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SIMULATION THE INFLUENCE OF INERTIA FORCES ON THE
PARAMETERS OF HIGH-SPEED ROLLING IN A WIRE BLOCK

High-speed rolling is becoming more and more widespread in the manufacturing of both flat
and profile products. However, there are a number of unsolved problems in the theory of high-speed
rolling. A scheme and method for calculating inertia forces, taking into account the displacement and
acceleration of the center mass the mechanical system made of particles the deformation zone, have
been developed to refine the mathematical model of the high-speed rolling process. Using a refined
model of the high-speed rolling process, the mass forces, the energy-power and kinematic parameters,
as well as on the longitudinal stability the rolling process in the stands of the wire block were calcu-
lated when rolling a wire rod with a diameter of 5.5 mm.

Keywords: high-speed rolling; inertia force; energy-power and kinematic parameters.

Bucokoweuoxicna npoxamxa nabyeac 6ce OiNbUIO20 NOWUPEHHS ) BUPOOHUYMBT K NIOCKUX,
max i npogpinerux eupodie. OOHAK y meopii WeUOKICHO20 NPOKAMYBAHHS ICHYE PO HEGUPTULEHUX NPO-
Onem. [Ans 600CKOHANCHHS MAMeMamMu4Hoi MoOeni npoyecy 8UCOKOWBUOKICHO20 NPOKAMYBAHHS PO3-
pobaeno cxemy ma mMemoo Po3PaxyHKy CUl inepyii, wo epaxosyioms 3MiueHHs: ma NPUCKOPEHHS YeH-
MpYy MAc MEeXAHIYHOI cucmemu 3 YaCMuHOK 8 30Hi depopmayii. 3a 00nomo2or 800CKOHANEHOI MOOei
npoyecy WeUOKICHO20 NPOKAMYSAHHSA PO3PAXOBYEANU MACOBI CUNU, eHepeOCUN08i Ma KiHeMamuumi
napamempu, a Maxodic NOOOBXHCHIO CIMIUKICIb Npoyecy NPOKAMKU 6 KAIMmAX OpomsaHo20 OJOKY npu
NpOKAmMYy6aHHi KAMAauKu oiamempom 5,5 mm.

Knrwouosi cnoea: 6ucoxoueuokiche npoxamysauHs, Cuid iHepyii;, eHepeocunosi ma Kinema-
MUYHI napamvempu.

Problem’s Formulation

High-speed rolling is becoming more and more widespread in the manufacturing of both flat
and profile products. The highest kinematic parameters have been achieved on wire rod production
lines, where speeds of 100—110 m/s are common, and in some cases the speed reaches 125 m/s. To
achieve such high rolling speeds required solutions to a set of technical and technological problems,
the effectiveness of which has a scientific basis. However, there are a number of unsolved problems in
the theory of high-speed rolling, one of which is taking into account the influence of inertia forces on
the process parameters.

The actualization of taking into account the influence of inertial forces in the process of rolling
was pointed out in the works of A.I. Tselikov in the 60s of the last century [1]. In the works of other
authors [2—4], the assumption is considered that the inertial forces can have a significant effect on the
power parameters, the kinematics of the process and the longitudinal stresses in the inter-stand
intervals. The result of the action of mass forces, in particular, the inertial forces, from the point of
view of general mechanics, are presented in the publications of L.I. Sedov [5], S.M. Targ [6] and other
authors.

Based on the general ideas about the dynamics of mechanical systems, in [7], a model was
proposed for accounting for mass forces during high-speed rolling. The authors proceeded from the
joint solution of the differential equilibrium equation identified in the deformation zone of the
elementary volume, the plasticity equation taking into account the inertial forces acting on the metal
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particles. However, in this model, the conditions of equilibrium of a thin section (element of the
deformation zone) and the entire zone deformation are not divided enough.

In particular, taking into account the inertial force of the elementary volume in the
deformation zone

F dt’

X
an expression was obtained for the inertial force, which is required “to accelerate the metal in the de-
formation zone from the input speed ¥}, to the output speed V;” [7, p. 91]

+1
Fm=pﬂ‘V12‘(u2—uJ-ln(u),

where p is the density of the rolled metal;, F, — the current value of the cross-sectional area of the

K1
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strip; F is the cross-sectional area of the strip at the exit from the deformation zone; ¥V, and V| —
and — the speed of rolling at the entrance to the deformation zone and at the exit from it; p is the

coefficient of elongation.

In this case, the average acceleration of the metal is determined using an approximate estimate
of the value for simplified kinematic considerations, using the average speed over the deformation
zone and the time of movement of the material particle in it

V242

ep= 21,
where /; is the length of the deformation zone.

According to the above formula for rolling a wire rod with a diameter of 5.5 mm in the last
stand of a wire block at a rolling speed of 100 m/s, the acceleration reaches 1.2-105 m/s’, and the
inertia forces are 350 N [7, p. 91].

In our opinion, the proposed approach to the assessment of mass forces contains the
methodical inaccuracy, consisting in the simultaneous use of two different estimates of the same value
— the average acceleration, which casts doubt on the adequacy of the results obtained.

Formulation of the study purpose

The purpose of this work is to improve the mathematical model of high-speed rolling, when,
along with the acceleration of metal particles in the deformation zone, the corresponding movement of
the center mass of the system would be taken into account, as well as to refine the calculation of the
mass forces in each stand of the wire block and their effect on the stability of the rolling process.

Presenting main material

To refine the model of high-speed rolling, due to a more definite consideration of the influence
of inertia forces, it is proposed to switch to using the theorem on the change in the momentum of the
system (equivalent to the theorem on the motion of the center mass) by stages of its motion, when the
accelerations of the center mass are determined more accurately.

Analyzing the steady rolling process, let us single out the metal volumes V] and V, bordering

b

on the deformation zone (Fig. 1), subject to the condition V} =V, =V, (V,, — is the volume of the
plastic deformation zone).
Let at some moment of the steady rolling process the centers mass my, m,, , and m, of these

"+

volumes are in sections A4;, A4,,, A, with the corresponding speeds V), and v,. Further, in the

process of deformation, the particles of the volume of the metal /] begin to pass into the zone of plas-
tic flow and at a certain moment fill the volume ¥, . In this case, the center of mass m; reaches the
n+%

section A4, and acquires speed
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Fig. 1. Diagram of the deformation zone with highlighted domains and their centers of mass

Accordingly, with the volume #; the volume ¥, , also moves, as a result, the center of its
mass m,, occupies a position corresponding to the section 4, and reaches the speed of movement v;.
Continuing the reasoning, we note that as a result of the passage the selected phases of motion, the
volume of metal V) should take the position /, and increase the speed to v;.

Obviously, in this case, the center of mass m; , moving, will reach the section 4, and increase
its speed to v;. Note that for the center mass m; of the volume ¥; to increase its speed from vy to v it
needs to overcome the distance L (see Fig. 1). Let us determine the time T of passing this path:

T= o + 2 + LE ,
2vg vot+vy 2w
where /| and /, — are the lengths of the domains ¥} and V.
Based on the equality of the volumes the domains under consideration, the values of these

lengths can be calculated:
b
A L 1~
2 hy by

b
]221 1+h_0 ld'i:
2 hy b

where /iy and Ay are the strip thickness before and after the pass; b, and b, — strip width before and
after pass; b, is the average width of the metal strip in the deformation zone.

Having determined the time 7, it is easy to find the average acceleration of the volume of the
metal and its center of mass when the section moves from 4; to 4,:
Vi—Vo
dp =————
T
and then calculate the force of inertia
F,= my,acy -
In accordance with the proposed scheme, the values of metal acceleration and mass force in
the deformation zone of each of the stands of a typical wire block of the mill were calculated when
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rolling a wire rod with a diameter of 5.5 mm. Real modes of deformation of this profile and the
corresponding strip are given in the article [8]. The calculation results and rolling parameters based on
the given data taking into account the rolling speeds are presented in tabl. 1.

AnHanm3 TaOMMYHBIX JaHHBIX MOKAa3bIBA€T, YTO YCKOPEHHE MeTajjla BO3pacTaeT OT IEepBOM
KJIETH K IOCIIeIHel. B necaToil KieTH oHO gocTuraeT BenuanHsl 50 000 m/c’.

Table 1. Geometric, kinematic and power parameters of rolling in a wire block

No h_O bcp bcp li, I, L, T, ?6’3’3 Moy F,, ,
stand. Iy % b_l mm mm mm | 107s /s? 102 kg| N °l 8
1 1,570 | 1,108 [ 0,910 | 23,91 | 17,65 | 27,96 | 3,86 | 0,79 | 40,75 | 32,3 [ 0,178 [ 9:10"
2 1,527 | 1,126 | 0,899 | 25,68 | 23,88 | 29,11 | 3,46 | 0,86 | 34,67 | 30,0 | 0,20 | 0,001
3 1,515 | 1,102 | 0,915 | 20,66 | 18,90 | 23,77 | 2,25 | 1,88 | 22,54 | 424 | 0,36 | 0,0018
4 1,513 | 1,102 ] 0,916 | 22,65 | 20,72 | 26,07 | 1,97 | 2,71 | 19,68 | 53,3 | 0,57 | 0,0028
5 1,680 | 1,153 | 0,882 | 20,28 | 18,65 | 23,97 | 1,39 | 5,38 | 14,07 | 75,7 | 1,03 | 0,0052
6 1,660 | 1,161 | 0,878 | 22,83 | 21,25 | 26,66 | 1,24 | 6,94 | 12,46 | 86,4 | 1,48 | 0,0074
7 1,570 | 1,124 1 0,900 | 17,02 | 15,66 | 19,68 | 0,73 | 14,8 | 7,31 | 108,4 | 2,33 | 0,0117
8 1,572 | 1,123 ] 0,901 | 19,01 | 17,46 | 23,08 | 0,65 | 21,3 | 6,49 | 138,33 | 3,75 | 0,019
9 1,573 | 1,120 [ 0,903 | 15,18 | 13,91 | 18,36 | 0,41 | 43,3 | 4,1 178 16,12 | 0,031
10 | 1,546 1,132 10,897 | 16,7 | 15,80 | 19,07 | 0,36 | 53,0 3,62 | 192 |&1 0,041
Note: by and by — strip width before and after the pass; b, is the width of the strip in the
deformation zone; o] = :—m — dimensional value; ¢ = 2L __in dimensionless form.
1 cp

Analysis of the tabular data shows that the acceleration of the metal increases in the direction
from the first stand to the last. In the tenth stand, it reaches a value of 5-104 m/s*.

When comparing the results obtained with the data of [8], it can be concluded that the pro-
posed method provides the values of the considered parameters 1.5—2.0 times less (Fig. 2). Similar
conclusions can be drawn regarding the F,, mass forces. As you know, these forces are directed
oppositely to the movement of the roll and therefore, at the exit from the deformation zone, each of the
stands have a supporting effect.
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Fig. 2. Comparison of calculated data
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It should be noted that in the first six stands they are insignificant and constitute thousandths
of the average metal deformation resistance 2k, . Therefore, these stresses cannot significantly affect

the energy-force and kinematic parameters of the deformation zone in these stands. In the rest of the
stands, especially in the last one, the supporting stresses from the action of mass forces can have a
more significant effect on the specified parameters and the longitudinal stability of the rolling process.
Let us analyze this influence on the example of rolling wire rod in the last stand of the wire block. The
supporting normal stresses from the action of mass forces in the outlet section of the deformation zone
are g{ =—-0,041 (the minus sign indicates that they act in the direction opposite to the move-

ment of the strip). The evaluation of the longitudinal stability of the process is carried out when de-
termining the average resultant longitudinal forces of the plastically deformed metal according to the
method described in [8, 9]. Longitudinal stability characterizes the boundaries of variation of the pa-
rameters at which the forces pulling the metal into the rolls are sufficient to ensure the stationarity of
the process.

The average resulting force is found from the expression

1t
Q:p.np. = '[ Q;:np.d(P;
(Xy 0
anp
Oinp. =————3Qrnp. =0y Iy by s
xnp 2kchbcp xnp x " Ocp

% . . . . . .
where O, ,, and O, are the current dimensionless and dimensional internal forces; o, — longitu-

dinal normal stress of plastically deformed metal.

When solving the differential equilibrium equation, it was assumed that the friction
conditions in the deformation zone obey the Coulomb model with a friction coefficient
fy = 0,26. The calculation results are shown in tabl. 2, which compares the obtained rolling
parameters with allowance for mass forces (g; =—0,041) and with deformation without taking

into account inertial forces (¢{ =0).

Table 2. The influence of mass forces on the parameters of the rolling process in the tenth and
of the wire block

Rolling t . Lo M
olmg type Qcpnp 2kcp g np 90 q1
Rolling with
account the inertia 0,0173 1,337 0,0512 0,039 0,02 - 0,041
forces
Rolling without
account the inertia 0,0164 1,320 0,0529 0,036 0,02 0
forces
Difference . in 5. 1270 321 7.69 3 3
parameters, %
. . * M np . L
Note: y is the angle of the neutral section; M np =T IS the moment of rolling in
2kep Rb
dimensionless form; R — is the radius of the rolls; ¢qo, ¢ is front and rear specific tension in
dimensionless form g; = i ; Pep — 18 the average normal stress in the deformation zone.

2k,
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Data analysis tabl. 2 shows that at the maximum value of inertial forces in the case of rolling a
wire rod with a diameter of 5.5 mm (tenth stand), the effect of their effect on the parameters of the de-

. . . . Pep .
formation zone is ambiguous. The average normalized stress —~— increased by about 1.3 %, and the
p

y angle increased by 3 %. The torque value increased by 7,7 %, and the average resulting force — by
5 %. The increase of Q:p np during rolling taking into account the mass force is explained by the

growth of the lagging zone in the deformation zone.
Conclusions

A scheme and method for calculating mass forces, taking into account the displacement and
acceleration of the center of mass the mechanical system made of particles the deformation zone, have
been developed to refine the mathematical model of the high-speed rolling process.

Using a refined model of the high-speed rolling process, the mass forces in the stands of the
wire block were calculated when rolling a wire rod with a diameter of 5.5 mm. The influence of the
supporting normal stresses from the action of inertial forces on the energy-power and kinematic para-
meters, as well as on the longitudinal stability the rolling process, is determined. The analysis the cal-
culated data shows that under the operating modes of the rolling mill, the effect the influence of mass
forces on the technological parameters will not be critical.

The refined model of the high-speed rolling process, taking into account the longitudinal sta-
bility, can be used to determine the technological parameters on the existing mills and for a more rea-
sonable choice of parameters when designing new wire blocks.
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MOJIEJITIOBAHHS BIVIMBY CHUJI IHEPIIII HA TAPAMETPH
BUCOKOHIBUJKICHOI TIPOKATKHA B JPOTOBOMY BJIOIII
Makcumenko O.I1., Camoxsaa B.M., Hikyain O.B., Jlo6oiiko /.I., Mapuenko K.K.

Pedepar

BucokomBuakicHa npokaTka HaOyBae Bce OUIBLIOrO MOUIMPEHHS NMPH BUTOTOBIICHHI SIK ILIOC-
KUX, Tak i IpodiabHUX BUPOOIB. s JOCSTHEHHS BHCOKHX MOKa3HUKIB BUKOPHCTAHI PIlICHHS KOM-
TUIEKCY TEXHIYHUX 1 TEXHOJIOTTYHHUX MPOOJIEeM, B OCHOBI AKHX 3HAXOAMJIOCH HAyKOBE OOIPYHTYBAaHHS.
Opnak y Teopil mpokaTyBaHHsI iCHye psl mpoOieM, OfHa 3 SIKMX BPaxoBYe BIUIMB CHJI iHEpIil Ha ma-
pameTpu IpoLecy Ta HeAOCTaTHRO po3B's3aHa. [Ipu qocmimKeHHI BIUTMBY [UX CHUI BUXOIMIIH 31 CIiIb-
HOT'O pO3B’A3aHHS AM(epeHLiaTbHOr0 PIBHIHHS PIBHOBArW BUAUICHOI'O B OCEpEAKY nedopmalii ere-
MEHTapHOro 00’eMy, PIBHSHHS IUTACTHYHOCTI 3 ypaxyBaHHSM MacOBHX CHJI, IO AilOTh Ha YACTHHKHU
Meraiy. SIK BiZoMo, Ii CHJIM CIPSMOBaHI MPOTHIISKHO HAMPSIMKY PYyXYy CMYTH i TOMYy Ha BUXOJi 3 Oce-
penky nedopmalii KO>KHOT 3 KIIITel JiI0Th MiIUpalodd NepeMillieHHs] YaCTHHOK Marepiany. Jns Bro-
CKOHAJICHHSI MaTeMaTUYHOI MOJIeNli IPOLIECY BUCOKOIIBHUIKICHOTO MPOKATYBAaHHS PO3POOJIEHO CXEMY
Ta METOZA PO3paxyHKy CHJI iHepuii 3 ypaxyBaHHSIM MEpEMillleHHs Ta MPUCKOPEHHS LEHTPY Mac Mexa-
HIYHOI CHCTEMH 3 YaCTHHOK ocepenky Aedopmarii. 3a JomomMororw BIOCKOHAIEHOT MOENi MIBUIKIC-
HOT'O MPOLIECy MPOKATKH OyJln pO3paxoBaHi CHIM iHEpILil B KIITAX IPOTSHOrO ONOKY MpH MpPOKATY-
BaHHI KaTaHKM JiaMeTpoM 5,5 MM. Bu3HayeHO BIJIMB MO3MO0BXKHIX HOPMaJbHUX HANpYXeHb Bif Ail
IHEpUIHUX CHUJI Ha EHEPrOCUIIOBI Ta KIHEMAaTHYHI TapaMeTpH, a TAKOX Ha MO3/0BXKHIO CTIHKICTh MPO-
1ecy mpokaTyBaHHsS. AHaJi3 JaHUX PO3PaxyHKIB IOKa3ye, IO 3a MPUHHATHX PEXUMIB podoTu 0Opa-
HOT'O IPOKATHOI'O CTaHy BIUIMB MacOBMX CHJI Ha TEXHOJIOT1YHI MapaMeTpu He Oyae KpUTUYHUM. Y TOU-
HEHa MOJIeJIb MTPOIIECY BUCOKOIIBUAKICHOTO MPOKATYBaHHS, BPaXOBYI0Ua MMO3I0BXKHIO CTIHKICTh, MOXE
OyTH BUKOpHCTaHa sl BU3HAUCHHS TEXHOJOTIUYHMX MapaMeTpiB Ha iCHYIOUHMX JPOTOBHX CTaHax Ta
MIPH palioHAIbHOMY BHOOpi MapaMeTpiB MPH MPOEKTYBaHHI HOBHX APOTOBUX OJIOKIB.
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