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Reduction of uneven deterioration of roll bodies, broad-strip mill downtime and manufacture
of precise transverse section of strip are caused in many respects by application of rational
types of grooving of work and back-up rolls in four-high mill stand. Rational roll grooving
needs defining the actual length of contact between work and back-up roll. The latter defines
sizes of end slopes of back-up rolls and enables to raise accuracy of calculation of work roll
natural deflection and values of roll crown out (crown in). The calculation model for
determination of rational length of active part of back-up roll body length is suggested in the

paper.
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Introduction

A convex roll, which generating line is in
the form of quadric parabola along the whole
length of roll body, is applied together with a
cylindrical roll on the broad-strip mills. At such
form of roll generating line there are always
maximum interroll pressures and, as a result, the
maximum wear of rolls in the middle section of
roll contact [1-5]. So, it is determined in the
experimental research of roll contact conditions [1,
2] that type of interroll pressure g, is defined by
work roll diameter (Dp = const), strip thickness
and roll grooving. Decrease of roll pressure
inhomogeneity (g,) is provided with increase of
work roll diameter as its natural deflection is
reduced. The minimum unevenness of g, is at
B/Lg = 0.8 and Dy/Dp = 0.8 (B and Ly — strip
thickness and length of back-up roll body
respectively; Ly - length of work roll body).

Investigations showed that there was a
significant non-uniformity of roll pressures as a
result of cylindrical roll bending which promoted
uneven wear of roll bodies. Application of grooved
rolls increases or reduces non-uniformity of roll
pressures. When rolling narrow strips (8/Lg < 0.6),
elastic approach of axes on the middle of body
length and non-uniformity of ¢, are less in
concave work rolls and more in convex work rolls
than in cylindrical ones. When rolling wide strips
at B/Lg = 0.8, g, distribution pattern decreases on
the convex rolls and increases on the concave rolls
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as compared to cylindrical rolls. As during one
working shift strips with different thickness are
rolled on the same work rolls, any grooving in the
form of quadric parabola is not rational. Such
grooved rolls promote uneven wear of roll surface.

Further research of working conditions of
shaped rolls [1, 2] with recommendations for
industrial strip mills are presented in [3, 5]. The
new types of work and back-up rolls grooving are
developed and recommended in practice. Authors
[5] have considered the theoretical and practical
aspects of application of work and back-up rolls
with various types of grooving on the broad-strip
mills. Much attention was paid to reduction of
uneven roll pressure distribution and roll
production due to decrease of roll natural
deflection.

Results and Discussion

Results of roll grooving types investigation
under the terms of their contact are presented
below. The experiments are carried out on press in
the model of four-stand mill with diameters of
cylindrical work roll Dy, = 32 mm, back-up roll
Dg = 80 mm, length of roll body L = 100 mm. An
aluminum plate was deformed between the work
rolls, and copy paper was put on the roll contact
between work and back-up rolls. Data on effect of
roll grooving and bending on unevenness of
interroll pressure distribution are introduced in
Table 1.
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Table 1. Effect of roll grooving and bending on unevenness of interroll pressure distribution (P =40 kH, B = 70 mm)

Grooving type of Roll contact size, mm Interroll pressure, Interroll
work roll kN/cm pressure ¢o by 1 n
equation (5),
fo, mm m 2b 2a 2ay q qo KN/em
0 1 100 0.835 1.02 4.0 4.89 4.6 0.82 0.73
0.14 2 74 0.78 1.12 5.42 7.8 8.0 0.7 0.30
0.28 2 51 0.795 1.39 7.8 13.1 14.9 0.58 0.10
0.45 2 27.1 0.77 1.52 14.8 293 29.2 0.53 0
0.14 7 96 1.03 1.37 4.16 5.56 5.21 0.75 0.60
0.14 7 96 1.13 1.36 4.43 5.68 5.31 0.78 0.67
V2~
= . 2

Figure 1. Work and back-up rolls interaction pattern: / - strip; 2 - work roll; 3 - interroll pressure distribution

diagram; 4 - slope; 5 - back-up roll

Roll force is P = 10 - 42 kN and convexity
of back-up roll is f, = 0 — 0.45 mm at the exponent
of generating line m = 2 and 7 [3] in the
experiments. Conditions in the contact between
rolls were estimated by the following parameters
(Figure 1):

q=P/2b;
qo = 2aq - q/ 2a; (Eq. )
dy = 2ay

(Eq. 2)
n=qp/qg

where ¢, qo, q., g, - interroll pressures: average, on
the roll axis, on the boundary line of roll contact,
current; n and n, - irregularity coefficients on the
boundary of roll contact; & - half of roll contact
length; @ and a, - half of roll contact width:
average and on the roll axis respectively.

As follows from Table 1, at deformation in
cylindrical rolls (f, = 0) the roll contact length is

equal to length of roll body (2b = L), but interroll
pressure ¢, changes on the length 26 and
coefficient n = 0.73 (m = I). The increase of back-
up roll convexity to f, = 0.45 mm (m = 2) reduces
the active contact length to 2b = 27.1 mm and
coefficient » = 0, i.e. on the contact boundary
g; = 0. Change of generating line into parabola
with m = 7 (f, = 0.14 mm) provides increase of
contact length and decrease of roll contact
irregularity to n, = 0.75-0.78 and n = 0.60-0.67.
These data are close to those obtained in
cylindrical rolls. Thus, reduction of generating line
arch in the back-up roll (increase of m) at
P = const provides decrease of interroll pressure
unevenness and, as a result, wear of back-up rolls.
Effect of shape and grooving of roll body
generating line on unevenness of roll contact is
characterized by following equations [3]:

n, =1.03-0.03m

Eq.3
ny =0.5+0.51-1000fy /Ly)? (b3

where f y - total convexity of work and back-up
rolls for diameters. Factor n is defined by
experimental data [1, 2]:
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B B
n=ngn,

La La

Distribution of interroll pressure along the
length of roll body can be defined as follows [3, 4]:

q, _M[H_(n_l)z'_y

L, (m+n) "

L } (Eq. 5)

Equation (5) gives a good correlation with
empirical data from Table 1 and data in [1, 2].

Unknown parameter “L,” in equation (5) is
defined from a condition that curvatures of
bending lines of work and back-up rolls are equal
in a certain point of the contact. Thus the total
bending of the work roll is:

Wy =W, + Wp (Eq. 6)
where W; and Wjp - natural bending of work roll
and back-up rolls respectively.

Curvature of roll bending line according to
[7, 8] is:

2 3/2
— > N1+ (—)

(Eq. 7)

where z; - current altitude from a horizontal to roll
bending line in the cross-section on length y.

Parameter z; is defined from the following
expression for original roll grooving:

o2
=L =Xym (Eq. 8)

Zz

where f; - value of original crown for the diameter;
L; - length ofroll body. Solving equations (7) and
(8) we will obtain the equation for definition of
generating line curvature of shaped roll in the
point:

2
0.5-f. -m(m —1)(—2ym ~2
! L

1
— = (Eq.9)
R.
1 2

0.86 + 0.97 — (244 — — 1) = 5.9 —— (1 - 1.56 —)

D D
W W
(Eq. 4)
Dy Dy
According to equations (7) - (9), curvature
of roll bending lines is as follows:

2
w. - m(m - 1M 2
v i

R, 3/2
i 2

2
4| w, -m(Hm 1

i
(Eq. 10)

where w; - bending of work or back-up roll; Ry
(R'w) and Rp (R'p) - curvature radiuses of work and
back-up rolls respectively along the length of roll
body.

The second summands of denominators are
close to zero so they can be neglected in equations
(9) and (10):

— =05 fi - my (IIl1 - 1)(_) (Eq. 11)
R. L.
1 1
1 y m;—
R; L;

For roll bending lines we accept the
generating line in the form of quadric parabola and
will obtain:

=2w:

i (Eq. 13)

1

R.

i
These equations enable to define the length
of actual contact of work and back-up rolls by their
bodies. Indeed, when rolling a strip the back-up
roll has a bending Wp in the middle of body roll
length (Figure 2). Under the action of rolling force
P the convex work roll is bended as well following
the bending of back-up roll (without taking into
account wear of rolls). However, the work roll is
maximum naturally bended as a result of elastic
flattening of roll surfaces in the middle part of roll
body length [1-3]. As a consequence, curvature of
bending of work and back-up rolls will be various
and at certain parameters of roll grooving the
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absence of contact on the end sections of rolls is
possible (Figure 2).

The length of roll contact can be defined
from a condition that curvatures of roll bending
lines will be equal in the line intersection point
IYA”:

Then it follows from equations (10) and
(11) that:

2y mW—2
O.SfW-mW(mW—l)-(L ) —2WW—
w
2y mB -2
——O.SfB-mB(mB—l)-(L ) +2WB
B
(Eq. 15)

where my and mjp - exponents of bending curve of
work and back-up rolls respectively; Ly and Lg -
lengths of work and back-up roll bodies
respectively (Ly= Lp).

Usually, roll bending curves have a form of
parabola, but exponent m; of these parabolas is
various. In most cases, work rolls are
manufactured with cylindrical or convex barrel
shape (my = 2). Taking this into account we will
solve equation (15) in relation to parameter 2y/Lg.
After transformation we will obtain:

_a
L A
B (Eq. 16)

L —_212(W. W )-B
my 7(W+ B)

A=05f -m_(m_ —1)
B B

B

(Eq. 17)
B=05f -m._ ( 1
W W

m -
W

As at my = 2 parameter B = fy, we will
obtain (2y = L,)

L m._ —22(W., +W_)-f
a B \/ Y B \Y (Eq. 18)

A

where fj and f3 - actual (during rolling) diametrical
convexities of work and back-up rolls respectively.

Parameter L,L, is defined by iterative
method at the joint solution of equations (4) and
(18).

Shapes of roll body lines as a result of their
bending are shown in Figure 2. If bending of work
and back-up rolls are equal (W; = 0), the roll
contact length will be equal to Lz (L, = Lp). In case
of non-uniform distribution of interroll pressures
(qo> q) there is an additional bending of work roll
(W)) in the middle part of roll body length and
increase of contact length with the back-up roll.
The values of initial convexities decrease and
become equal due to specified deformations.

f =f +AR, +0
u

b b bt Bu

(Eq. 19)
f =f +AR +W +6
W wu wt 1 wu

where f;, and f,, - initial convexities of back-up
and work rolls; 4R;,, AR, - thermal convexities of

Lo/2

Figure 2. Bending pattern of back-up (/) and work (2) rolls
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rolls on radius; Jp,, 0., - nonuniformity of roll
production on radius.

Parameters J,, and J,,, have a positive sign
in formulas (19) as it promotes the bending of
work rolls and increase of roll contact length.
When the back-up roll is worn out on convexity,
parameter Jy,, has a minus sign.

Bending of work and back-up rolls is
defined by formulas from works [3, 6] taking into
account parameters »n and m;.

The back-up roll body line is a curve in the
initial state that is caused by shape coefficient m,
and value of machine-tool and thermal crown.
Possible back-up roll body lines are presented in
Figure 3. In the first case, there are end slopes in
the cylindrical back-up roll. In this case, f,= 0 on
cold rolls. However, as a result of heating and
temperature gradient along the roll length there is a
convexity within the limits f, = 0.05-0.10 mm.
Besides, the end slopes give the generating line of

rolls a form of higher order parabola (Figure 1)
with factor m > 4-6 and slope value "c". And the
more slope value "c¢", the more factor m.

The generating lines of back-up roll surface
are reasonable to make in the form of higher order
parabola with m > 4-6 (curve 3) [3]. At such form
there is no need in the end slopes. Work rolls are
usually fabricated with cylindrical profile of the
body or with profile in the form of quadric
parabola at m,, = 2. While in service the profile of
work convex roll is produced non-uniformly [3, 7]
and the exponent m, decreases which calls
reduction of length L, and nonuniform distribution
of interroll pressures. Cylindrical work rolls are
worn out on crown providing increase of contact
length L,, but with higher interroll pressures at the
ends of roll bodies.

The natural bending of work roll (W) and
back-up roll bending (W,) is calculated by
formulas [3, 6] in relation to back-up roll length Lj.

2
3
]
3 -
C | L, C
' Ly
= % =

Figure 3. Types of back-up roll body grooving: / - cylindrical profile; 2 - convex parabolic profile (m = 2);

3 - parabolic profile with m> 2; 4 — end slopes

3 B3

1= 384E,J,\2 +n

—{3-17(1 —n)} — ==
< { ( )} L3 2 R

3

{1 ke Lo 8(1—ny) x 05 o167 _ 1|1 + Plok
B ' B2 Rl at - TN Elg 4TRZG,
y 3 [05 n—-1 B (05 1—nl)]
2+nl” 4 Ly2+ng\ 4 (Eq. 20)
1 n—1
W PL3(1+m) ( , nol ) Lia tT¥m/3 PL} P (L Lb)
b7 384E,J,(m + n) 1+m/4 14_n=1 48E,], = 4mR2G,\ " 2/
1+m/3
(Eq. 21)
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where B - plate strip width; L, - length of back-up
roll body; n; - pressure nonuniformity coefficient
under the strip; D,, and D, - diameters of work and
back-up rolls; P — rolling force; E; and E, -
modulus of work and back-up rolls respectively; J;
and J, - inertia moment of work and back-up roll
respectively; k - cross-section factor (k = 1); G
and G; - shear modulus of work and back-up roll
respectively. The factor n; from work [3] is:

4
ny =0.87 +3.15(B/Ly, —0.39) (Eq.22)

We wused an iterative process when
calculating parameters n, L,/L;,, W;and W,.
Calculation of  elastic deformation

parameters as applied to stand of cold mill 1700
with D,, = 500 mm and D, = 1300 mm, L, = 1550
mm. We accepted f, = 0.1 and 0.3 mm, m;, = 8 as
constants  for the  back-up roll  and
B =1000 - 1500mm and convexity of work roll f,
= -0.3 - (+0.4) mm as variables. Rolling force
P =20 MH.

Computation
Figures 4, 5.

At the accepted rolling parameters, bending
of back-up rolls slightly depends on plate strip
width and their bodies grooving which correlates
with known data [1, 2]. The natural bending of
work roll W, (Figure 4b, 5b) decreases with
increase of plate strip width and almost does not
depend on its crown. However, bending W,
increases with increase of back-up roll crown [2, 3]
due to increase of interroll  pressure

data are presented in

- 0,111
g 0,110
= 0,109

0,108

(equation (5)) at simultaneous reduction of roll
contact length L,/L, (Figure 4c¢, 5¢).

Calculations show that in all cases at m = 8
and f, = 0.1 and 0.3 the relative length of roll
contact L,/L, <1. On the one hand, it is caused by
shape of roll generating line, when L, = 1350 and
1450 (at f, = 0.3 and 0.1 respectively) (Figure 3,
curve 3), and on the other hand - by work roll
grooving.  The roll contact length L,/L, — 0.9
(f» = 0.1 mm) at the concave grooving.

The increase in convexity of back-up roll to
f» = 0.3 mm (Figure 5a) reduces the roll contact
length to L,/L, = 0.76 as a result of increase of
interroll pressures in the middle part of roll length.
The increase of natural bending of the work roll is
indicative of this (Figure 4b, 5b). It is seen in
Figure 4c and Sc that the minimum values of
parameter L,/L, decrease with increase of plate
strip width at f,, = const. However, convexity of
work rolls reduces with increase of plate strip
width which promotes the increase of roll contact
length in the real rolling practice.

Obtained relations enable to determine the
rational grooving types of back-up rolls (values m,
L,, f;) together with convexity values of work roll
defined earlier.

So, the length of active part of the back-up
roll is sufficient within the limits L,= L,~ 0.83L,
for B = 1000 mm at computed convexity of work
roll f, = 02 mm. At roll body length
L, = 1700 mm the length of active part
L;=1410 mm. At L,> 1410 mm a part of back-up
roll length does not contact with the work roll
which enhances nonuniformity of its roll wear.

1-6

o

0,338
tiggﬁh"“q
0,25
0,23
0,19

Wi, mm

|
e

01852-—__:_1

0,801
0,75
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1000

1100 1200 1300

o
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1400 1500

Plate strip width B, mm

Figure 4. Parameters of elastic deformations of work and back-up rolls of mill 1700 depending on plate strip width at
my,= 0.8, f, = 0.1 for f,, of work roll, mm: / -0.3;2-0.1;3-0;4-0.1;5-0.2; 6- 0.4
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Figure 5. Parameters of elastic deformations of work and back-up rolls of mill 1700 depending on plate strip width
atm,=0.8; f, = 0.3 for f,, of work roll, mm: /--0.3,2-0.1,3-0, 4-0.1, 5-0.2,6-0.4

Conclusions

Rational grooving of rolls needs defining the
actual length of contact between work and back-up
roll. The model for determination of active length
of roll contact is suggested. The roll contact length
is computed for stand 1700 under various
conditions of rolling. Suggested model of
calculation enables to determine the rational length
of active part of back-up roll length.
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®opMupoBaHHe MEKBAJTKOBOT0 KOHTAKTA B
KJIeTH KBapToO

Huxomnaes B. A., XKXyuenko C. B.

Ha cerogusmHuii  JEHb  CHHXKCHHE
HEPaBHOMEPHOCTH  H3HOCa 0OYEeK  BaJIKOB,
MPOCTOEB HIMPOKOMOJIOCHBIX CTaHOB Hu

MOJIy4YEHUE TOYHOTO MOMEPEYHOT0 MPOQUIIL
MOJIOCHI BO MHOTOM 00YCJIOBIIEHBI TPUMECHEHHEM
panMOHATBHEIX THIIOB TPOGUIUPOBOK PadOIHNX U
OTIOPHBIX BajkoB kiereld kBapto. Co3manue
paIoHaIbHOM npoUINPOBKU BalIKOB
npelycMaTpuBaeT HEOOXOJUMOCTh ONpeIeIICHUs
(akTHUECKON JUTMHBI KOHTaKTa MEXIy pabodum
U ONOPHBIM BAaJKOM, & 3TO B CBOIO O4Yepe]b
ompeieNseT pa3Mepbl KOHIIEBBIX CKOCOB (BPE30B)

OIIOPHBIX BAJKOB W  TO3BOJJIICT IOBBICUTH
TOYHOCTb pac4dcTa COOCTBEHHOTO nporn6a
pa60qero BajJJKa W  BCJIIMYHUH BI:IHyKJ'IOCTGﬁ

(BorHyTOCTE¥) BanmkoB. B crarthe mpemimoxeHa
MOJIeNIb pacyeTa, MO3BOJISIONIAas YCTaHOBHUTH
palMOHANBHYIO0 JIIMHY aKTUBHOW YacTW JJIMHBI
0OYKH OIIOPHOTO BaJKa.
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