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JOCIIIZKEHHSA ITPOIECY NPOKATKH 3 TEXHOJIOTTYHUM MACTHUJIOM ITPH
O/THO30HHOMY KOB3AHHI METAJIY B OCEPEJKY JE®OPMAIIIL

s meopemuuno2o 0OIPYHMYSAHHSA MOMCIUBOCMI CMIUKO2O NPOYECy 3 0OHO30HHUM KOB3AH-
HAM Memany y 6aiKax npu Xoi00HOMY NPOKAMYSAHHI 3 eeKMUGHUMU MEXHON0IYHUMU MACMULAMU
BUKOPUCIOBYEMBCSL MOOENIOBAHHA HanpyceHozo cmany. [lpu 3axkoni Hetomona cunu mepms, wo Oi-
10mb 8 0cepedKy depopmayii, 3anercams 8i0 WEUOKOCHIE KOB3AHHS MEMALY NO BAIKAX MA 610 MOSUU-
HU MacmunbHol naieku. Pezynomamu po3apaxyHKie 6 yM08ax KOHMAKMHO-2iOPOOUHAMIYHO2O mepms
008005Mb, WO MAKCUMYM HOPMALLHO20 MUCKY 3MIWYEMbCsL OuNCHe 00 6X00Y 8 ocepedok deghopma-
yii. ¥V pazi npokamku 3 610 €eMHUM UNEPEOIHCEHHAM NO3008HCHI HOPMATbHI HANPYIHCEHHSL PO3MALYBAH-
HSl GUHUKAIOMb NOOAU3Y nepepizy Ha euxodi memany 3 6anxie. Cepeonill muck 6 ocepedxy degopmayii
3a621CcOU OiNbULE GUMYUEHOT 2PAHUYT NAUHHOCTI OIS cMy2U, WO NpoKamyemvcs. 3i 30iibuerHIM 8i0C-
MABAHHS Memany 6i0 8AKi8 HA 8UX00L 3 ocepedKy deghopmayii cepedHtitl muck 3nuxcyemocs. Ilpoxka-
MKA 3 00HO30HHUM KOB3AHHSAM CMY2U € eHEPLeMUYHO GUSIOHUM NPOYECOM.

Knwwuosi cnosa: xonoonwe npoKamyeawws,  MeXHONOSIUHI ~MACMUNA,  KOHMAKMHO-
2i0poouHaMiyHe mepms; 0cepedoK dedopmayii; HANPYHCeHHs.

Stress state modeling is used to theoretically substantiate the possibility of a stable process
with single-zone sliding of metal in rolls during cold rolling with effective technological lubricants.
According to Newton's law, the frictional forces acting in the zone of deformation depend on the slid-
ing speed of the metal on the rolls and on the thickness of the lubricating film. The results of calcula-
tions in the conditions of contact-hydrodynamic friction prove that the maximum of normal pressure
shifts closer to the entrance to the deformation zone. In the case of rolling with a negative advancing,
the longitudinal normal tensile stresses occur near the cross-section at the exit of the metal from the
rolls. The average pressure in the deformation zone is always greater than the forced yield strength
for the rolling strip. With an increase in the lag of the metal from the rolls at the exit from the zone of
deformation, the average pressure decreases. Rolling with single-zone strip sliding is an energy-
efficient process.

Keywords: cold rolling; technological lubricants; contact-hydrodynamic friction; zone of
deformation; stresses.
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IHocTanoBka mpo0JjemMn

OpHuM 3i CIIPHUX TONOKEHb TEOpii MPOKATKU € MUTaHHS MPO MOXIIUBICTH CTAJIOrO MPOLIECY
XOJIONHOI MPOKAaTKX 3 MAILEHHSAM IPH MOBHOMY BifIcTaBaHHI IITabu B ocepenky aedopmariii, To6To B
YMOBax BiJl’€MHOIO BUIEPEIKEHHA. 3 Or0 MUTAHHS B TEXHIUHIl JiTEpaTypi iCHYIOTh AB1 TOUKHU 30-
py. 3 mornsmy psay MOCHiAHWKIB, BKiIrodaroun A. Xefina [1], crifikuéi mporiec MpoKaTyBaHHS TpH
BiZl’€MHOMY BHIIEpEIKCHHI HEMOXKJIMBHUH, TOMY 1[0 CYTTEBE 3MEHIICHHSI KPUTHYHOTO KyTa A0 HYJbO-
BOT'O 3HAYEHHsI MOBHHHE NMPHUBECTH JO HECTIMKOro mporecy 3 mposiBoro OykcyBaHHs. Pasom 3 Tum, y
poboTi [2] aBTOpH ONMHUCYIOTH CTIHKHUII MpoOIeC MPOKATyBaHHS 31 MIBHJKICTIO MITa0KW Ha BUXOML 3 Oce-
penky nedopmariii moOMITHO MEHIIIO0, HiX JIIHIHHA MBUAKICT BAJIKIB. Y IIUX OCTIAX 3pa3KHu 3 allto-
MiHiIO TPOKaTyBaiIH 0e3 HarpiBy 3 BUKOPHCTaHHSIM KacTOPOBOI OMii JJisi 3MalleHHs. EKcriepuMeHTH
[3—6] miATBEPKYIOTh MOMKIIMBICTH CTAJIOr0 MPOLECY MPOKATYBaHHS 3 TEXHOJOTTYHUM 3MAalleHHSIM
IIpHU OHO30HHOMY KOB3aHHI MeTany y Baskax. [IppdoMy, mpu 3pocTaHHi B’SI3KOCTI MacTuia, 3pOCTae
PI3HUII MIBUAKOCTEH BaJIKiB 1 ITa0M HAa BUXOl MeTaly 3 ocepenky aedopmarii. JocnigHuku mosic-
HIOIOTh CTIHKICTH mpotecy AedopMaliii HassBHICTIO 3aJISKHOCTI KOe(illi€HTY TepTA Bill MIBUIKOCTI KO-
B3aHHS MeTally B Bankax. i [bOro peKuMy TepTsi He 00MEKY€EThCS YMOBOIO, KOJIH

Ry + Ry < 51 ,

e R., 1 R,,, — cepenHs BUCOTa MIKPOHEPIBHOCTEN IOBEPXOHD BajKa 1 IITa0H; S| — ToBIIMHA Ia-
Py MacTuiIa Ha BUXOJI METaly 3 ocepeaKy aedopmarii.

BiH Takox MOXJIMBHHA U y BUNAAKAaX, SKIIO TOBIIMHA S MeHe CyMapHOi BHCOTH MiKpOHepi-
BHOCTEH [7].

OueBnIHO, IO BiAMOBIAHI YMOBH MOXYTh MaTH MicCIle 1 IPU MPOMUCIOBIA MpOKaTHi y pasi
Ba)KKOHABaHTAKEHOT'O KOHTAKTY 1 TOHKOIIJIIBKOBOTO MacCTHJIA.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta My TiKkanii

He 3anepeuyioun pomi MBHAKOCTI KOB3aHHS Y 3a0e3MeUeHH] CTIMKOCTI Mpolecy MpOKaTKH 3
MAaIIEHHAM, BiI3HAYMMO, IO PIBHOBAXXHUH CTaH B ocepelky aedopmauii MpH Bil €MHOMY BHIIEpe-
JOKEHHI MOKE€ MIATPUMYBATHCS BHACTIIOK 3MiHU TOBIIMHU MAacCTHILHOI IUTiBKU. [Ipo 11e cBiguaTh goc-

JiTHi aHi 3 BUBYEHHS 3aJI€)KHOCTI BUTIEPEUKEHHS S Ta TOBIIMHM APy MacTHIa S| Bifl KyTa 3aXBaTy
Oy, TpU XOJOAHINM MPOKATI MITHHUX 3pa3KiB (ho xby =5x 60) MM 3 PHIIMHOBOIO OJII€TO.

[Ipokatky mpoBoawin Ha jnabopatopHoMmy craHi ayo 180 y crajeBux Bajkax AiaMeTpoM
190 mm. IIIBuakicTs npokaTku craHoBuna v, = 0,35 M/c. SIk 6aunMo 3 pe3ynbTaTiB AOCHLLIB, HaBeae-

HUX Ha pHC. 1, KpUBa BUNEPEHKEHHS CKIAJAa€ThCs 3 IBOX AUISIHOK. [Ipn Manmx KyTax 3aXOIJIeHHS Ta
3HAYHIA TOBIIMHI MacTUJIBHOI IUTIBKU MPOLEC BiAOYBAETHCS CTIMKO 3 Bil’€MHUM BHIIEPEIKEHHSM Xk
no a, =0,06 pax. Ilpu moxanbmomy 361IBIICHHI IO KyTa MBHAKICTE CMYTU 3POCTAE 1 B OCEPEAKY

nedopmariii BUHUKaE 30Ha BUTIEPEKEHHSI, Bil'€MHE BUTICPEPKEHHSI 3HUKAE.

3 mornany Teopii mpokaTku [§8, 9] nmpu 3a3HaYeHOMY KYTi 3aXOIUIEHHS MPOLEC 3AIHCHIOETHCS Y
rpaHMYHUX yMoBax. JliicCHO, IpY MOJAaNBIIOMY 3MEHILIECHHI KyTa 3aXBaTy 3pOCTA€ TOBIIMHA MacTUIIb-
HOI IUTIBKK B OcepeAKy AedopMarliii Ta 3MEHIITYeThcs KOe(illieHT TepTs, BULITOBXYIOYi CHIIM MTOYHHA-
I0Th TIEPEBUILYBATH TATHYY CHJIM, IO BEAE OO 3HMKEHHS LIBHIKOCTI PYXYy CMYTH Ta 30UIbILIEHHIO
KOB3aHHS MeTaly B BajkaX. [Ipu mboMy 3TiHO 10 KOHTaKTHO-TigpoanHaMivHoi Teopii [10, 11] 3poc-
TAIOTh CHJIM TEPTs Y 30H1 Aedopmalii. B pe3yapTaTi BCTAHOBIIIOETHCS HOBA PIBHOBAara CHJI B OCEPENKY
nedopmMariii, aje Ipu MBHIKOCTI PyXy CMYTH Ha BUXOIi 3 BaJIKiB MEHIIE JiIHIHHOI IIBUIKOCTI BaJIKiB,
TOOTO MPH Bil’€MHOMY BUIIEPEHKECHHI.

3po3yMmino, 0 Npy NPOKATYBaHHI 3 Bill’€MHUM BHUIIEPEIKEHHIM POJIb PETYISITOPY PIBHOBATH
CMYTHU B ocepenky aedopmalii BUKOHYIOTh SIK BEIMYMHA KOB3aHHSA METally B BaJIKax, TakK i TOBIIMHA
MaCTHUJIBHOI TUTiBKH. J[JIsl pO3BUTKY Teopii MPOKAaTKN BaKJIMBHUM € TEPEXiJ Bif y3araJbHEHHS IOCIHiJ-
HUX JaHHUX J0 MaTeMaTUYHOTO MOJIEIIOBAHHS CTIMKOTO MpoLecy MPOKaTyBaHHS 3 Bi’€MHUM BHIIEpe-
JOKEHHSIM.

DopMyTIOBAHHS METH J0CTITKEHHS

V 3B'SI3Ky 3 BUKJIaJIeHUM, METOI0 POOOTH € YTOYHEHHSI YMOB CTIKOT'0 MPOLIECY 3 OAHO30HHUM
KOB3aHHSIM MeTajy B ocepeAKy Aedopmariii Ha OCHOBI aHaNi3y XOJIOAHOrO MPOKATYBAaHHS Y PEKUMI
TOHKOILJIIBKOBOTI'O MAIlIeHHS (KOHTAKTHO-TIAPOJMHAMIYHA TEOPis) 3 BUBHAUYCHHAM KIHEMAaTUYHHX 1 CH-
JIOBUX TMapaMeTiB.
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Puc. 1. ExciepuMeHTanbHi 3anexHocti Burnepemkennas (f1) 1 TommHM mapy mactuna (2)
MIPH IPOKATyBaHHI MiTHUX 3pa3KiB

BukJiax ocHoBHOTO MaTepianay

3a HasIBHOCTI PiIKOro MacTWa Ha MOBEPXHSIX KOHTAKTY BaJKIB Ta CMYTH B OCEpeAKy nedop-
Marii HaHOLIBII OOIPYHTOBAHOIO MOZEIIIIO TEPTS CIYXHUTh 3akoH HptoToHa. g neranpHimoro Bu-
BUYECHHS 3aKOHOMIPHOCTEH MPOKATKU MPH OZHO30HHOMY KOB3aHHI METajly y BaJIKax MPOBEIH JOCHi-
JDKEHHS KOHTAKTHUX Hampyr NPpU TIAPOJMHAMIYHOMY TepTi. 3ayBa’kuMo, IO y 3B'I3KY 3 PO3IIISAOM
Ba)KKOHABAHTA)XEHOT'O KOHTAKTy NTUHAMIYHA B'SI3KICTH MACTHJIA iCTOTHO 3aJIGKHUThH BiJ THCKY. 3aKOH
Bapyca [12], mo Bu3Hauae 110 3aJeKHICTh, HE BigoOpakae peaibHOI KAPTHHU 3MIiHHU B'S3KOCTI MpH
BHCOKHX THUCKaX B ocepeaKy AedopMallii yepe3 MOKIMBICTh IIEpEX0y MacTiiIa B KBa3iTBepaui ¢aso-
Buii crad. ToMy oBenocst ycepeAHUTH 3HaYeHHS B'SI3KOCT1 B KOHTAKTi CMYTH METaNy 3 BaJKaMH.

[Ipn BuBeneHHi (opMyn BUXOIWIM 3 NPUIYHIEHHS, IO CHIM TEPTA NPU KOHTAKTHO-
riIpoanHaMIYHOMY PEeKHMI Ta KyJOHIBCBKOI MOJeNi (I1sl TBEpAMX TiN) piBHI MiXK co0010, TOOTO

Vi cep
cep =/ y Peep |
gcep
. .. Vg Ah
JI€ 1] cqp— CEPEMHE MO OCEpenKy Aedopmauii 3HAUEHHS AMHAMIMHOL B'SI3KOCTL V(e =3,
1

CepeHs IIBUIKICT KOB3aHHS 10 OCEPENIKY; Scep — CepeHs TOBIIMHA MACTHIBHOI TUTIBKH TIO OCepe-
JKY; [}, — KOCQILIEHT TepTs IPH MPOLECI NPOKATKH, IO BCTAHOBUBCS; Pcep— CEPEIHIN THUCK IO

ocepenky nehopMartii.
Jlami 3acTocyBaHHs 10 0cepenky aehopmallii TepTs 3rigHo 10 3aKoHy HbioTOHA onucyeThes
(dhopmyoro

= JyPepSep vg—vy
= )

Vi cep §x ’
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ac tx — IOTOYHC JOTUYHC HAIIPYXXCHHA Ha HOBerHi KOHTAaKTy; Vv, — IOTOYHa H.IBI/I}_'[KiCTI: CMYTH,

V¢ — niHil{HA MIBUAKICTB BAJIKiB; &, — IOTOYHA IO OCepenKy AedopMallil TOBIMHA APy MACTHIA.

Y mepuoMy HabJKEHH] IpUMEMO, o &, = &, . Toxi Maemo:

‘. ZM.(% ).
Vi cep

[lincTaBUBIIM OTpUMaHy MOAETL MUTOMUX CUJI TePTA y U epeHIiaIbHe PIBHAHHS PiBHOBaru

T. Kapmana [8] 1 po3B’si3aBIIM HOro 3a BiJOMHUX I'paHMYHHX YMOB, OTPUMANX BHUpa3 UL PO3MOIITY

TUCKY Ta JOTHYHHUX HANpPyKeHb. 3ayBa)KMMO, L0 TPaHUYHI YMOBU Ha BHUXOJi 3 ocepeaky aedopmarii

BUKOPUCTOBYBAJIN I YTOUHCHHS CCpC}_IHLO'I. ]_HBI/II[KOCTi KOB3aHHS V), cep

Ha puc. 2 HaBeneHo enmopu KOHTAKTHUX HANPYT AJIsl TPhOX BUMAJKIB MPOKATKH, y pasi: 1 —
3a HasBHOCTI BUIEPEKEHHS; 2 — MPHU HOT0 HyJIOBOMY 3HaueHHi; 3 — MpH OTHO30HHOMY KOB3aHHI1
MeTajy y Bankax. MojenroBaHHs BUILE 3a3HaYCHNUX BUMA/IKIB MIPOKATKH 3a0€3M1eUyBaI IIUISIXOM 3Mi-
HU KoedilieHTa TepTs 3a IHIINX HE3MIHHUX YMOB!

h—0=1,245; ay=0,0468paa; h£=89,9.

I 0

0 0.2 0.4 0.6 0.8
BinHocHa noBxuHa xd
0.1
tl (xd)
2(xd) s
t3 (xd)
0
- 0.05
0 0.2 0.4 0.6 0.8
BinHocHa noBxuHA xd

Puc. 2. Posnogin (entopa) 0e3po3mipaux tucky (pl) ta Hanpyru tepts (tI) mo nosxuHi ocepe-
IKy nepopmanii
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Pcep

Ipu koediuieHTi TepTs, sKiil AeIIo mepeulye Kyt 3axomieHHs ( f, =0,0585; =1,095;

T
Vi cep o . . . o
——=0,082;5 =4,1% ;) orpumasi emtopu (kpusi pl Ta tl), XxapakTepHi Uil 3BUYAIHOrO MpoOIIECy
ve
MPOKATKH: KYIOJOMOAIOHHA PO3MOILT THCKY 3 MAKCHMYMOM, JEIIO0 3MILIEHUM JI0 IUIOMIWHY MoMepey-
HOT'O TIepepi3y Ha BXOJi B 30HY Aedopmaltii.

Peep

Ipu koedilieHTi TepTs, KONH BUNEPELKEHHs JopiBHIoe Hymo ( f), =0,0323; =1,017

T
Vi cep o
———=0,098;S =0% ; ) KpuBa EMIOPU HOPMAILHOTO THCKY (KpHBa p2) 3HAXOIUTHCS OIMKYE 10 MO-

v@

3I0BXHBOT Oci (TOOTO pO3MILIy€eThCS HUKYE) Y MOPIBHAHHI 3 MOMEPEIHIM BHIIAJIKOM, IO BiANOBimae
ICHYIOUii Teopii mpokaTKu. MakcuMyM i€l entopy e Oible 3MileHHH 1O BXOLY B OCEpelloK Jedo-
pMarii, a Hanpyry TepTd NPUIMalOTh HYJIbOBI 3HAYCHHS B IUIOLIMHI BUXOAY 3 Ocepenky. Baxmuso
BIIMITUTH, IO 1O BCil TOBKMHI ocepenxy aedopmanii 0e3po3MipHUN THCK HE MEHILIHMH 332 OAWHUIIIO

Px
ﬁ o - 1 ]_Ie CBIJYUTH PO TC, HIO Y pa3l NPOKATKU 3 HYJILOBUM BUIICPCIKCHHAM 1 I'APOJUHAMIYHO1
T

Mozl TepTd B 30HI IUIACTUYHOI Aedopmarii IMO3M0BXKHI HOPMalbHI HANpyru o, HE €
PO3TATYIOUUMH.
Ipu npokatyBanHi 3 Bix'eMHnM BunepepkeHtsM ( f), = 0,0281; kpusi p3 Ta t3) mobnusy Bu-

Px
Or

XOIly MeTally 3 BaJIKiB Hallpy>KeHH O, OyAyTb PO3TATYIOUH Ta BiAHOIIECHHS <1.

cep

[Ipoananizyemo 3aieKHICTh OE3pO3MIPHOTO CEPEIHBOTO THCKY BiJ BHUIIEpEDKEHHS MIPU

T

Pcep

MPOKAaTyBaHHI 3 TEXHOJOTIYHIM MacTHIOM. 3HaYEeHHS OTpUMAJIH MIPU YMCIIOBiH 00poOLi emop
T
TUCKY. Pe3ynbratu po3paxyHkiB mogaHo Ha puc. 3. ['padiuni JaHi MOKa3yloTh, MO MPH MPOKATII 3 Bi-

Z[’€MHI/IM BUIICPCPKCHHAM, CepeZ[Hiﬁ THCK HaOIMKAETHCS J0 3HAYCHHA BI/IMyHICHO'l' I’paHI/IL[i IIMHHOCTI.

1.08
1.06

Pep (y)1.04

1.02

1
-2 -1 0 1 2 3

y

. . Pcep
Puc. 3. 3anexHICTh BIJHOCHOTO CEPETHBOrO TUCKY Pcp=—"—

T

BiJI BUIIEPEIIKECHHS TIPU XOJI0-
JTHOT TIPOKATIIi 3 MAIICHHSIM

OueBuHO, IO IPU OXHO30HHOMY KOB3aHHI METally Yy BajJKaX BCi €HEprocHJIOBI HmapamMerpu
MPOKATKH OyAYyTh HM)KUYMMH TOPIBHSHO 3 BapiaHTaMu JedopMaliiii 3a HasBHOCTI TOJATHOTO BHIIEpe-
okeHHA (ABi a0o Tpu 30HU B ocepenky nedopmarii). OTxe, mporec MPOKaTKH 3 iCHYBAaHHSIM JIMILE
30HHM BiJICTABaHHS € CHEPTETUYHO BUTITHHUM.
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VY 3aradbHONPHUHHATIN Teopii MPOKATKH BBAXKAETHCSA, IO CTIMKUM mporec Aedopmarliii Moxke
OyTu NuIe 3a HasBHOCTI 3amacy CHJI TEpTS B ocepeaKy nedopmallii, ToOTO 3a iCHyBaHHS 30HU BHIIE-
pemxenHs. OHAK JaHe AOCHTIHKSHHS IOKA3Ye, M0 TMPU MPOKATII 31 3MAIEHHAM (SIKIIO i€ HhIOTOHIB-
CbKa MOJIENb CHJI TEPTsl) 3amac CHJI TePTS B OCepenKy nedopMallii BU3HAYAETHCS HE TUIBKH HASBHICTIO
30HH BUIIEPEIKEHHS, ajle 1 BeIMYMHOIO TOBIIMHY IIapy MacThIIa, a TAKOXK IIBHIKOCTI KOB3aHHS MeTa-
ny y Bankax. Lle 1ae MOXIJIMBICT JaTH TEOPETUYHE MOSICHEHHS T4 BUKOHATH PO3PaxXyHKOBUU Mindip
napaMerpiB CTiKOro, €HEpreTHYHO BUTIAHOTO MPOLECY MPOKATKH 31 3MAIIEHHSIM 3 OIHO30HHUM KOB-
3aHHSIM METally y BajKax.

BucHoBkn

[Ipn xomomHOMy mNpoOKaTyBaHHI 3 €(EeKTHBHHUMH TEXHOJOTIYHHMH MAacCTHIIAMH MOXKJIHBHN
CTIMKHM{ TIpoLiec MPH OAHO30HHOMY KOB3aHHI MeTany y Bankax. s TeopeTHYHOro oOrpyHTYBaHHS
TAKOr'0 BUCHOBKY BUKOPHCTOBY€ETHCS MOJACTIOBAHHSA MIPOKATKU MPH 3aKoHi TepTs HeioToHa. Bigmoia-
HO JI0 HBOT'O CHJIM TEPTS, IO JIIOTh B OcepeaKy Aedopmallii, 3ajexaTh Bill IIBUAKOCTI KOB3aHHS Me-
Tajy Mo BajJKax Ta BiJ TOBLUIMHU MAaCTHIBHOI IUTiBKH.

Pe3ynbTaTté po3paxyHKiB B yMOBaX KOHTAKTHO-TiAPOJUHAMIYHOTO TEPTS HOBOSTH, IO MakK-
CUMYM HOPMAJIBHOTO THUCKY 3MILIYEThCS OJIMKYE IO BXOAY B ocepeoK aedopmarii. Y pasi mpoKaTKH
3 BiI’€MHHUM BHIICPEIKEHHSM TMO30BXKHI HOPMaJbHI HANPYXEHHS PO3TATYBAaHHS BUHHKAIOTH ITOOIH-
3y BUXOIy MeTaiy 3 BajikiB. CepeaHiil THCK B ocepeaky Aedopmanii 3aBxau OLIbIe BUMYLIEHOI Ipa-
HUL IUTMHHOCTI [Tl CMYTH, IO IMPOKATY€EThCA.

3i 30UIBIICHHSAM BiJICTABaHHS METAJTy BiJl BAJIKIB HAa BUXOII 3 OcepeKy aedopMaltii cepenHiit
TUCK 3HIKYEThCs. [IpokaTka i3 0AHO30HHMM KOB3aHHSIM CMYTH € €HEPreTHYHO BUTIIHUM MPOLIECOM.
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STUDY OF THE ROLLING PROCESS WITH TECHNOLOGICAL LUBRICANT AT
SINGLE-ZONE SLIPPING METAL IN THE ZONE OF DEFORMATION

Abstract

One of the controversial provisions the rolling theory is the question of the possibility the sta-
ble process of cold rolling with lubrication at a complete lag of the strip’s metal in the deformation
zone, i.e. in conditions of negative advancing.

The equilibrium state in the zone of deformation with negative advance can be maintained due
to the change in the thickness of the lubricating film. This is evidenced by experimental data from the
study of the dependence of the advancing and the thickness of the lubricant layer on the grip angle
during cold rolling with castor oil the copper samples in sizes 5x60 mm. Rolling was carried out on a
duo 180 laboratory mill in steel rolls with a diameter of 190 mm. The rolling speed was 0.35 m/s.

Then stress state modeling is used to theoretically substantiate the possibility of a stable
process with single-zone sliding of metal in rolls during cold rolling with effective technological lubri-
cants. According to Newton's law, the frictional forces acting in the zone of deformation depend on the
sliding speed of the metal on the rolls and on the thickness of the lubricating film.

Substituting the chooses model of specific friction forces into T. Karman's differential equa-
tion of equilibrium and solving it under known boundary conditions, expressions for the distribution of
contact stresses were obtained.

The results of calculations in the conditions of contact-hydrodynamic friction prove that the
maximum of normal pressure shifts closer to the entrance to the deformation zone. In the case of roll-
ing with a negative advancing, the longitudinal normal tensile stresses occur near the cross-section at
the exit of the metal from the rolls. The average pressure in the deformation zone is always greater
than the forced yield strength for the rolling strip.

With an increase in the lag of the metal from the rolls at the exit from the zone of deformation,
the average pressure decreases. Rolling with single-zone strip sliding is an energy-efficient process.
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