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SIMULATION THE LONGITUDINAL STABILITY
OF THE ROLLING PROCESS IN A STABLE MODE

Further analysis of limit rolling conditions in a stable mode with clarification of the mechan-
ism of longitudinal stability of the strip in the rolls and development of recommendations on this issue.

Estimation of longitudinal stability of the strip based on the determination of the average re-
sulting internal longitudinal forces.

The use of a new limit condition for a stable rolling process, based on the determination of the
average resultant force of plastically deformed metal, is developed and substantiated.

For the first time, the criterion for optimization of the tension regimes for the construction of
energy-saving rolling technology was proposed to use the values of the average resultant longitudinal
forces of plastically deformable of the strip, which allowed proving the feasibility of conducting the
process at close to zero values of this force.

Using the proposed criteria can more accurately determine the limit conditions of rolling,
which in turn allows further improve compression and tension modes for continuous production of
strips and sheets on the conditions under which the deformation process will proceed in optimum con-
ditions in terms of energy and longitudinal stability strips and sheets in rolls.

Key words: longitudinal stability; angle of neutral intersection; coefficient of friction, limit
conditions.

Hooanvwuii ananiz epaHuyHuUX yMo8 NPOKAmMYSants 6 CINAIOMY PEHCUMi 3 YMOUHEHHAM MeXa-
HI3MY NO30082CHbOI CMIUKOCME WMAOU 6 8AIKAX | pO3POOKOI0 peKOMeHOayill 3 0aH020 NUMAHHA.

Oyinka no30082CHbOI CMIUKOCMI WmMadu HA OCHOGI BU3HAYEHHS CEPeOHbOI pe3yibmyouol
GHYMPIUHIX NO300BICHIX CUI.

Po3pobneno ma ob6rpynmogano sUKOpUCMantsa HOB0I epAHUUHOT YMOBU NPU CIATOMY NPOYEC]
NPOKAMYBAHHs, KA 3ACHOBAHA HA BUSHAYEHHI CepeOHboi pe3yIbmyIouoi cuiu nAACMudHo 0egh)opmo-
8AHO20 MEMATY.

Bnepwe 6 sxocmi kpumepito onmumizayii pexcumie HamsadiCiHH 051 N0OY008U eHep2o3depi-
2ar40i MexHoN02ii NPOKAMYBAHHS 3aNPONOHOBAHO BUKOPUCTIOBYBAMU 3HAYEHHS CePeOHbOI pe3Yilb-
MYIOYOI NO3008ICHIX CUN NAACMUYHO 0ehopMyemMol wmabu, wo 00380aUI0 008eCmU OOYLIbHICHb
6edenHs1 npoyecy npu OIU3LKUX 00 HYISL SHAYEHHAX YIET Cunu.

Buxopucmanus 3anpononosanoco kpumepito 0036015€ Oilbul MOYHO BGUSHAUAMU SPAHUYHI
VYMOBU NPOKATYBAHHS, WO 8 CBOI0 Yepay 00360JAE 8 NOOANLULOMY 800CKOHANUMU PEHCUMU OOMUCHEHD
i HAMANCIHHL 0151 BUPOOHUYMBA TUCMIE HA De3NePeP8HUX CIAHAX, NPU AKUX npoyec depopmayii byoe
npomikamu 8 ONMUMANLHUX YMOBAX 3 TMOYKU 30Dy eHEPeosUmMpam i n0300624CHbOI cmitikocmi wmaobu
8 8aAIKAX.

Knrouosi cnosa: no30o6sicHs cmilikicms, Kym HellmpaibHo2o nepemuny; Koegiyicnm mepms,
2PAHUYHI YMOGU.

Problem’s Formulation
In theory from manuals the level of stability of the rolling process up to its transition to limit
conditions and the appearance of partial slippage is determined by the length of the outstripping zone
and in limit the neutral angle y is equal to zero [1—3]. The accepted limit condition is often used in
theoretical studies and in practical work [4,5]. It is known that this limit condition is closely related to
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the maximum angle of capture at a steady process a,,,. =2/ (f — coefficient of friction) and to the
special nature of the pressure distribution along the length of the deformation zone, the pressure epure

looks like a concave curve at average pressure p,, < 2k,, (2k,, — the average resistance of defor-

max

mation of the metal in rolling). In addition, under these conditions, the longitudinal normal stresses
o, over the entire length of the contact area become tensile, although under normal condition of roll-

ing they are compressive. For energy reasons, it is difficult to explain that, with significant plastic
deformation and some friction losses, the average pressure in the deformation zone may be less. The
above casts doubt on the possibility of rolling in these conditions, apparently the process should end at
a smaller angle of capture.
Formulation of the study purpose

The purpose of this work is to further analyze the limit conditions of rolling in a stable mode
with the refinement of the mechanism of longitudinal stability of the specimen in the work rolls and to
develop recommendations on the subject.

Presenting main material

Let us make a condition of equilibrium of the selected current volume of metal in the deforma-
tion zone (Fig. 1a). When replacing the action of the roll on the strip with contact forces, and the dis-
carded part of the roll with longitudinal internal forces (Fig. 1b), the following expression in dimen-
sionless form will be valid:
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Fig. 1. To equilibrium of horizontal forces: a — deformation center; b — selected current vo-
lume of metal

* .
Denote the sum of the current contact forces through Q, ., and the internal through Q;.long

and further determine the average resulting values for their deformation center. The result is:

Qx.cur. _Qx.long =0, (2
a
Oiveur. =~ O curd®d . 3)
av.cur. = o ) x.cur.
a
Ouvi =lIQ*1 o , “4)
av.long = ) x.long

where p, and ¢, — contact normal and tangential stresses; @ and ¢ — the angle of capture and its
current value; /4 — the thickness of the strip at the exit of the rolls; R — the radius of the rolls;

0, — longitudinal normal stresses.
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The current internal forces Q;l(mg , depending on the rolling conditions, can be compressed

and directed opposite to the movement of the strip along the entire length of the deformation zone, or
be stretched in a separate section with a corresponding direction determined by the nature of the stress

o, change. The average result of these forces O, j,,, 1s an integral force of resistance, and can not

play an active role in the deformation zone. It should not be conducive to the rolling process and is
therefore always directed in the opposite direction to the movement of the strip. In this regard, it was

assigned a negative value. At the same time, in theoretical calculations the force QZv.long can take

positive values under certain parameters of rolling. The latter indicates that under the proposed
conditions in the zone of deformation is insufficient to draw metal into the rolls of forces [see
equation (2)] and additional equilibrium are required to equilibrium, which theoretically plays the role

of the average resultant Q;v.long' But as noted above, being resistance cannot accomplish this task.

Therefore, if QZv.long <0 the rolling is performed without partial slippage, then QZv.long >0 the
process is not possible. Then the limit case of rolling:

Qav.long =0. (5)

We evaluate the longitudinal stability of the rolling process for specific conditions, calculating

the average resultant force QZv.long . In calculating this value we will proceed from the solution of the

differential equation of equilibrium by T. Karman, conditions of plasticity in the model of contact
friction: ¢, = fp, . Let the rolling be in rolls with a radius R =100 mm, reduction is Ak =4.0 mm, the

initial thickness of the strip 4, =8 mm, and the coefficient of friction in the steady state f takes
consecutive values of 0,2; 0,139 and 0,1. The results of the calculation of the contact stresses, the

current longitudinal force Oy ,,, and its average resultant value Q,, s, are shown in Figs. 2.

a . . .
At 7:1 (curve 1) at all sections of the deformation zone, the current force Q;CW. 1S

compressive (opposite to the movement of the strip). The average result is equal to

sz.long =-0,00946 . In this case, the process must proceed steadily without noticeable partial
slippage at a large area of the lead. In conditions where 07: 2 (curves 3) the force Q;long along the

entire length of the deformation zone, as noted above, is directed toward rolling, the average resultant
force in this case is positive and equal sz.long =0,0646 . It seems to help the process, but being an

internal reactive force, it cannot accomplish this task. Therefore, in rolling conditions —=2 it is

impossible. Let us analyze the third case in which a._ 1,44 . As can be seen, when rolling under these

conditions, longitudinal tensile forces Q:.,(mg act on one section of the deformation zone, and
compression forces on the other (curve 2, Fig. 2, ¢). The area of positive and negative values under

curve 2 relative to the zero line is equal to each other. Therefore, the resulting internal force Q:v.long is

zero, indicating a limit rolling event. It should be noted that the new limit condition Q:v.long =0 is
more stringent than the known limit condition, since it requires a higher value of the friction
coefficient in the limit case. Note that when Q:v.long =0 the deformation zone remains in the area of

deformation (see curve 2, Fig. 2b). This fact is confirmed by the research data given in the articles
[6,7]. Thus, the authors of [7], investigating the dependence of the advance on the angle of capture of
the tips, a loss of equilibrium forces in the deformation zone followed by slipping at a metal advance
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of 4.0 %. Under the conditions corresponding to the parameters of the test rolling (D =210 mm;
hy = 3.75 mm; wedge-shaped specimens with three differences; f =0.26), calculate the value of

Q:v.long' The results of experiments and the calculated data of the average longitudinal force are

shown in Fig. 3.
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Fig. 2. Distribution of contact stresses and current longitudinal forces in the deformation zone
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Fig. 3. Dependence of outstripping and average resultant force on the angle of capture

* . . .
As can be seen, the curves 0, ,,, and S the close ones are qualitatively, the maximum value

of which is located in the same section. Note that the intersection, in which the outstripping is
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approximately equal S = 4%, corresponds to the zero value of the average resultant force, so that it
accurately reflects the limit conditions of rolling. In addition to what is outlined in fig. In Fig. 4 shows
the plots of contact and longitudinal stresses, as well as showing the change in the current internal

force Q:.long when rolling with a gripping angle is equal to a = 0,38 rad. The analysis of which

shows that the process occurs in limit conditions with Q:v.long =0, which coincides with the

experimental data of the work [7].

The range of action of the limit condition (5) obviously covers the entire spectrum in the
thickness of the rolling strip. However, in the presented variant, being related to the solution of T.
Karman's equation, they can be used only when rolling thin and medium-thick strips. In our view, this
limit condition can be particularly useful for the continuous rolling, with metal tension in the

interstanding space.
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Fig. 4. Calculations of stresses and forces when rolling with o = 0, 38 rad



114 Maremaruune mozemroBans Ne 1(42) 2020

Conclusions

A new limit condition of the stability of rolling process has been developed and substantiated.
It is based on the determination of the average resultant force of plastically deformed metal. With the
negative value of this force, which is directed opposite to the movement of the specimen, the process
is stability without noticeable partial slippage. If this force is equal to zero the rolling is carried out in
limit conditions. With a positive average resultant force, the process is impossible. The new limit
condition is more stringent than the known one. The loss of equilibrium of forces in the deformation
zone with subsequent slipping can occur in the presence of advancing zone.
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MOJEJIOBAHHS MTO30BXKXHBOI CTIMKOCTI IIPOLIECY TPOKATYBAHHSI
B CTABIJIBHOMY PEKUMI
Makcumenko O.I1., Hikyain O.B., Jloboiiko /I.1.

Pedepar

Meroro naHOi poOOTH € MOJANBIINK aHaJi3 TPAHUYHUX YMOB IPOKATYBaHHS B CTAOUIBHOMY
PEXHUMI 3 YTOYHEHHSIM MEXaHi3MY T03JJ0BXHbOI CTIHKOCTI pO3KaTy B pOOOYMX BaJKax Ta BUPOOJICHHS
peKOMeHIalii 3 1boro nuTanHs. Jlito4i BHYTPILIHI CHIIM, 3aJIeXHO BiJ YMOB MPOKAaTyBaHHS, MOXKYTh
OyTH CTHCKAalOYMMH 1 CHOPAMOBaHI HPOTHIICKHO TMEPEMIllleHHIO ITa0M MO BCi IOBXKUHI 30HU
nedopmairii, 200 po3TATYFOUMMHU Ha OKPEMiil JTUISHIN 3 BiJIIOBITHUM HApPSIMKOM, BU3HAYEHUM Xapak-
TepoM HanpyxkeHHA. CepeHs pe3y/IbTyioua UX CHII € IHTErpaJIbHOIO CHIIOIO OMOpY, 1 HE MOXKe rpaTu
aKTHBHY poib B 30HI Jedopmanii. BoHa He MOBMHHA CHPHUATH NpOLECY MPOKATKU 1 TOMY 3aBXKIU
CHIPSIMOBaHA Yy 3BOPOTHOMY JI0 PyXY LITa0H HAIIPSMKY.

OO64HCIIIOIYN 3HAYEHHSI CEPEHbO THTErPaIbHOI T03/10BXXHBOI CHIIH, aBTOPU BUXOAUTHMYTD 3
po3B’sizaHHs AudepeHuiadbHOro piBHSAHHS piBHoBarm T. KapmaHa, yMOB IUIACTHMYHOCTI Ta MOZAENi
kKoHTakTHOro Tepts no Kymony. Hexail mpokaryBanHs BinOyBaeThcs y Bajkax paaiycom 100 mm, 3
obtucHeHHsM — 4,0 MM, TIOYaTKOBOIO TOBIIMHOIO ITA0H 8 MM, a KOe(iL[iEHT TEPTA B CTAIIOMY PEKUMI
npuiiMae mocaigoBHi 3HaueHHs 0,2; 0,139 ta 0,1. ITlo-mepmre, sKmo Ha BCIX MAUITHKAaX 30HU
nedopmariii Ho3a0BKHS cuila CTHCKato4a (HarmpsMieHa MPOTUIICKHO PyXy LITabu), cepenHiil pe3ynb-
taT gopiBHIoe -0,00946. B 1boMy BumnaAKy Ipolec MOBUHEH MPOTIKaTH CTiliKO 0€3 MOMITHHX 4acTKO-
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BHUX MPOOYKCOBOK IpW 3HAUYHIM 30HI BUIEpeKeHHsS. SIKIo cepenHs pe3yibTyioua Cuiia JoJaTHa i
nopieaioe 0,0646, Toxi B 1bOMY BUIAAKY Ipolec HeMouBHUA. [IpoaHarizyeMo BUMAgOK, KOJIU MPH
MPOKaTyBaHHI Ha OAHIN IUIAHLI 30HM AedopMarii MO3TOBXKHI CHIM JIIOTh Ha PO3TATYBaHHSI, a Ha
1HIIIA — K cuiau cTucKy. [Diomi momaTHUX 1 Big’€MHHMX 3HaueHb MOHAA 1 MiJ KPUBOIO BiIHOCHO
HYJIbOBOI JIiHiI IOpIBHIOIOTH OAHA ONHiM. TOMy OoTprMMaHa pe3ysibTyloda BHYTPIILHS CHJIA AOPIBHIOE
HYJIIO, 10 BKa3y€e Ha IPaHUYHY YMOBY IPOKATYBaHHSL.

HoBa rpannyna ymoBa CTifiKOCTI mpolecy NpOKAaTyBaHHsS IPYHTYETbCS Ha BH3HAYCHHI
CepenHbOi PE3YNbTYIOUOI CHIIM TUIACTHYHO AedopMoBaHOro Merany. IIpu Bin’eMHOMY 3Ha4YeHHi i€l
CHJIU TIPOLIEC € CTa0UIbHUM. SIKIIO 1S cujla JOPIBHIOE HYIIIO, MPOKATYBAaHHS MPOBOIUTHCS B IPaHUY-
HuX ymoBax. [Ipu nogatHoMy 3HaueHHI cepeAHbOI pe3yabTYIOUOil CHIIM Mpouec HeMoxkiuBuid. Brparta
piBHOBaru cui1 y 30Hi Aeopmariii 3 moaaibIInM KOB3aHHIM MOXKE CTATHCS IPU HassBHOCTI 30HU BUIIE-
pEILKEeHHSI.
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