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METHOD FOR DETERMINING THE KINEMATIC PARAMETERS OF LONGITUDINAL
PASS ROLLING

E. 1. Shifrin' and N. Yu. Kvitka® UDC 621.774.352

A new generalized method for calculating the rolling radius is developed. It is based on an analysis of
the real shape of the neutral line in the deformation zone provided that the workpiece in equilibrium un-
der the forces applied to it. It is established that there can be four characteristic positions of the neutral
line within the contact surface between the roll and the workpiece. The particular case where the neutral
line lies in a plane parallel to the rolling axis and the calculated rolling radius is effective is considered.
The actual and effective rolling radii in the case of plugless rolling of pipes in oval roll passes are calcu-
lated and compared. A best-fit formula for correcting the calculated values of the effective rolling radi-
us is obtained.

Keywords: longitudinal rolling, rolling speed, rolling radius, neutral line, tube reduction.

The actual boundary (neutral line) between the forward-slip and backward-slip zones during longitudinal
pass rolling is a spatial curve y =y [x (z),z] whose horizontal projection onto the plane XOZ is a plane curve
x, =x,(z) (Fig.1). The coordinate z, at which x (z,) =0 is called a neutral point. If a cylindrical coordinate
system is used, the angle 0, at which x (0 )=0 (Fig.2) is called a neutral angle [1]. The rolling speed v,
depends on the rolling radius R, ;, which is related to z, as follows (Fig. 2):

2 2
Ry = R - Vszn_Zn > (1.1)

where R, is the ideal roll radius (distance from the roll axis to the rolling axis), mm; sz "= sz(z ) is the radius

rol’

of the roll pass at the neutral point (z=z,).

When analytically determining the rolling radius R_,, use is often made [2—4] of the assumption proposed

rol”
by Anisiforov et al. in [5]: the plane separating the contact surface into forward-slip and backward-slip zones is
parallel to the symmetry plane XOY of the roll pass. With this assumption, the effective neutral line is a spatial
curve parallel to the plane XOY, and the horizontal projection of this line onto the plane XOZ is a straight line
parallel to the rolling axis OX (Figs. 1 and 2).

The coordinate z,, of the intersection point between the effective neutral line and the centerplane YOZ of

the rolls is called the effective neutral point. The effective rolling radius is defined by

2 2
Rrole = R - \/sz(zne) ~ Zne - (1.2)
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Fig. 2. Schematic of deformation zone.

Our Goal here is to compare the calculated values of the actual (R, ) and effective (R .) rolling radii

in pass rolling.

Assumptions

To determine R, and R we will assume that:

rol e’

— a cylindrical (nonovalized) workpiece is rolled in rolls with equal geometrical parameters that rotate
with equal angular velocities ®_ (as in simple longitudinal rolling of a strip [6]);

— there is no transverse metal flow on the pass surface (no widening), as in simple longitudinal rolling of

a strip;
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— the Bernoulli hypothesis holds: the current elongation p in the deformation zone is averaged for each
diametrical cross-section and is independent of the coordinates y and z (W= wx));

— the normal contact stress p is uniformly distributed over the contact surface between the metal and
the roll (p=p,,);

— the normal (p) and tangential (T) contact stresses are related by the Amontons—Coulomb law of fric-
tion T=fp, (where f is the coefficient of external contact friction).

Problem Statement

The velocity of the metal slipping over the roll is given by

Av = v, -, (2)
where
Ve =v1— (x / sz)2 is the projection of the velocity v, of the workpiece along the rolling axis onto
the direction of the linear velocity Ve of the roll surface,
v.=v,u, /Iy is the velocity of the workpiece, m/sec,
Vi =OR  orv=0R is the velocity of the workpiece in the centerplane of rolls, m/sec,
p,=w. (R, ) is the current elongation, uy is the total elongation, R, . =R, (x) is the mean
radius of the workpiece in a specific diametrical cross-section of the deformation zone with abscis-
sa x, mm,
2 2 . . L . . .

R;,. = R —+| Ry, —z" is the current roll radius within the pass width, mm, R, = sz(z) 1s the equation
of the pass profile.

Let us determine the mean radius R, of the workpiece. The perimeter of the workpiece as a function of

its radius R, is determined from the equation

2
Zmax d( R}%DC - Z2 )
M, =2n | \1+|—-—] dz, 3)
dz
0
where
Zax = D sinm/n is the maximum value of the coordinate z within the roll pass, n is the number of

rolls forming the pass, b is the pass width, mm,

R, for Ry2R,,

= is the current radius in the deformation zone,
b for RO < Rx

mx
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2
R, = \/ [Ri —J(R —y)* - x* } +2%, y,=,(2) is the ordinate of the point of the pass profile at the

exit from the deformation zone determined from the equation of the pass profile, z is the coordinate
of the point of the pass profile at the exit from the deformation zone.

The perimeter of the roll pass is expressed as Hp =27R Substituting it into Eq. (3) yields

mxav’

The tangential contact stress T is opposite to the velocity Av; therefore, in the forward-slip zone where
Av >0, the elementary friction force dTy, = TdF;, (where dFy, is the area element of the contact surface in

the forward-slip zone) applied to the workpiece is opposite to the rolling direction. In the backward slip zone
where Av <0, the elementary friction force dTbW =1dF, bw (where dF, bw is the area element of the contact sur-

face in the backward-slip zone) applied to the workpiece acts in the rolling direction.
It is obvious that the horizontal projection dP_ of the elementary normal pressure force dP = pdF (where
dF is the area element of the contact surface) is opposite to the rolling direction on all the contact surface.
Under the assumptions made above, the workpiece will be in equilibrium under all the forces Fy =
Fy, + Fy,, applied to its contact surface along the rolling axis OX if

T, Ty, +P:+0 =0, 4)
where

Ty = ”(F )‘cnu dF is the resultant force along the rolling axis due to the elementary friction forc-
fw

es dTy, in the forward-slip zone, kN,

Tyw = _U(F )T”rx dF is the resultant force along the rolling axis due to the elementary friction forc-
bw

es dT,,, in the backward-slip zone, kN,

P, = H(F ) pnp, dF s the resultant force along the rolling axis due to the elementary normal pressure
z

forces dP, N,

n, and n x Are the direction cosines of the projections of dT

the OX-axis,

dTy, and dP, respectively, onto

w?

O is the external axial force applied to the workpiece, N.

The terms P and Q in Eq. (4) do not depend on the position of the neutral line in the deformation zone.

The value of Q depends on the behavior of the external force: if Q >0, the resultant external axial force is op-
posite to the rolling direction, and if Q <0, then it is directed along rolling. If p=p_ ., then P is determined
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from the equation
P, = 4np F,, )

where

F, = L)Zm"‘x (sz - \/ngz - lﬁ )dz is the projection of the contact surface area onto the centerplane YOZ,

2
ly= \/ Rl%z —(Ri - Rg —zz) is the horizontal projection of the back boundary of the deformation

zone onto the plane XOZ.

Calculation of Effective Rolling Radius

To calculate the effective rolling radius, the values of T, and T in Eq. (4) are determined as follows:

Zne

!
Th = 4nfp, | e, (6.1)
0
Zmax
Ty = 4nfpy | la 4 6.2
bw — Pav @ <5 ( . )

Zne

where ® = cos (arctan d&)
dz

Substituting (5), (6.1), and (6.2) into the force equilibrium equation (4), we resolve it for z,. and use
Eq. (1.2) to calculate the effective rolling radius R

rol e’

Calculation of Actual Rolling Radius

To calculate the actual rolling radius, the values of T, and T, in Eq. (4) are determined as follows:

2
AR
Tre = 4nfpawj%dz, (7.1)
0
Z
maxl _xn(z’zn)
Ty = 4nfpy, | i 2=, (72)

0

The function x,(z,z,), which is the projection of the actual neutral line onto the horizontal plane XOZ, is
determined as the root of Eq. (2) at Av =0:

(R__ 2 _Zz)ux(xn) T, R 2):0. (8)
1 bt Us R —+R2 -2*
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When szn =f(z,), the solution of Eq. (8) is

x, = x,(2,2,).

We will substitute this solution into Eqs. (7.1) and (7.2). Substituting (5), (7.1), and (7.2) into the force
equilibrium equation (4), we resolve it for z, and use Eq. (1.1) to calculate the actual rolling radius R_.

There are alternative ways to determine the coordinate z of the neutral point z,. For example, the time it
takes to calculate z, becomes much shorter if we substitute (5), (6.1), and (6.2) into (4) to find z,, and equate
the right-hand sides of Eqgs. (6.1) and (7.1) or Egs. (6.2) and (7.2) to determine z,,.

Calculation Parameters

Consider the plugless rolling of pipes in an oval roll pass. Then

Rg—zz—ep, if 0<2<Z0005
Yo = €)
R —zh —e, +P(2), if <
>~ Zmax — €p 2), if Zpa <2

where R, and e, are the radius and eccentricity of the roll pass (Fig. 2), ¥(z) is an arbitrary monotonically

decreasing function.

The fictitious section z >z is present in Eq. (9) because the position of the neutral line at which z, >z

is possible. The form of the function ‘W(z) affects the value of z, for z, >z but not the value of the

max’
function y,(z,) and the value of the rolling radius R, =R, —y,(z,), which do not depend on ¥(z). The linear

function W(z) =z, —z was used in the calculation. The equation of the oval profile of the roll pass is

2
R, = \/( RI-22 - +2°. (10)

In the calculation, the parameter R, =b = 25-10° m was used and the values of the following quantities
were varied: A, f, R=R;/Ry, T =Ry/Ry, O =Q/P,. The difference between R and R
mated using the ratio U=R_ /R

rol e was esti-

rol e’

Calculated Results

Figure 3 shows the calculated parameters of the plane curve x, = x (z), which is a horizontal projection of
the spatial curve y, =y, [x, (z),z] onto the plane XOZ.

From Fig. 3 it follows that there are four characteristic positions of the neutral line within the contact sur-
face between the roll and the workpiece: I the neutral line crosses the x- and z-axes, 2 the neutral line crosses
the z-axis and the back boundary of the contact surface, 3 the neutral line crosses twice the back boundary
of the contact surface, 4 the neutral line crosses the x-axis and the back boundary of the contact surface.
The conclusion that the neutral line can cross the x-axis and back boundary of the contact surface was drawn for
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Fig. 3. Horizontal projections x, =x (z) of neutral lines for n=2: 1 — Q =1, f=045; 2 — Q =-0.75, f=045; 3 — Q =-15,
=045, 4 — Q =-06, f=03.
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Fig. 4. Curves U=U(f) for A =105, 0=0,T=045,n=2:1—R=2;2—R=5;3— R=10.

the first time. In [11, 12] it was stated that three characteristic positions of the neutral line within the contact

surface between the roll and the workpiece are possible.

Comparison of Calculated Values of the Actual and Effective Rolling Radii

It was established by calculation that at real values of the friction coefficient during plugless rolling (f >

0.25 [7]), the value of f hardly affects the ratio U (Fig. 4).
The ratio U is hardly dependent on the number of rolls forming the pass (Fig.5). If the resultant exter-

nal axial force Q is directed along rolling (Q < 0), the value of Q hardly affects the ratio U. If the resultant
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Fig. 5. Curves U=U(§,f,n) for kpzl.lS, T =045.
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Fig. 6. Curves U=U(M,,T) for f=0375, 0=0, n=2.

external axial force Q is opposite to the rolling direction (Q < 0), increasing Q reduces the difference be-
tween the actual and effective rolling radii (Fig.5). The ratio U increases with the ovality 7\,p of the pass

and the relative wall thickness T (Fig. 6). The ratio U decreases with increase in the relative roll radius R
(see Fig. 6).

Processing the calculated data using the algorithm from [8], we obtained the following expression of the
best-fit line:

0.1856 T 0.3659

U =1+ R,-1)-(03216-T +0.739)-(R) (11)

For practical purposes, the effective rolling radius is usually determined as the roll radius averaged over the
pass width [9, 10]:

Rroly = Ri - Rpav’ (12)
where
2
o | e ¢4 Ré—zz)
R, = — l+|———| dz
pav T '! dZ

is the mean radius of the roll pass.
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Thus, if the effective rolling radius is defined by (12), then formula (11) can be used to determine the actual
rolling radius by the formula R, = UR

role’
The results of the present study were used to calculate the rolling speed in the sizing and reducing mills of

the Interpipe NTRP and Interpipe Niko Tube Companies.

CONCLUSIONS

1. We have developed a generalized method for calculating the rolling radius R, | based on an analysis of

the real form of the neutral line in the deformation zone provided that the workpiece is in equilibrium under the
forces applied to it.

2. It has been established that there can be four characteristic positions of the neutral line on the contact
surface between the rolls and the metal.

3. The case where the neutral line lies in a plane parallel to the rolling axis and the rolling radius is effec-
tive has been considered.

4. The actual, R, and effective, R rolling radii for oval roll passes have been calculated and compared.

rol e’

5. A best-fit line for correcting the calculated values of the effective rolling radius has been obtained.
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