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Annomayusa. B Hacrosiiee BpeMs HaOMIOAAETCsl yCTOHYMBAsE TEHICHIMS HA yBEINUEHHE 00BbEMOB MPOMBILIIEHHOTO U I'PaXKIAHCKOTO CTPOUTEIbCTBA.

DTO B CBOIO 0YEpE/b BBI3BIBAET HEOOXOANMOCTD YBEIMUYCHNUS IIPOU3BOACTBA CTPOUTEINILHBIX Npodmieil 1 B ocobeHHOCTH apMmarypbl. OfHUM 13
NEePCHEeKTHBHBIX MyTeH YBEJIMYEHUS TPOU3BOJICTBA APMATypPhl Ha ACHCTBYIOIMX MIPOKATHBIX CTAHAX SBIISIETCSI OCBOCHHUE TEXHOJIOTHHU NMPOKATKHU-
pasnenenns. Takast TEXHOIOTHS TTO3BOIAET O€3 OONBIINX KAMUTAIBHBIX 3aTPAT MOBBICUTH IPON3BOAUTEIBHOCTD JEHCTBYIOIIMX MEIKOCOPTHBIX
CTaHOB M CHU3UTH dHepro3arparbl. OHAKO, HECMOTPS Ha KaXYLILyIOCsS MIPOCTOTY, BHEAPEHNE TEXHOJIOTHU POKATKU-PA3ICICHUS HA ICHCTBYIO-
MUX OPEANPUSATUSAX BBI3BIBACT TPYAHOCTH, CBSI3aHHBIC C HEJJOCTATOYHON OCBEIICHHOCTHIO 3TOTO OIBITA B JIUTeparype. [IpuBeseH onbIiT BHEApe-
HHS TEXHOJIOTHH TPOKATKU-PA3/IeICHUs Ha IEHCTBYIOIIEM HENPEPhIBHOM MEIKOCOPTHOM cTaHe. McciaenoBanus npoBeaeHsl Ha 000pya0BaHUH,
MMEIOMIEMCS B 11€XE M UCIIOIb3YeMOM Ui MOHUTOPUHTA 3arpy3KH INIABHBIX JBUTATeNei. M3ydeHbl 0COOEHHOCTH paclpeielIeHus 3Hepro3arpar
10 KJIETSIM MIPU KIIACCHYECKOIl MPOKaTKe U C UCIIOJIb30BAHUEM TEXHOJIOTHH MPOKaTKu-pa3aeneHus apmarypsl Ne 10, Ne 14 u3 cranu mapox 35I'C
u 3I1C. Ha skcriepuMeHTaNbHbIX TpaduKax 3arpy3Ku [IaBHBIX JBHUIATeNeH MPOKATHOTO CTaHa MOKA3aHO MepepacrpeielieHHe YHEPro3arpar mno
KJIETSM 4EpHOBOM, MPOMEKYTOYHON U YMCTOBOW TPYIII NPHU MCIOIb30BAHUN TEXHOJOTMH MPOKaTKU-pasnenenus. [Ipusenensl B rpaduueckom
BUJIC TAaHHBIC 10 MCIIOIB30BAHUIO MOIHOCTH TNIAaBHBIX JIBUTATeIICH 1 PAaCIIPEIEICHUIO YACIbHON HArpy3KH MO KJIETSM IIPU KJIACCHYECKOM CIIOCO-
0e MpOKATKU M C UCIIOJNIB30BAHMEM TEXHOJIOTHHU MPOKATKU-PA3AeNeHUs. AHAIU3 MOJYYEHHBIX JaHHBIX TO3BOJIMII BBISIBUTH OCOOCHHOCTH dHEPro-
NOTPEOIEHHS TPY OCBOCHNUHU TEXHOJOTUY IPOKATKU-Pa3/IeJICHNs] Ha JCHCTBYIOIEM Npou3BoACTBE. [loka3aHo, YTO MCIONB30BAHUE TEXHOIOTHH
NPOKATKHU-Pa3/ieNeH s TPUBOIMT K AOMOIHUTEILHON HArpy3Ke KJIETel YMCTOBBIX Ipyrin. KoJMYecTBEHHO OLlEHEHa YKOHOMMUS DIEKTPOIHEPTUH
[P BHEJAPEHHH TEXHOJIOTUH MPOKATKH-pa3/eeHrs. YCTAaHOBJICHO, YTO C YMEHBIICHHEM HOMEpa apMaTypbl 3(eKTHBHOCTh YBEIHYHUBACTCSI.
‘YMeHblIeHNne HEepPro3arpar npu OCBOCHUH TEXHOJIOTUH NPOKATKU-PA3AENIEHNS Ha JeHCTBYIOLIEM MPOM3BOJCTBE CBA3AHO C YMEHBIICHHUEM Ma-

HIMHHOTO BPEMCHHU.
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- BBEAEHUE

B nocnennue roapl y HaC B cTpaHe H 3a pyOexoMm Hal-
JIOIAeTCsl YCTOWYMBAash TEHACHIWS Ha YBEIHUCHHE OO0B-
€MOB CTpPOMTENBHBIX paboT. Pa3pabarbIBaroTcs HOBBIC
cTpouTenbHbIe TexHONOruH [1 — 5], B OCHOBE KOTOPBIX
— HCIOJIB30BAaHUE OOJBIIOTO 0O0BEMa KEeIe300€TOHHBIX U
METaJUTMIECKUX KOHCTPYKIUi. Takoe TOoKeHUe 1eT BBI-
3bIBACT HEOOXOMUMOCTh YBEJIWYEHUS OOBEMOB BBIYCKA
MIPOKATHOH TIPORYKIIMU CTPOUTEIHHOTO Ha3zHaueHHs. Co-
[JIACHO pe3ynbTaraM MCCIelIOBaHUH, IPOBEACHHBIX B pado-
Te [6], MPOU3BOJCTBO U MOTPEOJICHUE HA MUPOBOM PHIHKE
npoduield CTPOUTETHHOrO HAa3HAYEHUS HUMeEeT YCTONYH-
BB pocT (8 % B rom). M3 Bcero MHOrO0Opasus mpogu-
NIl CTPOUTENILHOTO Ha3HAueHHsI OCHOBHasA (64,6 %) momns
MPUXOANUTCS Ha apMarypHbIe IPO(WIN, MPOKATHIBACMbIE

HAa MEJIKOCOPTHBIX M MEIKOCOPTHO-IIPOBOJIOYHBIX CTaHAX.
OnHUM U3 MEPCHCKTUBHBIX IyTCH MOBBIMICHHUS MPOU3BO-
TUTEINEHOCTH MEIKOCOPTHBIX CTAaHOB SIBIISICTCSI OCBOCHHC
TEXHOJIOTUH MPOKATKU-PA3ICICHIs, KOTOpasi B IMOCICIHEES
BpEMs aKTHBHO BHENIPSCTCS] Ha ACHCTBYIONINX MPOKATHBIX
cranax [7 — 16]. OgHako mpu Kaxyuieics IpocTOTe ATOT
MPOIIECC PACTATHBACTCS Ha OOJIBIION ITEPHO, YTO CBS3aHO
C HEJOCTaTOYHOW €ro M3y4eHHOCTHIO M MaJbiM 00bEMOM
nHpOpMAaIU 00 OIBITE BHEIPCHUS PaCCMaTPHUBAEMOM TeX-
HOJIOTHH Ha JICHCTBYIOIIEM MPOU3BOJCTBE B TEXHUYECKOM

JuTepaType.

[ METOAMKA 3KCNEPUMEHTA/IbHbIX UCCNIEJOBAHUM

M3yuenne ocoOEHHOCTEH WCIOIB30BAHUS TEXHOJO-
TUH TIPOKATKU-pa3IeNeHus MPOBOJMIN HA JICHCTBYIONIEM
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HEenpepbIBHOM MeJKocopTHOM ctane 250-1 AO «EBPA3
3CMK». Onricanue TeXHOJIOTHYECKOTO Mpoliecca Ha dTOM
CTaHEC, PE3yJbTaTbl U3YUYCHU NEPCIICKTUB BHCAPCHUS TCX-
HOJIOTHM TIPOKATKH-Pa3lieICHus, pa3padOTaHHbIC Kajauo-
POBKM U JaHHBIC MPEABAPUTEIILHBIX I/ICCHG[{OB&HI/Iﬁ npu-
BeJieHbI B padorax [17 — 20]. Llenbto uccnenoBanuii ObLIO
U3y4YeHHne OCOOCHHOCTEH M3MEHEHHs HEPronoTpeOneHus
IIPY TIepPEeBOJIE ICHCTBYIONIETO MPOMU3BOACTBA HA TEXHOJO-
THIO TIPOKAaTKH-pasfiesnieHusi. 3amepeHne TOKOBBIX Harpy-
30K 1 mpoTuBO-IJC IaBHBIX ABUTATENEH TPH IMPOKATKE
apMarypbl KIIACCHYECKUM CIIOCOOOM M C UCIOJIb30BaHHEM
TEXHOJIOTHUH TPOKATKHU-PA3ACICHUs TIPOBOIIIN Ha HMEIO-
meMcs B 1exe 000pyaoBaHUH [Tl MOHUTOPUHTA Ipolecca
MpoKaTku. B kauecTBe 0OBEKTOB MCCIICIOBAHUS BHIOPAHBI
apmarypusle npogmiu Ne 10, Ne 14 u3 cramu mapok 3I1C
n 35T°C.

- AHANU3 SKCNMEPUMEHTA/IbHbIX PE3V/IbTATOB

OO6paboTaHHbIE pe3yIbTaThl 3aMEePOB TOKOBOW Harpy3Ku
npuBeleHbl Ha puc. 1. M3 nosnydeHHbIX AaHHBIX CIENYET,
YTO [EPEX0J OT KJIACCMYECKON TEXHOJIOTUU K TEXHOJIOTUU

MPOKATKU-pa3aCICHU HC MPUBEIT K CYIIECTBEHHOMY YBE-
JIMYEHUI0 TOKOBOW HArpy3KH YEPHOBBIX U MPOMEKYTOUHBIX
KJIeTeil HeCMOTpPS Ha COKpAIlEHUE KOJIMUYECTBA UCTIONIb3Ye-
MBIX KJIeTei nipu npokaTtke apmarypsl Ne 14. 3arpyska um-
CTOBBIX KJIETEH, y4acTBYIOIIMX B pasfeleHuu (KJIeThb /5)
Y TIOCJIEYIOIIEH TpOKaTke B JBe HUTKH (kietu 16, 17),
YBEJIMYMIIACh IO CPAaBHEHMIO C KJIACCUYECKOM CXEeMOU
MIPOKATKH, OJHAKO HE IMPEBBICHIJIA JOMYCTUMBIH TOKOBBIH
nopor. ComnacHO pe3yabTaTaM 3aMEpoB C YBEINYEHHEM
HOMEpa apMaTypbl 3arpy3ka HEKOTOPBIX KJeTel YBeIU4u-
BacTCA, HpI/I6J'II/I)Ka$IC]) K MaKCUMaJIbHO JOITYCTUMbBIM 3HA4YC-
HusM. Tak, mpu npokarke apMaTtypsl Ne 14 1o TexHOIOTHN
IIPOKATKU-pa3eIeHUs B KIETAX O U /7 TOKOBBIE HArpy3KH
OJIF3KY K MTPEACTbHBIM 3HAYCHUSM.

Ha puc. 1 npencrasieHsl JaHHBIE 110 3aMepy TOKOBOM
Harpy3KH IMPHU MPOKATKe apMarypbl u3 cranu mapok 351'C
u 3IIC. Harpyska npu npoxartke ctanu 3IIC oxumaemo
MeHbIe, yeM npu npokarke cranu 35I'C. Pacnipenenenus
TOKOBOW Harpy3KH IO KJIETSIM IIPU IIPOKATKE dTUX CTalled
MIPAKTUYECKU OIMHAKOBBI.

Tak kak TOKOBas Harpy3Kka B YePHOBBIX U IIPOMEKYTOU-
HBIX KJIETAX W3MEHWIACh HE3HAUUTENBHO MPHU PeaTu3aliu
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Puc. 1. Tox aBapuifHOTO OTKITFOYEHUS [TIaBHBIX ABHUTaTeNeH (/) M TOKOBast Harpy3Ka TIIaBHBIX JBUTaTENCH
HernpepbiBHOTO MenkocopTHoro craHa 250-1 AO «EBPA3 3CMK» npu npokarke apmatypst Ne 10 (a) u Ne 14 (6)
KJIacCHYeCKUM crocobom, apmarypa Ne 10 (2) u Ne 14 (5) (35T°C)

U crioco0oM rpokatku-pasaenenus, apmarypa Ne 10 (3) u Ne 14 (6) (35I'C), apmarypa Ne 10 (4) (3T1C)

Fig. 1. Current load of the main engines of 250-1 continuous small-grade mill of JSC “EVRAZ ZSMK” when rolling
reinforcing bars No. 10 () and No. 14 (6) by classical and rolling-separation methods:
emergency shutdown current of the main engines (/); classical method, reinforcing bars No. 10 (2) and No. 14 (5) (35GS);
rolling-separation method, reinforcing bars No. 10 (3) and No. 14 (6) (35GS), reinforcing bars No. 10 (4) (3PS)
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TEXHOJIOTUY [IPOKATKU-PA3ACICHHs 3a UCKIIOUECHUEM YHC-
TOBBIX KJeTel /5 — /7, a CKOpPOCTHOW PEKUM, MaITUHHOE
BpeMsl U3MEHWINCH CYIIIECTBEHHO, TO BO3HMKJIA HEOOXO-
JMMOCTh OIIEHHTh OCOOCHHOCTH 3arpy3KH JBHTaTelei 110
MOIL[HOCTHU U YAEJIbHOMY pacxody dHepruu. /s aToro uc-
M0J1b30BAI 3aBUCUMOCTH M PE3YNIbTaThl 3aMEPOB TOKOBOH
Harpysku J, sxopst u npotuBo-/IC E| IIaBHBIX JBUTATE-
Tei:

N,=EJ; @)
E = cn®, 2)

IJie ¢ — MOCTOSIHHBIN K03 uIneHT, 3aBuCAIIMIA OT Yrcia
Hap IIOJIFOCOB, HpOBOI{HI/IKOB 1 4yucliia HapaJ'IJ'ICJII)H])IX BUT-
KOB OOMOTKH SIKOPSI; /1 — 4acTOTa BPAIECHHS Bajia JIBHUIaTe-
JId, (I) — BEJIMYHWHA MArHUTHOI'O IOTOKA.

IMosydeHHble pe3y/bTaThl 3arpy3Kd JBUTATEIed I10
MOIIHOCTHU U yI[eJ'H)HOMy pacxoz[y 3Hepr1/11/1 HpI/IBe)leHI)I Ha
pHC. 2, U3 KOTOPOTO BHIHO, YTO MOIIHOCTb, 3aTpadyeHHast

Ha (bOpMOI/BMeHCHI/IC IO KJIETAM, HC NPEBLIIACT JOIYyCTH-
MBbIH npenest. EnnHCTBEHHOE oraceHue BbI3bIBAET KIIETh 0,
rae npu noiaydeHuu apmarypsl Ne 14 npoxarkoii-pasneie-
HHUEM JIBUTATEITb padOTaCT C MpeIebHON HArpy3KOu.

Oco0eHHOCTbH 3arPy3KH TIIABHBIX JBUraTeIe YePHOBBIX
U MIPOMEXYTOUHBIX KJIETeH — Harpy3Ka [0 MOLIHOCTH IIPH
peayMzanuu npoiecca npokarku-pasaenenus Ha 20 — 25 %
BBIIIE, YeM IPH KITACCHUYECKOH MPOKATKE, YTO OOBSICHSICT-
csi OonbILeH CKOPOCTBIO TMPOKATKH. B UHCTOBBIX KIIETSIX
12 — 14 narpy3ka 1o MOIIHOCTH TIPUMEPHO OJIMHAKOBA MTPH
MPOKATKE PAa3HBIMU CIIOCO0AaMH, a B KJIETSIX /5 — /7 Habmro-
JlaeTcs yBEJIMYEHUE HArpy3Kd IMpH MPOKaTKe-pas3iesIeHun
npuMepHo Ha 15 — 25 %.

YaenbHbI pacxol SIEKTPOIHEPIUH MPU POKaTKe-pas-
JACJICHUN 3HAYUTCJIbHO MCEHBLILIC, YC€M IIPpHU KIIACCUYCCKOM
croco6e, 4To CBS3aHO C MEHBLIMM MALIMHHBIM BPEMEHEM.
OO1mue ynenbHbIE 3aTPaThl IEKTPOIHEPTUN MPU MPOKAT-
ke apmatyp Ne 10, No 14, momydeHHBIX pa3HBIMH crioco0a-
MH, TIPUBEAEHBI HA PUC. 3. ADCOTIOTHOE CHIDKEHUE 3aTpat
MEKTPOIHEPTHH CcOCTaBUT 27,7 KBT 4/T st apmarypHo-
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Puc. 2. Tok aBapuitHOTO OTKITFOYCHUS [JIaBHBIX ABUTaTeseH (1), 3aTpadeHHast MOIIHOCTh MPU KJIACCHYECKOM CIOco0e
(apmatypa Ne 10 (2) n Ne 14 (6)) n npokarke-pazaencuun (apmarypa Ne 10 (3) u Ne 14 (7)), ynenbHbIA pacxo SHepruu
npu Ki1accuueckom criocobe (apmarypa Ne 10 (4) u Ne 14 (8)) u npokarke-pasnenerun (apmarypa Ne 10 (5) u Ne 14 (9))

Ha HenpepsIBHOM MenkocoptHoM ctane 250-1 AO «kEBPA3 3CMK»

Fig. 2. Power consumption and specific energy consumption during rolling of reinforcing bars No. 10, No. 14 on 250-1 continuous
small-grade mill of JSC “ERAZ ZSMK”’:
emergency shutdown current of the main engines (/); expended power with classical (reinforcing bars No. 10 (2) and No. 14 (6))
and rolling-separation methods (reinforcing bars No. 10 (3) and No. 14 (7)); specific energy consumption
for classical (reinforcing bars No. 10 (4) and No. 14 (8)) and rolling-separation methods
(reinforcing bars No. 10 (5) and No. 14 (9))

315



M3BECTHUS BBICIIUX YYEBHBIX 3ABEAEHUIN. HEPHASL METAJJIYPrus. 2020. Tom 63. Ne 5

g 80
b
S
S 70
g%
s L
)§§ 60 1
3
SR 50+ 2
SRS
S X L
)
g 30 1 1 1
10 11 12 13 14

Homep apmamypet

Puc. 3. YnenbHbIi pacxo/ 2J€KTPOIHEPTHH [IPU MOTYUESHUU apMaTyp
Ne 10, Ne 14 Ha HenpepbIBHOM MEIKOCOPTHOM cTaHe 250-1
AO «EBPA3 3CMK» knaccuueckum criocooom (/)
1 cr1oco0OM NpOKaTKH-paszaeneHus (2)

Fig. 3. Specific energy consumption at production of reinforcing
bars No. 10, No. 14 on 250-1 continuous small-grade mill of
JSC “EVRAZ ZSMK?” using classical method (/)
and rolling-separation method (2)

ro npodus Ne 10 u 19,6 kBT 9/t — mast mpodmis Ne 14.
HauGonee nepcrneKTUBHBIMU B IUIAHE SKOHOMUU 3JIEKTPO-
SHEPTHUH SABISIOTCS apMaTypHBbIe TpodniIn HeOOIBIINX pa3-
MEpOB.

[Ipn m3yueHnn mporecca MPOKATKU-PA3ICICHUS pac-
CMaTpUBAIIU BOIIPOCH] KAY€CTBA [10Iy4aeMOi FOTOBOI Mpo-
nykiun. KauecTBO OLEHMBAIM MO COOTBETCTBHIO MPOQH-
a5 tpeboBanusiM [OCT P52544 — 2006 u Hanuuuio (Uiau
OTCYTCTBHIO) Je(eKToB HoBepxHOCTH. OOMEp M 0CMOTp
apMaTypHBIX TPOGHIIEH, TTOYYEHHBIX T10 TEXHOIOTHH IIPO-
KaTKH-Pa3eJICHUs, MOATBEPANT COOTBETCTBHE Mpoduirs
tpedoBanusm 'OCT P52544 — 2006, a ucronb30BaHuE IPU
MIPOJIOIBHOM PA3/CIICHUH NPUHIUIA PE3aHHS MTOTHOCTHIO
UCKIIIOUMIIO HAJIMYUE 3ayCEHIA, TEM CAMBIM CHU3HUJIO KOJIHU-
4eCcTBO Opaka.

[ BuiBOARI

Wzyuyeno n3MeHeHNE SHEPTONOTPEOICHNS TIIAaBHBIX IBH-
raresei mpy nepeBojie HeMmpepbIBHOTO MEJIKOCOPTHOTO CTa-
Ha Ha IPOKAaTKy apMaTypbl I10 TEXHOJOTUH MIPOKATKU-pa3-
JIeJIeHUs. YCTaHOBIICHO, YTO MPH IEPEBOAE NEHCTBYIONIETO
CTaHa Ha TEXHOJIOTHIO MPOKATKU-PA3/eNIEHUs yBeJIuunBa-
€TCsl Harpy3Ka M0 MOIIHOCTH Ha TIepBbIe KJIETH YePHOBOM
IPyMIIbI U Ha TOCJIEAHNUE KJIETH YUCTOBOM rpynmnsl. Jlokaza-
HO, YTO OCBOEHHE TEXHOJOTUH MPOKATKU-PA3ACICHHS CHHU-
JKaeT yJeJIbHbIE HEPro3arparsl Ha IPOU3BOJICTBO IOTOBOM
MIPOAYKIIUH.
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FEATURES OF THE ROLLING-SEPARATION TECHNOLOGY DEVELOPMENT
ON OPERATING CONTINUOUS SMALL-GRADE MILL
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Abstract. At present, there is a steady tendency to increase volume of in-
dustrial and civil construction in Russia and abroad. This in turn makes
it necessary to enhance production of structural sections and in particu-
lar — reinforcing bar. One of the promising ways to increase production
of reinforcing bar at existing rolling mills is development of rolling-
separation technology. This technology provides growth in productivi-
ty of existing small-grade mills and reduces energy costs without large
capital expenditures. However, despite its apparent simplicity, intro-
duction of rolling-separation technology at existing enterprises causes
difficulties associated with insufficient coverage of this experience in
literature. The article presents experience of introduction of the roll-
ing-separation technology on operating continuous small-grade mill.
The research was carried out on equipment available in the workshop
and used to monitor load of the main engines. Features of energy costs
distribution on stands were studied at classical rolling and with the use
of technology of rolling-separation of reinforcing bar No. 10, No. 14
made of 35GS and 3PS steel. Experimental graphs of the main engines
of the rolling mill load show redistribution of energy consumption in
stands for roughing, intermediate and finishing groups when using
rolling-separation technology. Data on application of the main engine
power and distribution of the specific load on the stands in classical
rolling method and using rolling-separation technology are presented
in graphic form. Analysis of the received data allowed us to reveal
features of energy consumption at development of rolling-separation
technology during operation. It is shown that use of this technology
leads to additional load on stands of finishing groups. Energy savings
during introduction of rolling-separation technology were quantified,
and it was found that with a decrease of the rebar number, efficiency
increases. Reduction of energy consumption during development of
this technology in current production is associated with a decrease in
machine time.

Keywords: rolling-separation technology, operating production, energy

consumption, machine time, efficiency.
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