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KINETIC SIMULATION OF ROD ROLLING IN A WIRE BLOCK

Rolling of round billet in the system of calibers "oval-round" in wire blocks is the main me-
thod of modern production of wire rod. However, due to the lack of much experimental data in the
corresponding development of the theory of high-speed rolling, simulation is relevant. To build a ki-
netic model of the high-speed rolling process, the calculation algorithms are taken into account the
longitudinal stability of the process. The adequacy of the model is assessed by the results of the calcu-
lation of the calibration of the rolls for the stands of the wire block when rolling the wire rod with a
diameter of 5.5 mm, which correspond to the proprietary materials of the design documentation.

Keywords: high-speed rolling; kinetic model of wire rod rolling; longitudinal stability of roll-
ing; calibration of rolls.

Ilpoxamxa Kpyanoi 3a20moeku 8 cucmemi Kauiopie «ogan-kpyey» y Opomanux 610Kax € 0CHO8-
HUM MEMOOOM CYuaCH020 eupooHuymea kamanku. QOHAK y 36 513Ky 3 6i0cymHicmio 6azamvox exche-
PUMEHATbHUX OAHUX NPU 8I0N0GIOHOMY PO3GUMKY MEOPIi BUCOKOUBUOKICHO20 NPOKATMYBAHHS AKMY-
anvre imimayiiine mooemosanns. s no6yoosu KiHemuuHoi mMooleni npoyecy 6UCOKOUBUOKICHO2O
NPOKAMYBAHHs 00 AN2OPUMMIE PO3PAXYHKIE 000AEMbCA BPAXYBAHHS NO3008IHCHLOI CIMANOCTI npoye-
cy. Adexeamuicmov MoOeni OYiHIOEMbCS 3a PE3YIbMAMamMi PO3PAXYHKY KALOPoeKi 8anKie 0as Kiimetl
OpOmsH020 ONOKY NpU NPOKAMYBAHHI KAMAaHKu diamempom 5,5 mm, aKi 6ionosioaromv Qipmosum
NPOEKMHUM MAMEPIANaM.

Knwouoei cnosa: sucoxowguoKicie npoxamy8auts, KiHemuuna mMooeib npoKamy8anus Kkama-
HKU,; NO3006IICHS CIMALICIb NPOKAMKU, KAIOPOBKA 8AJIKIE.

Problem’s Formulation

In modern wire rod manufacturing with the use of wire blocks, it is important to avoid an un-
stable process, which is expressed in slips of workpiece in the rolls, leads to equipment failures and
reduced productivity of the technological process. When improving the technological process, system
analysis involves the study of material flows from the source material to the final product. Analysis of
the production of small-grade rolled metal allows us to present the process of forming and transporta-
tion of metal as a set of operations to which the material of the initial workpiece in the process of its
transformation into marketable products. We obtain a scheme in the form of a linear flow process for
technological specialization of both its stages and individual operations. By stages, the technological
process of production the products is one-line. Moreover, in the analysis of the operative process dur-
ing the steps also has a pronounced single-line flow character. However, even for such a simple
scheme in the design and control should use a scientific approach based on mathematical modeling
and simulation.

Analysis of recent research and publications

According to the tasks of rolling production technology, plastic deformations of the processed
material are first subject to modeling. Known methods for calculating the modes of reduction and cali-
bration of rolls in the rolling of profile products, including the production of wire rod, set out in the
fundamental works [2—5]. In modern rolling mills during the production of round profiles use a sys-
tem of oval-round gauges [2, 3, 6, 7]. This system allows for a smooth transition from one cross-
sectional shape to another in the rolling. When calculating the modes of reduction and calibration the
rolls of the wire block, fundamental difficulties are caused by the exact determination of the ratio be-
tween longitudinal and transverse deformation, as well as the choice of the friction coefficient, espe-
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cially in high-speed stands, since experimental and calculated analytical data in the literature are ab-
sent. The systems approach focuses on the simulation of high-speed working processes, taking into
account their various aspects.

Formulation of the study purpose

First of all, the aim of this work is to develop a kinetic model of wire rod rolling in a wire
block, which, along with the law of constancy of seconds volumes (process kinematics), would take
into account the equilibrium conditions of metal in the rolls with the presence of forward and rear ten-
sion rolling on all stands of the wire block (dynamics of process).

Presenting main material

Modern mathematical models in rolling production can be divided into three classes. The first
includes descriptive models: regression and other empirically established quantitative dependencies
that do not claim to reveal the mechanism of the process being analyzed. They are usually used to
describe separated dependencies and are included as fragments in simulation models. These include
most of the calculation formulas for determining the extension.

The second — qualitative models, which are built to determine the dynamic mechanism of the
studied process, are able to reproduce the dynamic effects observed in the behavior of systems, such as
changes in stress in the deformation center. To do this, you can use the solution of the boundary value
problem with the equation of T. Karman or energy methods. Usually these models are subjected to
quantitative research using analytical and computer methods.

The third class — simulation models of specific technological systems that take into account all
available information about the object of production. The purpose of building such models is a de-
tailed prediction of the behavior of complex systems or solving the optimization problem of their op-
eration. Calculations of longitudinal stability in rolling the profiles should be included in the methods
of technological calculations.

The kinetic model is applicable to the analysis of the rolling process the wire rod with a di-
ameter of 5.5 mm in the wire block of the mill 400/200 of PJSC "DMC". Taking into account the
thermal expansion and half the minus tolerance in terms of the corresponding strip, the final transverse
dimensions of the strip after rolling in the tenth stand will be h; (19 X by (19)=4.87 x 4.87 mm. Let us set
the lead value S(;9) = 0.05. Taking into account the real linear speed of the rolls vy0) = 98 m/s, we
determine the speed of the wire rod exit from the last stand

Viao = (1+ S (10)) Ve (10) = 1.05-98 =102.9 m/s.

As a result, the second volume of metal will be

Ve = 4.87 - 4.87 - 102.9 = 2440.5 mm’ - ny/s.

Further, proceeding from the law of constancy of second volumes, we determine the kinematic

value of the angle of the neutral section

where Ry is the rolling radius the rolls in stand 10.
After substitution of values (R;o = 104, 36 mm)

0.05-4.87
= 206 048,
P10 =404, 36

We numerically solve the differential equation of T. Karman [8] with the known parameters
Rio, hy, £, (f, = 0.26 is the friction coefficient obtained from the conditions of longitudinal stability of
the strip in rolls [9]) taking into account the front and rear tensions.

Assume

0010 o110
= 005, qll() =

cpl0 kcplO

9010 = =0.0 N

where gj1o and ¢q1o are front and rear tensions in 10 stand, 2k, is the average deformation re-

sistance.
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With the specified parameters, we find such an angle of rolling ,, , at which the angle y1¢,

obtained from the equilibrium conditions by the results of solving the Karman equation, would be
equal to the neutral angle y,o. The solution results in the form of graphs are shown in Fig. 1 for the

case of a,,19= 0.145 at absolute reduction Ahg = 2.2 mm. Then the initial thickness /9= 7.07
mm. To determine the initial width of the profile in the tenth pass b |, it is necessary to determine the

final dimensions of the roll in the 8th pass. To do this, asking ourselves Sg =0.05, we will find the
final speed of the strip in this pass.
Taking into account that v zg=63.21 m/s, we have

g =1.05-63.21=66.37 mis.

V 2440.8
h18=b18=\/ SEE z\/663 =6.06 mm.
V18 .37

Then

Hence it follows that Ayg = by9 =6.06 mm. Determine the kinematic and geometric parame-
ters in the 9th pass. As before, we set advancing Sg = 0,06 and take into account value v gg=79.6
m/s. We find vjg =1.06-79.6 =84.38 m/s.

Considering that b 9=/ (;9="7.07 mm, we find the final metal thickness in the ninth pass:

Ve _ 24408
Vig-bg 7.07-8438

hg =

Ah 9=6.06-4.09=1.97 mm; @, = /% =0.137; Ry =104.6mm.

Let us determiney , g = M=0.0483, for gy9 =0,06 and g9 =0,055 by the indi-
P9 1047 09 19

cated calibration parameters /g = p9> i.e. the equilibrium conditions of the metal in the ninth stand
are consistent with the law of constancy of second volumes. In this case, the broadening of the metal
in this passage is equal to Ab g=7.07-6.06 =1.01 mm.

Considering that b (y;90=/ 19=4.09 mm, we get the broadening of the roll in the tenth pass

Abjy =4.87-4.09=0.78 mm. According to the results of calculations, the deformation modes and

kinematic parameters in stands 9 and 10 are determined.
We continue calculating the parameters in the eighth stand. Find the neutral angle

0.05-6.06
= [R50 g gsa.
P8 TN 103.88

Numerical solution of the differential equation of equilibrium at / 1g=6.06 mm; f,, =0.26;
Ry =103.88mm; ¢13 =0,06 and g9 =0,055;05 =0.191 gives yg =y,g=0.054. Next, we deter-
mine Ah g= 103.88-0.191% =3.8 mm and hyg =6.06+3.8=9.86 mm. The value b g is calculated in

the same way as for stand 10. The final dimensions of the roll in the sixth stand are preliminarily de-
termined, which corresponds to the initial dimensions /4~ andby;. We use bj7 =hyg= 9.86 mm.

Then, acting in the same way as in the 9th passage, we find 7 7, A7, 7 and Ab;. Geometric and

kinematic parameters for rolling in 4, 5 and 6 stands are calculated by the same way. Further, in ac-
cordance with the algorithm, calculations continue until the first pass. For the convenience of analysis,
the data and results of calculations of technological parameters during rolling the corresponding strip
are summarized in tabl. 1.
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b, mm | 4,87
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Fig. 1. Distribution of the stresses and current longitudinal force in the deformation zone of

the tenth stand
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Table 1. Geometric, kinematic and force parameters of rolling the corresponding strip

NR [/ |m | &k [be |k [Ab [Re | qo

1 [1533]8.99]634]1533]18.9]3.57|102.6]0

2 189 [11.9]7.03]899 [11.9]2.88] 101.7 | 0.06
3 | 11.87]69 [4.97]11.87]16.7|4.83]103.3]0.07
4 116.65/9.58]696]69 [9.58]2.68]103.3]0.05
5 |958 |56 [3.98]9.58 |13.0]3.42]104.0]0.06
6 |1299]7.62[537]56 |7.62]2.02]103.3]0.05
7 [7.62 [459]3.03]7.62 [9.86|224]104.4]0.06
8 |9.86 |6.06]38 [459 [6.06]|1.47]103.9]0.06
9 |6.06 |4.09]1.97]6.06 |7.07]1.01]104.7]0.06
10 [7.07 |487]22 [4.09 [4.87]0.78] 1044 0.05

Table I continuation

NR | ¢1 a v Vi S Vp Q*epnp

1 0.06 | 0.249 | 13.68 | 14.36 | 0.05 | 0.068 | -0.0145
2 [0.07]0.263|16.82|17.32|0.03 | 0.061 | -0.0036
3 0.05 | 0.219 | 20.37 | 21.29 | 0.05 | 0.057 | -0.0096
4 10.06]026 |2508]26.08]0.04|0.061 |-0.0065
5 10.05(0.196 | 31.63 | 33.53 | 0.05 | 0.057 | -0.0127
6 |0.06|0.228 | 40.02 | 42.02 | 0.05 | 0.061 | -0.0106
7 10.06|0.17 |49.87 | 53.36 | 0.07 | 0.055 | -0.0138
8 [0.060.193 | 63.25 | 66.37 | 0.05 | 0.059 | -0.0124
9 10.05[0.136 | 79.6 | 84.39 | 0.06 | 0.048 | -0.0127
10 |0 0.145 | 98.0 | 102.9 | 0.05 | 0.048 | -0.0139

Taking into account that the condition y = 0 does not always accurately reflect the limiting
conditions of rolling [10, 11], the paper analyzes the internal longitudinal forces in the deformation

zones of all stands of the block. To characterize these current forces, their average resultant Q:p np
[8, 9, 12] is used. If this force is directed opposite to the direction of movement the metal (is negative),

then the process is carried out steadily without signs of slipping. When Q:p np >0, the rolling process

is impossible. Table 1 shows the calculated values of the force Q:p np and shows that under the given

conditions of friction, the values of the angles of capture, specific tensions, as well as with the ob-
tained dimensions Ag; bgi; /15, by; the process of metal deformation along the mill line should be per-
formed steadily without complications.

At the same time, it should be noted that in the first four passes the longitudinal stability of the
rolling piece is somewhat worse than in the other stands of the block. The minimum modulus value of
the dimensionless force O*, ,, is observed in the deformation zone of the second stand. Obviously,
this is due to a significant angle of capture, as well as a significant rear specific tension of the rolling
specimen.
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According to the conditions for recalculating the dimensions of the corresponding strip and the
real rolling specimen [13], the dimensions of the profile were determined when rolling in each stand of
the block and roll grooves in the round-oval-round scheme, which are presenting in tabl. 2.

Table 2. Transverse dimensions of the specimens in a wire block

Stand’s | Corresponding strip Real profile dimensions

number | F, F, ho/bg hi/b, ho by hy by

1 235 170 1 0.476 17.3 17.3 9.24 19.41
2 170 140.9 2.025 1 19.41 9.24 13.4 13.4
3 1409 | 115 1 0.478 13.4 13.4 7.75 18.9
4 115 91.78 2.091 1 18.9 7.75 10.81 | 10.81
5 91.78 | 72.74 1 0.431 10.81 10.81 | 6.32 14.66
6 72.74 | 58.06 2.32 1 14.66 6.32 8.6 8.6

7 58.06 | 45.26 1 0.466 8.6 8.6 4.88 10.47
8 45.26 | 36.72 2.148 1 10.47 4.88 6.84 6.84
9 36.72 | 28.92 1 0.579 6.84 6.84 4.62 7.98
10 28.92 | 23.717 1.729 1 7.98 4.62 5.5 5.5

Comparing the results of the calculations performed with the data from the calibration table
for the rolls of the wire block when rolling wire rod with a diameter of 5.5 mm, drawn up in accor-
dance with the proprietary design documentation, we can conclude that they do not differ significantly
and complement each other.

Conclusions

A kinetic model has been developed for rolling wire rod in the stands of a wire block by the
gauges’ system the oval-round, taking into account the law of constancy the seconds volumes, the
equilibrium of specimen in rolls in the presence of tension in the metal, as well as the fulfillment of the
condition for the longitudinal stability of the process. Using this model, the calculation of the calibra-
tion of the wire block the 400/200 mill for rolling wire rod with a diameter of 5.5 mm was carried out,
the results obtained correspond to the proprietary materials of the design documentation.
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KIHETHYHE MOJIEJIOBAHHS ITPOKATYBAHHSA KATAHKHU
Y IPOTOBOMY BJIOII
Makcumenko O.I1., Hikyain O.B., Camoxsaa B.M., Ilpuiimak A.b.

Pedepar

BucokomBuakicHa MpoKaTKa € OCHOBHUM CIIOCOOOM BHT'OTOBJICHHS KaTaHKH HA Cy4aCHUX Me-
Tanypriiuux mianpuemctsax. [lo cragisx mpouec BUpOOHUITBA IPiOHOCOPTHOrO MPOKATY € OJHOJI-
HiltHuM. OfHAK 1 17151 TaKOi TEXHOJIOTYHOI CXeMH IpU MPOEKTYBaHHI Ta IJIsl KepyBaHHs Tpeba Kopuc-
TYBaTUCS HAYKOBUM ITiAX0JJOM Ha OCHOB1 MaTeMaTHYHOT0 MoeNtoBaHHs. CHUCTEMHUI MiAXin OpieHTYe
Ha iMiTalniiiHe MOAEIOBaHH BHCOKOIIBUIKICHUX TpoLeEciB 0OpOOKH, BpaXxOBYIOUi iX pi3HI acleKTH.
[IpokaTka Kpyrioi 3aroTOBKH B CUCTEMi KaJliOpiB «OBal-Kpyr» y APOTSIHHUX OM0Kax HAHOLIBII MOIIN-
peHa y BUpOOHUITBI kKaTaHKU. OIHAK y 3B 53Ky 3 BiACYTHICTIO 0araTbOX €KCIIEPUMEHTAIbHUX AaHUX
IpHU BIANOBITHOMY PO3BUTKY TeOpii BHCOKOIIBHAKICHOTO MPOKATYBaHHS aKTyalbHE MaTeMaTHYHE
MozentoBaHHs. s moOyAoBM KIHETHYHOI MOAENTI MPOIeCy BUCOKOIIBUAKICHOTO MPOKATYBaHHS 10
AITOPUTMIB PO3PaXyHKIB T0JA€THCS BpaxyBaHHS MO3A0BXKHBOI cTanocTi mpouecy. HaBeneni pospaxy-
HKOB1 3HaY€HHS MO3/I0BKHBOI PE3YIbTYIOUOI CHIIH 3a 3aJaHMX YMOB TEPTS, 3HAUCHHAX KYTiB 3aXBaTy,
MUTOMHX HATSTiB, @ TAKOXK MPH OTPUMAHHUX PO3Mipax MOKa3ykoTh, 110 Tpolec AedopMalii MeTany 1mo
BCill JiHIT cTaHy Mae€ 3AiCHIOBATHCA CTiKO 0e3 yckiagHeHb. PazoMm mpo Te, ciix 3a3Ha4YuTH, IO Y
MEepIINX YOTUPHOX MPOXOAAX MO3I0BXKHS CTIMKICTh PO3KOUYBaHHS TPOXH Tiplle, HIK Y 1HIIMX KITH-
Hax O05oky. OueBHIHO, 1I€ MOB'SI3aHO 13 3HAYHUM KYTOM 3aXOIUICHHS], & TAKOXK CYTTEBUM 3aIHIM IHTO-
MHUM HaTATOM NMPOKaTyBaHHS. AJEKBaTHICTh MOJEINI OL[IHIOETHCS 3@ PE3yJIbTaTaMU PO3PAaxXyHKY Kaji0-
POBKi BaJIKiB [UIsl KIITeH APOTAHOrO OJIOKY MPH MPOKaTyBaHHI KaTaHKU JiaMeTpoM 5,5 MM, fKi Bixmo-
BiaroTh (ipMOBHM MPOEKTHUM MaTepiajam.
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