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BBIEOP COCTABA OBOPYJIOBAHUSI I'VIABHOM JIMHUH
INPOKATHOI'O CTAHA JJIA ITPOU3BOACTBA TPYB C OPEBPEHUEM
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VYpanbckuii henepanbHbIil yHEBepcuTeT nMeHH niepBoro [Ipesunenra Poccuu b.H. Enbina, Exatepunoypr, Poccust

Annomayusn. TlocranoBka 3agaumn. B Hacrosimee BpeMsl BOIIPOCaM SHEProcOEpex eHHs YIENseTcss 3HAYMTENbHOE
BHUMaHHE B CBS3M C OIPAaHWYEHHOCTHIO NPHPOIHBIX PECYPCOB M BCE BO3PACTAIOIIMM TEXHOTEHHBIM 3arpsi3HEHHEM
OKpyXxaromieit cpensl. AGCOpOLIMOHHbBIE XOJIOMMIBHBIE MAIIMHBI OTINYAET OT JPYTUX XOJOJWIBHBIX MaIIUH BO3MOX-
HOCTB HCITOJIb30BaHMSI BTOPHYHBIX TEIUIOBBIX PECYPCOB, TakMX Kak cOpockl TOLI, TeroBsle OTX0AbI NPOMBIIIICHHBIX
npexnpusTrii. OHM MMPOKO IPHUMEHSIOTCS B CUCTEMaxX KOHAWIMOHWPOBAHUS M TEIUTOCHAOKEHHS, OTIMIAIOTCS 3KOHO-
MHYHOCTBIO0, 0€30MaCHOCTHIO0 M MAIOIIYMHOCTBIO. B KOHCTpYKIMSAX AaHHBIX MAIWH B HEJIAX NOBBIIEHUS 3¢ dekTHBHO-
CTH paboTHI, CHIDKEHHSI METANIOEMKOCTH U TabapUTOB TIPUMEHSIOT TPYObI C BHYTPEHHUM opeOpeHneM. 3roToBneHme
TpyO ¢ BHYTPEHHUM OpeOpeHNEM BO3MOYKHO METOIaMH pe3aHusl, HAKATKA OpeOPEeHNs U MMPOKATKHU IIOJIOC C OpeOpeHNneM
¢ mocnexnytomei popmoBkoit B TpyOy. Hambonee appekTHBHBIM [T TIPOU3BOACTBA TPYO ¢ BHYTPEHHUM OpeOpeHHeM
SIBISIETCA CIIOCO0 ¢ MPUMEHEHHEM NPOKATKH OpeOPEHHBIX MOJIOC € MOCIEAYIOmEeH (OPMOBKOH, OTIIMYAIOIINIICS BBICO-
KOW ITPOM3BOANTEIBHOCTBIO M KAYECTBOM MOTydaeMbIX TpyO. Llenpro fTaHHOTO HCCcie1oBaHus IBISUTHCh: OIIEHKA COCTa-
Ba 000pYyOBaHMs TJIABHOM JIMHUU CTaHa KBapTo 55x260x220, ee Hecylleid ClIOCOOHOCTH, BHIOOP PAIIMOHAIBLHON CXEMBI
TJIABHOW JIMHUM CTaHa JJIsl IPOKAaTKH Tosoc ¢ opedpenneM. Mcmonb3yembie MeToabl. [ HaX0XIeHUA 3HAUCHUH MO-
MEHTOB OT TEXHOJIOTMYECKOI Harpy3KH IpH MPOKATKe MOJIOC ¢ opedpeHneM, BXOIIIHX B AuddepeHmaibHbple ypaBHe-
HHS, IPOU3BEIEH pacyeT AAHHOTO Mpoliecca MPOKATKU ¢ MCIOIb30BAHNEM KOHEYHO-3JIeMeHTHOH Monenu. Co3aaHHAs
KOHEYHO-2JICMCHTHAsA MOACJIb IMO3BOJIACT ONPCACIIATL YCUIIUA U MOMCHTBI ITPOKATKHW Ha BaJIKaX C YUETOM HATSAKCHUA
KOHIIOB MPOKATBIBAEMOI! MOJIOCHI IS Pa3IMuHBIX BUIOB HAHOCHUMOTO opedpenus. [ o0enx cxeM Npou3BeIeHO Ompe-
JIeJIeHne TUHAMUYECKUX Harpy30K Ha 3BEHbSX IJIaBHOW JIMHHM CTaHA MyTEM COCTABJICHUs AMHAMHYECKOW MOZEIH W
peLIeHHs] COOTBETCTBYIOLIEH CHCTEMBI AU(QepeHnaNbHbIX ypaBHeHH. Pe3yabraThl. B pesysnbraTe nmpoBeaeHHBIX
pacyeToB TOJy4eHbl 3HaYeHUS: KOAQ(UIMEHTOB TMHAMIYHOCTH HAarpy3oK, JIEHCTBYIOINX Ha 3BEHBSX TJIABHOTO HPH-
BOJIa, KOO()(UIHMEHTOB 3amaca 110 HAIPSDKEHHUSIM B TeJle IIITHH/CIBHBIX YCTPOMCTB NPH EHCTBUN LIUKIIMYECKUX HArpy-
30K, K03(PHIIEHTOB 3araca o MOMEHTY Ha MOTOpHOH Mydre. [IpakTnyeckas 3HaunMocTh. [IpoBeneHHbIN aHaMN3
HATPYKEHHOCTH 3JIEMEHTOB TJIaBHOM JIMHUH CTaHa KBapTO 55x260x220 MO3BONMII IPOU3BECTH OIEHKY €ro 00opyaoBa-
HUS C TOYKU 3pEHUS MPOKATKH OPEOPEHHBIX I10JI0C, IPEAHA3HAYCHHBIX JUIs POU3BOJICTBA TPYO ¢ BHYTPEHHUM opedpe-
HHEM, 1 000CHOBaTh PaIlMOHAIFHOCTH BBIOOpa cOCTaBa 0O0OPYAOBaHMS TTIABHOM JIMHUHM MPOKATHOTO CTaHA ISl TIPOU3-
BOJICTBA TAKOI'0 BHJIa TPYO C IPUBOIOM Y€pEe3 OMOPHBIC BAJIKH.

Knrouesvie cnosa: abcopOIMOHHBIE XONOAMIBHBIE MAIIMHBL, TPYOBI C OpeOpeHIeM, TilaBHas! IMHHUS POKATHOTO CTa-
Ha, IPOKAaTKa MOJI0C, KOHEIHO-3JIEMEHTHOE MOICIMPOBAHIE, AMHAMUKA HArPyXEeHHsT 000pyIOBaHUSL.
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CHOOSING THE COMPONENTS OF THE ROLLING MILL
MAIN LINE FOR THE RIBBED TUBE PRODUCTION

Nekrasov LI., Fedulov A.A., Parshin V.S.
Ural Federal University, Yekaterinburg, Russia

Abstract. Problem statement. At present, considerable attention is paid to the issues of energy saving due to limited
natural resources and the increasing technology-related pollution of the environment. Absorption refrigerators differ
from other cooling machines by the possibility of using secondary heat resources, such as discharges from thermal
power plants, thermal waste from industrial enterprises. They are widely used in air conditioning and heating systems
because of their energy-saving features, high reliability and quiet working conditions. In the design of these machines,
in order to increase the efficiency of their operation, reduce the metal consumption and sizes, internally ribbed tubes are
used. The production of internally ribbed tubes is possible by cutting, rolling the ribbing and rolling strips with such
ribbing followed by forming into a tube. The most effective method for the production of internally ribbed tubes is a
method of using rolling of ribbed strips with subsequent forming, which is characterized by high productivity and quali-
ty of the finished tubes. This study was aimed at assessing the equipment composition of the main line of quarto mill
55x260x220, its bearing capacity, the selection of a reasonable layout of the main line of the mill for rolling strips with
the one-side ribbing. Methods used. To find the values of the torque from the technological load in rolling strips with
the ribbing included in the differential equations, the simulation of this rolling process was performed using a FE mod-
el. The designed model makes it possible to determine the forces and torque of rolling taking into account tension of the
ends of the rolled strip for various types of the applied ribbing. Dynamic loads on the links of the main line of the mill
were determined for both layouts by compiling a dynamic model and solving the corresponding system of differential
equations. Results. The authors obtained the following values: dynamic load factors acting on the links of the main
drive, safety factors for stresses in the volume of the spindle devices under cyclic loads, and safety factors for torque on
the motor coupling. Practical relevance. The analysis of the loading on the elements of the main line of quarto mill
55%x260x220 made it possible to assess the equipment from the point of view of rolling ribbed strips intended for the
production of internally ribbed tubes and to substantiate the rationality of the choice of the main line components for the
rolling mill driven through back-up rolls.

Keywords: absorption refrigerators, ribbed tubes, main line of the rolling mill, strip rolling, FE simulation, equipment
loading dynamics.
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BBenenne A

[Tpu n3roroBnennn abcOpPOLMOHHBIX XOIOAUIb- o~
HBIX arperaTtoB C IEJbI0 MOBBIIIEHUS 3PPEKTUBHO-
CTH TeIJIoNepeay MPUMEHSIOT TPYObl ¢ BHYTPEH- . A AL
HUM opeOpeHHEeM U3 YIIEPOOUCTHIX MApoK CTayeH
(puc. 1) [1-6]. TexHomorusi NOIyYEHUS TaKUX TPYO
BKJIFOYAET: HaHECEHHe opeOpeHHs Ha II0JIoCY B JIU-
HHH TI0JIOCOBOTO TIPOKATHOTO CTaHA, YCTAHOBKY PY-
JIOHa OpeOpPEeHHON MOJOCH Ha pa3MaThIBATEeNb TPY-
6oanextpocBapounoro arperata (TOCA), mocme-
IyIoTIyi0 (POPMOBKY, CBapKy, KaJHOPOBKY M TOpe3-
Ky TOXydeHHOW OpeOpeHHOW TpyOnl Ha MEpHBIC
JUTUHBI, OT’KUT B TICUH C 3aIUTHOW aTMocdepoit [7].

Cymectyrommme TOCA, npenHa3HaueHHbIC IS

N Puc. 1. TpybOa ¢ BHyTpeHHHM KOJIbLIEBBIM OPEOPEHUEM
MPOHU3BOCTBA TPYO ¢ IIAJKON MOBEPXHOCTHIO, 103~ D — HapyKHbIi THAMETP; S — TOJIIHHA CTEHKI

BOISIIOT IOIy4aTh TPYObl ¢ BHYTPECHHHM OpeOpeHH- h — BeIcoTa opebpenus; t — mar opeGpeHus
€M, COBMCIas BBICOKOC Ka4ieCTBO C IIPOM3BOAH- Fig. 1. Internal spiral-ribbed tube: D is an outer diameter;
TEJIbHOCTBIO. s is wall thickness; h is rib height; t is a rib pitch
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IIpokaTHBII CTaH, IPUMEHSEMBIN U HAHECEHUS
opeOpeHus, TakKe NOIDKEH OTBeYaTh TPEOOBaHHAM K
Ka4yecTBY MOMy4aeMbIX MOJIOC, HaISKHOCTH, IIPOU3BO-
JUTETBHOCTH U 3KOHOMUYHOCTH. [IpoBeneHHble Teo-
pETHYECKHE M 3KCIIEPUMEHTAJBHBIC HCCIEAO0BAHMS
nporecca MPOKATKH HOJIOC ¢ OXHOCTOPOHHHMM IIOIe-
PEUHBIM OpeOpeHHeM, a TaKKe IMOMY4YEHHUE OIBITHO-
MIPOMBIIIJICHHON TTApTHU TPYO C BHYTPEHHHM OpeOpe-
HHEM II0Ka3aJl{, YTO HAWIyYIIUM IPOTOTUIIOM IIpU
CO3JIaHUH O00OPYIOBaHUS ISl HAaHEeCEHUs] opeOpeHus
Ha TOJIOCY SIBJIIETCS CTaH KBapTo 55x260x220 OAO
AXK «BHNNmermarmy (puc. 2).

DHEProcusoBhIE XapaKTEPUCTUKN TAaHHOTO CTa-
Ha, TUIIOPa3Mepbl IPOKATHIBAEMBIX TIOJIOC, CKOPOCTh
MPOKATKH yJIOBIETBOPSIOT MapaMeTpaM TeXHOJIOTH-
4ecKoro npoiecca opedpeHus. BosMoxxHO BeneHue
mpoliecca MPOKAaTKW Kak ¢ MPUBOAOM Ha paboune
BaJIKH, TaK ¥ C TIPUBOJIOM Ha OMOpHBIC BaJIKU pabo-
yell ket craHa. CTaH o0OpyZOBaH pa3MaThIBaTe-

JIeM W MOTAJIKOH, IMO3BOJISIONIMMHU TPOU3BOAUTH
MIPOKATKY IOJIOCHI B PYJIOHAX.

Crnenyer 3aMeTuTh, YTO MPOKAaTKa OpeOpEHHBIX
MIOJIOC COIPOBOXKIAETCS MOSBICHUEM IEPEMEHHBIX
BO BPEMEHU HArpy3oK, XapaKTep KOTOPBIX 3aBUCHT
OT BHJIa HAHOCUMOI'0 OpeOpEeHHsI U TEOMETPUU TPOo-
KaTHBIX BaJIKOB.

Llenpto mAaHHOTO MCCIEOOBAaHUS  SIBISUIMCH:
OLlEHKa cocTaBa OOOpPYINOBaHUS TJAaBHOM JIMHUU
crana KBapro 55x260x220, ee Hecymiei crrocoOHO-
CTH, BBIOOP palmHOHATBHONW CXEMBI 00OPYIOBaHUS
IJIABHOH JIMHUM CTaHa JUIsl IPOKATKU I0JIOC ¢ Opeo-
penueM. IIpu 3TOM paccMOTpEeHBI CXEMbI IIaBHOU
JIMHUH MIPOKATHOTO CTaHa COrJacHO puc. 3.

Hckirouenue peaykropa MpUBOAa MpU JOCTa-
TOYHOW MOIIHOCTH YCTaHOBJIEHHOT'O 3JIEKTPO/IBUTa-
Tena no3songer nosslcuTh KIIJ mpuBoma, ymeHsb-
HIUTh €r0 Ta0apUTHl U CHU3UTH JKCILTyaTallMOHHBIC

pacxompl.

Puc. 2. Cxema rnaBHOM JIMHUK CTaHa KBapTo 55%x260x220: 1 — anekTpoaBUrareib; 2 — MOTopHas mydra; 3 — pexykrop;
4 — xopenHast My(Ta; 5 — mecTepeHHas KIeTh; 6 — IIMUH/Eb; 7 — OIOPHBIA BaJIOK; § — pabounii
npoHIMPOBaHHBIN BaJIOK; 9 — pabouwii rmaakuil Bayiok; 10 — mpokaTeiBaeMas mojioca

Fig. 2. The diagram of the main line of quarto mill 55x260x220: 1 is an electric motor; 2 is a motor coupling;

3 is a gear box; 4 is a base coupling; 5 is a pinion stand; 6 is a spindle; 7 is a back-up roll; 8 is a work
shaped roll; 9 is a work smooth roll; 10 is a rolled strip
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Puc. 3. PaccmaTprBaeMble cxeMbl ITaBHOM JIMHUHM ITPOKATHOI'O CTaHa KBApTO: a — C IIPUBOIOM 4Yepe3 paboune BaJKy;
0 — ¢ IPUBOJOM Yepe3 OMOPHBIC BAJIKHU; 1 — DIIEKTPOABUraTeNb; 2 — MOTOpHAs My(Ta; 3 — MIeCTepEHHBIH BaJIOK
MaJloro JuamMerpa; 4 —IecTepeHHbI BajJoK OONBIIOro AUaMeTpa; 5 — MIMHUH/ENb; 6 — pabouuii TIaIKHii BAJIOK;
7 — pabounii po(GHITHPOBAHHBIN BAJIOK; 8 — OMOPHBIN BAJIOK; 9 — MpoKaThIBacMast [oJI0ca

Fig. 3. The diagrams of the main line of the quarto rolling mill under study (a is driven via work rolls; 6 is driven via back-up
rolls; 1 is an electric motor; 2 is a motor coupling; 3 is a pinion shaft of a small diameter; 4 is a pinion shaft of a large
diameter; 5 is a spindle; 6 is a work smooth roll; 7 is a work shaped roll; 8 is a back-up roll; 9 is a rolled strip)
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MopeanpoBaHue MPOIecca HATPYKEHHA
TJIABHOI JIMHUY MPOKATHOTO CTAHA KBAPTO
55%260x220

s ompezneneHus: Harpy30K B IJIaBHOW JIMHUH
MPOKAaTHOTO CTaHa KBapTo OblIa co3jaHa 3-mac-
COBasi TMHAMHUYECKasi MOJIENb TIIaBHOM JINHUM CTaHa
[8-9], u300pakeHHas Ha puc. 4.

Puc. 4. lunamMmuueckast Mo/ieib TJIABHOW JTMHUU
MPOKATHOTO CTaHA KBapTO

Fig. 4. The dynamic model of the main line
of the quarto rolling mill

Cucrema ypaBHeHHﬁ, OMMUCBHIBAOIIUX NUHAMHUKY
npuBoaa CTaHa 1o Ka)K,Z[OfI 13 BCTOK, IMPU 3TOM BbI-
TIAAT CICAYIOIUM 06pa30M:

d’ M Y+7, C

d‘L’ZMlz:Y_:CIZ_CIZTMIZ—F?I;MB; (1)
d’ C Y +Y. C
deMzz:iMu_CB#Mﬂ"_%M;(T)’ (2)

2 273 3

rae T — Bpems, ¢; M;; — MOMEHTHI YIPYIMX CHJI Ha
COOTBETCTBYIOLIMX 3BEHBAX NPUBOJA MAIIUHBL,
kH-m; Cj MIpUBEEHHBIE KECTKOCTH 3BEHBEB,
kH-M/pan; Y; — npuBeaecHHBIC MOMEHTBI HMHEPIIMH
3BEHbEB, KI'M’; M| — MOMEHT Ha BaJly 3JIEKTPOJIBH-
ratens npuBoaa, kKH-M; M;(T) — MOMEHT OT TeXHO-
JIOTHYECKOH HArpy3KH, IeHCTBYIOLIeH Ha pabounid
BaJIOK cTaHa, KH-M.

IMo cxeme puc. 3, a (mpuBojJ uepe3 pabouwne
BaJIKM) NPUBEICHHBIE ECTKOCTU 3BEHBEB OINpele-
JISUTHCH 110 (hopMyiam

C12 = CM; (3)
Cy = Cumn, (4)

rae Cy — KecTKocTh MOTOpHOH MydTsl, KH-M/pan;
Ciun — JKECTKOCTh INMUHAENS npuBoaa, KH-M/pan.

BelpaskeHust JuUIs  NPUBEIEHHBIX MOMEHTOB
HHEPIIHH:
Y1 = Yng; (5)
Y, = Yum + 2Yuki; (6)
Yo
Y3:YI_UI'[+YBP+U2 ) 7
B

rae Ypg — MOMEHT HMHEPLUHMH pPOTOpa JBUTATENs,
kr-M’; Yy — MOMEHT MHEPLHH MOTODHOH My(ThI,
Kr-M%; Yix — MOMEHT MHEPLMH IECTEPEHHOrO Ball-
Ka MaJIoro IMaMerpa, Kr*M*; Yiu— MOMEHT HHEpLUUU
WITTHHAENS, KI*M; Yap — MOMEHT HHEpIHH pabouero
BalKa, KI'M; Ygo — MOMEHT HHEPIHH ONOPHOTO
BasKa, Kr-M’; U — TIepeIaTOdHOE OTHOLICHHE HApbI
«pabounii BaJOK — OMTOPHBIN BAJIOK.

Ilo cxeme pue. 3, 6 (puBOI Yepe3 OMOPHBIE
BaJIKM) IPUBENEHHBIC XKECTKOCTU 3BEHBEB OIpere-
JISTUCH TI0 hopmynam

Ci=Cy; 3
C

3= %’ ©)
Ul

rae Uk — MepeaaTouHoe YUcio 3y04aToro 3alen-
JIEHUS LIECTEPEHHOU KIIETH.
BelpaxxeHust Juisi IOPUBEACHHBIX MOMEHTOB

HHEPINH:
Y= Yy (10)
Y, :YM+2YIHK1+2YL2UK2; (11)
K
Yo + Yo + YU
Y, = un 7 70 T TppB (12)

Ui

rae Y, — MOMEHT WHEPIMH IIeCTEPEHHOTO Ballka
GONBIIOr0 AHAMETPa, KI*M.

MOMEHTBI OT TEXHOJIOTMYECKOW Harpy3KH 3ajia-
BaJICh (PyHKIMEH BUIA

M3(‘L') = k]Sil’l(sz + k3) + k4, (13)

rae ki, ky, ks, ks — KOOpPUIMEHTHI, ONpeensomume
XapakTep KpUBOH Harpy>KeHUs..

Koaddutments ki, ks, ks, ky onpenensnucek my-
TEM HaXOXJEHUs 3HAYECHUN MOMEHTOB, JECHUCTBYIO-
IMX Ha BajJKWH IMPOKATHOIO CTaHA IpU IPOKATKE
MOJIOC C OJHOCTOPOHHUM TIONEPEYHBIM Tparnelie-
WAATBHBIM ~ OpeOpeHrneM ¢ ImaroM npoduis
t = 1,26 MM u3 ctamu 10, Tommmuoi A = 1,5 MM,
mypuHo b = 70 MM, mpH MoKaszarelne TPEHUs 1o
3ubenmro ¢y = 0,25, BenuunHe O00XKATHS TOJOCHI
€ = 5...20% c npuMeHeHHuEeM NPOrpaMMHOIO0 KOM-
mrekca DEFORM-3D [10-11], Gasupytomerocss Ha
METOo/Ie KOHEYHBIX 3JIeMEHTOB (puc. 5). Paccmarpusa-
eMBIi Trara3oH oOKaTHH ITO3BOIISIET MOyYaTh TOJI0-
Bl ¢ opebpenueM BeicoToit A/ = 0,04...0,2 Mm.

B pesynbrate pemieHus CHUCTEMbl ypaBHEHUM,
OIMCHIBAIOIIMX JTUHAMUKY IIPUBOJA CTaHA, OIpEre-
JIeHbl 3HAYeHHUs KO3QQPHUIMEHTOB JUHAMHUYHOCTH
Harpy3oK, JeWCTBYIOMIMX Ha 3BEHBS TJIABHOTO IpH-
BOJIa, C MCITOJIb30BAaHUEM CJIETYIONIEr0 BhIPaKEHUS:
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fey =21, (14)

rne Mpym — 3HaYeHHWE AWHAMHMUYECKOM HarpyskH,
kH'M; M; — nmpuBeAeHHOE 3HAUYEHUE MOMEHTa OT
TEXHOJIOTUYECKON Harpy3K Ha 3BeHe, KH M.

| R\ A\ 7 // / /
A\ \ /) 7/ // [

Puc. 5. MonenupoBaHue mpoiiecca NpOKaTKX MOIOCHI
¢ opebpeHreM

Fig. 5. Simulation of the rolling process of the ribbed
strip

PacunTeBanucek Taxke 3HaUeHHUS KOA(PUIMEH-
TOB 3araca Mo HANPsHKEHUSIM B TeJle IIHHIENS Tpu
pacuere Ha yCTaJOCTHYIO MPOYHOCTh M KO3 duim-
GHTHI 3amaca M0 MOMEHTY Ha MOTOPHOH My{QTe c
yderoM Kod(uIneHTa pexxuma padoThl.

Pe3ynpTaThl pacueroB npuBeaeHs! Ha puc. 6—11.
Ha puc. 6, 7 noka3aHsl mpuUMephl PE3yJIbTaTOB pac-
Yyera MO ONPEAETCHUI0 3HAYCHHM JMHAMUYECKON
Harpy3KM Ha 3BEHbSX IJIaBHOTO IPUBOJA HMPOKATHO-
ro cTaHa, a Ha puc. 8—11 mpuBeACHBI 3aBUCUMOCTH
KO3 (pUITMEHTOB TUHAMHUYHOCTH HArpy30K Ha 3Be-
HBSIX U KOO (UIMEHTOB 3amaca OT BEIMYUHBI 00XKa-
THS TIOJIOCHI.
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= * = IHHAMHYCCKA]A Harpy3Ka

Puc. 6. 3HaueHre TMHAMIYECKOH HATPY3KU
Y MIPUBEACHHOTO MOMEHTA OT TEXHOJIOIHIECKOM
Harpy3KH Ha IINHHIETBHBIX YCTPOHCTBAX
B HAaYaJIbHBI MOMEHT BPEMEHH NPOKATKH
pu oboxatuu monockl 20%
(mpuBon yepe3 paboume BaJIKH)

Fig. 6. Dynamic loading and reduced torque from
process load on spindle assemblies at initial time
of rolling with the strip rolled by 20%
(driven via work rolls)
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Puc. 7. 3HaueHre TUHAMITIECKOIN HarPy3KH
Y NIPUBEZCHHOI0 MOMEHTA OT TEXHOJIOTMYECKOM
Harpy3ku Ha MOTOPHOW My()Te B HAYaJIbHBIH
MOMEHT BPEMEHH NPOKATKH TIPH 00YKaTHH TTOIOCHI
20% (npuBox yepe3 pabodre BaJIKH)

Fig. 7. Dynamic loading and reduced torque from process
load on the motor coupling at initial time of rolling
with the strip rolled by 20% (driven via work rolls)
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Harpy3oK, JeHCTBYIOIIMX Ha 3BEHbSI TJIABHOT'O
MPHUBO/IA [P CXeMe IPHBOJIA Yepe3 paboure BajKy,
OT OTHOCUTENBHOIO 00YKATHs TIOIOCKI
Fig. 8. The “dynamic factor — percentage reduction” curve
derived from the loads on the main drive links,
when driven via work rolls
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Puc. 10. 3aBucumoctu koadduienTa AMHAMUYHOCTH
Harpy3oK, JeHCTBYIOIINX HA 3BEHbS TJIABHOTO
NIPUBOA TIPH CXEME MPUBOAA Yepe3 ONOpPHBIE
BaJIKH, OT OTHOCUTEIBHOT'O 00XAaTHsI TTOJIOCHI

Fig. 10. The “dynamic factor — percentage reduction”
curve derived from the loads on the main drive
links, when driven via back-up rolls
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Puc. 11. 3aBucumoctn koadduimeHToB 3amnaca
JUIS1 3BEHBEB TJIABHOTO IIPUBO/A TIPH CXEME
MPUBOA Y€pe3 OMOPHBIE BAJIKH
OT OTHOCHTEIBHOTO O0KATHSI TTOJIOCHI

Fig. 11. The “safety factor — percentage reduction”
curve for the main drive links, when driven
via back-up rolls

AHanu3 No1y4YeHHbIX pe3yJbTaToOB

Kak BUHO U3 NONYy4EHHBIX IPaUKOB, 3HAUCHUS
KOA((UITMEHTOB AUHAMUYHOCTH HArpy3Kd Ha MO-
TOpPHOW My(TEe W IIMUHACIBHBIX YCTPOHCTBAX CTaHa
YBEMYMBAIOTCS TIPU YBEJIMYEHHHU O0XaTUs MOJIOCHI.
Haunbonpume 3HaueHus: KOI(GQHUIMEHTOB MHAMHY-

HOCTH Harpy3kd HaOJIOJAIOTCS Ha LIMWHAEIBHBIX
ycTpoiicTBax craHa. JpamazoH naMeHeHus Koddou-
LUEHTOB TpH 3ToM cocTtasisier ky = 1,27-1,81. Ko-
3¢ ¢uUIMEHTHl 3amaca MO HampsDKEHHSIM B Tere
MMAHJENST W 10 MOMEHTY Ha MOTOpPHOH Mydre
MMEIOT TEHJCHIIUI0 K CHIDKEHUIO MPU YBEIIHYEHHUH
o0kaTwsi Tonockl. MUHUMAIIBHOE 3HA4YeHHE KO3(-
¢uIMenTa 3amaca Mo HaNpPsDKEHHWSIM B Tejle IIITHH-
JIEIbHBIX YCTPOWCTB COCTaBisieT nyp = 1,86 mpm
PaccMOTpPEHUH CXEMBI IPUBOAA depe3 pabodmne Ba-
KM ¥ HaxOIWTCA B IWAra30HE OIMYCKAEMBIX BEJH-
qud ([n] = 1,5-2,5) [12-13]. IIpu paccMmorpeHuun
CXEMbI IIpUBOJa 4€PE3 OIMOPHBIC BAJIKU MHUHHMAJIb-
HOE 3HauYeHHe KO3 (UIIMCHTA 3armaca 1Mo HampsbKe-
HUAM B TCJIC HIINMUHACIBHBIX YCTpOﬁCTB B paccMmar-
pHBaeMOM Juana3zoHe obxarus mojiockl € = 5-20%
COCTaBIAET nyo = 2,75. MUHUMAIbHBIC 3HAYECHUS
k03 (puLIMeHTOB 3amaca MO0 MOMEHTY Ha MOTOPHOM
My(dTe COCTaBISIIOT TpU 3TOM nyvp = 3,16 U
nvo = 1,72 cootBerctBenHo (mipu [n] = 1). Takum
obpaszomM, Oonee OMArompusATHOW C TOYKH 3PEHUS
Harpy30K BBIIJITUT CXeMa MpHUBOJAa paboumx Ball-
KOB CTaHa 4epe3 OMOpHEIE.

Crnenyer TakXe 3aMETHTb, YTO OCOOCHHOCTBIO
Tporiecca MPOKaTKU IMOJIOC ¢ opeOpeHneM SBIsieTCs
MOBBIIIIEHHBIN U3HOC OpeOpeHus MPOhUIHPOBAHHO-
ro paboyero BajKa W, KaK CIIEJCTBHE, HEOOXOIH-
MOCTh Ooyiee 4acToil mepeBaliku. B ciydae cxemsl
MpUBOJa Yepe3 pabodre BAJIKH IMPOILECC MX Iepe-
BalIKH OCJIOXKHSETCI HEOOXOIMMOCTBIO TPOU3BO-
IUTH pabOTHI, CBSI3aHHBIE C OTCOCAMHEHNEM H TIPH-
COEJIMHEHHWEM IIMUHAEIbHBIX yCTpoucTB. IlepeBai-
Ka pabovmx BaJIKOB Ha CTaHAX C IIPUBOJIOM PabOUHX
BaJIKOB 4Yepe3 ONOPHBIE TaKMX MPOOJIEeM HE MUMEET.
[Mporecc mepeBanku B 3TOM ciydae BBITIISIUT MPO-
e ¥ 3aHuMaeT MeHsblee Bpems [14]. Kpome Toro,
Ha CTaHaX C MPHUBOAOM pabouuX BaJKOB Hepe3
OIIOPHEIE Jieruye 00eCcIeYnTh HECYIYIO CIIOCOOHOCTh
SIIEMEHTOB TJaBHOW JIMHUM CTaHa MPH CO3JaHUU
HOBBIX KOHCTPYKLHMH, a Takke BO3MOXXHO HCIIOJb-
30BaHHE PabOYMX BAJKOB Majoro AWaMerpa, 4To
CHIDKaeT JHEProCHIIOBBIE MapaMeTphl Ipolecca
MIPOKATKH.

YunuTeiBasg BBILIECKA3aHHOE, MOXXHO CIeaTb
BBIBOJI, YTO HAnOoOJee PaIrliOHAIBHON JJISl MPOKATKH
MoJIoc ¢ opedpeHrueM sBisieTcs Oe3pemyKTOpHas
cXema IJIaBHOM JMHUM cTaHa KBapTo 55x260x220 c
MIPUBOJIOM pabOYHX BAIKOB Yepe3 OMOpPHBIE.

3akJouenue

PaccMmoTpeHbl Oe3pemyKTOPHBIE CXEMBI TJIaBHOM
JUHAU TIOJIOCOBOTO  IMPOKATHOTO CTaHa KBAapTO
55x260x220 ¢ mpuBomOM uepe3 pabourie U OMOpHBIE
BaJIKH. OHpeI[eJ'IeHI)I 3HAYCHUSI MOMCEHTOB OT TCXHO-
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JIOTHYECKON HATPy3KU MPH MPOKATKE MOJIOC C opedpe-
HHEM IIyTeM MOJEIMPOBAHUS IAHHOTO Tpolecca ¢
UCIIONB30BAaHMEM METOAA KOHEYHBIX  3JIEMEHTOB.
[IpousBeneno pemenue cucrembl I hepeHInaTb-
HBIX YpaBHEHHH, OMMCHIBAIOMINX AMHAMUKY HarpyxKe-
HUS TJIaBHOM JIMHUM MIPOKAaTHOTO CTaHa IPU MPOKAaTKe
nosioc ¢ opedpenueM. IIpoBeneHHBIN aHAIM3 HArpy-
KEHHOCTU 3JIEMEHTOB TJIaBHOW JIMHUHU CTaHA KBApTO
55%260x220 1m03BOMHI MPOM3BECTH OLIEHKY €ro 006o-
PYZOBaHUS C TOUKH 3PEHUSI MPOKATKU OpPeOpPEeHHBIX
T0JIOC, MPEAHA3HAUYEHHBIX VISl IIPOM3BOACTBA TPYO C
BHYTPEHHUM oOpeOpeHneM U 000CHOBATH paIfliOHAIh-
HOCTh BBIOOpA cOCTaBa 000PYIOBaHMS TJIABHOM JIMHAN
MPOKATHOrO CTaHa Ui TPOW3BOJICTBA TaKOro BHJA
TpyO C IPUBOJIOM Yepe3 OMOPHBIE BAITKHL.
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