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NEW METHOD OF MODELING PARAMETERS OF THE ROLLING IN A WIRE BLOCK

HOBA METOJAUKA MOJIEJIOBAHHS TAPAMETPIB IIPOKATYBAHHA
B IPOTOBOMY BbJIOII

Ensuring the stability of the section rolling process, as well as the accuracy of the dimensions
of the obtained rolling section largely depends on the adequacy of the process design on the accuracy
of the applied method for calculating the roll pass design. The use of computer simulation allows in-
creasing the efficiency of design, provided that deep penetration into the mechanisms of plastic defor-
mation at metal with the establishment or clarification of the patterns in the processes. When improv-
ing the methods for calculating high-speed processes of continuous section rolling, a new method for
calculating the parameters of rolling in a wire block has been developed, which uses the closure of the
kinetic model of the process by jointly taking into account the conditions of metal equilibrium in the
deformation zone, kinematic and force conditions of motion, as well as the longitudinal stability of the
rolled product during processing in all stands of the wire block.

Keywords: continuous section rolling, calculation method, roll pass design, kinetic model of
the process, rolling of wire rod, wire block.

3abesneuenns cmabinbHocmi npoyecy copmogoi NpoOKamKu, a MmaxKodc MOYHOCHMI po3MiIpig
OMPUMAn020 NPoPinio 6a2amo 8 YoMy 3aneHCUmb 8i0 A0eKBaAMHOCTNI MEXHOL02IUHO20 NPOEKMYBAHMS,
30Kpema, 8i0 MOUYHOCMI MemoOy PO3PAXYHKY KaANiOpYBaHHsA 6AJKI6, WO 3ACMOCO8YEMbCA. 3acmocy-
6AHHS KOMN'TOMEPHO20 MOOeN08aH A 003601A€ NIOSUWUMU eeKMUBHICTNG NPOEKMYBAHHS 30 YMOBU
2MUOOK020 NPOHUKHEHHS Y MeXAHI3MU NAACMUYHOI deghopmayii memany 3 6CmaHo61eHHAM a0 Ymoy-
HeHHAM 3aKoHOMIpHOcmell npoyecis. Ilpu 600cKoHaNeHHi Memooié pPO3PAXYHKY BUCOKOUBUOKICHUX
npoyecie Oe3nepepeHoi coOpmosoi NPoKamKu po3pooieHo HO8Y MEMOOUKY PO3PAXYHKY NaApamempis
nPOKAmKu 6 OpOmMogoMy 010y, AKA GUKOPUCIOBYE 3AMUKAHHA KIHEMUYHOI MOOeNT npoyecy CRilbHUM
VPAaxy8aHHaAM YMO8 Pi6HO6a2U Memainy 6 0cepeoKy oe@opmayii, KiHeMamuyHux i CUIO8UX YMO8 VXY, a
MAaKoIHC NO3008AUCHLOI CMIUKOCI 00 po3Kamy.
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3abesneuenns cmabinbHocmi npoyecy coOpmosoi NPOKAMKU ma MOYHOCMI PO3MIPI8 00epixcy-
8aH020 NPOPINIO0 3HAYHOI MIPOIO 3ANENHCUMD 8I0 AOEKBAMHOCHI MEXHOLO2ITUHO20 NPOEKMYBAHHS, 30K-
pema, 8i0 MOUYHOCMI 3ACMOCO8YBAHO20 MemMOOY PO3PAXYHKY Kaniopysanns eanxis. Tpaduyitino eupi-
WeHHs YUX NUMAHb NOKNAOANOCS HA THMYIYit, Keanigikayito ma 00ceio KaniopyeanbHuKd, wo Mo2io
Oymu 0opozum i mpusaium nPoYecom.

3acmocysanus Komn'tomepro2o MoOen08aHHS 0036058€ NIOBUWUMU eheKMUBHICb NPOeK-
MYBAHHSL 3d YMOGU 2AUOOKO20 NPOHUKHEHHS V MeXauizmu niacmuunoi Oegopmayii memany ma
BCMAHOBIEHHS AO0 YIMOYHEHHs 3aKOHOMIpHOCmell npoyecis. Lle oae moocaugicmy Habauzumu pospa-
XYHKO8I MOOeNi 00 pedanbHOCMI ma 800CKOHAIUMU HAYKO8e 0OIPYHMYBANHS PO3PAXYHKIE napamempie
npoyecy.

Ilpu 80ockoHanenHi Memoodie po3paxyHKy UCOKOUBUOKICHUX Npoyecie beznepepsHoi copmo-
601 npoxkamxu po3pooleHo HO8Y MEMOOUKY PO3PAXYHKY Napamempie NpoKamxu 6 0pomogomy 010yi.
L5 memoouxa BUKOPUCMOBYE 3AMUKAHHSL KIHEMUYHOT MOOeNT npoyecy Wisixom CRilbHO20 8PAXYEAHH S
MAKUX KI0408UX YMO8: YMO8 PIBHO8A2U Mematy 8 0cepeoKy Oedopmayii; KiHeMamuuHux i CULO8UX
VMO8 pPYXy, @ MaKo’C NO3008HCHbOI CMIUKOCMI NpoKamy npu o06pobyi 6 ycix Kiimax Opomogozo
O0KY.

Memoouxa epaxosye 3aKoH cmaniocmi CeKyHOHUX 00 emis, nepeoHiil ma 3a0Hil Hamseu npo-
Kkamy. Bona 0o3eonse yzeooumu Kinemamuyni napamempu pyxy Memanegux YacmuHoK 3 YMOgAMU Pig-
HOo8A2U NpoKamy 8 ocepedky depopmayii.

Knrouoei cnosa: besnepepsna copmosa npokamxa, Memoo po3paxyHKy, KAniopy8aHHs 8AaKis,
KiHemuuHa Mooenb npoyecy, NpoKamKa Kamauxu, 0pomoguil 0.10K.

Problem’s Formulation

Ensuring the equilibrium of the rolled product in the deformation zone, the stability of the sec-
tion rolling process, as well as the accuracy of the dimensions of the obtained profile largely depends
on the adequacy of the process design, in particular, on the adopted method for calculating at the roll
pass design. Previously, the solution to these issues was determined by the roll pass designer based on
his intuition, qualifications and work experience, and could be costly and time-consuming. Active use
of computer technology and computer modeling allows to significantly reduce the duration of the de-
sign and increase its efficiency, provided that deep penetration into the mechanisms of plastic defor-
mation of metal with the establishment or clarification of process patterns. Regarding the rolling, this
allows us to bring computational models closer to reality with the improvement of the scientific sub-
stantiation at the calculations of process parameters [1].

Analysis of recent research and publications

During continuous rolling of wire rod in a wire block, a system of "oval-round" calibers is
used, located on rolls with alternating mutually perpendicular axes of rotation in a sequence of stands
[2—6]. The metal is deformed with a relatively small front and rear tension of the rolled product [7].
As a result, a smooth transition from the shape of one cross-section of the strip to another cross-section
is ensured, which makes it possible to obtain a high-quality surface of the wire rod, for which the ob-
tained mechanical properties are also important. In the process of designing technology, significant
difficulties are associated with adequately considering the influence of the current process factors,
their interactions and ensuring the required level of compliance of the calculated values of the parame-
ters with the actual ones. To solve problems, experimental dependencies are usually used, for example,
between the coefficients of longitudinal and transverse deformation [8]. The approach based on the
extrapolation of functions does not always guarantee the accuracy of calculations, and along with it the
stability of the process and the balance of forces in the deformation zones along the entire line of the
wire block, since the areas of factor spaces corresponding to laboratory and production rolling condi-
tions can differ significantly, for example, in rolling speed.
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Formulation of the study purpose
The work is presentation a new method for modeling rolling parameters in a wire block based on
the calculation of the parameters and modes of deformation during rolling of wire rod, taking into ac-
count the law of constancy of second volumes, the conditions of metal equilibrium in the rolls, front and
rear tensions, as well as the longitudinal stability of the rolled product [9] in all stands of the wire block.
Presentation of the main material
The generalized model of technological design includes blocks of the traditional scheme of
development of roll calibration (Fig. 1).
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Fig. 1. Generalized model for designing roll passes

The article considers the specification of modeling for rolling of wire rod in a modern wire
block. The main original results were obtained for the model's block "Calculation of metal forming".
For their presentation, an example of determining the parameters of rolling of 5.0 mm wire rod in the
wire block of the PISC “KAMET-STEEL” rolling mill 400/200 was selected. The structural scheme
of calculations is shown on Fig. 2 and Fig. 3.

The calculation is performed against the rolling direction, starting from the last pass. Consider-
ing the conversion to the corresponding strip, the final dimensions in the tenth stand will be hy 10 % b1 10 =
4.43 x 4.43 mm. Let us set the value of the advancing Sio = 0.057. Taking into account the actual linear
speed of the rolls V, ;o = 98.0 m/s, we determine the speed of the wire rod exit from the last stand

Vi = (1 + 0.057)'VB 10 =103.55 m/s.

As a result, the second volume of metal will be Ve = h110-b1 10+ V110 = 2032, 2 mm2-m/s.
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Fig. 2. Structural diagram of calculation of rolling parameters for 9 and 10 cages
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Fig. 3. Structural scheme for calculating rolling parameters for 7 and 8 cages
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All parameters related to the geometry of the deformation zones, kinematic conditions, and
force characteristics that are determined by calculation or known from the process instructions are
given in Tabl. 1.

Table 1. Calculation results of rolling parameters for the corresponding strip

Ne ho, hy, Ah, bo, bs, Jo g1 a, Ve, S Q*p.mp | Pop/2Kep 7 R«
st. mm mm mm mm mm rad m/s rad mm
1 | 1533 | 899 | 6,34 | 1533 | 18,65 0 0,025 | 0,249 | 13,68 | 0,048 | -0,0155 1,16 0,065 | 102,6
2 189 | 11,87 | 7,03 | 899 | 12,21 | 0,025 | 0,027 | 0,263 | 16,82 | 0,035 | -0,0126 1,1 0,064 | 101,7
3 |11,87 | 6,90 | 497 | 11,87 | 14,71 | 0,027 | 0,021 | 0,220 | 20,37 | 0,056 | -0,0153 1,2 0,061 | 103,3
4 | 1665 | 958 | 7,07 | 6,90 9,71 | 0,021 | 0,022 | 0,262 | 25,88 | 0,042 | -0,012 1,12 0,062 | 103,3
5 9,58 | 560 | 3,98 | 9,58 | 12,70 | 0,022 | 0,027 | 0,196 | 31,63 | 0,064 | -0,016 1,27 0,059 | 104,0
6 | 12,99 | 8,77 | 4,22 | 5,60 7,64 | 0,027 | 0,052 | 0,202 | 40,02 | 0,057 | -0,015 1,16 0,062 | 103,3
7 8,77 | 459 | 4,18 | 8,77 9,54 | 0,052 | 0,053 | 0,200 | 49,87 | 0,084 | -0,0147 1,16 0,061 | 104,4
8 9,64 | 548 | 4,16 | 4,59 6,07 | 0,053 | 0,063 | 0,200 | 63,21 | 0,071 | -0,017 1,27 0,061 | 103,9
9 548 | 3,83 | 1,65 | 548 7,53 | 0,063 | 0,024 | 0,126 | 79,3 | 0,06 -0,018 1,56 0,047 | 104,7
10 | 6,23 | 443 | 1,80 | 3,83 4,87 | 0,024 0 0,131 98 0,054 | -0,019 1,36 0,048 | 104,4

The process of finding the values of unknowns begins on the parallel branch of the computa-
tional block for stand 10 (Fig. 2) with determining the kinematic angle of the neutral section using the

formula
S
ey

Next, when numerically solving the boundary value problem with the differential equation of
T. Karman with the given parameters Ry, hi, qo, 01, fy = 0.26 and changing oy in stand 10, we achieve
the fulfillment of the condition

7xk10 =7 p10- 1)

Equation (1) fixes the same value of the neutral section angle according to the equilibrium
conditions of the rolled product in the deformation zone of the tenth stand and according to the kine-
matics of the metal particles in it. When condition (1) is satisfied, we find the value of the capture an-
gle ay 10 that allows us to determine 4hio and he 10. Modeling the deformation process based on equality
(1) closes the kinetic model when, for given geometric characteristics, the kinematic parameters of the
movement by metal particles are consistent with the equilibrium conditions of the rolled product in the
deformation zone.

Next, the determination of the deformation and energy-force parameters for the stand 10 is
completed. For this, the value of the width for corresponding rolled product bg 10 is required. Accord-
ing to the proposed method, it is determined as follows.

As is known, when rolling in a wire block, the condition hg 1o = by ¢ is satisfied, which makes it
possible to calculate h; 9. After selecting the S approximation, the law of constancy the second volume
of metal is used, the calculation algorithm is presented by the block to the ninth stand in Fig. 2. The
found value h1 ¢ is equal to the initial width of the rolled product in the tenth stand.

The results of solving the boundary value problem with the T. Karman equation are graphical-
ly shown in Fig. 4. As follows from the stress diagrams, the neutral angle y,,9 =0.048pao . The re-

sult corresponds to the previously determined kinematic value of the angle (Tabl. 1). The practical
equality of the neutral angles according to (1) indicates the closure of the process model in terms of
kinematic and force indicators: the correspondence of the metal equilibrium conditions in the rolls and
the speed parameters at the exit of the rolled product from the deformation zone.

The internal longitudinal forces arising during plastic deformation of the metal are determined
by the formulas
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Fig. 4. Graphical representation of solutions to the boundary value problem

an/l X
2Kep - Ry -y
Qunr =0oxhyby;
oyx=Px—2Kep -
Depending on the rolling conditions, these current forces can act both in the direction of strip
movement and in the opposite direction. Their average value in the deformation zone is determined by

*
me =

1
Qgpnpz_ J-Q;nﬂd(o-
ay 0

© Maxkcumenko O.I1., Hikynin O.B., Ilpuiimak A.b., 2026.
Jlinensist Creative Commons CC BY 4.0



Po3nin 2. MoaentoBaHHS Ta ONTUMI3aLlisl B TEXHOJIOTI] KOHCTPYKIIHHUX MaTepiaiiB 117

For the tenth stand Qg ,, =—0,019.

According to work [9], with the found force value Q:ep np (negative value), the rolling process

in the specified stand proceeds stably without slipping. In its physical meaning, it is a resistance force
and cannot be directed towards the movement of the rolled product in the rolls. The limiting value of
the force is zero.

Continuing the computational procedure for the ninth stand, we consider that equality is ob-
served at a capture angle of ay 9= 0.126 rad.

Next, it is easy to calculate ho g and Ahg. As in the previously considered case, the width of the
rolled product bo s remains unknown. Considering that hy g = bg ¢ and using the law of constancy of
second volumes for the eighth stand, and also setting the lead Sg, we have

\
h18 :bl8 = | LK =5,48MM.
\/ Vig

As a result, all geometric hg g, h1 9, bo 9, b1 9 and the power parameters during rolling in the
ninth stand are determined. Next, as in the tenth stand, we find ay s, Ahg and ho g, and then calculate h; 7
and the equal value bys.

Similarly, according to Fig. 2 and 3, the indicators in the remaining stands of the wire block
are determined, which are given in Tabl. 1.

Next, using the corresponding strip method, the obtained information is converted into the ac-
tual sizes of circles and ovals required for the roll pass design. The results are given in Tabl. 2.

Table 2. Actual dimensions of rolled sections for roll pass design

Number of Actual dimensions of rolled sections, mm

stands ho hy Ah bo by
1 17,32 10,15 1,17 17,32 21,32
2 21,32 13,40 7,92 10,15 13,40
3 13,40 8,81 459 13,40 16,77
4 16,77 11,81 4,96 8,81 11,81
5 11,81 7,32 4,49 11,81 14,66
6 14,66 9,90 4,76 7,92 9,90
7 9,90 5,14 3,76 9,90 10,94
8 10,94 6,19 4,75 5,14 6,19
9 6,19 4,32 1,87 6,19 7,44
10 7,44 50 2,44 4,32 50

Conclusions

Based on the need to improve the calculation methods for high-speed continuous section roll-
ing processes, a new method for calculating rolling parameters in a wire block has been developed,
which uses the closing of the kinetic model of the process by jointly taking into account the conditions
of metal equilibrium in the deformation zone, the kinematic conditions of movement, and the longitu-
dinal stability of the rolled product during processing.
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