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MODELING THE INFLUENCE OF FRICTION ON THE STABILITY THE PROCESS  
AND FORCE PARAMETERS WHEN ROLLING IN A MODERN WIRE BLOCK 

 
Rolling of round billet in wire blocks is the main method of wire rod production in the condi-

tions of modern metallurgical manufacturing. However, in the theory of high-speed rolling there are a 

number of unsolved problems. To improve the mathematical model of the high-speed rolling process, a 
scheme and method for calculating the longitudinal stability of the process have been developed. Us-

ing an improved process model, the power and kinematic parameters were calculated, as well as the 

longitudinal stability of the rolling process in the cages of the wire block when rolling wire rod with a 

diameter of 5.5 mm. 
Keywords: high-speed rolling; friction coefficient; longitudinal stability; energy-power and 

kinematic parameters. 

 
Прокатка круглої заготовки у дротяних блоках є основним методом виробництва ка-

танки в умовах сучасного металургійного виробництва. Однак у теорії високошвидкісного 

прокатування існує ряд невирішених проблем. Для вдосконалення математичної моделі процесу 
високошвидкісного прокатування розроблено схему та метод розрахунку поздовжньої стало-

сті процесу. За допомогою вдосконаленої моделі процесу розраховували енергосилові та кіне-

матичні параметри, а також подовжню стійкість процесу прокатки в клітях дротяного бло-

ку при прокатуванні катанки діаметром 5,5 мм.  
Ключові слова: високошвидкісне прокатування; коефіцієнт тертя; поздовжня ста-

лість; енергосилові та кінематичні параметри. 

 
Problem’s Formulation 

Contact friction in the deformation zone during rolling plays an extremely important role, 

since it realizes the steady and stability of the process. The friction conditions in the roll — strip pair 
are largely determined by the value the friction coefficient. Theoretical and experimental studies  

[1—4] show which factors and parameters have a significant effect on fy — the coefficient of friction 

in a steady process of hot rolling. It should be noted that the experimental data for determining fy refer 

to a relatively narrow range of rolling speed variation (0—15 m/s). However, wire rod production in a 
modern wire block is characterized by a high-speed mode with output speeds of 110—120 m/s, and 

sometimes up to 150 m/s. In the absence of experimental data on the value of fy for the above produc-

tion conditions, the values of the friction coefficient are often taken insufficiently substantiated. 

Analysis of recent research and publications 
In work [5], the calculated value of the friction coefficient in the steady mode varies from 0.14 

to 0.06, and in the study [6] it is 0.45. In other publications [7, 8], fy values are taken in the range  

0.25—0.35. At the same time, it is well known that a sufficiently accurate determination of the friction 
coefficient makes it possible to significantly bring the model closer to the real process. In this case, 

special attention should be paid to the assessment of the limiting conditions of rolling and the longitu-

dinal stability of the rolled work in rolls. It is important to know at what minimum value of fy the roll-
ing process of wire rod is stable without partial or complete slippage. 

Formulation of the study purpose 
Accordingly, a model study of the limiting conditions for rolling wire rod with a diameter of 

5.5 mm in the wire block of the 400/200 mill of PJSC DMK is proposed, as well as the determination 

of the minimum value the friction coefficient at which the process will be carried out stably  
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without braking the metal in the rolls. In addition, the paper provides an assessment of the effect of 
friction conditions in the contact of the metal with the rolls on the tension along the entire line of the 

wire block. 

Presenting main material 
The theoretical solution of the problem is based on the use of the average resultant longitudin-

al internal forces cp npQ
∗

 of a plastically deformed metal [9, 10], which in a dimensionless form is 

determined by the formula 
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The current value of the longitudinal internal force can be calculated based on its definition 

,xnp x x cpQ h bσ=  

where the normal stress σx is found using the plasticity condition, proceeding from the solution of the 

differential equation of T. Karman [2]. 

In dimensionless form, the quantities are: 

 1
2 2

x x

cp cp

p

k k

σ
= − ; (1) 

 21

2

x
x np

cp

h
Q

k R

σ
ϕ∗  = ⋅ + 

 
; (2) 

 

0

1
y

cp np xnp
y

Q Q d

α

ϕ
α

∗ ∗= ∫ .
 (3) 

where 2 cpk  is the average resistance to deformation; px — normal pressure in the deformation zone; 

h1 is the thickness of the strip at the exit of the metal from the rolls; R is the radius of the rolls; φ is the 

current angle of capture; αy is the capture angle in the steady state. 

It should be noted that the current internal force x npQ
∗

 along the length of the deformation 

zone changes qualitatively like the longitudinal stress σx. When rolling under conditions 

when y yf α> , in each section of the deformation zone, it is compressive and directed in opposite to 

the movement of the strip. In cases when y yf α<  this force in some sections of the deformation zone 

is tensile, and in others, closer to the exit of the metal from the rolls, compressing, 
which leads to the multidirectional of its action. 

If 2y yf α= , then the current internal force of the plastically deformed metal along the entire 

length of the deformation zone becomes tensile. In accordance with the above, the average resultant of 

the longitudinal internal forces cp npQ
∗

, depending on the rolling conditions, may have different signs. 

However, given that cp npQ
∗

 is physically a resistance force and cannot play an active role in 

the process of plastic deformation of the metal, it is oppositely directed with respect to the movement 

of the strip. Therefore, as long as 0сpnpQ
∗ <  the rolling of the strip in the rolls will be carried out stab-

ly without partial or complete slippage. With a positive value of this force, the process is impossible. 

Then the limiting conditions for steady-state rolling are determined by the following relationship: 

 0cp npQ
∗ = . (4) 

This condition is more stringent than the boundary case of rolling in a steady state known in 

the theory: 
max

2 .y yfα =  
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Calculations [10] show that when using the boundary condition (4), the limiting angle of cap-

ture ( )max
1,4...1,5y yfα =  does not exceed, which is more consistent with the results of experiments 

[3]. In addition, when analyzing using the limiting condition (4), it becomes clear the possible loss of 
stability of the strip in the rolls with subsequent slipping in the presence of an advance zone (γ > 0, 

positive angle of the neutral section), which is confirmed experimentally [11, 12]. 

The limiting condition (4) was obtained on the basis of a logical analysis of the nature of in-

ternal forces and their action on the strip. In this case, it is possible to establish the physical picture of 
the change in the limiting pull-in and push-out contact forces in the deformation zone when the sign of 

the internal force cp npQ
∗

 changes. For this, let us analyze the equilibrium conditions for the selected 

current volume of metal in the deformation zone with an average strip width cpb  (Fig. 1). 

 
 

Fig. 1. To the equilibrium of the current volume of the metal in the deformation zone 

 

Equating the longitudinal components of the forces due to stresses σx, px, tx, we arrive at the 
equation 
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Let us find the average values of these forces for the entire deformation zone, taking into ac-

count (2) and (3). Considering the balance between contact and internal longitudinal forces in the de-

formation zone, we arrive at the equation 
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It follows from the above equation that a change in the sign of the average resultant force 

cp npQ
∗  will lead to a redistribution of the pull-in and push-out forces in favor of the latter, which en-

tails deceleration of the metal and, subsequently, the stop of the strip in the rolls. Thus, the analysis 
performed confirmed the validity of the limiting condition (4) from the point of view of the physics of 

the process. 

When performing specific calculations of the force and other parameters of rolling a wire rod 

with the diameter 5.5 mm from a circle of 17.3 mm, we used the technique published in [14]. The cal-
culation results are shown in tabl. 1 for the case when the coefficient of friction in the contact between 

the strip and the rolls of all stands in the wire block is fy = 0.22. The graphs in Fig. 2—4 show the re-

sults of calculations depending on different values of the friction coefficient. 
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Table 1. Parameters of deformation and longitudinal stability of the rolling process the wire 
rod with a diameter of 5.5 mm with fy = 0.22 

 

Table 1 сontinuation 
 

Geometric dimensions, reduced to the corresponding strip and other parameters 

   №   h0 

,mm 

 h1,mm  

∆

 b0,mm  b1,mm  α, rad   Q*сp. пр   pcp/2kcp    γ     Mкр    q0     q1   Rγ2/h1 

1 15,33 9,75 5,58 15,33 18,65 0,233 -0,0092   1,0904 0,0567 0,0575 0 0,025 0,0338 

2 18,65 12,21 6,45 9,75 12,21 0,252 -0,0037   1,0323 0,0514 0,0677 0,025 0,027 0,0220 

3 12,21 8,06 4,14 12,21 14,71 0,200 -0,0084   1,1021 0,0527 0,0452 0,027 0,021 0,0355 

4 14,71 9,72 4,99 8,06 9,71 0,221 -0,0077   1,0774 0,0532 0,0536 0,021 0,022 0,0299 

5 9,71 5,78 3,94 9,71 12,70 0,195 -0,0101   1,1667 0,0528 0,0445 0,022 0,027 0,0502 

6 12,70 7,64 5,06 5,78 7,64 0,221 -0,0071   1,0903 0,0549 0,0525 0,027 0,052 0,0407 

7 7,64 4,87 2,77 7,64 9,54 0,163 -0,0088   1,1727 0,0491 0,0324 0,052 0,053 0,0517 

8 9,54 6,07 3,46 4,87 6,07 0,183 -0,0073   1,1162 0,0515 0,0382 0,053 0,063 0,0454 

9 6,07 3,86 2,21 6,07 7,53 0,145 -0,0094   1,2345 0,0447 0,0293 0,063 0,024 0,0542 

  10 7,53 4,87 2,66 3,86 4,87 0,160 -0,0113   1,2234 0,0482 0,0331 0,024 0 0,0497 
 

Notes: h0 and h1 — the thickness of the specimen at the entrance and exit of the deformation zone;  
∆h — absolute reduction; v0 and v1 — rolling speed at the entrance and exit of the deformation zone;  

vв — the speed of the surface of the rolls; F0 and F1 — cross-sectional area of the specimen before and 

after the passage; Rk — rolling radius of the roll; Bk — width of caliber; hvr — depth of cut of caliber;  

t — gap; φ is the angle of contact of the metal with the rolls; γ is the angle of the neutral section;  
q0 = σ0 / (2kcp) and q1 = σ1 / (2kcp) — dimensionless rear and front specific tensions; MPR — rolling 

torque 

 

The numerical value of the force cp npQ
∗

 makes it possible to evaluate the longitudinal stability 

of the process under different rolling conditions [3]. In cases when 0сpnpQ
∗ < , and in modulus is hun-

dredths of a unit, rolling is performed steadily with a significant margin of stability. With a modulus of 

this value in thousandths, the process is performed steadily, but with slightly less stability. With the 

further approach of the modulus of this force to zero, rolling is performed under conditions close to the 

limiting ones. 

Real geometric dimensions of specimens and other parameters 

№ 
h0 , 

mm 
h1, 

mm 

∆h, 

mm 

b0, 

mm 

b1, 

mm 

v0, 

m/s 

vв. 

m/s 

v1, 

m/s 

F0, 

mm 2 

F1, 

mm 2 

Rk , 

mm 

Bk, 

mm 

hвр, 

mm 

Мt 

t, 

mm 

1 17,3 11,0 6,3 17,3 21,1 10,5 12,9 13,5 234,9 181,8 102,6 23,7 4,6 1,80 

2 21,1 13,8 7,3 11,0 13,8 13,5 16,0 16,5 181,8 149 101,7 13,83 6,14 1,50 

3 13,8 9,1 4,7 13,8 16,6 16,5 19,9 20,8 149 118,6 103,3 18,89 3,5 2,10 

4 16,6 11,0 5,6 9,1 11,0 20,8 25,1 26,1 118,6 94,37 102,5 11,45 4,95 1,06 

5 11,0 6,5 4,4 11,0 14,3 26,1 31,6 33,6 94,37 73,35 104 16,85 2,7 1,12 

6 14,3 8,6 5,7 6,5 8,6 33,6 40,0 42,1 73,35 58,41 103,3 8,97 3,7 1,27 

7 8,6 5,5 3,1 8,6 10,8 42,1 49,9 53,0 58,41 46,48 104,4 13,56 2,1 1,30 

8 10,8 6,9 3,9 5,5 6,9 53,0 63,2 66,7 46,48 36,88 103,9 7,27 2,92 1,01 

9 6,9 4,4 2,5 6,9 8,5 66,7 79,6 84,6 36,88 29,09 104,7 10,24 1,6 1,16 

10 8,5 5,5 3,0 4,4 5,5 84,6 98,0 103,8 29,09 23,72 104,4 5,76 2,18 1,14 
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Fig. 2. Dependence of the resulting force Q*сp. пр from the friction coefficient along the 

stands of the wire block 
 

As follows from the tabl. 1 and fig. 2, when rolling with fy = 0.22, the values of the longitudin-

al force are negative along the deformation zones of all ten stands. Consequently, the deformation of 

the metal as a whole in the block is stable, the process is stable, although in the second stand, where 

. 0,0037cp npQ
∗ = −  the probability of transition to the limiting rolling conditions is somewhat higher 

than in the others. When rolling with fy = 0.2 in the same stand . 0,0002cp npQ
∗ = − , the process is close 

to the limiting one. 

With fluctuations of external factors in this stand, slippage of the strip in the rolls is possible, 

if the longitudinal forces of the next stand do not support the process. Analysis of the values of the 
average longitudinal internal force during rolling with fy = 0.18 shows that under these conditions the 

stability of the process is impossible, since these forces in the second, sixth, eighth and tenth stands are 

positive. At the same time, in the centers of deformation of the said stands, the push-out longitudinal 
contact forces exceed the pull-in ones. Analysis of the graphs in Fig. 2 showed that the coefficient of 

friction during rolling of wire rod with a diameter of 5.5 mm cannot be lower than fy = 0.22. 

Continuing the analysis of the research results, let us turn to the data presented in  

Fig. 3 and fig. 4. 
The graphs presented show that, according to the theory, the rolling process should not be in-

terrupted in any of the indicated cases, since the angle of the neutral section γ > 0 and the ra-

tio 0,5
y

y

f

α
> , which contradicts the above arguments. Let's pay attention to the fact that in the consi-

dered rolling cases the interstand tensions q0 and q1 do not exceed the value of 0.063 (see Tabl. 1), 
although with a decrease in the friction coefficient they somewhat increase. 

More clearly, the dependence of the specific tension of the strip σ1/2kcp is shown by broken 

lines in Fig. 5, where the friction conditions at the contact of the metal with the rolls along all the 

stands of the wire block are determined by the values of fy. 
As follows from the given graphs, in stands № 1 and № 2, with an increase in fy, a slight de-

crease in the specific tension is observed. In the next two stands, σ1/2kcp decreases with increasing fric-

tion coefficient. Further, from the fifth to the eighth stand inclusive, the inter-stand specific tension 
increases and then decreases again. Moreover, with an increase in fy in these stands, the value of  

σ1/2kcp decreases. Summarizing the results obtained, it should be noted that with an increase in the fric-

tion coefficient, the distribution of specific tensions in the inter-stand spaces becomes more uniform. 
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Fig. 3. Change in the angle of the neutral section γ along the stands depending on the 
coefficient of friction 

 

 
 

Fig. 4. Dependence of αу/fу on the coefficient of friction in the stands the wire block 

 

 
 

Fig. 5. The result influence of friction coefficient on the interstands tensions 
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With the wear of the surface of the rolls during the course of their operation, the stability of 
the strip in the deformation zone and the stability of the rolling process should increase due to a gra-

dual increase in the friction coefficient up to the changing the working tool. 

Conclusions 
New limit conditions for steady-state rolling have been developed and substantiated, which are 

more stringent than those known in the classical theory. As the coefficient of friction increases, the 

steady and stability of the rolling process increases along the entire line of the wire block. Model stu-
dies of the strip tension rolling process have been carried out. It is shown that the friction conditions 

for the contact of the tool with the metal of all ten stands of the wire block have a certain effect on the 

value of inter-stand tensions. 
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МОДЕЛЮВАННЯ ВПЛИВУ ТЕРТЯ НА СТІЙКІСТЬ ПРОЦЕСУ І СИЛОВІ  
ПАРАМЕТРИ ПРИ ПРОКАТУВАННІ В СУЧАСНОМУ ДРОТОВОМУ БЛОЦІ 
Максименко О.П., Нікулін О.В., Приймак А.Б., Кривов В.В. 
 
Реферат  
Високошвидкісна прокатка є основою при виготовленні катанки на сучасних металур-

гійних підприємствах. Для досягнення необхідних показників користуються рішеннями вироб-

ничих технічних і технологічних проблем, в основу яких положено наукові аналіз та обґрунту-

вання. Однак у теорії прокатування існує ряд проблем, які враховують вплив тертя на парамет-

ри процесу і знаходяться в стадії розв’язування. При дослідженні впливу дисипативних сил, які 
визначаються коефіцієнтом тертя, користувалися спільним розв’язанням диференціального 

рівняння рівноваги виділеного в осередку деформації елементарного об’єму і рівнянням плас-

тичності зі знаходженням середньо інтегральної поздовжньої сили. Розроблено і обґрунтовано 
нові граничні умови прокатки при сталому режимі, які є більш жорсткими у порівнянні з відо-

мими в класичній теорії. Проведено модельні дослідження процесу безперервної прокатки зі 

зміною коефіцієнту тертя та натягом смуги. За допомогою моделі високошвидкісного процесу 
прокатки були проаналізовані умови стійкого прокатування в клітях дротяного блоку сучасного 

сортового стану при виготовленні катанки діаметром 5,5 мм. Показано, що на величини міжклі-

тьових натягів певний вплив мають умови тертя в контакті інструменту з металом всіх десяти 

клітей дротяного блоку. Доведено, що зі збільшенням коефіцієнта тертя стійкість і стабільність 
процесу прокатки зростають по всій лінії дротяного блоку. 
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