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MODELING THE INFLUENCE OF ROLL WEAR ON THE ROLLING
PARAMETERS IN A WIRE ROD BLOCK

A mathematical model of the rolling process in a wire rod block with the determination of the
average resultant force of the internal longitudinal forces of the metal in the roll bite deformation is
proposed, as a criterion for the rolling process stability, and the analysis of the limits of the process
self-regulation from perturbations arising from the wear of the rolls of one of the modules. The influ-
ence of the wear of the gauge roll of one of the modules on the rolling parameters in all subsequent
modules is revealed, which is manifested in the gradual increase of tension stresses between the mod-
ules. Such an increase in tension within the self-regulating equilibrium conditions in the deformation
roll bite of the fifth and all subsequent modules leads to a decrease in the rolling moments in these
modules and in general for the block. The model allows to determine the maximum wear of the cali-
bers, which maintains the stability of the rolling process, which is estimated by the value of the aver-
age resulting longitudinal forces.

Keywords: roll wear; interstand tension,; process stability, torque rolling; average resultant
longitudinal forces.

3anpononosana mamemamuyHa Mooeib Npoyecy NPOKAMy8arHs 6 Opomogomy 010yl 3 8U3HA-
YEeHHAM CepeOHbOI Pe3yabmyIouol CUIU BHYMPIUHIX HOO0BIHCHIX CUL MeMATy 8 ocepedKy degopmayii, 8
AKOCMI KpUumepilo cmanocmi npoyecy npoKamyeauHs, ma 6UKOHAHO AHANI3 MEeXNC CAMOopecyNio8aHHs.
npoyecy 6i0 30yprO8aHb, WO BUHUKAIOMb IO 3HOWIEHHS 8AJIKI6 00H020 3 MOOyie. Buseneno eniug
3HOWIEHHSA KANOpY 00H020 3 MOOYi6 HA NApAMempU NPOKAMYBAHHA Y 6CIX HACMYNHUX MOOYIAX, AKUU
NPOABNAEMbCA 8 NOCMYNOBOMY 30iNbUIEHH] HANPYIHCEHb HAMANCIHHA Midc mooyramu. Take 30inbuienHs
HAMSICIHHA 8 MeNCAX camopecyniogaHHs YMo8 pieHosasu @ ocepedxax depopmayii n’smozo i 6cix
HACMYNHUX MOOYi68 NPU3800UMb 00 3MEHUICHH MOMEHMI8 NPOKAMYBAHHS 8 YUX MOOYIAX i 6 yiiomy
onst baoxy. Mooenv 0036015€ SU3HAUUMU SPAHUYHUL 3HOC KATIOPIB, 3a K020 30epieacmvbCsl CManicme
npoyecy npoKamy8anus, AKa OYiHIOEMbCA 30 3HAYEHHAM CepeOHbOi pe3yIbmyI040i NOOOBIHCHIX CUL.

Kniouoei cnoea: snoc 6anxis, MidcKIimvo8e HAMAIICIHHA, CMALICMb Npoyecy, MOMeHm Npo-
Kamy6aHHs, cepeOHsl pe3yibmyioud NOOO0BHCHIX CUIL.

Formulation of the problem

The development of technology and the improvement of equipment for the production of wire
rod allowed to improve the geometric indicators of quality, increase productivity and improve the me-
chanical properties of rolled products. The results of numerous theoretical and experimental studies of
the rolling process in a wire block are given in [1—3]. In these works, the results of the analysis of the
geometry and kinematics of the rolling process of the wire rod, the temperature and force conditions in
the deformation zone, taking into account the mass forces, are presented.

The modern wire rod block is a 10-module unit, the continuous rolling process in which is car-
ried out with a minimum tension at a speed of up to 120 m/s. Despite the fact that the rolls of the block
are made of high-strength carbide material, during the campaign, the grooves of gauges are subject to
significant wear [4, 5]. Given the high cost of such rolls, their wear and downtime associated with
change rolls, negatively affect the productivity and cost of production. In addition, as the rolls wear,
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the shape of the groove gradually changes, which leads to a redistribution of the reductions and the
corresponding deviations of other technological parameters. In the conditions of wire rod blocks hav-
ing a group drive, such deviations can reach critical values, leading to violations of the stability of the
rolling process.
Analysis of recent research and publications

It is well known that in the deformation zone during rolling, external disturbances, to a certain
extent, are compensated by the redistribution of friction forces. Such a redistribution of friction forces
manifests itself in a change in the position of the neutral section of the deformation roll bite, which is
numerically determined through the angle y. The dependences of the angle vy, as a regulator of the
equilibrium conditions in the deformation zone, on the rolling parameters are considered in detail
in [6].

To assess the degree of influence of external influences on the equilibrium conditions in the
deformation zone, the average resulting longitudinal force index proposed in [7—9] can be used. The
rolling process model using this indicator is based on using dependencies
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where o — is the angle of contact (angle of bite) in the steady state process; O, ,, — current lon-

gitudinal force from plasticity stresses of the deformable body in the deformation zone; 2K, — aver-
age deformation resistance; (¢ — current capture angle along the deformation zone; 4, u b, — current

thickness and width of the roll along the deformation zone; R; — roll radius.

The average resultant force O, is the resistance force of the metal to deformation, prevents
the longitudinal flow of the metal and, therefore, cannot contribute to the rolling process. The direction
of the vector of this force is opposite to the movement of the metal in the focus. Accordingly, as
shown in [7, 8], at negative values of this force O, ,, <0, the rolling process remains stable. When

Ocp.np =0 there are extreme rolling conditions. If this force takes positive values, the rolling process

is impossible.
The proposed stability criterion for the rolling process is more stringent in comparison with
the well-known condition ¥ =0.

Research goal statement
The aim of the work is to simulate rolling in a wire block using the average resulting longitu-
dinal forces as a criterion for the stability of the process and analysis of the limits of the process self-
regulation from disturbances introduced by the wear of the rolls.
Statement of the main material
When developing a model of the rolling process in a wire block, we proceeded from the solu-
tion of the differential equilibrium equation of 7. Karman using the friction model

=, vy Px>s
where f y — steady-state friction coefficient; p, — current values of metal pressure on rolls.

To determine the rolling parameters in gauges, the model provides for the use of the corres-
ponding strip method and the law of constancy of second volumes. A feature of the model is the ac-
count of the tensions arising between the unit modules.
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The sequence of calculations in the developed model includes the following steps. First, we
determine the sizes of the corresponding strip for each of the passes, along which we calculate the
usual geometric and deformation parameters.

Kinematic parameters are determined taking into account the tension between the modules. In
this case, taking into account the recommendations of the studies [2], the specific tension for the first
pass is assigned as minimum.

For the first pass, the width of the workpiece on exit from the roll bite is calculated according
to the method described in [10], setting a certain value of the coefficient of friction. To a first approx-
imation, a value of 0.26 was used. Then we determine the forward slip by the known dependence

o Mm b oy hy by
Rk.72 N 2ch Rk bcp 2ch Rk b
2K,

where y — neutral plane angle; o, o — front (exit) and rear (entry, back) specific tension of the

S = L, (3)

4 fy

roll (as the ratio of the tension force to the cross-sectional area of the workpiece);

b., — average width workpiece over the deformation zone.

The second term in dependence (3), taking into account the influence of front and rear tension,
was denoted as @(qg.q; ) -

Using the forward slip value in the first pass, we determine the velocity of metal exit from the
deformation zone ¥ and the rolling constant C =/ - b; - V. The rolling constant, determined by the

parameters of the first pass, remains unchanged for all the others.

Further, using pressure distribution diagrams Px_ and plasticity conditions, we obtain the
cp
o o . o
values of normal longitudinal stresses g = —=>— and the average resulting longitudinal force of the
p

plastically deformable metal Q;, np -

For the second pass, using the iterative procedure, the values of the metal exit velocity from
the rolls and the cross-sectional area are selected that satisfy the rolling constant. In each of the itera-
tions, the definition of the width of the workpiece at the exit, the front tension, the forward slip, and
other intermediate parameters is provided. Similarly, we perform parameter calculations for all subse-
quent modules of the wire rod block.

We use the obtained rolling parameters for the block modules to calculate the rolling moment
1

—— A condition check Bj > by is also
2K - Ri™ by

in the usual and dimensionless form M :p =M,
performed to prevent overflow of gauge.

Using the developed model, we performed parameter calculations for the real case of rolling a
wire rod with a diameter of 5.5 mm in the conditions of mill 400/200 of the Dnieper Metallurgical
Plant. The main parameters of rolling according to the existing technology are shown in table 1. In this
case, the friction coefficient was taken f, = 0.26.

The calculated rolling parameters are summarized in tabl. 2.

As follows from the data obtained, the rolling process is carried out with minimal tension be-
tween the modules and is characterized by sufficient stability. This is confirmed by the calculated val-
ues of the average resulting longitudinal force — negative values of approximately the same order
were obtained for all modules, from —0.009 to —0.016.

To analyze the possible limits of self-regulation of the process from disturbances introduced
by the wear of the rolls, the rolling parameters were calculated for the case when there is wear in one
of the modules that exceeds the wear on the other modules. From the results of measuring the actual



86 Maremarnune mozenroBaHus Ne 2(41) 2019

wear of several sets of rolls of the block, it was found that the maximum wear is observed in the fifth
module. During the campaign, “draft” modules gauges (No. 1 — No. 7) provide rolling of approx-
imately 2500 tons of wire rod. Moreover, the maximum wear of the fifth module rolls is 1.0—1.2 mm.
For other "draft" modules, the amount of wear varies between 0.4—0.6 mm. Therefore, using the de-
veloped model of the rolling process in the wire block, we performed the simulation of the perturbing
effect of the wear of the rolls of the fifth module on the rolling parameters of the entire block.

Table 1. Rolling parameters in a wire block of wire rod with a diameter of 5.5 mm according
to existing technology and the dimensions of the corresponding strip

Ne Gauge Parameters, mm Workpiece Parameters Dimentions of the corresponding strip

rgs width |groove | gap |radius | height | width Cross- elqnga- thickness corres- wigth
e depth section- | tion input | output ponding input | out-
al area coef. refiuc- put
B th & Ry i bi A 4 hOnp hlrlp ZZH bonp blﬂp

m
0 173 | 173 | 2349
1 23,65 4,6 1,8 [102,6 | 11 21,05 | 181,8 |1,2924 | 15,33 | 9,75 5,58 [15,33]18,65
2 |13,83] 6,14 | 1,5 | 101,7 | 13,78 | 13,78 149 1,2202 | 18,65 | 12,21 6,45 9,75 112,21
3 [18,89]| 3,5 2,1 | 1033] 9,1 16,57 118,4 | 1,2585 | 12,21 | 8,06 4,14 [12,21| 14,68
4 111,45] 4,95 | 1,06 | 102,5 | 10,96 | 10,96 | 94,37 | 1,2544 | 14,68 | 9,72 497 18,06 9,71
5 116,85| 2,7 1,9 [ 1039 6,5 14,43 | 73,62 | 1,2819| 9,71 | 5,76 395 9,71 | 12,78
6 | 897 | 3,7 | 1,29 1103,3 | 8,69 8,69 59,25 |1,2425 | 12,78 | 7.7 5,09 576 | 1,7
7 113,56| 2,1 1,9 [ 1043 ] 6,1 9,75 46,7 | 1,2687 | 7,7 5,41 2,29 7,7 | 8,64
8 | 7,27 | 292 | 1,01 | 1039 ] 6,85 | 6,85 36,84 | 1,2676 | 8,64 | 6,07 2,57 |541] 6,07
9 |1024| 1,6 | 1,3 | 1047 ] 45 | 831 | 2934 | 12556 | 6,07 | 3,99 | 2,08 |6,07] 736
10| 5,76 | 2,18 | 1,16 | 1044 | 5,52 | 5,52 | 23,92 | 1,2266| 7,36 | 4,89 2,47 3,99 | 4,89
Table 2. Design parameters for the developed model
Calculation parameters

Ne| by | @ Yoo R | @) s Vo | ve | v | g | 0wt | pef2k| My
1 116,99 0,233 | 0,0655 | 0,0452 | 0,0022 | 0,047 | 10,48 | 12,93 | 13,54 |0,025]|-0,016 | 1,1517] 0,061
2 110,98] 0,252 | 0,0623 | 0,0323 | -0,0007 | 0,032 | 13,54 | 16,01 | 16,52 |0,025|-0,011 | 1,0856]| 0,072
3 113,44 0,200 | 0,0597 | 0,0457 | 0,0013 | 0,047 | 16,52 | 19,86 | 20,79 | 0,05 | -0,014 | 1,1696 | 0,048
4| 8,89]0,220 | 0,0617 | 0,0402 | 0,0002 | 0,04 | 20,79 | 25,08 | 26,08 | 0,065 |-0,009 | 1,0914| 0,054
511,25 0,195 | 0,0569 | 0,0585 | -0,0014 | 0,057 | 26,08 | 31,63 | 33,43 |0,055]-0,012 |1,1975| 0,049
6 | 6,73| 0,222 | 0,0562 | 0,0424 |-0,0045 | 0,038 | 33,43 | 40,02 | 41,54 [0,005|-0,011 |1,1460| 0,064
7| 8,17] 0,148 | 0,0537 | 0,0556 | 0,0012 | 0,057 | 41,54 | 49,87 | 52,71 |0,035]|-0,016 | 1,2738| 0,026
8 | 5,74| 0,157 | 0,0567 | 0,055 | 0,0023 | 0,057 | 52,71 | 63,21 | 66,81 | 0,09 |-0,013 |1,1915| 0,027
9| 6,72| 0,141 | 0,0463 | 0,0564 | -0,0027 | 0,054 | 66,81 | 79,60 | 83,90 |0,025]|-0,012 | 1,2940 0,032
10| 4,44| 0,154 | 0,0515 | 0,0567 | -0,0012 | 0,056 | 83,9 | 98,00 103,49 O [-0,0161,3085| 0,034
¥=| 0,467
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The wear value was modeled at the levels of 0.4 mm, 0.6 mm and 0.8 mm, assigning the
thickness of the roll at the exit of the fifth module, respectively 6.9 mm, 7.1 mm and 7.3 mm. The
calculation results, in comparison with the parameters of the basic schedule according to the existing
technology, are shown in Fig. 1—4.

Fig. 1 shows the dynamics of the change in the front specific tension as the wear in the module
5 changes. From the data obtained it follows that the change in the gauge of the 5th module leads to an
increasing tension increase for all subsequent modules. In this case, as the wear increases, the tension
also increases. As a result, when wear the gauge of the 5th module is 0.8 mm, the maximum value of
the front tension is observed for the ninth module.. Such features of tension change are associated with
self-regulation processes in each of the deformation zones for module 5 and all subsequent ones to
maintain a balance of forces and ensure that the conditions for the constancy of second volumes are
satisfied.

0,08
0,07 ‘\
0,06 ./

0,05 \x@/k "

0,04

—&—h5=6,5 mm
205 = h5=6.9
0,02 —e+—h5=7.1

Dimensionless rolling moment

0,01 e sree h5=7.3

1 2 3 4 5 6 7 8 9 10

Module number

Fig. 1. Dependences of the distribution of the front specific tension on the block modules
when the wear in the gauge of the fifth module changes
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Fig. 2. The effect of wear of the rolls of the fifth module on the average resulting longitu-
dinal forces of plastically deformable metal
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Fig. 4. The effect of roll wear on the 5th module on the total rolling moment

From an analysis of the dynamics of changes in the average resulting longitudinal forces of a
plastically deformable body (Fig. 2), it follows that with increasing wear of the rolls of the 5th module,
the value of this parameter decreases in absolute value, both for the 5th module and for all subsequent

ones. Moreover, such a decre

ase has an increasing character for each subsequent module. As a result,

when the caliber of the 5th module is worn down by 0.8 mm, the force value in Q; np the tenth mod-

ule is obtained equal to zero

, which indicates the achievement of the limit rolling conditions when

slippage or stopping the rolling process are possible. Therefore, to prevent slippage, that is, violation
of the stability of the rolling process, it is necessary to eliminate the causes that lead to loss of stability
of the process. At the same time, actions to prevent or eliminate slippage should not be taken in the
10th module, but in the 5th. The most effective action to maintain the stability of the process will be

the transshipment of the rolls
the gauge of the 5th module.

of the block due to the achievement of the maximum allowable wear of
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Given that for the take value wear of 0.8 mm, which corresponds to the average wear around
the perimeter of the caliber, the maximum wear for the most worn sections can reach somewhat larger
values. This is confirmed by the results of measurements of actual gauge wear, according to which the
maximum gauge wear of the 5th module, as mentioned earlier, reaches 1.0—1.2 mm. Thus, the theo-
retically substantiated, according to the criterion of the average resultant longitudinal forces, the need
for change roll to the achievement of the maximum allowable wear, is confirmed by practical data.

According to the data shown in Figure 3, as wear in the 5th gauge increases and a correspond-
ing increase in tension in subsequent modules leads to a decrease in rolling moment. The most signifi-
cant torque reduction was obtained for modules 5 and 6. For subsequent modules, the effect of wear
on the moment is weakened.

The exception is module No. 10, where the opposite nature of the moment change is obtained.
This is due to the characteristics of the distribution of tension with increasing wear. The most signifi-
cant increase in forward tension occurs in module No. 9, but for module No. 10, this tension is rear-
ward. With a constant forward tension for module No. 10 equal to zero, an increase in the rear tension
inevitably leads to a corresponding increase in torque.

It is important to note that by reducing the rolling moment in modules No. 5 — No. 9, the total
rolling moment of the block is reduced. The dependence of the change in the total rolling moment in
the block on gauge wear in the 5th module is shown in Figure 4. This effect is manifested due to an
increase in tension as the wear increases.

Conclusions

A model of the rolling process in a wire block has been developed, the distinguishing feature
of which is the ability to determine the average resulting longitudinal forces of plastically deformable
metal, which is used as a criterion for assessing the stability of the rolling process.

The effect of gauge wear on one of the module modules on rolling parameters in subsequent
modules, which occurs as a result of self-regulation of equilibrium conditions in the deformation zones
of these modules, is established. Most significantly, this effect manifests itself in the distribution of
tension, which in turn leads to a decrease in the rolling moment in subsequent modules and the total
rolling moment in the block.

The model allows you to determine the maximum allowable value of wear of the rolls accord-
ing to the criterion of the average resulting longitudinal forces of the plastically deformable body, at
which the stability of the rolling process in the wire rod block is maintained.
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MOJEJIIOBAHHA BIIVIUBY 3HOCY BAJIKIB HA IAPAMETPU
MNPOKATYBAHHS B IPOTOBOMY BJIOIII
Maxkcumenko O.I1., Camoxsaa B.M., Opooues A.1O., Mapuenko K.K.

Pedepar

JlocmipKeHHS! BIUIMBY 3HOCY BAJIKiB HA TTApaMeTpPH NPOKATyBaHHS OyJIH 1 3aJIMIIAIOThCS aKTya-
JHEHUMU U BCIX TUIIB cTaHiB. OHAK, UTS APOTOBHUX OJOKIB TakKi JOCTIIHKEHHS OCOOIMBO aKTyallbHI,
SIK 3 OTJISIy Ha 3MEHIIICHHSI 3HOCY BaJIKiB, TaK 1 JUIs 32a0€3MEUYCHHS CTANIOCTI MPOIIeCy MPOKATyBaHHS.

Mertoro poboTH € MOJIENIOBaHHSI IPOKATYBaHHS B IPOTOBOMY OJIOLI 3 BUKOPHCTAHHSM CEpea-
HBOI PEe3yNBTYIOYOi MOJOBXKHIX CHJI IUIACTHYHO 1e()OPMOBAHOTO TiIa B SIKOCTI KPUTEPIIO CTANOCTI
Ipolecy Ta aHai3 MEK CaMOPETyJIIOBaHHS MIPOLECy NPH 30ypeHHX, BUKINKAHUX 3HOCOM BAaJIKIB.

Po3pobiena maremaTnyHa MOJENb MpOLECy NPOKATyBaHHS B JPOTOBOMY OJIOI, 3 BUKOPHC-
TaHHSM CepPeIHBbOI Pe3yJIbTYI0YOI TMOMOBXKHIX CHII B SKOCTI KPUTEPIlO CTAIOCTI MPOIECy, T03BOIMIA
BHKOHATH aHAI3 MEX CaMOPETYJIIOBAHHS TPOIECY NP 30yPEHHX, SKi BUHUKAIOTh BiJl 3HOCY BAJIKiB
OJTHOTO 3 MOJyJIiB OJI0KY. Ha OCHOBI MpakTHYHHUX JaHMX BUKOHAHO MOJICIIOBaHHSI BILTMBY 3HOCY BaJl-
KiB MoxyJisi NeS. BennunHy 3HOCY BapiloBaJld Ha YOTHPBOX PiBHSX, SIKi BIAMOBiJAJIM peallbHUM 3Ha-
YEHHSIM, OTPUMaHUM JISI OJHOTO 3 KOMIUICKTIB BajKiB 0710Ky. BUsABICHO BITUB 3HOCY KaTiOpiB BaJIKiB
5-ro MOJIyJIsl Ha TapaMeTpy MPOKATYBaHHs B HACTYIMHHX MOJIYJISX, IO MPOSBISETHCS B HAPOCTAIOYO-
My 301IBIICHH]I HATSKIHHA PO3KaTy MiK MOIYJISIMU Ta 301JIbIIEHH] CepeIHbOI PE3yIbTY0UOi MOT0BXK-
HiX cui1. 301bIICHAS HATSHKIHHS B MEKaX CaMOPETyJIIOBaHHS YMOB PiBHOBaru B ocepenkax aedopmy-
BaHHS MOJYJIIO, IO PO3IIISAETHCS, Ta BCIX HACTYIHUX, IIPU3BOIUTD 10 3MEHIICHHS MOMEHTIB IIPOKa-
TyBaHHSI JUIS IUX MOJYJIIB Ta B LIJIOMY JUIs OJIOKY.

Monenp 103BOJISIE BU3HAYUTH TPAHUYHUIN 3HOC KaiOpiB BajKiB, 0 SKOTO 30epiraeTbcs cTa-
JICTH TPOIECY MPOKATyBaHHS B APOTOBOMY OJIOII, SIKa OIIHIOETHCS 3a KPUTEPIEM CEPEIHBOI PE3yiTh-
TYIOYOl MMOJOBKHIX CHJI TUIACTHYHO jaedopMoBaHOro Tijia. MoJeNb TakoX MOXe OYTH BHKOPHCTaHa
JUIl YTOYHEHHS TEXHOJOTIYHHMX MapaMeTpiB, [uisi 3a0e3neueHHs MiHiMi3alii 3Hocy mpu 30epexeHHi
ONITHMAJIbHUX 3HAYCHb KPUTEPIIO CTAIOCTI MPOLIECY MPOKATyBaHHS.
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