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DETERMINATION OF PARTICULAR
RELATIVE REDUCTION IN COLD
ROLLING OF THIN AND EXTRA THIN
STRIPS TO IMPLEMENT THE PROCESS
WITH THE LEAST FORCE

Introduction. It has been theoretically established and experimentally confirmed that the elastic deformations
of rolls and strips in cold rolling have a significant and, in the case of thin rod rolling, a crucial effect on all process
parameters.

Problem Statement. The influence of the elastic-plastic interaction of a thin strip with rolls, the tension, the
temperature and rate of deformation, and the strength of strip material shall be taken into account for developing
a modern theory of longitudinal cold rolling.

Purpose. Modeling and forecasting the parameters of cold rolling of thin and extra thin strips.

Materials and Methods. 1o solve this problem, the conditions of rolling strips made of 08kp steel with dif-
Jerent degrees of preliminary metal hardening, which reflected the features and regularities of hardening the strip
material in the multicellular state line, have been modeled. The partial relative reductions vary within 0.02—0.35,
with the initial data corresponding to the most characteristic conditions of cold rolling of thin and extra thin steel
strips on operating mills taken.

Results. The quantitative data on the influence of the strip thickness, at the entrance to the deformation zone,
partial and preliminary relative reduction during cold rolling on the process conditions with the least force. For the
[irst time, the conditions and range of partial relative reductions for the cold rolling process of thin and extra thin
strips with the least force have been determined. It has been established that in the case of cold rolling of thin and
extra thin strips made of unriveted and pre-hardened steel, varying partial relative reductions within the range
Jrom 0.1 to 0.30—0.35 provides the realization of process with the least force.

Conclusions. The implementation of cold rolling process with the least force is advantageous in terms of ener-
gy saving and manufacturability, as it allows reducing the specific consumption of electricity and expanding the
range of cold rolling mills for smaller thicknesses of rolling strips and indicates the need to determine conditions
for such a process.
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Mass production of thin hot-rolled steel strips
with a thickness of 1.2—1.5 mm or less, up to 0.8—
1.0 mm, which, due to cheaper price, in many ca-
ses, are used instead of cold-rolled products of
similar thickness [1], has been mastered in recent
years. However, thin and extra thin cold-rolled
steel strips with a thickness of less than 0.8—1.5 mm
up to 0.25—0.4 mm [2—6] and tinplate with a
thickness of 0.12—0.20 mm [4, 7—9], due to high
quality indicators at a relatively low price, con-
tinue to remain one of the most effective and de-
manded types of metal products, with their stock
expanding and output increasing [2, 3, 8, 10]. The
technology for the production of thin and extra
thin cold-rolled strips is distinguished by its mul-
tistage and long technological cycle, high level of
technological loads, and high specific consump-
tion of electrical energy caused by a high yield
strength of the deformable metal and the features
of elastic-plastic interaction of a thin strip with
rolls, as well as by unresolved problems in this re-
gard. All these factors limit the stock of products,
reduce the breakdown capacity of the working
stands and the efficiency of the rolling equipment
[4,7—9, 11—12]. Particularly, the regularities ha-
ve not been studied yet at the moment and the
quantitative relationship between the force that
acts on the rolls, the total and particular relative
reductions, and the thickness of the strip, which
ensures the implementation of the cold rolling
process of thin and extra thin strips with the least
force has not been determined. This fact causes the
relevance and feasibility of this research [8, 9, 11,
12]. The goal has been achieved with the use of the
apparatus of modern theory of lengthwise rolling.
The generally accepted (conventional) theory
of lengthwise rolling [14, 15] was developed ba-
sed on the understanding that the strip is rigid-
plastic, and the rolls are ideally rigid bodies, i.e.
without taking into account the influence of elas-
tic deformations of rolls and strip, which excludes
the possibility of its use for predicting the parame-
ters of the cold lengthwise rolling process [12, 13].
Cold rolling of thin and extra thin strips is made
with small absolute reductions Ah (Ah < 0.005—
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0.5 mm), for large values of the parameter R/h,
(R/h, >300—3000, where R, h; are the work roll
radius and the strip thickness at the entrance to
the deformation zone, respectively), and with
high average contact normal stresses (p,,, > 500—
1500 N/mm?). Under these rolling condltlons
the radial elastic compression of the work rolls
takes values that are comparable to plastic defor-
mation (reduction) of the strip and the actual
length of contact of the strip with the rolls /, i.e.
the length of the elastic-plastic deformation zone
increases because it is already determined not
onl the plastic deformation of the strip (I =

=\ R4 ) but also by elastic radial compression of
work rolls [9, 12, 16]. The elastic compression
and elastic recovery of the strip also have a sig-
nificant effect on the length of the elastic-plastic
deformation zone [_[12]. Therefore, the ratio / /I
is always greater than unity and, depending on
the specific rolling conditions, may reach 2—4
and more [12, 13].

Nowadays, it has been theoretically established
and experimentally confirmed that elastic defor-
mations of rolls and strips during cold rolling
have a great influence on all parameters of the
process, and in the case of rolling the thin strips,
this effect becomes decisive [7,9, 12, 13, 16]. The
modern theory of lengthwise cold rolling [13] has
been developed given the influence of the fea-
tures of the elastic-plastic interaction of a thin
strip with rolls, tension, temperature-rate condi-
tions of deformation and strength properties of
the strip material. On the basis of this theory, the
parameters of cold rolling of thin and extra thin
strips have been modelled and predicted in this
research. This theory [13, 17, 18], the accuracy
and reliability of which have been experimentally
confirmed [12, 19], is based on the following
models:

the length of the elastic-plastic deformation
zone [12,13,17]:

[.=x, +NRah + x?, (D)

where
x=x,+60p R( ) 1")[4 (1— 1")+1] 2)
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Pc=pcpclcb' (13)

In formulas (2)—(14) the following designa-
tions are used: index «c» means that this param-
eter is calculated given the combined effect of
elastic deformations of the rolls and the strip; /,
are the length of the elastic-plastic deformation
zone and the length of the plastic section of the
contact of the strip with the rolls during the roll-
ing (I =x,+ [ +x, ), mm, respectively; x, , x, are
the lengths of the sections of elastic contact of
the strip with the rolls, which are determined by
elastic compression and elastic recovery of the
latter, respectively, mm; R, b, Ak are the radius of
the work roll, the width of the strip and the par-
ticular absolute reduction of the strip during the
rolling, mm, respectively; 4, A, hcp are the thick-
ness of the strip at the entrance and at the exit
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from the deformation zone and its average value
in the zone, respectively; v, v , E | E are Poisson’s
ratio and elastic modulus (N/mm?) of the mate-
rial of the work rolls and the strip, respectively;
Oy Opy» Oy, are the yield stress of the strip mate-
rial at the entrance to and the exit from the defor-
mation zone and the average value of the yield
stress of the strip material in the deformation zo-
ne, as calculated given the influence of the degree,
temperature, and rate of deformation during the
rolling, N/nn% ¢, g, are absolute values of back
and front pull, N/mm? B, /, € are the Lode coeffi-
cient, the friction coefficient, and the particular
relative reduction during the rolling (dimension-
less values); p_ ,v,, a_are the average contact nor-
mal stress (N/mm?), the neutral angle, and the
angle of contact of the strip with the roll during
the rolling (rad); P, is the rolling force, MN.

Earlier, we found [7, 9, 12] that as a result of
the peculiarities of the elastic-plastic force inte-
raction of a thin strip with rolls during the cold
rolling, there was always a strip thickness at the
entrance to the deformation zone £, at which the
rolling process is carried out with the least linear
force P, /b. This condition, the validity of which
has been confirmed experimentally and by new
data on the modeling of the cold rolling process,
with the use of models (1)—(13), is written in the
form [9, 12]:

2o ), 14
6p Onm ( )

The implementation of the cold rolling process
with the least linear force is advantageous in
terms of energy saving and manufacturability
since it helps to reduce energy consumption, in-
creases the compressing capacity of the working
stands, and expands the stock of cold rolling mills
towards smaller thicknesses, which is important
[5-7,9, 11, 12].

Based on the foregoing, we have judged the
technological and energy efficiency of the cold rol-
ling process of thin and extra thin strips from the
nature of changes in the linear rolling force de-
pendences plotted given P_/b = ¢ (h,) (curve 1)
and without taking into account the effect of
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Fig. 1. Qualitative dependences P /b = ¢ (h,) during cold
rolling, calculated with taking into account (curve 7) and
without taking into account (curve 2) the influence of
elastic deformations of rolls and strip

elastic deformations of the rolls and strip P/b =
= ¢ (h,) (curve 2), the qualitative view of which
is shown in Fig. 1. The difference between the or-
dinates of curves 7 and 2 at i =const is numeri-
cally equal to an increase in the linear rolling
force caused by the influence of elastic deforma-
tions of the rolls and the strip (shown by shading
in Fig. 1). The letters P_ /b and h,_ in Fig. 1 in-
dicate the values of the linear rolling force and
the strip thickness at the entrance to the defor-
mation zone, which correspond to the condition
of the process with the least force.

The process with the least force creates the
most favorable technological conditions for rol-
ling a thinner strip %, _, i.e. a strip with the least
thickness, given the rigidity of the working stands
of the mill [9, 11]:

h _ PL‘HM + P’3 - Pup 15
1am M ’ ( )

where P, PHp are the force of the “bottoming” of
the end sections of the work rolls during the rol-
ling and the force of preliminary pressing (“bot-
toming”) of the work rolls before the rolling, MN,
respectively; M_ is the stiffness modulus of the
working stand, MN/mm.

From formula (15) it follows that the lesser the
force P, , the lesser the final (least) strip thick-
ness rolled on a particular mill. This is also facili-
tated by the fact that with a decrease in the force
P, the forces P, and P, decrease as well [9, 11].
Therefore, the implementation of the rolling pro-
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cess on a specific mill with the least force P, or
with a force close to it, contributes to the expan-
sion of its range towards smaller thicknesses,
which is important for cold rolling of thin and
extra thin strips.

Carrying out the rolling process at z,= h, and
in the range of thicknesses to the right of the mi-
nimum on curve 7 (Fig. 1) is also advantageous in
terms of energy consumption, since in this case,
the negative effect of elastic deformations of rolls
and strip on the rolling force and on the torque
decreases, as a result of which the process effici-
ency increases [9]. Rolling in the thickness range
to the left of the minimum on curve 7 (Fig. 1) is
possible, but it is characterized by an excessive
increase in force P_due to the increased influence
of friction stresses on this parameter, which indi-
cates the inexpediency of its use.

The above analysis of the features and regu-
larities of the elastic-plastic interaction of a thin
strip with rolls during cold rolling has shown that
at each specific mill there is a range of strip thick-
nesses at the entrance to the deformation zone,
which provides the possibility of implementing
the process with the highest technological and
energy efficiency, including the least rolling force.
In this research, this approach to solving the prob-
lem of increasing the efficiency of the cold rolling
process of thin and extra thin strips has been pro-
posed for the first time.

The purpose of this research is to study the ef-
fect of thickness, partial and total relative reduc-
tions on the force parameters of the process du-
ring the cold rolling of thin and extra thin strips,
given the peculiarities of the elastic-plastic inte-
raction of a thin strip with rolls and to determine
the optimal range of partial relative reductions
that ensure the implementation of the cold rol-
ling process with the least force.

The theoretical determination of the strip thick-
ness at the entrance to the deformation zone 4,
for the implementation of the cold rolling process
with the least force involves solving equation (14).
The solution of this equation in an explicit form
has been found impossible, and the use of other
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methods for its solution is impractical. The point
is that the solution to equation (14) makes sense
only for cold rolling of thin and extra thin strips,
i.e. for the case of rolling, when the main factor
determining the level and nature of changes in
function P /b = ¢ (h,) is the elastic deformations
of the rolls and the strip, more precisely the ratio
between them, which depends primarily on the
particular relative reduction and the strength pro-
perties (yield stress) of the strip material. The
rest of the parameters of the cold rolling of thin
and extra thin strips at each specific mill (roll ra-
dius, friction coefficient, rolling speed, tension mo-
des, etc.) differ in relative stability of values, or
varies within narrow limits and their effect on the
position of the minimum of function P, /b = ¢ (h,)
is not so important. Therefore, in this research, as
a parameter for determining and influencing the
coordinate of the minimum of function P /b =
= ¢ (h,), we use the partial relative reduction
during cold rolling, the value of which, as one of
the main parameters of the technology on opera-
ting mills, is fixed continuously and, if necessary,
may be changed in the desired direction [19].

To solve this problem, we have studied the in-
fluence of the partial relative reduction, thick-
ness, and degree of preliminary reduction (yield
point of the strip materials) on the level, nature
of the change, and the position of the minimum of
dependence P /b = ¢ (h,) during the cold rolling.
The quantitative data on the parameters of the
cold rolling process, given the peculiarities of the
elastic-plastic interaction of a thin strip with
rolls, have been obtained with the use of models
(1)—(13). For this purpose, an appropriate tech-
nique and an algorithm for its implementation
have been developed. In the course of the study,
the conditions for rolling of strips made of 08kp
steel [o,= 230 + 34.6 (100g,)"¢] have been simu-
lated with a different degree of pre-hardening of
the strip metal (g, = 0—0.9), which reflects the
features and regularltles of strengthening the strip
material in the line of a multi-stand mill. The par-
tial relative reductions vary within the range of
0.02—0.35 and the following initial data corres-
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ponding to the most typical conditions for cold
rolling of thin and extra thin strips of steel on ope-
rating mills are taken: R =300 mm; /= 0.03—0.07,
h,=0.05—1,0 mm; q,= q, = 0. Based on the simu-
lation results, dependences P_/b = ¢ (h,) and [ =
= ¢ (h,) at £ = const and f = const have been plot-
ted and the thickness of the strip at the entrance
to the deformation zone has been determined for
the rolling with the least force.

3. RESULTS. Fig. 2 shows dependences P /b =
= ¢ (h)) and [ = ¢ (h,) for two different values of
the preliminary reduction of the strip at / = 0.05
and & = var, as example. The dependences P, /b =
=@ (h,) and [ = ¢ (h,), which have a similar sha-
pe, have been obtalned by simulating the cold
rolling process with other values of the coeffi-
cient of friction.

Figure 2 shows that, regardless of the degree
of partial relative reduction ¢ and the degree of
pre-hardening of the strip ¢_, the dependences
P /b=o (hy)and [ = o (h,) have the same qualita-
tive character of change They differ from each
other only quantitatively, and as € and &_ grow,
the absolute values of the linear rolling force and
the length of the deformation zone increase, which
is a consequence of an increase in the yield stress
of the strip material. In this sense, the most valu-
able and somewhat unexpected data are the data
on the effect of the partial relative reduction on
the strip thickness at the entrance to the defor-
mation zone, which ensures the rolling process
with the least force. They are marked with points
on curves P /b = ¢ (h,). In the case of the rolling
of unriveted (e,=0) steel (Fig. 2, a), there is an
increase in the partial relative reductlon from
0.02 to 0.1 due to low yield point. The strip mate-
rials have practically no effect on the strip thick-
ness, which ensures that the process is carried out
with the least force (A, ~ 0.275 mm). A further
increase in the partlal Telative reduction cau-
ses an increase in the thickness of the strip 4,
along a linear relationship, the value of which at
¢ = 0.35 reaches 0.4 mm. A completely different
and practically identical qualitative picture of the
change in strip thickness %, is observed during
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Fig. 2. Dependences P,/b = ¢ (h,) and [ = ¢ (h,), constructed from the results of modeling the parameters of cold rolling of
non-riveted (g, = 0) (a b) and work- hardened (e,,= 0.75) (¢, d) strips made of 08kp steel (R =300 mm, /= 0.05; q,= q,=0)

cold rolling of strips of pre-hardened steel (Fig. 2, c,
d). In this case, the linear rolling force and the
strip thickness %, corresponding to the mini-
mum on the curves P, /b = ¢ (h,) increases as the
total and partial relative reduction grows, since
a further increase in the yield stress of the strip
material occurs, but in a peculiar way. In the en-
tire range of change in the degree of strip prelimi-
nary reduction (g, <0.9) and &, const and € = var,
the largest strip thickness h,,,, is recorded when
the cold rolling is carried out with small (g =
=0.02—0.1) and large (£20.3—0.35) partial rela-
tive reductions, and in all cases of the rolling, the
maximum values of %, correspond to the small-
est relative reductions (g = 0.02) (Fig. 2, ¢). Wit-
hin the range of partial relative reductions from
0.05—0.1 to 0.3 at & _=const, the thickness A is
practically the smallest and remains the same.
This means that the elastic deformations of the
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rolls and the strip in this range of partial relative
reductions have the least effect on linear force
P_ /b and strip thickness 4, . The increase in
linear force P_ and in strip thlckness h,, ., within
the range of small (¢ <0.05—0.1) and relatlvely
large (¢ > 0.3—0.35) partial relative reductions
at g = const is explained by the prevailing nega-
tive effect of elastic deformations of the strip and
the rolls. Therefore, the cold rolling process with
small (¢ <0.05—0.1) and with large (¢ > 0.3—0.35)
partial relative reductions, especially at a high
yield stress in the latter case, is energetically inef-
fective and impractical. In this sense, the most
advantageous in terms of energy consumption
and manufacturability for the cold rolling of thin
and extra thin strips is the range of partial rela-
tive reductions from 0.1 to 0.3—0.35. Moreover,
the large reductions are advisable to use when
rolling unriveted steel, and the small ones, when

ISSN 2409-9066. Sci. innov. 2022. 18 (3)
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rolling pre-hardened metal. The above conside-
rations about the most favorable range of partial
relative reductions during the cold rolling are mo-
re clearly shown in Fig. 3.

They indicate that during the cold rolling of
unriveted steel strips (curve 7), i.e. strips made
of material with a low yield stress, linear forces
P_ . /b are the smallest and realized in the nar-
rowest range of variation of strip thickness (%, =
=0.275—0.4 mm).

With an increase in the degree of pre-hardening
(Fig. 3, curves 2—5), i.e. with an increase in the
yield stress of the strip material, the linear force
P_ /b increases and the smallest strip thickness
h,,., (Fig. 3, curves 2—5), which ensures the imp-
lementation of the process with the least force,
shifts to the region of large strip thicknesses at
the entrance to the deformation zone. During the
rolling with tension, as well as with a decrease in
the coefficient of friction and the diameter of the
work rolls, P, /b decreases, and curves 2—5 in
Fig. 3 shift to the region of smaller thicknesses
h,,..- However, the range of partial relative reduc-
tions, which guarantees the implementation of
the rolling process with the least force, remains
practically unchanged. Therefore, the range of par-
tial relative reductions during the cold rolling of
strips from 0.1 to 0.30—0.35 may be considered
the most favorable for the implementation of the
process with the least force, regardless of the deg-
ree of pre-hardening of the strip.

Conclusions

1. The influence of the peculiarities of elastic-
plastic interaction of metal with tool on the na-
ture of changes in linear rolling force P_, depen-
ding on the strip thickness at the entrance to the
deformation zone h; during the cold rolling of
thin and extra thin strips has been studied. It has
been shown that dependences P_, = ¢ (h,) during
the cold rolling of thin and extra thin strips have
a characteristic minimum in the range of small
thicknesses of the rolled strips, which indicates
that an increase in the linear rolling force caused
by the combined effect of elastic deformations of
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Fig. 3. Dependences P, /b= ¢ (h,, ), constructed from the

results of modeling the parameters of cold rolling of 08kp
steel strips (R = 300 mm, / = 0,05; q,= q, = 0) with different
degrees of preliminary work hardening: 7 —¢ =0;2 —¢ =
0.4; 3 — the same 0.5; 4 — the same 0.7; 5 — the same 0.9

the metal and the tool in the rolling conditions
takes the least value.

2. It has been established for the first time that
in the conditions of cold rolling of thin and extra
thin strips on the existing mills there is always a
strip thickness at the entrance to the deformation
zone, at which rolling is carried out with the least
force. The implementation of the cold rolling pro-
cess with the least force is advantageous in terms
of energy saving and manufacturability, since it
helps to reduce the specific consumption of elec-
trical energy and to expand the range of cold rol-
ling mills towards smaller thicknesses of rolled
strips and indicates the need to determine the con-
ditions for the implementation of such a process.

3. The quantitative data on the influence of the
strip thickness at the entrance to the deformation
zone, partial and preliminary relative reduction
during the cold rolling on the conditions of the
process with the least force have been obtained.
It has been shown that the main factor for the imp-
lementation of the cold rolling process with the
least force at the operating mills is partial relative
reduction during the rolling.

4. For the first time, the conditions and the
range of partial relative reductions for the imple-
mentation of the cold rolling of thin and extra
thin strips with the least force have been deter-
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mined. It has been found that during the cold | 0.30—0.35 ensures the implementation of the pro-
rolling of thin and extra thin strips made of un- | cess with the least force, which gives reason to
riveted and pre-hardened steel, varying partial | consider it the optimal way, when developing de-
relative reductions within the range from 0.1 to | formation modes at cold strip rolling mills.

REFERENCES

1.
2.

3.

10.

11.

12.

13.
14.

15.
16.
17.

18.

19.

56

Montmitonnet, P, Khalfalla, Y. K., Benyounis, K. Y. (2001). Metal Working: Cold Rolling. Encyclopedia of Materials:
Science and Technology, 5500—5506. https://doi.org/10.1016,/B978-0-12-803581-8.03369-5.

Fedonin, O. V,, Urnu, S. Ya., Nemkin, M. V., Danilenko, D. N., Kondaurov, E. L. (2011). Prospects for the development of
cold-rolled steel production in the world and Russian markets. Metallurgist, 5, 9—16 [in Russian].

Heidepriem, J. (1990). Trends in Process Control of Metal Rolling Mills. IFAC Proceedings, 23(8, 6), 127—136. https://
doi.org/10.1016/S1474-6670(17)51408-1.

. Matthias, Ruth (2004). Steel Production and Energy. Reference Module in Earth Systems and Environmental Sciences,

695—706. https://doi.org/10.1016,/B0-12-176480-X /00371-5.

. Garber, E. A. (2007). Production of rolled products: A reference publication. Vol. 1. Production of cold-rolled strips and

sheets (assortment, theory, technology, equipment). Moscow. 368 p. [in Russian].

. Le, H. R,, Sutcliffe, M. P. E (2001). A robust model for rolling of thin strip and foil. International Journal of Mechanical

Sciences, 43(6), 1405—1419. https://doi.org/10.1016,/S0020-7403(00)00092-8.

. Vasilev, Ya. D., Dementienko, A. V., Gorbunkov, S. G. (1994). Tinplate production by double rolling. Moscow: Metallurgy.

125 p. [in Russian].

. Vasilev, Ya. D., Samokish, D. N., Zamogilny, R. A. (2017). Trends in the development of production and consumption of

tin in the world. Ferrous metallurgy: Bul. Institute “Chermetinformatsiya”, 5, 68—74 [in Russian].

. Vasilev, Ya. D., Dementienko, A. V. (2002). Continuous rolling of thin and extra thin strips. Continuous rolling: Collective

monograph. Dnipropetrovsk: RVA “Dnipro-VAL. 293 p. [in Russian].
Mayer, Jakob, Bachner, Gabriel, Steininger, Karl W. (2019). Macroeconomic implications of switching to process-emis-
sion-free iron and steel production in Europe. Journal of Cleaner Production, 210, 1517—1533. https://doi.org/10.1016/j.
jclepro.2018.11.118.
Vasilev, Ya. D., Zamogilny, R. A. (2019). Influence of the peculiarities of the contact interaction of a thin strip with rolls
on the parameters of the initial setting of the working stand and the smallest thickness of the rolled strip. Metal and cas-
ting of Ukraine, 3—4 (310—311), 41—48 [in Russian].
Vasilev, Ya. D. (2014). Fundamentals of the theory of longitudinal cold rolling. Plastic deformation of metals: Collective
monograph. Dnepropetrovsk: Accent PP. 125 p. [in Russian].
Nikitin, G. S. (2009). The theory of continuous longitudinal rolling: textbook. Moscow. 399 p. [in Russian].
Montmitonnet, Pierre. (2006). Hot and cold strip rolling processes. Computer Methods in Applied Mechanics and Engi-
neering, 195(48—49), 6604—6625. https://doi.org/10.1016 /j.cma.2005.10.014.
Jiang, Z. Y, Xiong, S. W, Tieu, A. K., Wang, Q. Jane. (2008). Modelling of the effect of friction on cold strip rolling. Jour-
nal of Materials Processing Technology, 201(1—3), 85—90. https://doi.org/10.1016/j.jmatprotec.2007.11.128.
Vasilev, Ya. D. (2012). Theoretical determination of the length of the deformation zone during cold rolling. Production of
rolled products, 8, 2—7 [in Russian].
Vasilev, Ya. D. (2014). Determination of the average contact normal stress during cold rolling, taking into account the
elastic deformations of rolls and strip. Steel, 2, 39—44 [in Russian].
Vasiley, Ya D., Samokish, D. N., Dementienko, A. V., Zavgorodniy, M. 1. (2014). Experimental verification of the accu-
racy and performance of a unified methodology for calculating the energy-power and temperature-speed parameters of
the cold strip rolling process. Bulletin “Ferrous Metallurgy”, 2, 65—73 [in Russian].
Feng, Xiawei, Montmitonnet, Pierre, Yang, Quan, He, Anrui, Wanga, Xiaochen. (2017). An Advanced 3D Mathematical
Model for a 6-high Tandem Cold Rolling Process. Procedia Engineering, 207, 1379—1384. https://doi.org/10.1016/].
proeng.2017.10.900.
Received 23.04.2021
Revised 26.07.2021
Accepted 29.11.2021

ISSN 2409-9066. Sci. innov. 2022. 18 (3)



Determination of Particular Relative Reduction in Cold Rolling of Thin and Extra Thin Strips to Implement

S1/1. Bacunes (https://orcid.org/0000-0001-7349-1769),

J.M. Camoxuw (https://orcid.org/0000-0002-6160-1593),

0.A. Bondapenxo (https://orcid.org/0000-0003-4043-1932),

H.M. Mocvnan (https://orcid.org/0000-0002-0231-5773)
Hamionasnpha MeTtasypriiina akazeMis Ykpainu,

npocrr. larapina, 4, [ninpo, 49600, Ykpaina,

+380 56 745 3156, nmetau@nmetau.edu.ua, canc@metal.nmetau.edu.ua

BU3HAYEHHA YACTKOBOTI'O BITHOCHOI'O OBTUCKY
ITPY XOJIO/THIV ITPOKATIII TOHKNX I OCOBJINBO TOHKNX
IITAB JIUIA PEAJII3AILIT TIPOITECY 3 HAMMEHIIIOIO CUJIOIO

Beryn. Hapasi TeopeTHyHO BCTAHOBIIEHO il eKCIIEPUMEHTAJILHO I ATBEPIKEHO, 10 MPY3KHI nedopMaltii Bajikis i mrabu mpu
XOJIOHIN MPOKATIi MAIOTh CYTTEBUI, a IPH TPOKATII TOHKKUX ITa0 — BUPINIAJbHUN BILIMB Ha BCI ITapaMeTPHU MPOIIECY.

IIpo6GaemaTuka. Biuiis oco6amBoCTel NPYKHO-IJIACTUYHOI B3AEMO/IIT TOHKOI 11Tabu 3 BaJIKAMU, HATATY, TEMIIEPATyPHO-
MIBUAKICHUX yMOB fechopMaitii Ta BAaCTUBOCTE MIil[HOCTI MaTepiany mrabu HeoOXigHO 060B SI3KOBO BPAXOBYBATH TIPH PO3-
po0Ii cydacHOI Teopii MO3A0BKHBOI XOJMOAHOI IPOKATKH.

Mera. MojeiroBaHHsI Ta IIPOrHO3YBaHHS [TapaMETPIB MIPOIECY XOJOAHOT IIPOKATKU TOHKUX i 0COOIUBO TOHKUX 11Ta0.

Marepiaim it meToau. [[Jisi BUDIlIEHHS IOCTABJIEHOTO 3aBIaHHsI MOJIEJIIOBAIM YMOBU [IPOKaTKY 11tab 3i crasi 08K 3 pis-
HUM CTYIIEHEM IOIEPEIHbOrO HAKJIEIy MeTaLy, 10 BioOpakaso 0coOJMBOCTI Ta 3aKOHOMIPHOCTI 3MIllHEHHS Marepiaxy
mtabu B JIiHIT MHOTOKJIETEBOTO CTaHy. 3HAYEHHsI YaCTKOBHX BiZIHOCHUX 0OTHCHEHD 3MiHIoBan B aiamasomni 0,02—0,35 i 6pa-
JI BUXIJHI JaHi, BIANOBIAHI HAROLIbII XapaKTEPHUM YMOBAM XOJIOJHOI IPOKATKU TOHKKX 1 0COOIMBO TOHKUX 1Tad 31 cTasi
Ha IiI0YNX CTaHaxX.

Pesyabratu. OTpuMaHO KiJIbKICHI aHi PO BILIMB TOBIIUHM ITa0M HA BXOJI B 0CepeloK AedopMallii, 4acTKOBOro i 1mo-
[ePEIHBOTO BITHOCHOTO OOTUCKY IIPH XOJIO/HII TPOKATII Ha YMOBY BEJIEHHSI IIPOLIECY 3 HAIIMEHIIOI0 c1iIol0. Briepiie BusHa-
YEHO YMOBU Ta J[ialla30H YaCTKOBUX Bi/IHOCHUX OOTUCHEHD JIJIsI 3[IHCHEHHST IPOIECY XOJIOIHOI TPOKATKI TOHKUX 1 0COOIUBO
TOHKUX 111Tab 3 HAIMEHIIOI0 cUI0i0. BeTanoBIeHO, 1110 ITPU XOJIOAHIN TPOKATIli TOHKKX i 0COGJIMBO TOHKUX MITab 3 HEHAKJIe-
HAHOI 1 MomepeAHbo 3MIIIHEHOI cTajl 3MiHa YaCTKOBUX BiIHOCHUX oOTHCHEHD B Aianasoni Big 0,1 1o 0,30—0,35 3abesneuye
peatizartiio mpoiiecy 3 HalMEeHIIIOI0 CUJIOIO.

BucHoBku. Peasizartist mpoiiecy Xos10/1HOI IPOKATKH 3 HAWMEHIIOIO CUJIOI0 €eHepreTHYHO 1 TEXHOJIOTIYHO BUTITHA, OCKiTh-
KU CIIPUSIE 3MEHIIIEHHIO TUTOMOI BUTPATH €JIEKTPUYHOI €HEPTii Ta PO3IMUPEHHIO COPTAMEHTY CTaHIB XOJIO/{HOI TPOKATKU I/
MEHIINX TOBIIMH MPOKATHUX 1ITab i CBIAYUTD PO HEOOXIAHICTh BUSHAUYEHHST YMOB [IJIsI Peaslizaliii TaKoTo MpoIecy.

Kntouogi ciosa: Xoso/iHa TIPOKATKA, MOJIEJIIOBAHHS ITPOIIECY, MTporieck (hOPMOBKH, IJIACTHYHA JieopMallist, EKCTPY3ist.
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