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MPOTHO3YBAHHSA MO310BKHBOI CTAJIOCTI MPOIECY TOHKOJUCTOBOI ITPO-
KATKH 3A PI3BHUX MOJEJIEN TEPTSI

Ilpoananizosano po3noodin 20pu30HMANLHUX KOHMAKMHUX MA GHYMPIWHIX CUL NO 0CepedK)y
Oepopmayii, axi eusnaveni 3a piznux mooenei mepms. Hasedena b6nok-cxema areopummy oyinKu nos-
0060iCHbOI cmanocmi npoyecy deghopmayii. Ymounena ymosa HACMAaHHs 2PAHUYHO20 BUNAOKY Oeqhop-
Mayii npu npocmomy npoyeci MOHKOJIUCTNOB0I NPOKAMKU.

Kniouosi cnosa:snympiwns cuia, ocepedok oeghopmayii, KOHMAKMHI HANPYIHCEHHS, NOKAZHUK
cmanocmi, MOOEN0B8AHHSL.

The distribution of horizontal contact and internal forces in the deformation zone, which are
determined for various models of friction, is analyzed. A block diagram of the algorithm for estimating
the longitudinal stability of the deformation process is given. The condition for the occurrence of a
limiting case of deformation during a simple sheet metal rolling process has been clarified.

Keywords: internal force, deformation zone, contact stresses, stability index, modeling.

IMocranoBka npodaemu

OnHUM 3 BaXKIIMBHUX TEXHOJIOTIYHUX TTapaMeTpiB, 110 BU3HAYAE CTATICTH MPOLECY MPOKATKH, €
3axOIUTIOI0YA 3/1aTHICTh BaJIKiB. PO3PI3HAIOTE YMOBH 3aXBaTy MeTally poOOYMM iHCTPYMEHTOM B HOYa-
TKOBHI MOMEHT IPY TOPKaHHI KPOMOK IITa0H 3 BaJKaMH{ Ta B CTAJIOMY PEXHMI.

3abe3nedyeHAs HAAIfHOTO Ta CTAOUTBHOTO 3aXBaTy — O00OB’S3KOBAa YMOBA CTBOPCHHSI PaIlio-
HAJILHOTO TEXHOJIOTIYHOTO Ipoliecy. 301IbIICHHS 3aX0IUTI0I0Y01 34aTHOCTI BaJIKiB JO3BOJISIE HE TUTBKU
MiABUIIUTH TPOJYKTHBHICTh MPOKATHUX CTaHIB, alie 1 MOJIMIIATA 00pOOIIOBaHICTh METay, IO 3Me-
HITTUTH KiJTBKICTh BHYTPIITHIX Je(EKTiB.

[MopymieHHs MO3I0BKHBOT CTAIOCTI MPOLECY MPOKATKH MPU3BOIUTH 0 OyKCyBaHHS IITa0H Y
BAJIKaX, a Y psAAl BUNIAJIKIB € IPHYMHOIO BEJIMKHUX aBapiil Ha MPOKATHUX CTaHaX.

Pe3ynpTaté TEOpETHUHUX Ta €KCIEPUMEHTAIBHUX AOCIHIIKCHb IIOKA3yI0Th, 1110 BilOMa B TEO-
pii IpOKAaTKK yMOBa 3aXOIUICHHSI METally BaJlKaMH B CTAJIOMYy PEXHMi HE 3aBXKAM BIpHO BimoOpaxkae
peanbHy KapTHHY HO3J0BXHBOI CTANOCTI, HABITH, MPOCTOTO Ipouecy Aedopmarii. JocmigzaMu BCTaHO-
BJICHO, 110 Ha TPAHWYHUI KYT 3aXOIJICHHS B CTAJIOMY PEXHMi 3H1HCHIOIOTh BIUIMB HE TiJIBKH YMOBH
TEepPTS Ha KOHTAKTI IHCTPYMEHTY 3 METAJIOM, aji¢ i TEOMETPUYHI MmapamMeTpu Ta JAeQOopMOBaHUHN CTaH
mtabu B ocepenky nedopmariii.

Kpim mporo, sk Bizomo, Iporec TOHKOJIMCTOBOT NPOKATKH MPOTIKae 3 HaTAraMu (mepeaHiM Ta
3agHiM). ToMy omnepyBaTu yMOBOO 3aXOIUICHHS, K2 BUKOPUCTOBYETHCS ISl IPOCTOTO MIPOILECY IPO-
KaTKH, SIK TOKa3HUKOM CTaJIOCT] B JAHOMY BHIAJKY, € HE JOIIIEHIM.

3 yChOTo BHUILEHABEICHOTO MOKHA 3pOOUTH BUCHOBOK, IO MOJANBIINI PO3BUTOK MUTAHHS 3a-
XOIUICHHSI IITa0K BaJIKAMU MPH TOHKOJIUCTOBIH MPOKATLI € aKTyaJIbHUM.

AHaJIi3 OCTAHHIX JOCTiMKeHb Ta MyOJTiKamii

VY pobotax [1—2] po3pobieHi METOAUKH BU3HAYECHHS PE3YJTYIOUHX TOPU30HTAIBHUX KOH-
TaKTHUX 1 BHYTPIIIHIX CHIL, SIKi JiIOTh B ocepenky Aedopmarii. Ha ocHOBI IIUX CHJI MOKHA TEOpPETHY-
HO CIIPOIHO3YBATH CTAJIICTh IIPOLIECY IIPOKATKH B IIO30BKHBOMY HAIIPSIMKY .

[pu craniii mpoKaTili HA KOHTAKTI METaly 3 BaJKaMH y KOKHOMY IEPETHHI 0CepeaKy aedop-

Mauii Ji€ ropusoHTanbHa cuiaa (J,, SKa BPIBHOBAXKYETbCA I'OPU30HTAIBHOIO BHYTPIIIHBOIO CHUJIOHO
* . . cee
Oy ¢, - OCTaHHA BUKJIMKAaHA HalpYXXEHHSAMH Bif mactudHoi nedopmanii metany. Ilpu nsomy, cua

* v - .
(Q, cIpsMOBaHa 3a HaNpsIMOM IIPOKATKH Ta CIIPUSAE HOTO CTIMKOMY IIPOTIKAHHIO.
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. * * .
BuxigHumu gaHuMU Ui po3paxyHKy cull O, Ta Q,,, € €NIOpU PO3MOJAUTy KOHTAaKTHUX Ha-

npyKeHb [0 OcepenKy nedopmaliii, ki TEOPETUIHO MOXKYTh OyTH OTpPUMaHi NMPH PIllIeHHI PiBHSIHHS
pisHoBaru T. KapmaHa 3 ypaxyBaHHSAM NPUHHATOI MOJeNi TepTsa. Y AaHill poOOTi y sSIKOCTI Moaenen
TepTa OyAyTh BUKOPUCTOBYBaTHCs 3akoHM 3ibens, Kymona [3], a Takox Moxeni, po3pobieHi B pobo-
Tax [4—6].
DopmyTIOBAaHHSA METH JOCTITKEHHS

Mera poOoTu momsirae B aHali3i pO3MOJITY Pe3yJIbTYyIOYHX T'OPU3OHTAJIBHUX KOHTAKTHHX 1
BHYTPIIIHIX CHJI, SIKI OTPHMaHI IpH 0O0pOOIli TCOPETUIHHX CIMIOp KOHTAKTHHUX HAIPYKEHb 3a Pi3HUX
MoJieTiel TepTsl B ocepenKy nedopmallii, a TakoK BUBYCHHI BIUIMBY BHYTPIIIHIX CHJI HA TPaHWUYHUH
KYT 3aXOIUICHHS B CTAJOMY PEXHUMi IIPH TOHKOJIHUCTOBIM MPOKATIII.

BukJsiax ocHOBHOTO MaTepiairy
BukopucTOBYHOUM METOIUKY, Po3po0sieHy B poOoTi [1], moOymyeMo emropu po3moaiIy pe-

.. .. 3 * . ae
3yJIbTYI04O0i TOPH30HTAIBHOI KOHTAKTHOI cuit O, 10 JOBXKHHI ocepeaky aedopmanii uis 3rajlaHux
BHLIIC MOJCINICH TePTs 3a HACTYIHHUX yMOB: R =300 MM, /g =03 MM, Q) = 0,017 pax ta fy =0,044 (R

— pajiyc BajKiB, ) — I10YaTKOBA TOBIIHMHA IUTa0U, Oy— KYT 3aXOIUIEHHS B CTAJOMYy PEXHMI, fy—
KoedillieHT TepTs B ctanoMy pexumi). i 3pyqHOCTI aHalizy yci po3paxyHKH BUKOHaHI y 06e3po3mi-
pHiit dopwmi. I'padiku posnoainy cunu Q; HaBeJeHi Ha puc. 1.

3 rpa¢ikiB 3MiHH pe3yIbTYIO4Y0T FOPHU30HTAIBLHOT KOHTAKTHOI CHJIM BUIUTMBAE, 10 HA MEkKax
30HHM KOHTAKTy IITa0M 3 BaJKaMu 15l CUjla JOPiBHIOE HYJO. Lle CBIAUUTHIIPO CTallioOHApHICTh MpoLecy
NpOKaTKH. B3M0BX MOBXKMHU OcepeKy aedopmalii gaHa cuiia 3MiHIOETHCS 32 NIEBHUM 3aKOHOM, OT-
JKe, MOJKHA OJIEpIKaTH CepeHE ii 3HaUCHHS 32 (OPMYJIOHO:

a
1 *
K=o g Qido. (1)

Jlanuii mapaMeTp CHIHANI3y€e MPO CTAIICTh MPOLECY MPOKATKH Ta HA3MBAETHCS TMOKA3HUKOM
(xpuTepiem) cranocri [7].

SIk BUIUTHBAE 3 HaBelCHHUX rpadikiB, Ui 3aAaHUX YMOB MPOKATKU 32 Pi3HUX MoJeieil TepTs
Ha KOHTAKTi MMOKa3HUK K, MO3UTUBHUM, IO CBIIUUTH MIPO CTAIICTH MPOLECY IPOKATKH.

Hani mpoanaiizyemo, sIK 3MiHIOIOTBCSI BHYTPIIIHI CHJIM 711 BULIEHABEICHUX YMOB Aedopma-
1ii. Po3paxyHku OyzeMo pOBOJHUTH 32 METOJIMKOIO, IKa HaBeeHa B poOoTi [2]. PesynbraTn po3paxy-

. . . .. * cee .
HKYy pPO3IOALLY FOPU30HTANbHOI BHYTPIIHBOI cuiu (., 110 ocepenky aedopmanii y 6e3po3mMipHUX

BEJNIMYHMHAX HABEJCHO Ha puC. 2.
[TopisHtoroun BiamoBimHI rpadiku (puc. 1 Ta 2), MOkKHA 3pOOUTH BHCHOBOK, IO Y KOXKHOMY
HepeTHHI ocepeiKy AedopMallii BHKOHY€EThCS HACTYTTHA PiBHICTb:

* sk
20y =Oru> (2)
OTXKe, 1 CepeTHi 3HAUCHHS ITUX CHJI TaKOXK CITIBBITHOCITHCS aHAJIOTIUHO.
Koedimient 2 B gaHiii popMyIii MOSCHIOETHCS A1€10 KOHTAKTHUX CHJI 31 CTOPOHH 000X BaJIKiB.
3 ocTaHHBOI PIBHOCTI BUILTUBAE, 1[0 B PIBHOBA31 METATy y BaJIKaX MPUHMAaIOTh Y4acTh 1 BHYT-

pimHi cunu. Kpim Toro Bigmitumo, mo cwia ¢, cupsMoBaHa yOIK pyXy IUTa0M 1 € aKTUBHOIO, a O, ..

— Yy MPOTWJICKHY CTOPOHY. TakuMm YMHOM, BiA3HAYUMO, IO BTATYIOYi METal Y BAJIKA CUJIHM B OCEPE/I-
Ky aedopmarlii BUTpa4aroThCS HE JIUIIE HA MOJOJAHHS BHINTOBXYIOUHX, aJi¢ 1 HA BPiBHOBAKYBAaHHS
BHYTPIIIHIX CHJI. Y TaKOMYy BHUIAAKY Ha 3aXOIUTIOIOUY 3JATHICTh BAJIKIB y CTAJIOMY PEXHMi TTOBHHHI
BIUIMBATH 1 BHYTPIIIHI CHIIH JeOPMOBAHOTO METAIY.

[Ipoananizyemo 11e muTaHHs OiNbII JOKIAIHO.

Sk Bimomo, B Teopii MPOKATKH MPUHHATO, IO TPAHWYIHI YMOBH 3aXOIUICHHS IPU HPOCTOMY
npoIleci BU3HAYAOTHCS HACTYITHOIO PiBHICTIO:

A =2 3)
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Puc. 1. Emopu posnofiy mo ocepeaxy nedopmailii rOpU30HTAIBHOT KOHTAKTHOT CHJIM 32 PI3HUX
MoOJeInel TepTs: a — Mopens 3ibens; 6 — monens Kynona; 6 — rinpoaunaMiuHa MoJienb, po3po0iieHa B
poboTi [4]; 2 — Mozenb, po3pobieHa B poOoTi [5]; 0 — mozens, pozpodnena . J1. BacunesuM [6]

OpHak, eKCIIepUMEHTAIBHI JaHi Py JOCIIIHHUKIB Jal0Th MiACTaBy BBaXKATH, IO JiaHA yMOBa
HE BUKOHY€TbCS. Pe3ynbraTu HuX JOCTiIKEeHb HaBeJeHo B poOoTi [8].

Taxk, B nociigax A. A. [IpecHsAKOBa IpH MPOKATIII 3THBKIB HIKEIIO BiTHOIIECHHS

HioBajo 1,16, a mpu nedopmarii mimi — 1,22.

max

ay

y

TIOpiB-
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Puc. 2. Emropu po3noainy 1o ocepenky Aedopmariii Topu30HTaNbHOI BHYTPILIHBOT CHIIH 32 Pi3HUX
MoJieTiel TepTsa: a — Mopenb 3i0ens; 6 — Monens KysoHa; 6 — TigpouHaMidyHa MOJIeTb, PO3po0IieHa B
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pobori [4]; 2— Mozemns, po3pobieHa B poOoTi [S]; 0 — mozmens, po3pobiena . [1. Bacunerum [6]

B excniepumenrax, siki mpoBonmiucsa C. B. Makaesum Ha 6mtominry 1150 HoBo-Tarinecekoro
METaJTypTiHOTO 3aBOJY, MPOKATyBaIM CTAJEBI 3JIMBKH Ha TIaAKii 004 Ta B KamiOpax. 3a pe3yJbra-

TaMU LUX JOCIIAIB BEIUYNHA

max

ay

y

3MiHIoBajzacsa B Mmexxax 1,25—1,35.
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B nmocnmimkennsx I1. b. baxtinoBampu mpokariii O6110MiB y BajkaxX 3 KaTalOUUM J[iaMETPOM

max
y

y

886 MM, BiTHOIIECHHS ckiagamo 1,37 npu 3BUYaitHOMY 3axOIuleHHI Ta 1,42 — 3 momepenHiM

OOTHCHEHHSM Ha KOHYC.

Takox Bimomi excriepumentn O. 1. ['pyznesa ta FO. B. 3ins0epra, B IKUX JOCITIHKYBaIN 3aXOTI-
JIFOIOYY 3/IaTHICTD BaJIKiB y JlabopaTopHuX ymoBax. Jlociiau npoBOIMIM Ha ABOXBaJKOBOMY cTaHi 180
31 mBUKicTIO pokatky 0,3 M/c. MakcuMabHUN KyT 3aXOIUICHHS BU3HAYAIH [IUTSIXOM ITPOKATKH CBHH-
[EBUX CTYIIHYACTO-KIMHOMOMIOHNX 3pa3KiB 32 BEIMYMHOI OOTUCHEHHS, IPH SKOMY BHHUKAIOThH MEPILi
npoOykcoBku. KiHIleBa TOBIIMHA MTA0 3MiHIOBaNach B Mexkax Bix 0,5 MM 1o 50 M, BiAMOBIHO 1 mij-

max

ay

OMpaii TOYaTKOBY TOBIIMHY 3pa3kiB. Pe3ynbraT MOCHiNIB MOKa3ajd, IO BiHOIICHHS 3HAXO-
y

Jwinocs B Mexkax 1,5—1.9.

B nocminax 1. 5. TaproBcekoro, O. O. [To3zneera Ta B. B. JlsmkoBa mpu mpoKaTIli KIIMHOTIOTI-

max
OHMX Ta IPAMOKYTHHX CBUHIIEBMX 3pa3KiB 6yJI0 OTPUMAHO BigHOmEHHS —— = 1,4—1 45,
y

3 MpUBOY HEBIAMOBITHOCTI TCOPETUUYHOT YMOBH 3aXOIUICHHS MPAKTHUYHUM JAHUM JTOCIIIHU-
KA BHCIOBIIIOIOTH Pi3HI NPHUIYIIEHHS. 30KpeMa MPUITYyCKAEThCs, M0 KOEe(]illieHT TepTs B CTAIOMY
MPOIIEC] MPOKATKH iICTOTHO BiAPI3HAETHCS BiJ KOe(DilliEHT TePTsS B MOYATKOBUH MOMEHT 3aXOILICHHS,
X04Ya He HABOJUTHCS MEPEKOHINBUX JaHUX Ha KOPUCTH TAKOTO MPHITYIIECHHS.

BukopucroByroun mokasHuk crajiocTi (1) Ta Mozens TepTs, po3polieHy B pobori [S5], Oynu
BU3HAYeHI TPAaHUYHI YMOBU MPOKATKH B 3aJIS)KHOCTI BiJI KIHIIEBOi TOBIIMHY MITA0H 32 Pi3HUX Koedilli-
€HTIB TEPTS Ha KOHTAKTiI METATy 3 BaIKaMU. Pe3ypTaT po3paxyHKiB HABEICHI Ha pHC. 3.

max

dy

fr[ ] 1

1,44 \ /:2
"..,,,...................4

1,42 e

0 2 4 Ty, MM
max
Puc. 3. 3aleXHICTh BiIHOIIECHHS —- BiJl TOBIIMHU IITa0M 3a Pi3HUX KOE(DIIi€HTIB TEPTH:
y
1 —f~=0,05—0,15;2 —£=0,2;3 — £,=0,3
max
Yy

Sk BuTUIMBaE 3 gaHUX rpadikiB, BiTHOMIESHHS

3HAXOAUThCH y Mexkax 1,42—1,44, mo Bi-
y
NIIIOBIIA€ TOCIITHUM JAHUM.

HeoOxinHO BiAMITHTH, 110 31 30UIBIICHHSIM KOE(]ili€eHTa TEPTS 1€ BiIHOMICHHS 3MEHIIYEThCS,
a Bl KIHIIEBOI TOBIIMHU IITA0H — MaibKe HE 3aJIEKUTD.

OTke, BU3HAUCHHS TMO3/I0BXKHBOT CTATIOCTI MPOIECY TOHKOIMCTOBOT MPOKATKH 32 TIOTIOMOTOFO
nmoka3HuKa ctanocti (1)703Bossie 10CTOBIpHO (3 TOXMOKOI0 110 5 %) CIpOorHO3YBAaTH yMOBHU CTAJIOTO
HOro Be/IeHHS 3a PI3HUX YMOB TepTs (31 3MaIleHHAM Ta 0€3 HbOTO, B PEKUMI TiAPOJMHAMIYHOTO TEPTS
TOIIIO).

Ha puc. 4 naBeneHo OJIOK-CXeMy alTOPUTMY JTaHOT METOIUKH.
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Puc. 4. Brok-cxeMy anroputMy BH3HAY€HHS IO3J0BKHLOI CTAJIOCTI MPOIECY TOHKOIUCTOBOT
MPOKATKH

BucHoBku

[IpoananizoBaHO PO3MOILI IO OcepenKy AedopMaliii pe3yabTyIOUnX FTOPU30HTATBHUX KOHTAK-
THUX 1 BHYTPIIIHIX CHJ, SIKi OTpUMaHi Ipu 0OpoOIll TEOPETUYHHUX EMIOP KOHTAKTHUX HAIPYXKEeHb 3a
pi3HnX Mozeneit Tepts. [loka3aHo, IO B 30HI KOHTAKTy METaly 3 BaJKaMH Pe3yJIbTYI0di TOPH30HTa-
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JbHI KOHTAKTHI CHIIM BPIBHOB&XYIOTHCS BHYTPIIIHIMU, SKi BUKIHKAaHI TUIACTUYHOIO edopMalliero
MeTary. HaBenmeHo Ook-cxeMy alropuTMy BH3HAYEHHS ITO30BKHBOI CTAJIOCTI MPOIIECY TOHKOIUCTO-
BO1 IIPOKATKH.

TeopeTnyHo HoCHiKeHa Ta YTOYHEHA yMOBA 3aXOIICHHSI METaly BaJKaMH B CTaJIOMY PeXH-
Mi npokaTku 0e3 HatsriB. [lokazaHo, 1110 BiTHOMIEHHS] MaKCHUMAaJILHOTO KyTa 3aXOTUICHHS 110 Koediie-
HTa TepTs B ocepenky aedopmanii gopisHioe 1,42—1,44, mo miATBEpKYETHCS pe3yJIbTaTaMH eKCIie-
PUMEHTIB Py MOCTITHUKIB. 3HIKEHHS 3aXOILTIOI0YO0I 3[]aTHOCTI BaJIKiB, HA BIJIMIHY BiJl 3arajbHOBI-
JIOMO1 TEOPETUIHOT YMOBH (3 ), IOSCHIOETHCS BpaXyBaHHSM BHYTPIIIHIX CHJL.
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FORECASTING THE LONGITUDINAL STABILITY OF THE THIN SHEET
ROLLING PROCESS WITH DIFFERENT FRICTION MODELS
Romaniuk R.Ya., Levchuk K.O.

Abstract

One of the important technological parameters that determine the stability of the rolling
process is the exciting ability of the rolls. Ensuring reliable and stable capture is an indispensable
condition for creating a rational technological process. The increase in the exciting ability of the rolls
allows not only to increase the productivity of rolling mills, but also to improve the machinability of
the metal, which will reduce the number of internal defects. Violation of the longitudinal stability of
the rolling process leads to slippage of the strip in the rolls, and in some cases is the cause of major
accidents at rolling mills.

The results of theoretical and experimental studies show that the condition of metal capture by
rolls in the steady state, which is known in the rolling theory, does not always correctly reflect the real
picture of the longitudinal stability, even of a simple rolling process. Concerning the inconsistency of
the theoretical conditions of seizure with practical data, the researchers express various assumptions.
In particular, it is assumed that the coefficient of friction in the steady-state rolling process differs
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significantly from the coefficient of friction at the initial moment of capture, although convincing
evidence in favor of this assumption is not given.

The purpose of the work is to analyze the distribution of the resulting horizontal contact and
internal forces, which were obtained by processing the theoretical diagrams of contact stresses for
various friction models in the deformation zone, and also to study the effect of internal forces on the
maximum trapping angle in steady-state of thin sheeted rolling.

The paper analyzes the appearance of the resulting horizontal contact and internal forces,
which are obtained by processing the theoretical diagrams of contact stresses for various models of
friction in the deformation zone. It is shown that with different models of friction in the zone of metal-
roll contact, the resulting horizontal contact forces are balanced by internal forces, which are caused
by plastic deformation of the metal. A block diagram of the algorithm for determining the longitudinal
stability of the sheet rolling process is given.

The condition for the capture of metal by rolls in the steady state without tension is well
known theoretically and clarified in the rolling theory. It is shown that the ratio of the maximum
capture angle to the friction coefficient in the deformation zone is equal to 1,42—1,44, which is
confirmed by the results of experiments of a number of researchers. Reducing the exciting ability of
the rolls is explained to the consideration of internal forces.
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