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COMPUTATIONAL SIMULATION OF REDUCTION MODES IN WIRE ROD ROLLING

PO3PAXYHKOBE MOJEJIOBAHHS PEXKUMIB OBTUCHEHD
IIPU ITPOKATII KATAHKH

The stability of the long rolling process, as well as the quality of the finished product, largely
depend on the accepted roll pass design and the accuracy of determining the deformation parameters.
When changing conditions or clarifying results, it is often necessary to make adjustments "in the met-
al", that is, to use a new gauges of rolls or modification of equipment. To reduce costs, it can be rec-
ommended to improve the calculation methods. The aim of the work is to develop a new method for
calculating the parameters of deformation during rolling, taking into account the law of constancy of
seconds volumes, the conditions of metal equilibrium in the rolls of each pass, the front and back ten-
sion of the sample, the longitudinal stability of the metal, as well as the equality of the angles of the
neutral cross-section. The simulation method is presented on the example of a study the manufacturing
of wire rod with a diameter of 8 mm in the conditions of a continuous wire block the 400/200 rolling
mill of PJSC KAMET-STAL. Analyzing the results of calculations, the deformation modes by new and
previously used methods, it can be seen that in this case the data do not differ significantly. The results
of the simulation confirm the adequacy of the proposed method for calculating the deformation regime
during wire rod rolling. The chosen model of calculations the long-length rolling process includes a
large number of factors determined by the rolling theory, and more fully characterizes the stress-
strain state of the metal in the deformation zones of the wire block, this can be crucial for the efficien-
cy of mastering or improving the production technology.

Keywords: calculation methodology, deformation parameters, wire block, wire rod.

Cmabinbricms npoyecy 00820MIpHOI NPOKAMKU, a MAKOAIC SKICMb 20M08020 8Upody bazamo
8 HOMY 3aNeAHcamdv Gi0 NPULIHAMO20 KATIOPYS8AHHS 8AIKIE | MOYHOCHI 8USHAUEHHS napamempis dego-
pmayii. Ilpu 3MiHi YM0O8 ab0 YMOYHEHHT pe3yabmamia 4acmo 00800UMbCS 6HOCUMU KOPEKIMUGU <8
Meman», mobmo SUKOPUCMOBYS8AMU HO8¢ KANIOPY8aHHs 8anKie abo mooudixayito obnaonanwus. /s
SHUIICEHHS BUMPAM MOJICHA NOPEKOMEHOY8AMU BOOCKOHAIUMU MEMOOU PO3paxyHKy. Memoro pobomu
€ po3podKa HOBOI MEMOOUKY pO3PAXYHKY napamempis Oeghopmayii npu npoxamyi 3 ypaxyeauHam 3a-
KOHY CMaiocmi CeKyHOHUX 00'emig, yMO8 pigHO8A2U MEMALy 8 8AIKAX KOJICHOI K1imi, nepedHb020 i
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3A0HbO2O HAMAZY 3PA3KA, NO300BICHLOI CIMITIKOCIT MEMANy, A MAKONC PIBHOCMI KYMI8 HelMmpaIbHO20
nonepeurozo nepepisy. Memoo mMo0ent08anHs npedCmasieHuli Ha NPUKIadi O0CIIONHCEHHS NPU NPOKa-
myi kamanxu diamempom 8 mm 6 ymosax beznepepsrnozo opomoeozo 6noxky cmany 400/200 I7TAT
«KAMET-CTAJIb». [Ipu npoxamyi kamauku 8 Oe3nepepsHomy OpomsHOMY OI0Yi 6UKOPUCTHOBYEMBCS
cucmema KKpyeno-08aibHUX» Kaniopie i uepeytomocs 3 nosopomom na 908 eanxie 3azopu 6 nocnioos-
rHocmi knimet. Ilpu npoxamyi kamanxu diamempom 8 Mm 6 610K Opomy 6Xo0ums Kpyeia 3a20moeKd
diamempom 19,8 mm. Jompumyrouucsy nocuioosHicmi po3paxyHKie, wo 6UKOHYIOMbCSA NPU MOOEnH0-
sanHi pexcumie npokamyeanus 6 10—8 wkuimsx, mModcHa eusHauumu 2eomempuyti, KiHeMamuyHi ma
CUNO8i napamempu no 6ciil 1inHii OpomaHo20 OIOKY HpU NPoOKamyi 8i0N0BIOHOIL cMy2u.

Ananizyrouu pesyibmamu po3paxyHKie pexcumie degpopmayiii 3a HOBUMU | paniuie BUKOPUC-
MOBYBAHUMU MEMOOAMU, GUOHO, WO 8 PO32TAHYIMOMY GUNAOKY OaHI iCMOmMHO He 8i0pisHAlombcA. Pe-
3YILMamy MOOENI08AHHS NIOMBEPOACYIOMb AOEKBAMHICMb 3ANPONOHOBAHO20 MEMOOY PO3PAXYHKY
peostcumy Odeghopmayii npu npoxamyi xamanxu. O6pana mooensb po3paxyHKie npoyecy 00820MipHOL
NPOKAMKU BKIOUAE OiNbULYy KiIbKiCMb (Qakmopis, wo SUHAYAIOMbCS MEOopPIicio NPoKamku, 1 Oinviu
NOBHO XApaKmMepu3ye HAaAnNpy’ceHO-0ehopMOBaHULl CMaH Memany 8 30HAX Oegopmayii Opomosoco
OI0KY, Ye Modce Mamu UPIATIbHE 3HAYEHHS OISl eDeKMUBHOCII 0CBOEHHS AD0 B0OCKOHANCHHSL meX-
HOJ02I] 8UPOOHUYMEA.

Knrwouoei cnosa: memoouxa po3paxyHky, napamempu depopmayii, Opomosuii 010K, KAMAHKA.

Problem’s Formulation

The stability of the long rolling process, as well as the quality of the finished product, largely
depend on the accepted roll pass design and the accuracy of determining deformation parameters. The
reduction mode in the design must be selected in accordance with the basic principles of the rolling
theory. To date, the solution of this problem by the method of successive approximations on the basis
of experimental data has been widespread, which gives partial solutions in specific conditions. When
conditions change or the results are refined, it is often necessary to make adjustments "in the metal”,
i.e. new calibration of the rolls or modifying the equipment. To reduce costs, it can be recommended
to improve the calculation methods.

Analysis of recent research and publications

When rolling wire rod in a continuous wire block, a system of "round-oval* gauges and alter-
nating with a 90° rotation of rolls clearances in a sequence of stands [1—4] are used. This system en-
sures a smooth transition from one cross-section of the specimen to another and allows for a good
quality of the wire rod surface. Its disadvantage is a comparatively low coefficient of metal drawing
per pass (m = 1.2... 1,4), as well as certain difficulties associated with the stability of the roll in the
rolls [5,6]. Rolling in the wire block is carried out continuously with front and rear strip tension. Spe-

cific metal tensions: rear qp = %o

and front q, = 2‘71 do not exceed 0.03... 0.04 in relation to the
cp cp
average resistance to deformation of the metal at the deformation zone [7,8]. To determine the defor-
mation regime of metal during rolling in a wire block, experimental data and empirical formulas for
calculating the coefficients of longitudinal and transverse deformation are usually used [9].
Formulation of the research goal

The purpose of this work is to develop a new method for calculating the parameters of defor-
mation at rolling with taking the law of constancy of seconds volumes, the conditions of metal equili-
brium in the rolls of each stands, the front and rear tension of the specimen, the longitudinal stability
of the metal, as well as the equality of the angles of the neutral cross-section, obtained from the condi-
tion of equilibrium the forces in the zones of deformation r, and based on the kinematics of the
Process re:

S-hy
= y 1
Y« . 1)
where S is the advancing of the metal in a given pass; h; is the thickness of the strip at the outlet of the
rolls; R is the rolling radius of the roll.

The studies were also based on the method of corresponding band [10].
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Presenting main material
The simulation method is presented on the example of a study at rolling wire rod with a di-
ameter of 8 mm under the conditions of a continuous wire block of Mill 400/200 of PJSC KAMET-
STEEL. When rolling wire rod with a diameter of 8 mm, a round billet with a diameter of 19.8 mm
enters in the wire block. Moreover, the first two stands do not reduction the metal, so the initial diame-
ter at the entrance to the third stand is 19.8 mm.

It should be noted that the longitudinal stability of the rolling was estimated by the value of
the average resulting internal longitudinal forces of the plastically deformable metal QC"p o [11, 12].
In accordance with the physical sense, this force is directed opposite to the motion of the rolling spe-
cimen in the zone of deformation, which determines the negative numerical values of the magnitude.

Its maximum possible value is Q. ,, = 0.

Theoretically, the equilibrium of forces in the zone of deformation was ensured by using the
solutions of the differential equation of T. Karméan [13] in the Coulomb model of the distribution of
specific frictional forces. In accordance with [14], the value of the coefficient of friction over the en-
tire group of the wire block was taken to be equal to fy =0,26 .

Let's determine the reduction mode in the last tenth stand of the block. To do this, let's take the
initial advancing value to be S,; = 0,03 . Then, with the linear speed of the rolls v_,, = 95,0 m/s
according to the factory instructions, the speed of the strip at the exit of this cage will be v,,, = 99,75
m/s. In this case, the kinematic angle of the neutral section (1) is:
0,03-7,18
103,4
With entering angle ¢ ,, = 0,2 rad that provides the expected productivity of the tenth stand

Y10 = =0,0456 rad.

with rolling parameters f =0,26 ,h, = 7,18 mm, Rr_=103,4 mm at specific roll tensions
Goyp =002 and q,,, = 0,0, the condition of metal equilibrium in the rolls is observed at y, o =0,06

rad (Fig. 1). This found value of the angle is significantly higher than the previously accepted kinemat-
ic value, which requires (1) an increase in the advancing. This found value of the angle is significantly
higher than the previously accepted kinematic value, which requires on base (1) an increase of the ad-
vancing value. Note that Fig. 1 shows in a dimensionless form the distribution of the normal pressure

of the metal on the rolls &, the change in the specific forces of friction _tx , as well as a diagram
2 2k
cp

(o2

cp

x_and the internal lon-

Kep

of the internal longitudinal normal stress of the plastically deformed metal

gitudinal force QC*pnp :ZathI;bb' In addition, the same figure shows the values of the mean resultant
cpp
pcp

cp
and advancing zones T, as well as the angle of

force Q_ , the average metal pressure on the rolls

cpnp * , the dimensionless rolling moment M, and

the dimensionless friction forces in the lagging T,
the neutral cross-section y, . In the next approximation, taking into account the upward trend
S,, = 0,07 . The new value is y,19 ==0,0697 rad. In the solution of the Karman equation, increasing
the entering angle to « ;5 =0,26 rad, the angle of the neutral cross-section increases slightly to
= 0,065 rad, which is not enough.

A further increase in the gripping angle due to the appearance of longitudinal tensile stresses
in the metal will lead to a decrease in the longitudinal stability of the rolling in the zone of deforma-
tion up to its loss.

V10
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Fig. 1. Distribution of contact and internal stresses and current longitudinal force in the
deformation zone of the tenth stand

In order to achieve the equality (approximate) of the kinematic and equilibrium values of the
neutral angles, the advance value is reduced (fork method). At S,, = 0,05 , the speed of the strip

Vi, = 99,75 m/s we have

0,05-7,18
103,4
In the case when a,10=0,21 rad in solving the boundary value problem of the rolling theory

Yx10 = =0,0589 rad.

for the parameters corresponding to the data of Fig. 1, we get y ., =0,059 rad, i.e. 7,10 ® ¥,10-

As a result, it can be assumed that for a gripping angle of 0.21 rad, the absolute reduction is
Ah,, =103,4-0,21° = 4,56 mm, and the initial thickness of the metal is h,, = 7,18 + 4,56 = 11,74

010
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mm. Next, the seconds volume of the metal is determined, which is constant for all deformation zones
of the block

Vcek =V110- hl.lo 'bllO =99,75-7,18-7,18 =5142,35 m/S'mmz.
It should be noted that for these data, plots similar to those shown in Fig. 1.
With the dimensions of the strip hy1g,h 10,0110 already known for the 10th stand, it remains

to determine by, .

Let's find the final dimensions of the 8 stand roll using the law of constancy the seconds vo-
lumes:

V
_ Veex 2
(1+88)'V88 ( )

Corresponding to the values of advancing S, , we find the values of h,e and 7. - When solving

hpg=byg=

the boundary value problem with the T. Karméan equation, the values of ¥, s Is found. The real value is

S¢ , at which equality Y ,8 = ¥.s 1s0bserved. Inthe specific conditions at the rolling mill for the 8th
stand of the block, this condition was fulfilled when: s; =0,05; v;g = 63,89 m/s;h; = 8,97 mm;
Ypg=7Vig=0,066rad; a,5=0,245 rad; Ahg =6,16 mm; h,, =1513 mmat q,, =0,015,
0,5 = 0,03 . Note that the final width of the specimenis b, , = 8,97 mm. As in the case of determin-

ing the initial width of the roll in 10 stand of the block, the size of specimen mark b, g

Let's determine the parameters in the 9th stand of the block. Rolling radius of rolls is
R.9 =104,5 mm; roll dimensions h,, = b,; = 8,97 mm; b, =h, =897 mm;b,, = h,,, =11,74

mm; specific tension of the rollq,, =0,03, q,=0,02. At S,=0,065 v, 6, = 77,65 mM/s;
v,, = 82,7 m/s, as before, we find the final thickness of the roll. It should be noted in advance that

h,, = Vew , after substituting values

Vig "Dy

5142
©82,7-11,74
Next, we will find the reduction of the metal Ah, =897-53=367 mm and the entering angle

g = 357 _ 4,187 rad.
Y 104,5

When solving a boundary value problem with the K&rméan equation for the values of the para-
meters R, g =104,5 mm; h,, =53 mm; f, =0,26; a4 =0,0187 rad, gy9=0,03, q,, =0,02 the
angleis y, , =0,057rad.

Kinematic angle of neutral section in this pass

0,065-5,3
= [—=2% _0,0574 rad.
9=\ 1045

As you can see, the anglesy, gand y, ,found are very close (s5y4~0,7%). Therefore, the

found dimensions of the 9 stand of the block are accepted. We also note that the initial width of the
roll is 10 square by,q = hyg =5,3 mm.

Thus, based on the equality of the seconds volumes of the metal, the solution of the boundary
value problem with the K&rméan equation and the fulfillment of the conditions for the equilibrium of
forces in the zone of deformation, and the correspondence to the kinematic parameters of the process,
the geometric dimensions and indicators of the corresponding strip in the 9th and 10th stands of the
block were obtained (Tabl. 1). Taking into account that byg =M7, when determining the specified

width of the rolled metal, it is necessary to know the required kinematic and geometric parameters of

hi g 5,3 mm. 3)
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rolling in the seventh stand. For the adopted algorithm of calculations in compliance with the sequence
of actions corresponding to rolling in the ninth cage, this is not difficult to achieve. The result is
bpg =hy7 =6,38 mm and Tabl. 1 is supplemented by geometrical parameters when rolling the rolled

sheet in the 8th stand of the block.

Table 1. Geometric parameters of the corresponding stripes for the final stands of the block

Stand hp,mm | h,mm | by,mm | b,mm | «,rad | Ah,mm | Ab, mm
number
8 15,13 8,97 6,38 8,97 0,245 6,16 2,59
9 8,97 5,3 8,97 11,74 0,187 3,67 2,77
10 11,74 7,18 5,3 7,18 0,21 4,56 1,78

Observing the sequence of calculations performed at the simulating the reduction modes in
10—8 stands, it is possible to determine the geometric, kinematic and force parameters along the en-
tire line of the wire block when rolling the corresponding strip. The results of the calculations are giv-
enin Tabl. 2.

Table 2. Geometric, kinematic and force parameters of rolling the corresponding strip

E3

# h, Ah, b, R, a, rad Jo O[] Vs, S Vi 12 Pep Q*cp np
st.| mm | mm | mm| mm m/s

3 |12.57 |5.0 |20.7 |101.8 |0.222 |0.0 0.015 {19.1 |0.035 |0.065 |0.065 [1,095 |-0,0125
4 114.43 |6.27 |14.4 |100.4 |0.25 |[0.015 |0.06 |23.97 |0.043 [0.066 [0.065 {1,08 |-0,012
5 ]10.29 |4.54 {159 |103.0 |0.21 |0.06 |0.05 |30.46 |0.035 |0.059 |0.06 (1,13 |-0,0142
6 |11.37 |4.48 |11.4 |101.7 |0.21 |0.05 |0.06 |38.43 |0.035 |0.063 |0.063 [1,12 |-0,0139
7 |6.38 |5.03 |15.1 |104.1 |0.22 |0.06 |0.06 |48.3 |0.06 |0.061 |0.06 (1,22 |-0,0147
8 |8.97 |6.16 {8.97 |102.7 |0.245 |0.06 |0.06 |60.85 |0.05 |0.065 |0.065 (1,14 |-0,0136
9 |530 [3.67 |11.7 |104.5 |0.187 |0.03 |0.02 |77.65 |0.065 |0.057 |0.057 (1,28 |-0,0158
10 | 7,18 |4,56 7,18 |103,7 |0,21 |0,02 |0,0 95,0 |0,05 (0,059 |0,059 |1,22 |-0,0172

Qy
In accordance with [12] Q:p p 1 I (2% _1],£%+¢2jd ¢ the value of which for each case
ay 0 cp

of rolling was calculated in accordance with the plots given in Fig. 1 under the given conditions.

The analysis of the force Q;‘pnp values shows that the rolling process in all stands of the wire
block is stable, since the values of the dimensionless average resulting longitudinal forces in absolute
value are hundredths of a unit.

Preliminary calculations show that if > 0,001 , the rolling process will be stable. The

QC*p np
specific tension of the roll along the entire line of the wire block does not exceed the permissible values.
The relative reduction of the metal in all passes is noticeably less than 50% and all stands are loaded al-
most evenly. The entering angles in all stands are less than the friction angle. The advancing is within
0.03... 0.065, the dimensionless average metal pressure on the rolls for all stands is less than 1.3.

Let's compare the results of the study carried out to simulate the processes of deformation the
rolled specimen in the stands of the wire block with the known factory data obtained on the basis of
the results the DANIELI company for the production of wire rod. At the same time, the found dimen-
sions of the corresponding strip in each pass are recalculated into the dimensions of the roll in accor-
dance with the shape of the current gauge — a round or an oval. The equality of the cross-sectional
areas and the same ratio of the transverse axes are taken into account. The results of the work per-
formed for wire rod with a diameter of 8 mm are given in Tabl. 3 (lines of design values h, and by;).
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Table 3. Factory and design modes for reduction at rolling the wire rod with a diameter of 8 mm

Reduction modes in zones of deformation, mm

Number of stand 2 3 4 5 6 7 8 9 10
Factory H; 19,8 2405 | 16,12 | 19,86 | 12,74 | 15,86 | 10,12 | 12,69 8,1
Data Vi 19,8 13,21 | 16,12 | 10,36 | 12,72 7,91 | 10,12 6,18 8,1
Design h; 19,8 14,19 | 16,28 | 11,61 | 12,83 7,20 | 10,12 5,98 8,1
values b 19,8 23,37 | 16,28 | 17,88 | 12,83 | 17,08 | 10,12 | 13,25 8,1

In the same tabl. 3 shows the factory data in the wire block for the same wire rod (lines of de-
sign values H, and V,).

Note that when comparing deformation modes, it is necessary to keep in mind that in the fac-
tory data for ovals, the size H, refers to the width of the gauge, and the size V, is taken from the cut

of the gauge. For round gauges, the opposite is true. Therefore, when analyzing, it is necessary to
compare the values from the strings H, and bj, as well as Vj and hi .

Conclusions

Analyzing the results of calculations, the deformation modes by new and previously used me-
thods, it can be seen that in this case the data do not differ significantly. The results of the simulation
confirm the adequacy of the proposed method for calculating the deformation regime during wire rod
rolling. In addition, the chosen model for calculating the long-length rolling process includes a larger
number of factors determined by the rolling theory, and more fully characterizes the stress-strain state
of the metal in the deformation zones of the wire block. For modern high-speed rolling processes, this
can be crucial for the efficiency of designing or improving production technology.
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