacCMaTpHUBAII B 7, @ MPOKATKY TOJICTHIX Mojioc — B 6 kiersx. C yueTom
TOT0, YTO TOJICTHIE MOJIOCHI MOTYT MPOKATHIBATHCSI HE TOJIBKO B LIECTH, HO U B MATH YUCTOBBIX KJIe-
TSX, BBIMIOJTHIIN aHAJIOTHYHBIN aHAIN3 C YUETOM ITHX CIy4acB W MOIYYHIN PACIPEeIICHUS K03 -
bunueHToB, yKka3aHHble B Ta0JI. 2.

Tabnuua 2
daktuyeckue pacnpenesneHus Ko3(GUIHEHTOB 3arpy3Ky IPUBOIOB
ynctoBbIX Kiereil HICI'TI npu npokaTke noy10c pa3inuiHON TONIUHBI
ToumuHa 1no- Kiets
L v = F2 F3 F4 F5 F6 | F7
1 1,2-2,5 7 0,19 0,32 0,52 0,67 0,81 0,92 1,00
2 2,6-5,0 7 0,17 0,34 0,49 0,65 0,78 0,89 1,00
3 5,1-8,0 6 0,19 0,35 0,52 0,68 0,84 1,00 -
4 8,1-12,0 6 0,16 0,30 0,47 0,62 0,80 1,00 -
S) 8,1-12,0 S) 0,18 0,36 0,57 0,75 1,00 - -
6 Cs. 12,1 5 0,17 0,33 0,52 0,71 1,00 - -

Kak u B pabotax [12-13] aTu pacnpeneneHus: almpOKCHMHUPOBAIH TTOJIMHOMaMH BTOPOH CTe-
IIEHU OTHOCHUTEIBHO HOMEpa KieTH |

Bui = 8g + &g + ayi’. 9)

Koadduimentst perpeccun 3aBucumocty (9) uist pa3nuYHbIX BAPUAHTOB YMCTOBOW MPOKATKU
npuBeleHbl B Tabn. 3, a OJOK-cxema ajlropuTMa CHHTE3a pekHMa oOxatuii metojgoMm Mwmaum ¢
YUETOM YKa3aHHBIX JIOTIOJTHEHUH MpeICcTaBIeHa Ha puc. 6.

Tabmuma 3
Koaddunments! ypaBuenus (9) nns pa3nuyHbIX BApuaHTOB MpokaTku B urctoBoi rpymme HICITI

Koadurnuments ypaBuenus
Bapuant TouuHa MosoCck, MM Ne a a a
0 1 2
1 1,2-2,5 7 -0,0126 | 0,2036 | -0,0083
2 2,6-5,0 7 -0,0240 | 0,1979 | -0,0073
3 5,1-8,0 6 0,0187 | 0,1669 | -0,0006
4 8,1-12,0 6 0,0264 | 0,1227 | 0,0065
5 8,0-12,0 5 0,0221 0,156 0,0077
6 12,1 u 6onee 5 0,0541 | 0,1001 | 0,0174

Kamubporounoe 6ropo (www.passdesign.ru). 2016. Bermyck 8 29




JlucrompokaTHOE TPOU3BOJICTBO

—

BeiGop i (), 21 ]
crparermn | —»im=0,30 +—— 1=1N =
npoKaTkm hK

HeT

Vi =V hk/hlz
aa

K, =0,026 —0,006v; +5-10*v?2

Y

. -2

na
h,h,

hy; =- : :
' '”\]/BWih;ame(l_BWi)h;Lm

Koppektuposats |
hpurm {Bwi} [ A

Tabnuua
obxaTni

Puc. 6. Anroputm cunTe3a pexxuma ooxkatuii B unctoBoit rpynme LICITI na ocHoBe MeTona Mman

CHauaia BLI6I/IpaeTC${ BapHUaHT CTPATCTUun YHCTOBOM IIPpOKAaTKHU (‘H/ICJ'IO AKTUBHBIX YHMCTOBBIX

wiereld Np, Anama3oH panyoHAIBHBIX 3HAYEHHH CTENCHU JiedopMariu [SFK]min U [SFK] CKO-

max ’

pOCTh 3axBaTa MEPEJIHEr0 KOHIA MOJOCHl V B IIOCJTIETHEN KaTalollel KJIeTH, a Takxke Kod3ddu-

nkFx
LIMEHTHI TIOJIMHOMA, allPOKCUMHPYIOIIETO PACIpeAesieHue Py MO YHCTOBBIM KJIETSM). 3aTeM pac-
CUMTBIBAIOTCS TOJILMHBI HA BBIXOJIE U3 KJIeTeH U XapakrepucTuku negopmanuu. Halinennsle abco-
JIOTHBIE 00KATUS CPABHUBAIOTCS ¢ MAKCUMAJIBHBIMU JIOITYCTHUMBIMHU 10 YCJIOBHUSAM 3aXBara [Ah]a ,
BEJINYMHA KOTOPBIX OMPEAEISIETCS C yYETOM BIUSHHS CKOPOCTU MPOKATKH HAa KO3 UIMEHT ycIio-
Buii 3axBara B unctosoi rpynne LICITI [12-13]. Taxkxe npoBepsrOTCSI COOTBETCTBUE OTHOCUTEINb-
HOro 00XaTusl B MOCIEIHEN KaTarole KIeTH €p, AMANa30Hy pallMOHAIbHBIX 3HaueHui. Eciu ka-
Koe JIN00 U3 yKa3aHHBIX OrpaHUUYEHHUM HapyIIaeTcsi, HE0OX0AUMO CKOPPEKTUPOBATh TOJIUHY pac-
KaTta HiIn KodpOUIUeHTsI By, .

[TorpemHocts pa3pabOTaHHOTO alropuTMa OLEHWIN CPAaBHEHMEM 3HAa4eHUN aOCONIOTHBIX
002KaTui, IPOTHO3UPYEMBIX C €r0 INPUMEHEHHEM U 00XkaTWi, HAOIIOAABIIUXCS MPH MPOKATKE HA

HICITI 2000 OAO «MMK». KoHTposbHbIE BEIOOPKH MOTyYald CllydaliHbIM OTOOPOM MapaMeTpoB
npokatku 100 mosioc U3 MacCUBOB JIAaHHBIX, OJTY4YeHHBIX ¢ npuMeHeHreM natunkoB ACY TII (Bce-

ro 2697 nabmoxennit mpu Np =5, 1188 muis N =6 1 6483 mpu N = 7). /lnanazon norpemHocTu

HaxonuTes B mipeaenax ot 37,8 no 49,4 % mpu cpennem 3nauenuu ot -0,6 1o 0,2%. CrangaptHas
omnbOKa oneHku konebnetcs ot 0,57 10 -0,63 mm (Tabdmn. 4).

Tabmuma 4
O1eHKH MOTPEeLIHOCTH peKUMOB 00xatuii B unctoBoii rpymme HICITI,
pa3paboTaHHBIX Ha OCHOBE MeToja Mman
Ne
XapaKkTepUCTUKU TOUHOCTH
5 6 7

S min+ -20,0 -19,9 -25,0
8 ma + % 19,8 17,9 24,4
0, % -6,1 -2,1 0,2
Syx’ MM 0,58 0,63 0,57
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JlmarpaMMbl COOTBETCTBHUSI MPOTHO3UPYEMBIX M HaONIOAaBHIMXCS OOXKaTHMl (pHC.7) Tak ke
MIOKa3bIBAIOT JOCTATOYHO BBICOKYIO TOUHOCTb ITPOTHO3A.
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BBINTONIHEHHBINM aHANIU3 MO3BOJIMII BBIACIIUTH JBE CTPATErMU IIPOKATKU B YEPHOBOM IpYIIIE
HICTTI. [edopManus OTHOCHTENBHO MATKUX MapoK cTaiu (G He 6onee 85 MIla), mubo memmpo-

kux packatoB (3| < 0,64) npouHbIX MapoK IPOM3BOIUTCS C MOHMKEHHBIM a0COTIOTHBIM 00KaTH-
€M B IIEPBOM IIPOXOJIE, a IPU IPOKATKe NPOYHBIX MAapoK cTamu (o, > 85 MIla), a Takke MUPOKHX
packaroB (B, > 0,64) aGcomoTHOE OOXaThe B MEPBOM IPOXOJ MaKkCHMaibHOE. 1o ocTambHBIM

YEpHOBBIM IIPOX0JaM B 00EHX CTpaTEeTusiX peaju3yeTcsl yObIBarollee pacnpeseneHne adCoNMOTHBIX
oOxartuil. Hanbosee TouHoe nepBoe NpHOIMKEHHE peKuMa 00KaTHii B Y4epHOBOM TpyIIe 10CTUra-
eTCsl IPU UCIOJIB30BaHUU MeTO0/1a K03(h(PUIIMEHTOB HAKOIJIEHHOI'O 00)KaTus ¢ perjiaMeHTanueil Be-
JUYUHBI 1ehopMaliy B TIEPBOM IIPOXOJIE.

B uncToBOIf Tpymme Mmosockl TOJNIMHON He 0ojiee 5 MM MPOKATHIBAIOTCS B CEMH YHCTOBBIX
KJIETSX, a IpU TOJIMHe 6ojee 12 MM — UCTIONB3YIOTCS NATh KieTed. Ecnu gomkHa ObITh IpoKaTaHa
M0JIOCa TOJIIMHOM OT 5 710 12 MM, TO KpUTepUeM JUIsi BHIOOpA YKCiia KIETEH SBISIETCS OTHOIICHHE
Bpn = by / h.. IIpu By, > 210 ucnomb3yercs mecTh YUCTOBBIX KIETEH, a B IPOTUBHOM Cllydae —

naTh. Bo Beex cimydasix yacTHble 00KaTHs yObIBAIOT OT IEPBOW YMCTOBOM KJIETH K mocienHei. Jls
o0ecreyeHns BBICOKOM TOYHOCTH MEPBOro MPUOIMKEHUs pexuMa AeopMau B YUCTOBOU IpyIine
B aJITOPUTME CHHTE3a peKUMa 00KaTUi P YMCTOBOM MpOKaTKe Ha ocHOBE MeToaa Mmaun HeoOxo-
MO TIPelyCMOTPETh BHIOOP KOA(PPHUIIMEHTOB 3arpy3KH MPUBOIOB MOITHOCTHIO B 3aBUCUMOCTH OT
YHClla aKTUBHBIX KJIETEH U 3a/laHHOM TOJIIIMHBI IOJIOCHI.
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®

DEVELOPMENT THE METHODOLOGY FOR SYNTHESIS
OF SOLITARY REDUCTIONS BY MEANS THE HORIZONTAL ROLLS
IN WIDE STRIP HOT ROLLING MILLS

Abstract. The patterns of the distributions of the solitary reductions by means of the horizon-
tal rolls in roughing and finishing groups of wide strip hot rolling mill have been considered. The
methods for a choice the solitary reductions, providing the minimum deviation between real modes
of deformation and theirs first approximations, have been identified.

Keywords: wide strip hot rolling mill, solitary reduction per pass, mode of the reductions in
roughing group, mode of the reductions in finishing group.
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M.U.Pymsanues, U.0.HoBuukuii, O.b.Kanyruna, U./1.3eaqunos, F0.A.3eaunoBa
OI'bOY BO «MarHuTOropckuii rocyaapCTBEHHBIN
TexHu4yeckui yausepcuret um. I'.1. Hocosa»

HOBBIH AJITOPUTM CHUHTE3A IEPBOI'O ITPUBJINKEHUSA PEXKUMA OBXKATHN
IPU XOJOJHOMN MPOKATKE B TPABUJIBHO-ITIPOKTHOM AT'PETATE

Annomayus. Ilonyuenvl 3agucumocmu, Komopwvie nO3601410M YOpManru306ams 6b160p payuo-
HAIbHO20 pedcuma 00Hcamuii Memooom 3a0aHHbIX MOWHOCMEU NPU XOJI0OHOU NPOKAMKe 8 CO8Me-
wennom mpasunvHo-npoxamuom acpecame 2000 (PLTCM 2000). Cmenenv coomeemcmeus npo-
CHO3UPYEMBIX U OeliCMBUMENbHbIX PAYUOHATbHBIX moawun docmuzaem 99,8%.

Kntouegvie cnosa: xonooumas npoxamka, co8MeujeHHbulll MpasulbHO-NPOKAMHbIU azpeam,
peostcum 0bxcamuil, MOWHOCMb 08ucamens, Kodpghuyuenm 3azpy3Ku.

B paborte [1] onmucan meTon cHMHTE3a pekuMa 00)KaTUH Ha HENPEPHIBHOM CTaHE XOJIOJHOU
MPOKATKH 10 KPUTEPUIO 33JaHHBIX MOIIHOCTEH JBHUTaTeNel riiaBHOTO mpuBoja (puc. 1), papado-
TaHHBIM Ha OCHOBE «0a3MCHOrO METOAa» OMNpeleieHHs YAEIbHOTO pacxoja 3HEpPruH, KOTOPBIN

npemioxmwin A.B. TpetbsikoB u b.E.JIokmus [2]. B nanHoM meTojie Wi — aKTHBHAs MOIIHOCTb, KO-
TOPYIO JIOJKEH OTIAaTh ABUraTeNb | -0it KjeTH, 4ToObl OCYIIECTBUTD MPOIIECC MPOKATKU B HEH, Ompe-

JCJICTCA OTHOCUTCIIBHO HOMHUHAJILHOU MOIIHOCTH IMPHUBOJA WHOM C ITIOMOIIIBIO KOS(i)(i)I/IIII/ICHTa kl .
Wi :WHOM . kl . (1)

Kpome ykazaHHBIX B TEKCTe, Ha pUC. | HCIONB3OBAHBI CIEAYIONIME O0O3HAUCHUS: HO -
TOJIIIMHA TI0JIKATa, MM; hk — TOJIIMHA X/K TOJIOCHI, MM; Y590 H k520 — KO3 UIIUEHTHI, YIUTHI-

BalOI[ME OTIUYMSI BAJIIKOB Y3JIOB OT BaJIKOBOTO y3ia craHa 520/1016x740, Dp — IuaMeTp paboumnx

BankoB, MM; OT — mpenen tekyuect, MIla; O, — BpeMeHHOe compoTuBieHue pas3pbiBy, MIla;

M x U M y — napaMeTpbl KpHBOfI YACIABHOTO pacxoJa SHCPIruu; AZ - pa60Ta, 3aTpayruBacMas Ha

TOHHY, KBT“{aC/T; C — KOJIMYCCTBO 4YaCOB HAa TOHHY, qac/T; A] - y,HeHLHLIﬁ pacxon SHEpruun

B | -oii kietn, kBT 4ac/t; AEi — HaKOIUIEHHBIN YACNbHBIA pacxoj, kBT gac/T; hi — TOJIII[AHA I10-
Jocsl ocie | -ro nmpoxoxaa, MM.

Onmnako B padote [1] pekomeHaIuu 1Mo BEIOOPY ki OTCYTCTBYIOT. [{7151 000CHOBaHMsI BEIOOpA

Kod(p¢uimeHTa 3arpy3kd JBHUraTesis MPUMEHUTENIbHO K IPOKAaTHOMY MOJYJIIO —arperara
PLTCM 2000, 6bu1 npoBeJeH aHATU3 JJaHHBIX, HAKOIUIEHHBIX paHee MPU BBIOJHEHUU MCCIE0Ba-
Hus [3]. PaccmarpuBanu npokartky mnojoc ToiamuHod oT 0,33 no 3 MM W3 mojakara IMIMPUHOU
1000 o 1670 u tonmmuoM oT 1,8 710 6 MM ¢ ipeaenom Tekydect ot 280 1o 550 MIla. Ha ocHoBa-
Huu otyetoB ACY TII o mapamerpax npokaTKy HaXOAWJIU TOJIIMHY MOJOCH Ha BBIXOJE U3 Kax10i

KJIETH hiqb U JUIsl TOU )K€ KJIETH METOJIOM IOCJIEeI0BATEIbHOTO MPUOIMKEHHS TOA0MpaIn Kodppu-
LIUEHTBI ki , KOTOpbIe 00eCTeyrBalli PacYeTHOE 3HAYEHUE TOJIIIUHBI hipa BBIUHCIIEHHOE I10 aJlro-

pUTMY Ha puc. 1, Takoe, YTOObI BBIIOJIHSIOCH YCIOBHE: ‘hip - hiqb‘ / hiqb <01 IIpenens! Texyue-

CTH TOJKaTa IPOrHO3UPOBAIIUCEH C MPUMEHEHUEM (opMyJl, IPECTaBICHHbIX B padbote [4], a Kpu-
BbI€ YIIPOYHEHUS 1O (popMysiaM, peACTaBICHHBIM B padoTte [5].
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Puc. 1. cxoaHblil aropuT™ CHHTE3a pekuMa o0xatuid [ 1]

Oxasajock, 4To cymMma Zil\il ki / Ny (tme Ty = H 0 / hk — K03()(HULMEHT CyMMapHOro o0a-

TUS OT TOJILIMHBI MOJKaTa HO JI0 TOJIIIMHBI TOTOBOM IOJIOCHI hk) CTpEeMHTCS K €AMHHULE C IO-

rpemHocThio He 6onee 10%. Takum 0Opa3oM OoTHOIIEHHE ki / Ils MOHO pacCMaTpHBAaTh KaK JIOJIIO0

:Bi , KOTOPYIO COCTaBJISIeT YaCTHBIN K03(HIIeHT o0x)arus B | -0if K1eTH ni = hOi / hli ) OTHOCH-
TENBbHO CyMMapHOro ko3¢ unuenta ooxarus (1fy = H 0 / hk ), T.€.:

i = (hoi /by )/(Ho /). )

C nomomipto nporpammuoro komiuiekca «STATISTICA», npumensis unctpymeHnt «OO0miue
PETPECCUOHHBIE MOZEINY) U Hpouenypy «Jlydiine MmoaMHOXKECTBa», YCTAaHOBWIIU, YTO B KaXKIOU

KJIETH ,BI = fi (i;nz;GH) Y HAWJIYYIIUMH OTOOpaKEHUSMHU yKa3aHHOW TEHACHIIMU Ui KIeTel
1-4 aBnst0oTCA CHENYIONINE alPOKCHUMAIIHH:

S, = 0,2401+0,021475 —0,004972 +0,000020, 775 : 3)
S, =—0,0430+0,00035}, +0,09157; —0,01127 ; )
S5 =0,1073+0,0339775 —0,0070772 +0,00010, 775 ; )
B, =0,1749—0,001472. (6)

N
Hons KieTu 5, ¢X0As U3 TOro, 4To Zizlﬂi -1
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Jlist onpenenenust TpeGyemoit Benmuussl aktusHoi MowHoctn asurarens (W, =W, - K;)

HE0OXOIUMO MPUBECTH PACCUUTAHHBIC 3HAYCHUS :Bi K ko3¢ dunmenTam ki :

ki =p;-ns.

(8)

Ha ocHOBaHMM NOJIy4EHHBIX JAHHBIX AJITOPUTM OIpPEACIICHUs TOJIIUHBI U TMpejesia TeKyde-
CTH, NIPE/ICTaBICHHBINA Ha pUC. 1, MOXKHO MPUBECTH K CIEAYIOLIEMY BUIY (pHC. 2):
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KOHel,

Puc. 2. MonepHU3UpOBaHHBIN aJITOPUTM CHHTE3a PEKUMA 00KaATHIMA

Tpaduk obxatuit

CpaBHeHue (aKkTUYECKUX TOJIIMH HA BBIXOJE M3 KJETeH W TOJIIMH, MPOTHO3HPYEMBIX IO
MOJICPHU3UPOBAHHOMY aJTOPUTMY (pHUC. 2) MOKa3ajo, YTO CTENEHb UX COOTBETCTBUS JOCTHTAET

99,8% (puc. 3).

w
Ul

I |
- 3,0 R?=0,9982

< 2,5
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WHa

~
o

o o rFr -
o U O U

(daKTryeckaa Tonl

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5
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Taxkum 00pa3om, BBIABIEHA CYIIHOCTh KO3()(UIIMEHTOB 3arpy3Kd MPHBOIOB, KOTOPHIE MPH-
MEHSEeMBIX B MeTojie [ 1] cuHTe3a pekuMa 00KaTHil TIPH XOJIOJHOM MPOKATKE Ha HETIPEPHIBHOM CTa-
HE, a TaKXe IOJY4YEeHBbI BBIPAXKEHUS Ul pacueTa yKa3zaHHBIX K03()(PUIMEHTOB NMPUMEHUTEIHHO K
npokatHomMy mMonyiro arperatra PLTCM 2000. Pe3ynbTaThl MCClIeIOBaHUSI TTO3BOJISIOT (HOPMAIU30-
BaTh BBIOOP YAaCTHBIX 00XKATUH MO KJIETSAM MPOKATHOT'O MOIYJS U TEM CaMbIM MOBBICHTH UX 000C-
HOBAHHOCTh, a TaKXKe SIBJIAIOTCSI OCHOBOM JJIsi M3y4eHHUs 0COOEHHOCTEW B3aMMOCBS3EH TOJIIMHBI
I10JIOCHI M AKTUBHOW MOILHOCTH IIPUBOJIa HA CTaHAX XOJIOJHOM MPOKATKU APYTUX TUIIOB.
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INFORMATION ABOUT THE PAPER IN ENGLISH o

M.l.Rumyantsev, 1.O.Novitsky, O.B.Kalugina, 1.D.Zelinov, J.A.Zelinova
Nosov Magnitogorsk State Technical University

THE NEW SYNTHESIS ALGORITHM FOR A FIRST APPROXIMATION
OF DRAUGHTING SCHEDULE DURING COLD ROLLING
INTO PICKLING-ROLLING MILL

Abstract. The relationships between drive usage of a rolling stand and yield strength and
summary reduction were obtained. This relationships makes it possible to formalize a choice of
draughting schedule in combination pickling-rolling mill 2000 (PLTCM 2000). The formula was
found using target power method. The degree of conformity between forecasting and actual ration-
al thickness achieved 99,8%.

Keywords: cold rolling, combination pickling-rolling mill, draughting schedule, engine pow-
er, drive load factor.
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A.K.Beaan

OI'bOY BO «MarHuTOropckuii rocyaapCTBEHHBIN

TexHu4yeckui yausepcuret um. I'.1. Hocosa»

A.JJl.KaprynoB, O.A.benan

OAO «Marauroropckuii MeTu3HO-KanuopoBounslii 32801 «MMK-METU3»

OBOPYJOBAHHUE U TEXHOJIOI'HSI NOATI'OTOBKHU I'OPSTYEKATAHOTI' O
ITPOKATA IO XOJIOJHYIO ITAMIIOBKY KPEIIEKHBIX U3IEJIUU

Aunnomayus. B cmamve paccmompensi 060pyooeanue u mexmono2us no020mosKuy 20psaueKa-
mano2o npoxama O0jisi NOCaAedyiouell X0100HOU UWUMAMNOBKU PA3IUYHBIX 8UO08 KPENEICHbIX U30e-
JIU.

Kniouesvie cnosa: npogonoka, karubposanHslii npoKkam, 6oJ04eHUe, Kpenexic, X0100Has 00b-
eMHAas WmamnosKka, cmeneHs oegopmayuu, obdcamue.

B kxayecTBe MCXOIHOIO CBHIPbs I LITAMIIOBKHA KPEIEKHBIX U3ACIINNA HCIIONIb3YETCsl KaTaHKa
WIN ropsyekaTanblii npokat. [locTaBnsemsplil ¢ MeTaIITypru4eckux KOMOMHATOB IIPOKAT, B UCXOJ-
HOM COCTOSIHMM HE IMpeHa3Ha4eH JUIs XoJjoaHou o0beMHol mrammoBku (XOIII), Tak kak umeer
HEOJJHOPOAHYIO CTPYKTYPY, HeCTaOWIIbHbIE CBOMCTBA M OOJIBIION AONYCK Ha Auamerp npokata. ITo-
ATOMY, IPEXkAE YEM METAJUl IOJAETCsl HAa XOJOJHOBBICAJOUHBIH aBTOMAaT, HEOOXOAUMO IPOBECTU
€ro MOJrOTOBKY, T.€. U3TOTOBUThH KaJMOPOBAHHBINA MPOKAT C TpeOyeMbIMU CTPYKTYpOH, MEXaHHUYe-
CKMMH CBOMCTBAaMHU U F'€OMETPUUYECKUMH ITapaMETPaMHU.

[Tpu pa3paboTke TEXHOJIOIMU HU3TOTOBJIEHUS KAJIMOPOBAHHOIO MPOKATa M MPOBOJIOKH, MpE-
HA3HAYEHHBIX JUISl JaJbHEHUIIEH IITaMIIOBKU KpereXa METOAO0M XOJIOAHOW 00BEMHON IITaMIIOBKH,
JIOJDKHBI OBITh Y4TEHBI Bce TpeOOBaHMS M 0COOGHHOCTH OyAyIMX KpenexHbIX u3nenui. PazpaboT-
Ka TeXHOJIOTUU HauMHAETCs ¢ BEIOOpa MapKu cTtain. Mapka cTainu onpeenseTcs, UCXOIs U3 MexXa-
HUYECKUX CBOMCTB U JAJbHEHUIIEr0 Ha3HAUEHUS KPENEKHOro m3nenus. /i BO3MOXKHOCTH IIPOBe-
nenus onepanuiit XOIL BaskeH Takxke pazMep 3epeH MUKPOCTPYKTYPBL, 3TO CIEYEeT YUUThIBATh NpU
TepMoobOpaboTke cTaneil [1]. 3aTtem BeIOMpaeTcs 060pynoBaHME, pa3pabaThIBACTCs MapLIPYT BOJIO-
YEHUsI, pEKUM TEPMHUUECKON 00pabOTKH, ONpeenseTcs Haluune I0ICMa304HOro CIIOs.

[Tpu paccMoTpeHUr 0COOEHHOCTEN TEXHOJIOTMU W3TOTOBIIEHHS MTPOBOJIOKH U KaJMOPOBAHHO-
ro Mpokara, 1eJIeco00pa3HO pa3esiuTh KpPEeneKHble U3/AeNusl Ha TPYIIbl U pacCMaTpUBaTh TEXHO-
JIOTHIO U3TOTOBJICHUS METAJIA JJIs KaXXA0M OTJENBbHOM TPYIIIBI [2]:

— TIPOBOJIOYHBIE KPENEKHBIC U3/EIINS;

— Kpemnex MOBBIIICHHOW IPOYHOCTH U3 YIVIEPOAMCTBIX U JIESTUPOBAHHBIX MAPOK CTAJIEH C IO-

crenyoiien TepMooOpadboTKOi;

— KpenexHbie u3aenus u3 crayneir mapok 10, 10mc, 20, 20mnc 6e3 TepMooOpadOTKH.

IIpoBos1o4yHbBIE Kpene:KHbIe W3Aeaus (IBO3IH, INMIHHTHI)

B kauecTBe ChIpbs UCIONB3YETCS CBETIIasi MPOBOJIOKA OOIIEro Ha3HaYeHUs B OyXTax, MOTKax
nnn katymrkax maccoi 10 1000 xr. [IpoBosioka M3roTaBIMBaeTCs M3 HU3KOYTJIEPOJUCTHIX MapOK
crasiei. McxonueiM cbipbeM sBisierca katanka o ['OCT 30136-95. I'otoBas npoBosoka A0KHA
cootBercTBOBaTh TpeOoBaHusIM ['OCT 3282-74. OcOOEHHOCTHIO TEXHOJIOTUU SIBIISIETCS MOIY4YEHUE
TpeOyeMbIX MEXaHMUYECKHX CBOWCTB MPOBOJOKU. I[IpoBoinoka M3roraBiuBaercs 0e3 TepMHUYECKOU
o0paboTku. B 3aBucMMOCTH OT IuameTpa MPOBOJIOKH, BOJIOYEHHE NMPOUCXOIUT HA MHOTOKPATHBIX
BOJIOUMJIBHBIX cTaHaxX. O0s13aTeIbHBIM YCIOBUEM IIPU BOJIOUEHHH SIBJISIETCS] HE JIOIYCKaTh Ieperpe-
Ba MPOBOJIOKH, KOTOPOE MPUBOAUT K 00pa30BaHUIO IIBETOB MoOexkanocTu Ha noBepxHocTH [3]. [le-
perpeB MPOBOJIOKH U IBETa MOOEKAIOCTH BO3HUKAIOT B Pe3y/IbTaTe HEAOCTATOYHOTO OXJIaXKICHUS
BOJIOK P BOJIOYEHHUH. DTO MPUBOAUT K IJIOXOMY (OPMHUPOBAHUIO OCTPHS MPHU IITAMIIOBKE I'BO3-
Jieii: He oTmagaer obceuka u octpue He popmupyercsi. OCOOEHHO 3TO MPOSBIAETCA Ha OBICTPOXO-
HBIX TBO3IWIBHBIX aBTOMAaTax C MPOM3BOAUTENBHOCTHIO Oosee 1000 mTyk B MunHyTy. Pemenunem
JTAaHHOM MpOoOJIeMbl SBJISETCS Mepexo/ Ha BOJIOYEHUE C MOHM)KEHHOW CKOPOCTBHIO M JOCTaTOUHBIM
oxJaxJaeHueM BoJiok. CoBpeMeHHbIE BOJIOUYMIIbHBIE CTaHbl 00ECIIEYMBAIOT KAYECTBEHHYIO MOBEPX-
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HOCTb IMPOBOJIOKH JaKe MPH BBICOKON CKOPOCTH BOJIOUEHUS, TaK KaK 00eCreunBaeTCs T0CTATOYHOE
OXJIXCHUE TIPH BOJIOYEHUHU. PeKoMeHIyeMble MeXaHUYECKHE CBOMCTBA MPOBOJIOKHU ISl TBO3ICH
npuBeeHbI B Ta0. 1.

Tabmuma 1
PexomenayeMble MEXxaHU4eCKUEe CBOMCTBA TOTOBOM ITPOBOJIOKU
Mapka cranu BpemenHoe conpoTuBiieHuE, H/Mm°
A(1,2-1,4) mm — He Gonee 1350

Crlnc, Crl, Cr2nc, C12, C131c ?(1,6-3,1) mm — 590-1180
(3,4-4,4) mm — 440-930
(4,6-6,0) mm — 390-830

Kpene:xxuble u3/1e/1usi NOBbILIEHHO NPOYHOCTH U3 YIJI€POIAMCTHIX
1 JITMPOBAHHBIX MAPOK CTAJIeH ¢ mocjaeaywuei TepMoodpadoTKoi

K nanHO# Kareropuu uU3aeIUil MOXXHO OTHECTH OOJITHI MU BUHTHI Kilacca nmpovyHoctu 8.8, 10.9,
12.9; raiikm kmacca mpouynoctd 8, 10, 12; camonapesaromue BHHTHI, AFOOENHL, MPYKUHHBIC
maiioel 1 ap. JlaHHas rpynma KpenexHbIX H3AeNui U3roTaBIMBaeTCs TUO0 U3 JETUPOBAHHBIX Ma-
pok craneit 15I'(M), 20I'2P, 30XP, 40X «Cenexkt» 1100 U3 BbICOKOYTIepoaucThix tuma 650, 70.
Oco0EHHOCTBIO TEXHOJIOTMHM U3TOTOBJICHHS MPOBOJIOKH JJI TaKUX U3JENUN SBISETCS MOTydeHUE
MaKCUMAaJIbHO TUTACTHYHOM MPOBOJIOKH TEpe ITaMIOBKOM, T.€. CHU3UTh MPE/ei MPOUYHOCTH U T10-
BBICUTh YIJIMHEHHE U CY)KEHHE. JTO 00ecleyrBaeT TEXHOJOTHYHOCTh METajlia MPHU IITaMIIOBKE.
OCc0o0EHHOCTBIO TAaHHBIX MAPOK CTAJIeH SIBJISETCS CUJIbHOE YIPOUYHEHUE AaKe MPU HEOOJBIIION CTe-
nenu aedopmanuu. B cpennem nedopmanus Ha 10% naer ynpounenne Ha 100-150 MITa. [Tostomy
JUISL IITAMIIOBKM HEOOXOUMO C/eIaTh METAJI KaK MOKHO 0oJiee IJIaCTUYHBIM, a BCE HEOOXOIUMbIE
MIPOYHOCTHBIE CBOMCTBA KPETIEKHBIX U3JICIHIA JOCTUTAIOTCA 32 CUET MOCIeNyIoNIeld TepMooopadboT-
KM KPENeXXHBIX U3aenuii [4, 5].

TexHonorust U3rOTOBIEHUS MPOBOJIOKU M KAIMOPOBAHHOTO METala:
— TPaBJICHUC UCXOAHOI'0 ropsA4€KaTaHOro nNpoKaTra U K3BCCTKOBAHUC,
— BOJIOYCHHE MPOKATa Ha MPOMEXKYTOUHBINA pa3Mep;

— OTXKur HGpGI{@J’IBHOﬁ 3aroTOBKU;

— TpaBIJICHHE TEepeIeIbHOM 3aroTOBKH U (pochaTtrpoBanue;

— BOJIOYEHHUE MPOBOJIOKU HAa TOTOBBIN pa3mep.

[Tocne omxura nepeaeabHON MPOBOJIOKU-3arOTOBKH, CTENEHb JeQOpMaluu MPU MOCIEAHEM
BOJIOYEHUH JI0JKHA ObITh (5-10)%. JlanHOE 00kaTre obecrieunBaeT NoaydeHe MaKCUMalbHO Ila-
CTMYHOU MpOBOJOKU. Takke mocie oTxura JokHa ObITh onepaius (ocdarupoBanus. Pocdar
SIBIISIETCS TIOJICMAa309HBIM CJI0EM M 00ECIeUYMBaeT OTCYTCTBUE 3AJMIIAHHUS METalla B HHCTPYMEHTE
IpY IITaMIOBKe.

Takke OJHUM M3 YCIOBHM WHOTJA SBJISIETCS MOJy4eHHE TpeOyeMoro o0e3yriepoKeHHOTO
CJIOS1 Ha KaJMOpOBAaHHOM MpoKaTe. ITO JOCTHUraeTcs KayeCTBOM MCXOJHOIO TOpSAYEKaTaHOro Mpo-
Kara (Mpu HEOOXOIUMOCTH JOTOJTHUTEIIBHO 0OTOBApUBAETCS C MOCTABIIMKOM METajia) U KadyecT-
BEHHBIM OTXKMI'OM IepeebHON 3aroTOBKH. OT)KUT METajllla B COBPEMEHHBIX KOJIMAKOBBIX Ieyax,
Hanpumep ¢upmbl «kEBNER», obecnieunBaer noiaydeHue TpeOyemMol CTPyKTypbl MeTalsla U Mexa-
HUYECKHUX CBOWMCTB 0€3 MPHPOCTa M0 BETMUUHE 00e3yTiIepokeHHoro cios [1, 5].

CBoiicTBa TOpsiYEKAaTaHOTO MPOKATa M IEPEebHOW 3aroTOBKU TOCJE OT)KUTA MPHBEICHBI
B TaOII. 2.

Takum 00pa3om, Ka4eCTBEHHBIH OTIKUT, XOpOIIas MOATOTOBKA IMOBEPXHOCTH M CTEIEHb Je-
¢dopmanuu He 60see 10% mpu BosloUEHHH HA TOTOBBIN pa3Mep, 00ECIIeYNBAIOT MOTyUYEeHHE KauecT-
BEHHOTO KATMOPOBAHHOTO MPOKATa M MMPOBOJIOKH U3 TPYAHOIITAMITYEMBIX MapOK CTaJIEH.

PexomeHryeMble MeXaHWYECKHE CBOWCTBA KAIMOPOBAaHHOTO TOTOBOTO IMPOKAaTa MPHUBEIEHBI
B Tab. 3.
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Tabmumna 2
CBolicTBa ropsiYE€KaTaHOIO NMPOKaTa U NEPEAEILHON 3arOTOBKH MOCIIE OT)KUTA
Bpemennoe
OtHocutenbHoe| OTHOCUTENBHOE
Mapka cranu Obosnauciue COHP%THBHGHHE > | cyxenue, %, |ymiuHeHue (8100), %
JOKYMEHTa H/mm* (kre/mm®), > o
He Gonee HE MeHee HE MeHee
40X I'OCT 10702
TC 00187895-028 650 (66,0) 55 -
40X «CenexT» TV 14-101-594
40C2A «Cenekr» |TY 14-101-481 750 (76,5) 48 13
650 TC 14-101-773 750 (76,5) - 13
10, 20 I'OCT 10702 460 (47,0) - -
15I°(M) TC 14-101-679-2007 450 50 20
Tabmuua 3
PexomeH1yeMble MEXaHMUECKUE CBOIICTBA TOTOBOTO KAJIMOPOBAHHOTO MTPOKATA
Haznauenue Bpemennoe  |OtHocutenbHoe| OTHOCHUTEIBHOE
Mapxka cranu KaJ1OpOBaHHOTO CONPOTHBJICHHE, | CyXeHue, %, |ymmuHeHue (d1g0), %,
MeTaJuia H/vm? HE MEHee HE MEHee
2012P, Boster k1acca npou-
30XP,40X, i He 6onee 750 - -
40X «CenexkT» socn 8.8; 10.9
40C2A «Cenekt» |maiiObl IByXBUTKOBBIE| He Ooiee 750 48 13
65T 11aii0bI IPY>KUHHBIE He 6onee 804 - 13
15 (M) CaMOHApC3aAIOTLHE He Oonee 490 50 20
BUHTBI

Kpenexunbie n3nenus u3 crajeit mapok 10, 10mc, 20, 20nc 6e3 TepMoodpadoTKu

Oco0eHHOCThIO TEXHOJIOIMH MOJAMOTOBKU KaIHMOpPOBAHHOIO METajula JJIsl JaHHOM IpymNIbl siB-
JsieTcsl oJydeHne TpeOyeMbIX MEXaHHMUECKUX CBOMCTB MPOBOJIOKH, C OJHOM CTOPOHBI oOecreun-
Barollue TpedyeMblil Kjacc MPOYHOCTU OYyAYIIMX KPEMEeKHbIX U3JENINUN, ¢ APYroil — MiIacTUYHOCTh
MeTasuia Mpy MTaMIoBKe [6].

Cy1iecTByeT HECKOJIBKO BAPMAHTOB TEXHOJIOIMU U3TOTOBIIEHHS POBOJIOKU U KaJMOPOBaHHO-
ro MeTajljla B 3aBUCUMOCTH OT YCJIOBHUW HITAMIIOBKHM U TpeOOBaHUN K OyAylieMy KpeneXKHOMY HU3-

JEIHNIO.
1 Bapuanr:

— TpaBieHue u pocaTupoBaHe rOPSIEKATAHOTO MTPOKATA;
— BOJIOYEHHE MPOBOJIOKHU HAa TOTOBBIN pazmep.
JlaHHBII BapuaHT TEXHOJIOTHH 0€3 OT)KUTra HanboJiee MOIXOIUT JIJIsi OOJITOB C IIECTUTPAHHOMN

TOJIOBKOHM, MOCKOJIBKY JJIi MX IITaMIIOBKM HE TpeOyeTcsl MOBBIIMIEHHas IUIACTHYHOCTh METallja.
Bapbupys 1uamMerpom ropsyekaTaHoro Meraiia, MOKHO MoJ00paTh TpeOyeMblil MPOLEHT 00KaTus
IpU  BOJIOYEHUH, M TOJYYUTh HEOOXOJUMBbIE MEXaHMYECKHE CBOMCTBA Ha MeTaie
¥ TOTOBBIX 0OJTAaX.

2 BapuaHr:

— OTKMI TOPSIYEKATaHOTO MPOKaTa;

— TpaBieHue u pocpaTupoBaHHUE;

— BOJIOYEHHE NMPOBOJIOKH HA TOTOBBIN pa3mep.

JlaHHast TEXHOJIOTHS IPUMEHSETCS I OOJITOB C IIECTUTPAHHOMN TOJIOBKOW 10 M 12, G0NTOB €
(acoHHOH T'OJIOBKOM, HMIECTUTPAHHBIX I'ae€K, MOXKET TAKXKEe MPUMEHSTHCS JUIS 3aKJIETOK, BUHTOB M

LIypyTOB.
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HenocraTtkamu nepBbIX IByX BApUAHTOB SIBJISETCS.

— KauecTBo MoBepXHOCTH rOTOBOIO MeTajila 3aBUCUT OT KauyecTBa MOBEPXHOCTU TropsyeKa-
TaHOTO Mpokara. [Ipu ManeHbKOM 00KaTHH €CTh BEPOSTHOCTh HAIWYMS Je(PEeKTOB Ha IMO-
BEPXHOCTH.

— OrcyrcTBHe TpeOyeMOro auamMerpa ropsiaeKaTaHoro MpoKara.

3 BapuaHr:

— TpaBJIECHHUE UCXOIHOTO FOPSYEKATAHOT O IPOKATA U U3BECTKOBAHUE;

— BOJIOYEHHE [TPOKATa Ha IPOMEXKYTOUHBIN pa3Mep;

— OTXKUT IepeiesIbHON 3aTr0TOBKH;

— TpaBJICHUE NIepe/IeIbHOM 3ar0TOBKU U (pocdaTupoBaHue;

— BOJIOYEHHE ITPOBOJIOKU Ha TOTOBBIN pa3mep.

DTOT BapUaHT MPUMEHSETCS B OCHOBHOM IS U3TOTOBJICHHS TIPOBOJIOKH JIJIsSi BUHTOB, IITYPY-
OB, 3aKjenoK. JIJis JaHHBIX W3JIeIHi TpeOyeTcs MaJeHbKHE pa3Mephbl MPOBOJIOKH OT 2 MM, a MH-
HUMAJIBHBIN pa3Mep KaTaHKH 5,5 MM U MPU 3TOM HEOOXOAMMO IMOJYYUTh JTOCTATOYHO IIACTHYHYIO
IIPOBOJIOKY, OOECIICUMBAIOIIYI0 MEXaHHMUYECKHE CBOMCTBA OYAYIIMX 3aKJICHOK W IO3BOJISIOIIYIO
MIPOM3BOIUTH IITAMIIOBKY IUIMIIA HAa BHHTax W Irypynax. CrienoBaTelbHO, 0€3 MPOMEKYTOYHOTO
OT)KUTa HE OOOUTHCH.

MexaHnuecKkre CBOWCTBA TOTOBOTO KAaMOPOBAHHOTO MPOKATa W IPOBOJIOKU IMPUBEIACHBI
B Tab. 4.

Tabnuua 4
PexomeH1yeMbie MEXaHUUECKUE CBOMCTBA TOTOBOTO KAJIMOPOBAHHOTO MPOKATA M IMTPOBOJIOKH
Hasznauenue Bpemennoe  |OTHOCHTENBHOE
Mapka cranu KaJIMOPOBAaHHOTO COIIPOTHBIICHUE, | CYXEHue, %,
MeTajuia H/mm? HE MEHee
10, 20 060aTHI KJ1accoB npoyHocTH 4.8; 5.8; 6.8 He Ooitee 650 -
10, 10mc, 20, 20nc  |raiiku KJ1acca IpOYHOCTH O 461 - 588 -
10, 10mc BHHTHI KJ1acca mpoyHocTH 4.8; 5.8 450 - 560 55
10, 10mc HIYPYTIbI, 3aKJICTTKA 343 - 510 55

Taxkum 00pa3oM, CTaOMIBHOCTh TEXHOJIOTMYECKHUX MPOLIECCOB U3TOTOBJIEHUS KPEIEeKHBIX 13-
JIeNIUHA U UX KauecTBO, BO MHOT'OM ONpPEJENSIeTCS KaueCTBOM MPOBOJIOKH U KaJMOPOBAaHHOIO METal-
na. CrnenoBaTenbHO, IPU pa3pabOTKe TEXHOJIOTUU MOJArOTOBKHM METallla HY)KHO CTPEMMTHCS Mak-
CUMaJIbHO NPUOIMU3UTH MOJy4aeMble CBOMCTBAa M Ka4eCTBO IOBEPXHOCTU K TpeOyeMbIM, TEM ca-
MBIM, COKPaTHTh pa3iMyHble MPOOJIEMBbI MPU JAIbHEHIIEM HW3TOTOBJIEHUU KPETEXHbIX M3AEIUNA U
IIPEAOTBPATUTD BBIITYCK HECOOTBETCTBYIOLIEH IPOIYKIUN.
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REVIEW OF THE MAIN REQUIREMENTS FOR PERFORMANCE
AND QUALITY CHARACTERISTICS OF THE RAILWAY BOLTING

Abstract. The article discusses the requirements for rail rail bonding. The intermediate
bonders are designed for secure connections to the rail base of the rails and provide the electrical
insulation of rails in areas with self-locking and electric traction. Presented variety of designs of
rail bonders used on the territory of Russia. The prospects for development of rail bonds production
at JSC "MMK-METIZ".
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Intorduction

Since the middle of the XIX century the railway transport has become one of the main meth-
ods of delivery of goods and people. One of the main reasons for the popularity of rail transport is
its reliability and safety. Road safety depends on all elements of the system, one of which is the up-
per structure of railway track.

Upper way serves to guide the rolling movement, the perception of force effects from the
wheels and transfer them to the bottom structure. Upper way is a complex structure, including a bal-
last bed, sleepers, rails, rail fasteners, turnouts, blind intersection, bridge and switch ties. The con-
nection of rails and sleepers called rail grid. When laying the rails and sleepers on the ballast, sleep-
ers deepened in the ballast layer, which is placed on the main floor subgrade. The thickness of the
ballast and the distance between the sleepers should be such that the pressure on the roadbed does
not exceed the value of providing its elastic precipitate disappears after removal of the load.

Operating requirements

The intermediate rail fasteners are designed for reliable connection rails with rail base (sleep-
ers, beams, monolithic base and so on.) And provide electrical insulation of rails in areas with self-
locking and electric traction. Such bonds shall meet the following requirements [1, 8-11].

e Stability gauge. The requirement to ensure the stability of the track width is important and
obviously it is directly related to traffic safety provision of conditions to prevent wheel failure.

e Press rails to the ground, excluding separation and theft of rails. Violation of requirements
for ensuring the adequacy of the pressing rails to the base leads to isolation from the rail sleepers
when installing or disassembling the way, and when, lifting of during straightening work. This is
due to rotting wooden sleepers, the destruction of plugs, insufficient strength and corrosion of the
binding on concrete foundations.

Rail movement causes a change in their stress-strain state, which may cause the emission path
when the temperature rises and the gap junctions when it is lowered. Rail movement the path leads
to a shift and skew sleepers, rail pads loss. Dealing with the consequences of Rail movement is as-
sociated with the implementation of complex and time-consuming adjustment work on gaps and
discharge of thermal stresses in the rail lashes. Therefore, to ensure the quality of construction of
railway track is necessary to satisfy the following conditions.

¢ Optimum conditions for operation temperature of the rails. The requirement for optimization
of temperature operation rails also related to the size of the pressing forces to the base. Delete the
temperature de-formation of the rails is very difficult, because it causes complication of construc-
tion way more expensive rail fasteners.

¢ Carrying out the adjustment of the height of the rails and the track gauge, replacement parts
fasteners without interruptions in the movement of trains. Carrying position adjustment rails ad-
justment is particularly important in the concrete rail base and in the wintertime. In conditions of
high congestion in the train path residual deformations accumulate quickly, it is a violation of the
provisions of the rail project. Bearing path with tamping techniques in complex organizations re-
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quire interruptions in the movement of trains, so the use of shims for the carriage way is very ap-
propriate. In the winter in areas swelling use of shims is the only way to fix the way the level and
profile. Bonds concrete sleepers must be capable of adjusting the position of the rails at a height of
10-20 mm.

e Mechanized cleaning and maintenance bonds nodes. Under current conditions, the assembly
and disassembly of rail grid is conducted on the bases with production lines. Therefore, there was
the requirement that the mechanization of work on the assembly and disassembly of bonds nodes.
Mechanization of work on changing the rails, the replacement of worn-out elements fasteners, ad-
justing the tension binding with the current content path will significantly improve the quality of the
railway track.

e Rational spatial elasticity and vibration fasteners nodes.

Ensuring rational spatial elastic rail fastening is extremely necessary in order to process the
elastic dynamic effects of the wheels rolling on the rails, put out high-frequency vibration, frustrat-
ing the way and especially its bolting, as well as to create equal firmness rail base.

For use in continuous welded rail fastening assembly should create tension binding providing
resistance per unit length longitudinal movement of the rail is not less than 25 kN/m. On the path of
the link in order to prevent theft of the rails is necessary that the longitudinal displacement re-
sistance per unit length is not less than 15 KN/m.

e Electrical isolation from the rail base. In areas with a self-locking fastening for concrete
sleepers must ensure electrical isolation of the rails from the sleepers with a resistance of not less
than 1 ohm per kilometer.

e Economic efficiency of the top structure of the design path. Bonding should contribute to the
high service life of the path elements (in particular, they greatly affect the service life of the sleep-
ers), and optimal conditions of operation.

Classification

In this regard, special attention should be paid to the quality of rail fastenings quality of per-
formance, which largely determines the safety of the railway track. There are a number of structures
intermediate rail fasteners, which can be classified on the following grounds [11-24].

¢ By appointment fixtures:

a) separate when lining to the sleepers and rails attached to the lining of various fastening;

b) inseparable when the liner and the tie and the rail attached to the lining of the same fas-
tening;

¢) mixed when attached to the rail with the sleeper as in undivided lining bond and further-
more, a lining secured to a sleeper further separate fastening.

e In the presence of the lining:

a) lining (KB, BP);

b) without lining (ZhB, ZhBR-65, ARS, Pandrol-350).

¢ The characteristics of the pressing member (terminals):

a) hard (KB, K2);

b) the resilient plate (ZhB, ZhBR);

c) elastic semi finished (ZhBR-65, ARS, Pandrol-350).

¢ By type of binding to the tie:

a) bolt (KB, BP, ZhB);

b) anchor (Pandrol-350, ARS);

c¢) screw-dowel (K2, ZhBR-65Sh).

Discussion

One of the most popular on Russian railways is bound bolt (KB-65, Figure 1), in which the
lining is pressed against the rail to the rigid terminal worn on the terminal screws, curly head which
infest the grooves flanges linings. Under the terminal bolts nuts put spring washers. Lining is fas-
tened to the tie bolts mortgages. In this case the bolt heads rest on the concrete rendered monolithic
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metal washer which mounting nuts when tightened evenly distributes the load on the concrete. Elec-
trical pads made from railway sleepers and sleeper padding lining sleeve of the PCB, is put on the
rod bolts laying and bury in a hole of the metal lining [2].

Fig. 1. Cleat-bolt fastening KB:
1 — gasket PR-65; 2 - bracket grommet KB; 3 — bushing KB; 4 - gasket PBR-65x7;

5 — gasket KB-10; 6 — cleat bolt M-22-8G-75.48; 7 — embedded bolts M-22-8G-175.36;
8 — female screw M-22-7H5; 9 — cleat PK; 10 — lining; 11 - double-turn washer 25

Bond KB-65 bond has a number of disadvantages, namely.

o A lot of detail (detail 21 in each node).

e Consumption of materials (the total mass of metal and plastic parts for 1 km path is respec-
tively 41.6 tons and 2.1 tons).

e Presence of about 16 thousand. Bolts to 1 km of track, the contents of which (removal of
dirt, grease, tightening nuts) is costly.

The main bottleneck binding KB-65 is a threaded connection.

In modern conditions increase the requirements for reliability, maintainability and safety of
rail fasteners, so developers and vendors offer new solutions and designs. Among them are such as
ARS-4 (Figure 2) and ZhBR-65RSh.

Fig. 2. Anchoring rail-bound ARS-4:
1 —cleat; 2 — regulator; 3 — anker; 4 — knob with lock; 5 — insulating block; 6 — rubber gasket

The main feature of the construction site ARS-4 bonds are rendered monolithic under-rail in
the area of reinforced concrete sleepers removable anchor frame-arch type, covering the rail foot
and bringing together the work of two clamp nodes, consisting of two B-shaped bar-shaped spring
clamp what allows for this bond on the straight sections of the railway line and curves with a radius
of 350 m or more, with a width of 1520 mm track gauge and without limit congestion [3, 4].
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In the design ZhBR-65RSh weight and number of parts are reduced by more than 1.5 times
compared with separate bonding KB-65. Besides rail fasteners of this type allows to: remain un-
changed track width; counteracts the "rail movement" of the rails; it provides a spatial elasticity
way that affects the level of deterioration of the rail and wheel sets; wood core ensures that affect
the intensity of differential settlement of sleepers; it provides the ability to adjust the height of rails
in the plane [5].

One of the leading companies engaged in production of rail fastenings is
JSC "MMK-METIZ". Company has many years of experience in the production of rail fasteners for
the railways and roads of Russia in the former Soviet Union, allowing it to produce more than a
dozen different elements of the rail fastenings. Recently, the company has mastered the production
technology of screw travel elongated hexagon head (CP-54). These screws are used in bond
ZhBR-65 PSh and is widely used in the construction of railways in Russia [6, 7].

Also, it should be noted the existing enterprise development experience bar-shaped terminal.
Among the assortment of a large proportion of the discharged enterprise engaged in the production
of spring terminals hot bar OP-105 (Figure 3). The disadvantage represented by the terminals is not
it high performance, which significantly reduces its competitiveness on the world market of manu-
facturers of rail fasteners.

Fig. 3. Spring terminals hot bar OP-105

Available modes of technology and equipment used for clamp OP-105 does not allow to pro-
duce such clamps ARS and ZhBR. But in view of the similarity of shape of the terminals and ARS,
ZhBR, rod diameters and steel grades, these terminals can be manufactured on the same equipment,
with the appropriate settings.

Conclusion

Therefore, to maintain their position on the rail fasteners market enterprise mastered produc-
tion of bar-shaped terminal ZhBR and ARS. This task is only possible in solving a whole range of
tasks aimed the possibility of the production, the following can be distinguished among them: the
modernization of technological equipment; development of technological modes of production of
spring terminals, as well as the provision of appropriate blanks, allowing to fulfill customer re-
quirements for performance.
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