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A theoretical analysis of concast slab rolling on the breakdown stand of a double-stand plate rolling mill has been
carried out in the study. The theoretical analysis has made it possible to determine the effect of the angle of strip
feeding to the rolls on the distribution of stresses within the roll gap during strip rolling. The theoretical analysis
of the rolling process was performed by using the commercial software package Forge 2 developed at Ecole des
Mines in Paris. This package operates based on FEM and uses a flat, rigid-plastic model of the deformed
medium. The theoretical analysis was conducted based on the conditions of plate rolling on roughing mill 3600
of the double-stand plate rolling mill at the Czestochowa Steelworks.
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Utjecaj ulaznog kuta trake na raspored naprezanja pri valjanju trake. U ovoj studiji je napravljena teorijska
analiza valjanja kontinuirano lijevanog slaba na predstanu duo-stana valjaonice limova. Ta teorijska analiza je
omogucila utvrdivanje u€inka kuta ulaza trake na raspored naprezanja unutar otvora valjaka tijekom valjanja
trake. Teorijska analiza procesa valjanja provedena je uporabom komercijalnog softvarskog paketa Forge 2
kojeg je razvila Ecole des Mines u Parizu. Taj paket radi na osnovi MKE (metode konacnih elemenata), te koristi
ravni krutoplasti¢ni model deformiranog medija. Provedena teorijska analiza se zasniva na uvjetima valjanja u

bluming valjaonici 3600 s dvostrukim valjaonic¢kim stanom u valjaonici limova u Zeljezari Czestochowa.

Kljuéne rijeci: valjanje trake, duo-stan, naprezanje

INTRODUCTION

The symmetrical model of plate rolling assumed when
developing technologies and designing equipment by tak-
ing rough simplifications, leads to serious difficulties dur-
ing real rolling at the rolling mill department. On the break-
down stand of a double-stand plate rolling mill, the strip is
fed to the rolls at a certain angle resulting from the differ-
ence in the setting of the level of working roller-table roll-
ers in relation to the neutral rolling gap.

The adoption of the symmetrical rolling model results
in the occurrence of an uncontrollable phenomenon of strip
bending on exit from the deformation region, which makes
the failure-free running of the technological process diffi-
cult. The bending of the strip downwards causes damage to
the roller-table rollers, whereas the excessive bending of
the strip upwards causes difficulties in feeding the strip to
the next pass.
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An analysis of concast slab rolling on the breakdown
stand of a plate rolling mill has been carried out within
this study. The theoretical analysis has made it possible to
determine the effect of the angle of strip feeding to the
rolls, 6, on the values of stresses. The theoretical analysis
was performed by using the commercial software package
Forge 2 developed at Ecole des Mines in Paris. This pack-
age operates based on FEM and uses a flat, rigid-plastic
model of the deformed medium. The behaviour of the de-
formed material is described by the Norton-Hoff law,
which, in a tensor form, can be written as follows:

G 2K(TE)

e

The function describing the plastic resistance of the
material depending on strain and temperature is represented
by the relationship below:

K(T.e)=Ky-(E+e) e
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Figure 1. Anexemplary design of amodel of a charge and a tool
Slikal.  Primjer projektiranja modela $arZeialata

In order to model the mechanical properties of steel
22G2A, the following coefficient values were applied: m =
0,02522, K= 240,28 MPa, £,= 0,001, 3= 3,23 -10° and n

I Sg,=-7542 | Sg,=-39,55 Sg, =— 3,68
I Sg,=-87,37 M Sg,=-51,50 Sg, =—- 15,64
|| I Sg, =-69,46 Sg, =—27,59

< Mini =-99,33

A Maxi = 8,277

Figure2. Distribution of stresses o, within the roll gap, with i, =
105,76 mm, =10 %, 6=0°

Slika2.  Raspored naprezanja o, unutar otvora valjka, s i, =

105,76 mm, =10 %, 0=0°

=0,10. The strip temperature was assumed to be constant
within the whole volume and equal to 1134 °C for the strip
of a thickness of /= 76,68 mm; 1152 °C for the strip of a

B P-- 948 B P= 2653 P= 62,54
B r=-2148 B P= 1453 P= 5053
| WPr= 253 P= 3853

A Maxi =74,54

< Mini = -33,48

Figure3. Distribution of stresses o, within the roll gap, with 4, =

105,76 mm, € = 10%, 6 = 0°, positive values mean com-
pression

Slika3. Raspored naprezanja o, unutar otvora valjka, s h, =
105,76 mm, € = 10 %, 0 = 0°, pozitivne vrijednosti znace
stlaivanje
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thickness of /2,= 105,76 mm; and 1160 °C for the strip of a
thickness of ;= 120,90 mm. To describe the friction occur-
ring at the contact of the material with the metal, the cou-
lombic model of friction was employed. The friction coef-
ficient value of m = 0,33 was taken for calculations.

RESULTS OF THEORETICAL EXAMINATIONS

The theoretical analysis was conducted based on the
conditions of plate rolling on roughing mill 3600 of the

M Sg,=-7703 |l Sg,=-40,74 Sg,=— 446
M So,=-8912 |l Sg,=-5284 Sg, = 16,55
[ | I Sg,=-64,93 Sg, =— 28,65

< Mini=-101,20

i 4

A Maxi = 7,64

Figure4. Distribution of stresses o, within the roll gap, with &, =
105,76 mm, e =10%, 6=2°
Slika4.  Raspored naprezanja o, unutar otvora valjka, s h, =

105,76 mm, e =10 %, 8=2°

double-stand plate rolling mill at the Czg¢stochowa Steel-
works. A constant value of working roll diameters equal

W rP=- 718 B P= 2847 P= 64,13
B P=-1906 B P= 1659 P= 52,24
| W PrP= 470 P= 40,36

< Mini = - 30,95

A Maxi = 76,01

Figure5. Distribution of stresses o, within the roll gap, with &, =

105,76 mm, € = 10%, 0 = 2°, positive values mean com-
pression

Slika5. Raspored naprezanja o, unutar otvora valjka, s &, =
105,76 mm, € = 10 %, 6 = 2°, pozitivne vrijednosti znace
stlaivanje

to 1080 mm and a working roll rotational speed equal to
60 rpm in a steady process were taken for simulation, which
corresponds to the real rolling conditions. The results of
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theoretical examination, presented below, apply only to
the strip with an initial thickness of 2,= 105,7 mm.

THE EFFECT OF THE STRIP FEEDING ANGLE
6 AND THE RELATIVE STRAIN € ON STRESS
DISTRIBUTION IN THE DEFORMATION REGION

As a result of the performed computer simulation of
the rolling process under conditions as described earlier,

BN Sg,--7269 [ Sg,=-3875 Sg,=— 4,82
Bl So,--8400 [ Sg,=-50,06 Sg, =— 16,13
L I Sg,=-6137 Sg, = - 27,44

A Maxi = 8,49

< Mini = - 95,31

Figure 6. Distribution of stresses o, within the roll gap, with /, =
105,76 mm, e =10 %, 6=4°
Slika6.  Raspored naprezanja o, unutar otvora valjka, s &, =

105,76 mm, e =10 %, 6=4°

the following distributions of stresses occurring during strip
rolling have been obtained. Figures 2. to 7. illustrate dis-
tributions of normal stresses, o, and distributions of mean
stresses, o _, within the roll gap during the rolling of strip
of a thickness of /2;=105.7mm with a rolling reduction of &
=10 %, with the strip being fed to the rolls at angles of 6 =
0°,0 =2°and 0 =4°, respectively.

B rP=- 822 B P= 2592 P= 60,07
B P=-1980 B P= 1454 P= 48,69
| B Pr- 316 P= 37,31

< Mini = - 30,99

A Maxi =71,45

Figure7. Distribution of stresses o, within the roll gap, with &, =

105,76 mm, € = 10%, 6 = 4°, positive values mean com-
pression

Slika7. Raspored naprezanja o, unutar otvora valjka, s i, =
105,76 mm, € = 10 %, 6 = 4°, pozitivne vrijednosti znace
stlacivanje
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It follows from the data shown in Figures 2. to 7. that
the change in the value of the angle of strip feeding to the
rolls does not significantly influence the value of normal
stresses and mean stresses occurring in the deformation
region during the rolling of strip of a starting thickness of
h,=105,7 mm with a rolling reduction of ¢ = 10 %. The
maximum values of normal stresses and mean stresses

B Sg,--6604 [ Sg,=-31,49 Sg,=— 3,06
Bl So,=-7755 [ Sg,=- 43,00 Sg,=— 845
| Il Sg,=-5462 Sg, =— 19,97

< Mini = - 89,07

A Maxi = 14,58

Figure 8. Distribution of stresses o, within the roll gap, with i, =
105,76 mm, e =27,5 %, 0=0°
Slika8.  Raspored naprezanja o, unutar otvora valjka, s h, =

105,76 mm, e =27,5 %, 6=0°

(compressive stresses) occurred in the process of rolling
at an angle of § = 4°, and were equal to 0=-101,2 MPa
and — 76,01 MPa, respectively. In the case of the mean
stresses, the appearance of tensile stress zones was ob-

I P=-1365 I P= 18,16 P = 49,97
I P=-2425 B P= 756 P = 39,36
|| I P=-305 P = 28,76

/A Maxi = 60,57

< Mini = — 34,86

Figure9. Distribution of stresses o, within the roll gap, with 4, =
105,76 mm, € =27,5%, 0 = 0°, positive values mean com-
pression

Slika9.  Raspored naprezanja o, unutar otvora valjka, s h, =
105,76 mm, £ =27,5 %, 6= 0°, pozitivne vrijednosti znace
stlaivanje

served. These zones occur around the points of contact of
the strip with the roll, in the planes of entry to, and exit
from the deformation region, and in the plane of material
entry to the deformation region in the central part of the
strip. The strip feeding angle does not change the values
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of these stresses, which are contained in the range of o=
30,95 — 35,34 MPa. The data shown in the figures indi-
cate that the largest values of normal stresses and mean

B Sg,=-7001 [l Sg,=-3588 Sg,=— 1,75

Il S9,=-8139 |l Sg, =-47,26 Sg, = 13,13
| Bl Sg,=-5863 [ Sg,=-24,50

<& Mini=-92,77

A Maxi =9,63

Figure 10. Distribution of stresses o, within the roll gap, with i, =
105,76 mm, e =27,5%, 6=2°
Slika10. Raspored naprezanja o, unutar otvora valjka, s h, =

105,76 mm, e =27,5 %, 0=2°

stresses occur around the points of contact of the metal
with the roll in the neutral plane, whereas the maximum
values of stresses occur in the points of metal and roll con-
tact. It can be noticed that in the points of strip contact

B P--1238 I P= 2059 P= 5356

B P--2337 B P= 960 P= 4257

| B P=-139 o P=3158
A Maxi = 64,55

< Mini = - 34,35

Figure 11. Distribution of stresses o, within the roll gap, with ,=
105,76 mm, € =27,5%, 0 = 2°, positive values mean com-
pression

Slika11. Raspored naprezanja o, unutar otvora valjka, s h, =
105,76 mm, £ =27,5 %, 6= 2°, pozitivne vrijednosti znace
stladivanje

with the upper roll these stresses are larger than in the points
of strip contact with the lower roll. With increasing roll
strip feeding angle, a difference in the lengths of the arcs
of metal contact with respective working rolls occurs. The
lengths of the arc of strip contact with the lower roll have
greater values than the lengths of the arc of arc of strip
contact with the upper roll. This causes the neutral zone to
displace. When analyzing the data shown in the above fig-
ures it can also be noticed that the strip feeding angle has
an effect on strip curvature on exit from the deformation
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B Sg,=-6819
B Sg,=-79.22
[ |

I Sg,=-35.10
B Sg,=-46,13
B Sg,=-57.16

Sg,=— 2,01
Sg, =— 13,04
I Sg, = - 24,07

< Mini = - 90,25

£

A Maxi =9,02

Figure 12. Distribution of stresses o, within the roll gap, with i, =
105,76 mm, £=27,5 %, 0=4°
Slika12. Raspored naprezanja o, unutar otvora valjka, s h, =

105,76 mm, e =27,5 %, 0=4°

region. Increasing roll strip feeding angle from 0° to 4°
causes an increase in strip curvature on exit from the roll
gap. The strip bends toward the lower roll.

Figures 8. to 13. show the distribution of normal
stresses, 0., and mean stresses, o, within the roll gap dur-
ing the rolling of h =105.76 thick strip with a rolling re-
duction of € = 27,5 %, with the strip being fed to the rolls
at angles of # = 0°, § = 2° and 0 = 4°, respectively.

The data shown in Figures 8. through 13. indicate that
change in the value of roll strip feeding angle does not sig-
nificantly affect the normal stresses and mean stresses that
occur in the deformation zone during rolling strip of a start-
ing thickness of ;= 105,76 mm using a rolling reduction of

I P=-1393 I P= 18,15 P = 50,23

Ml P--2453 M P= 745 P= 3953

m M P=-324 [ P= 2884
A Maxi = 60,92

< Mini = - 35,32

Figure 13. Distribution of stresses o, within the roll gap, with &, =
105,76 mm, € =27,5 %, 6 =4°, positive values mean com-
pression

Slika 13. Raspored naprezanja o, unutar otvora valjka, s h, =
105,76 mm, € =27,5 %, =4°, pozitivne vrijednosti znace
stlaivanje

e =275 %. In the case of normal stresses, o, and mean
stresses, o, the maximum value of compressive stresses
occurred for a roll strip feeding angle of = 1°, amounting
to, respectively, o,=- 94,63 MPa and o, = — 66,68 MPa.

METALURGIJA 44 (2005) 3, 215-219
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Table 1. Calculated values of normal and mean stresses for a
band with a thicknes /,=105,76 mm

Tablical. IzraCunate vrijednosti normalnih i srednjih naprezanja
za traku debljine #,=105,76 mm

hy/mm | €/% | 8/°| Maxo,/MPa | Max o,/ MPa

105,76 5 0 96,46 72,56
5 1 94,54 70,50
5 2 94,87 70,65
5 3 96,99 72,65
5 4 95,32 72,49
10 0 99,33 74,54
10 1 100,1 72,70
10 2 101,2 76,01
10 3 92,86 68,97
10 4 95,31 71,45
20 0 89,57 62,30
20 1 94,80 66,97
20 2 96,97 69,43
20 3 104,2 72,74
20 4 104,0 73,13
27,5 0 89,0 60,57
27,5 1 94,63 66,68
27,5 2 92,77 64,55
27,5 3 94,21 65,95
27,5 4 90,25 60,92

When analyzing the mean stress data shown in the figures,
the appearance of tensile stress zones was also noticed. These
zones occur around the points of contact of the metal with
the roll, in the planes of entry to, and exit from the deforma-
tion region, and in the plane of material entry to the defor-
mation region in the central part of the strip. The strip feed-
ing angle does not change the values of tensile stresses, which
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are contained in the range of o= 34,20 — 35,32 MPa. The
data presented in Figures 8. to 13. show that the maximum
values of stresses are distributed in the roll gap on either
side of the strip at the points of strip contact with the rolls.
At the same time, at the points of strip contact with the up-
per roll these stresses are greater than for the lower roll. The
roll strip-feeding angle has the effect of diversifying the leng-
ths of the arcs of metal contact with respective working rolls.
The values of these lengths are larger for the lower roll. The
strip-feeding angle has an effect on strip curvature on exit
from the deformation region. Increasing roll strip feeding
angle causes the bending of the strip toward the upper roll
and increases strip curvature upon exit from the roll gap.

I the Table 1. are placed values of normal stresses and
mean stresses calculated in a numerical simulation of a
process of a rolling of a plate with a thickness /= 105,76
mm for a different relative reduction € and an entrance
angle of a band 6.

SUMMARY

In this paper an influence of some parameters of a band
rolling (relative reduction, € an entrance angle ¢) on a stress
state in the roll gap has been described on the base of a
numerical simulation of the process with Forge 2 software.

The performed theoretical analysis has confirmed that
several factors influence significantly on a plate rolling
process leading in same cases to uncontrolled side effects
including even a disruption of the rolling process.
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