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INVESTIGATION OF THE TEMPERATURE FACTOR ON THE FORMATION
OF A STRIP SURFACE MICRO-RELIEF DURING WARM ROLLING

The temperature is studied as a factor that affects the formation of the micro-relief of the strip, which was
rolled with heat. Various schemes for heating the strip to the required te mperature are considered. A mathematical
model of the temperature distribution over the thickness of the strip and along the length of the deformation zone is
obtained. The temperature distribution along the height and length of the deformation zone is not the same. Our
studies have shown that the heating scheme is better when the heater is inside the roll. This is better because it gives
a smaller temperature spread along the length of the deformation zone. That is, you can better use temperature as a
factor. The roughness of the strip during warm rolling is influenced by several factors. If we consider the process
with the final tempering, then one of the main factors is temperature. We studied how temperature affects the
printability coefficient of the micro-relief from rolls to metal. Experiments were carried out to confirm the results.
The experiment consisted in indentation a single indenter into a metal sample. Indenters of various shapes were
used, similar to the shape of single micro-protrusions of the real relief of the work rolls. The sample was heated to
different temperatures in the drying box, then the depth of its indentation was measured. Experimental studies have
shown an almost linear dependence of the penetration depth on temperature, that is, the dependence of the
printability coefficient on temperature. This form of dependence was observed for all forms of the indenter, although
with different intensity. So, we can confidently say that the temperature factor can be used to control the parameters
of the strip roughness that is needed. To do this, at the final stage of the technological chain of rolling, which is
temper rolling, you can use the work rolls of the desired micro-relief, and the strip of the desired temperature.

Keywords: rolling, tempering, temperature, micro-relief, printability coefficient, experiment, indenter.

In modern conditions, product quality is extremely important, because it determines the
development of production processes and their efficiency. In addition to other factors, the level
of quality of rolled products is affected by the state of the surface, because it is the micro-relief
that determines the technological features of the following technological operations, as well as
the efficiency of the product operation [1]. But the most important influence the quality of the
surface has on the presentation of the product [2, 3]. In particular, the micro-geometry of the
surface of sheet steel strips greatly affects the quality and durability of paint coatings. It also
affects the limiting degree of drawing during stamping, the reflectivity of the metal, etc. [4, 5].
In most technological schemes temper rolling is the final stage of the rolling process. Theoretical
and experimental studies have shown that under certain conditions during temper rolling the
roughness of the rolls is almost completely transferred to the strip [6]. That is, the micro-relief of
the work rolls is printed on the strip (Fig. 1). Recently, this feature has been increasingly used to
obtain the desired micro-relief to the strip.

Fig. 1. Model of printability a micro-relief from a roll to a strip

The purpose of this work is to study the temperature factor, since it has a strong influence
on the printability coefficient, that is, in the result, the temperature strongly affects the quality of
the finished product, product which was obtained by warm rolling.

There are two approaches to implement the warm rolling process. The first involves
heating the strip immediately before the deformation zone. Such a scheme is easier to implement
and easier to regulate. But the results of mathematical modeling of the temperature field of the



ISSN 2076-2151. Oopooka mamepianie muckom. Materials working by pressure. 2022. No 1(51) 142

strip showed that the temperature in the deformation zone will have a strong spread in this case
[7]. The second approach involves additional heating of the metal directly in the deformation
zone. This heating occurs due to the contact heat exchange between the strip and the rolls
preheated to the desired temperature. This approach often requires renovation of the equipment.
But the results of mathematical modeling of the temperature field of the strip show that then the
temperature in the deformation zone is uniform. This gives stable mechanical properties of the
metal and the possibility of predicting them [7].

When the flow sheet of warm rolling with heating inside is used, an electric heating source
is placed, for example, inside the axial channel of the roll (Fig. 2).

Fig. 2. Model of a roller assembly with an internal heating source

If we do not take into account the length of the arc of contact between the work roll and
the strip, that is, the temperature field of the roll will be considered axisymmetric and constant in
time. The temperature distribution along the radius in this case must satisfy the following

differential equation:

9%t at
T =0 (1)

where t - the temperature, r - the current work roll radius.
The final solution to this equation, as described in [4], looks like this:
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where t, - the temperature of the roll in the current radius r, t., - the environment
temperature, R, R, - the radii of the roll and hole respectively, q, - the specific power of the
heating source, a;, - the thermal conductivity coefficient, 4, - the heat transfer coefficient.

Rolls and strip are cooled by heat exchange and convection with the environment, as well
as by radiation. Heat transfer coefficient by radiation for surface temperature 350...400°C and
environment 20°C is 2...3 W/(m? deg), that is, it is quite small, so it can be ignored. The
proportion of heat that goes to the support rolls is about 5% of all losses. Therefore, it can also
disregard separately. Knowing this, as well as the fact that the heat transfer conditions are
stationary in time, we can calculate:

aplg
tp(0) =ten —tp - (6 —A0) e CbanZ’Vb, (3)
where 8, A8 - the time and the increase of time, V,, - the circumferential speed of the roll,
Lg - the length of the contact.

The analysis of the obtained analytical formulas was carried out on the basis of numerical
mathematical models. The resulting graphical illustration of the result of such a model for heating
sources, which inside and outside of the work roll, is shown in Fig. 3.

The figures show the temperature distribution of the surface layer (1) along the length of
the deformation zone for different schemes. It can be seen that the temperature is more unstable
with an outside source and stable with an inside one.

Consider how temperature affects the printability coefficient. The formation of the micro-
relief of the strip occurs in three stages: at the previous stages of processing the strip, which form
its initial roughness (zones 1-2); in the zone of contact with the work rolls (zone 3), where the
formation of the roughness of the strip occurs under the influence of the indentation of the micro-
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relief of the rolls; in the zone of free exit from the rolls (zones 4-5), there is a slight change in
roughness due to contact with the guide rolls and the coiler (Fig. 4).
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Fig. 3. Calculated temperature distributions for different flow levels during warm rolling:
(1- —-y/hy = 1,0;2- ——=y/hy; = 0,753-—-=—-y/hy; = 0,5;

4-=0—-y/h,; =0,25;5-—=——-y/h,; = 0,0)

Fig. 4. Zones of surface microrelief formation (1 - decoiler; 2, 4 — zones of free surface
micro-relief formation; 3 — zone of micro-relief formation in the deformation zone; 5 — coiler)

How intensively the roughness is printed from the work rolls to the strip is characterized
by the printability coefficient, which is defined as:

K; =~ (4)

L™ Ra,’

where Ra - is the strip roughness index Ra, um; Ra, - is the roll roughness index Ra, um.

The value of this coefficient is affected by the following factors: initial strip roughness,
roll roughness, compression intensity, strip material and process temperature.

Experimental studies of the mechanism of formation of surface roughness and the factors
that affect it were carried out using a special device (Fig. 5), which provides physical modeling
of the process of indentation of a complex-profile indenter into a workpiece under warm rolling
temperature [8].
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Fig. 5. External view (a) and principle scheme (b) of the device for experimental study of
the process of warm indentation of a complex-profile indenter into a workpiece

Structurally, this installation included a lower fixed 1 and an upper movable 2 punches,
interconnected by a guide bush 3. In the upper movable punch 2, a complex-profile indenter 4
was placed, which was indentation into the workpiece 5. While a total of 12 indenters of different
sizes and shapes were making (Fig. 6) with different configurations of the deforming surface.
Using lever 6, the upper movable punch 2 was connected to a linear displacement sensor 7 of a
rheostat type.

Fig. 6. Appearance and model of indenters of various types

The indentation force E, was fixed with the help of a pressure capsule 8, connected by the end
surfaces of its annular element with the upper movable punch 2 of the considered device and the
power punch 9 of the hydraulic press GP 70-5278, which ensured the movement of the upper punch
2 and the creation of this force.

The entire equipment was placed on a single stand 10, which during the experiment was
installed in the working space of the aforementioned hydraulic press. The sample 5 were heated to
the required temperatures in a drying box immediately before their warm plastic deformation. The
results obtained for sample made of steel 20 and steel 45 are shown in fig. 7.

In this case, the force of the indentation process F,,, which hydraulic press was created a
through a power punch 9, is considered as an argument, and the indentation depth h,,, which was
measured by a linear displacement sensor 7 of a rheostatic type, was taken as a function.

The results showed that with increasing force, the indentation depth of the indenter increases
almost linearly. An increase, ceteris paribus, takes place in the case of an increase in the heating
temperatures of the initial sample. In particular, with a force of F,, = 30 kN and an increase in
temperatures from 20°C to 350°C, the indentation depth of the conical indenter increases from 3.13
mm to 4.05 mm, that is, by 29% for samples made of steel 20 and from 2.26 mm to 3.48 mm, i.e. by
54%, for steel 45.
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Fig. 7. Empirical depth distributions h,, depending on the indentation force F,, of a
pyramidal indenter into a flat sample made of steel 20 (a) and steel 45 (b), preheated to a
temperature t,q

CONCLUSION

When using the inside heating of the work rolls, the surface of the strip is evenly heated, this
shows the presented mathematical model. Several factors influence the formation of the strip micro-
relief at the final stage of the technological rolling line, the main ones being temperature. An
installation for investigating the effect of temperature on the printability coefficient is presented. The
indentation of a single micro-roughness of the work roll into the strip was physically simulated. In
the course of the experiment, the samples were heated in a drying box and indenters of various shapes
were dented into them. The results showed that with increasing temperature, the indentation depth of
the indenter increases almost linearly. This confirms the possibility of using temperature as a factor
influencing the printability coefficient of the roughness of the work rolls. That is, the temperature
makes it possible to control the surface micro-geometry parameters during warm rolling.
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Kynuk T. A. Hccnedosanue memnepamypnozo pakmopa popmuposanus Mukpo-penveda nogepxuocmu
RnONO0CH RPU MENJIoli RPOKAMmKe

Hccnenosan TemnepaTypHbli (hakTop GopMUPOBAaHUS MUKpOpenbeda MOoJI0CH, MOIYyYeHHOH B pe3yibTare
peanu3anuy npouecca Teniaoi npokatku. [Ipoananu3upoBaHbl pa3HblE CXEMBbI HarpeBa MOJIOCH 10 HY>KHOU TeMIle-
paTypbl Ha OCHOBE MOJIYYE€HHON MaTeMaTU4YECKOI MOJIEIH pacnpeaeleH s TEMIEPATyphl KaK 10 TOJIIUHE OJIOCH,
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TaK M 110 JUInHe oyara gedopmanuu. IlokazaHo, 4TO paclpeneneHde TeMIepaTypsl 10 BEICOTE M AJIMHE odara Je-
¢dopmanuu HeogHOpOoIHO. [TpHyeM, nccnegoBaHus MOKa3auu, 4YTO IPEANOYTHTEIbHEH CXeMa HarpeBa ¢ BHYTPEHHUM
HarpeBoM pabouero Bajika, NOCKOJbKY B TaKOM Cly4yae MMEET MECTO MEHbIIUI pa3dpoc TemrepaTypsl MO JUIMHE
ouara geopmalmH, 4To, B CBOIO 04epeb, I03BOJISIET HCIOJIb30BATh TEMIIEPATYPY KaK JIEMEHT BiIHsHuUsA. PaccMoT-
peHBbI GaKTOPhl, KOTOPBIE BIUSIOT HA IIEPOXOBATOCTbH MOJIOCH NIPH TEIUIOHN npokarke. Eciin paccmaTpuBath npouecc
C JpeccCUpOBKOIl Ha (HUHAIBLHOW CTajWU, TO OJAHHUM M3 INIaBHBIX (DAKTOPOB sBIsIETCS TemrepaTypa. McciaemoBano
BIIMSTHUE TEMIIEpaTyphl Ha KO3 PHUIHMEHT OTIeYaThIBAEMOCTH MUKpOpebeda BaIKOB Ha MeTasuie. [t moaTBepxkae-
HUS Pe3yJbTaTOB OBUIM MPOBEICHBI SKCIIEPUMEHT, KOTOPBIA 3aKJII0YAJICS B BHEAPEHUH €IMHUYHOTO WHACHTOPA B
obpazen meramia. [Ipy 3TOM HCIONB30BAIM HHICHTOPHI Pa3HOil GOPMBI, IMHTHPYIONIHE THIIUYHBIE (HOPMBI OIH-
HOYHBIX MHUKPOBBICTYIIOB PEAJBHOTO pesibeda padounx BajakoB. B xoxe skcnepuMeHTa oOpasell HarpeBaiu 10 pas-
JUYHBIX TEMIIEPATyp B CYLIIMJIBHOM IIKady, 3aTeM N3MEpSUIH TITyOnHY ero BHEIpEeHHs. DKCIIEPUMEHTAIbHBIE HCCIIe-
JOBaHU IOKA3aI¥ MOYTH JINHEHHYIO 3aBUCUMOCTD I'TyOMHBI BHEAPEHHUS OT TEMIIEPATyphl, TO €CTh JMHEHHYIO 3aBH-
CUMOCTH KO3 (ppHUIIEeHTa OTIIEYaTHIBAEMOCTH OT TeMIIepaTyphl. Takas 3aBUCUMOCTH HaOI10ganach Ipu Beex popmax
HHIACHTOpA, XOTd U ITOKa3aHa pa3jinuHasd €€ UHTEHCUBHOCTbD. peSyHLTaTLI I/ICCJ'[GI[OBaHI/II‘/‘I IIOKa3bIBAaOT BO3MOXHOCTH
UCTIOJIb30BaHMS TEMIIEPATYPHOr0 (akTopa /Ui MOIyYeHHs TpeOyeMBbIX MapaMeTpOB IIEPOXOBATOCTH MOIOCHL. s
ATHUX I1ieNiell GUHATBHOM dTane TEXHOJOTHYECKOH LENOUYKH Mpoliecca MPOKATKU, KOTOPBIM SIBISETCS APECCUPOBKA,
HeoO0XO0MMO UCIOIB30BaTh BAIKH HY)KHOTO MUKpPO-penbeda, a IoJI0cy Hy)KHOH TeMIeparypsl.

Knrouesvte cnosa: npokatka, IpeccHpoOBKa, TeMIEpaTypa, MUKpopenbed, Ko3QPUITUEHT OTIeIaThIBAEMO-
CTH, 9KCIIEPUMEHT, UH/ICHTOP.

Kynix T. O. Jlocnioxycennn memnepamypnozo gpaxmopa popmysanus mikpo-peavedy noeepxui cmyzu
npu menniit npokamui

Hocnioxceno memnepamypnuti pakmop opmySanHs MiKpo-perbeQy cmyau, OmpumMany 6 pe3yivmami pe-
anizayii npoyeca mennoi npoxamxu. Ilpoananizosano pisHi cxemu Hazpieanusa cmyau 00 NompioHoi memnepamypu
HA OCHOGI OMPUMAHOI MAMEMAMUUHOT MOOeNi pO3N0JiNy memMnepamypu K 3a moGWUHOIO cMy2U, Max i 3a 008HCU-
HOI0 0cepedky dedhopmayii. Tlokazano, wo po3noodin memnepamypu 3a UCOMOIO Ma O0BIHCUHOIO 0CepedK)y dedhop-
Mmayii HeoOHopioHul. TIpuvomy 00CniONCeHHs NOKA3ANU, WO Kpauje cCXema Hazpiey 3 HYMPIWHIM HASPIBAHHIM PO-
004020 8anKa, OCKIIbKU 8 MAKOMY BUNAOKY MAE Micye MeHwul po3oic memnepamypu no 008icuti ocepedky degho-
pmayii, wo, y ceoro yepey, 00360.18€ BUKOPUCMOBYSAMU memMnepamypy ik ¢axmop enaugy. Poseaanymo gpaxmopu,
Wo BNAUBAIOMb HA WOPCMKICMb CMY2Uu npu meniitl npoxamyi. Axwo pozensoamu npoyec i3 Opecupys8anHim Hd
@inanvuit cmadii, mo 0OHUM i3 20106HUX hakmopie € memnepamypa. JocaioxiceHo 6niue memnepamypu Ha Koegi-
yicHm 6i00pyK08Y8aAHOCMI MIKpopenvedy eankie Ha memani. [[nsi niomeepoxicenHs pe3yibmamis 0yi0 nposedeHo
excnepumenm, aKull noa2as y 6Npo8aONCeHHi 0OUHUUHO20 IHOeHmMOopa Y 3pa3ok memany. Ilpu ybomy gukopucmosy-
8anu iHOenmopu pizHoi opmu, wo imimyrome munogi hopmu 0OUHOYHUX MIKPOBUCTNYNIE PealbHO20 pervbeQy po-
bouux eankie. B xo00i excnepumenmy 3pa3oK HaA2pigaiy 00 Pi3HUX memMnepamyp y CywunbHin wagi, nomim umipro-
sanu enubuHy 1o2o enposaddcenus. Excnepumenmanvui 0ocniodxcenusa nokasanu mauxce HiHiliHY 3a1eHCHICb 21U~
OUHU 8NPOBAONCEHHS 610 MeMnepamypu, moomo AiHIUHY 3a1eHCHICMb Koe@iyieHma 8i00PYKO8Y8aHOCMI 6i0 mem-
nepamypu. Taka 3anrexcnicms cnocmepieanacs npu 6cix Gopmax iHoenmopa, xoua i NOKa3auna pizna ii inmeHcus-
Hicmb. Pezyromamu 0ocniodcenb nokasyoms MOJCIUGICIb UKOPUCTNAHHS MEMNePamypHo2o hakxmopy O0isi Omp u-
MAanHsA HeoOXIOHUX napamempis wiopcmxocmi cmyau. s yb0o2o Ha QinarbHOMy emani MmexHoa02iuHo2o 1anylo2a
npoyecy npoxkamku, AKuM € Opecupy8anus, HeoOXiOHO GUKOPUCOBY8AMU BAIKU NOMPIOHO20 MIKpO-penvedy, a
cmyey nompibHoi memnepamypu.

Knrouosi cnosa: npoxamxa, opecupysanus, memnepamypd, Mikpopenveg, koediyicum OpyKy, excnepu-
Menm, IHOeHmop.
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