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THE EFFECT OF THERMAL TENSION ON QUALITY MILL ROLLS
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Abstract: The paper presents simulation of hot rolling process
of profile I, to determine the state of tension in the rolling
cylinders, using professional simulation software COSMOS / M
2.5. Initial data from the simulation program (the application
of cooling water and rolled pieces temperatures) are data taken
in Romanian industrial companies. The simulation is performed
for two cases of rolling: the application of cooling water on two
and four surfaces at a temperature of 800oC, 850oC
respectively. Recorded values are presented for thermal stress
in the two cases of simulation, thermal stress inducing the
thermal fatigue (this influencing durability cylinders rolling
operation).
Key words: cylinder, temperature, numerical simulation,
durability

after simulation, it is necessary to present some details of the
spatial stress status. In this general tension status, on the
surfaces of an isolated element, around one random point of the
solid part, we can meet all components of the stress, directed
parallel with the axis of a reference system OXYZ (fig.1)
(Grigorescu et al., 2010; Josan, 2005; Toader & Pinca C, 1996).

1. INTRODUCTION

Fig. 1. Space of tension status, where X, Y, Z is normal
tensions, and XY, ZY, YX, ZX, XZ, YZ, are tangent tensions:
a) general case; b) particular case (lamination cylinder)

A most actual issue of the metallurgical enterprises is the
low durability in exploitation of the lamination cylinders, these
being the most stressed parts of the rolling mill assembly cages.
The rolling mill cylinders work in hot conditions, with
complex variable stress, due to lamination process, repeated at
regular time periods. In general, the lamination cylinders are
calculated taking into account only the static forces action
(constant in time), condition only partial satisfactory in
operation. If the study of the cylinder resistance is continued to
their durability, then we have to take into account the whole
complex of stresses, with mechanical-thermal influences.
The casing of the lamination cylinder’s calibration works
under complex conditions, as (Josan, 2005; Masek et al., 2010):
 bending tension, produced by the lamination forces;
 torsion tension, produced by the lamination moments;
 tension due to contact pressure, which is produced in the area
of the distortion focal point (mechanical tensions);
 thermal tensions, produced by the temperature variations in
the lamination cylinders, which, on one side, are getting
hotter, being in contact with the burning laminate and, on the
other side, being cooled with water jets. The cooling of the
cylinders, during the lamination process, can be done in two
points (positions) or, by optimizing the process, in four
points. The temperature of the laminate can vary between
800…850oC.
The total action of the above mentioned tensions is specific
to the operation process of the hot lamination cylinders.
Following the study of the thermal areas at hot lamination,
we can say that, in the lamination cylinders there are present
some temperature distributions which produce cyclic unitary
thermal stresses at each rotation of the lamination cylinder,
generating the thermal fatigue of the superficial layer of the
lamination calibers (Toader & Pinca C, 1996)
2. CALCULATION OF THE THERMAL TENSION
EFFECTS, IN THE SITUATION OF WATER COOLING
ON TWO SURFACES, AT 800OC
In order to understand the reason used in the calculation of
the tension status due to unitary thermal forces and the results

In the case of making the calculation of the thermal
tensions at 800oC, with the cooling of the lamination cylinders
on two surfaces, it has been taken into consideration that the
tensions in the axles' area are not relevant (Josan, 2005). After
running the simulation program the values of the tensions X,
Y, and Z are presented (fig. 2,3,4,5). Tab.1 presents the
values (max and min) of tensions registered for this case.

Fig. 2. The tensions X recorded in cross sections

Fig. 3. The tensions X recorded in longitudinal sections
Tensions, N/mm2
Max.
Min.

X
8379, 70
-12709

Y
4047,00
-3873,2

Tab. 1. Tensions values registered (at 800oC)

Z
3034,50
-6038,7

1190

Fig. 8. The tensions Z recorded in longitudinal sections.
Fig. 4. The tensions Y recorded in cross sections.

4. CONCLUSIONS

Fig. 5. The tensions Z recorded in cross sections.
From the above figures we can see that the tensions
recorded Y and Z are almost constant section (temperature
gradient is not high).
3. CALCULATION OF THE EFFECTS OF THE
THERMAL TENSIONS, IN THE CASE OF THE WATER
COOLING ON FOUR SURFACES, AT 850OC
Similarly, in the case of the calculation of the thermal tensions
at 850oC, with the cooling of the lamination cylinders on four
surfaces, it has been taken into consideration the fact that the
tensions in the axle’s area are not relevant. So, in longitudinal
section is taken into account tensions along the three axes X, Y,
Z (fig. 6,7,8). Tab. 2 presents the values of tensions registered for
the case studied.

Following the analysis of the complex phenomena which
appear in the cylinders during the hot lamination process, we can
assess that the lamination cylinders can stand over complex
variable stress as a result of overlapping the thermal tensions over
the mechanical ones. So, we can take the following conclusions:
1.the precise knowledge of the condition of the tensions generated
by complex stress over hot lamination cylinders allows the
calculation of their operation lifetime, in safe conditions, by
comparing with foreseen limit values;
2.thermal tensions are the fundamental cause of producing cracks
on the lamination cylinder surface, due to thermal stress;
3.the lamination cylinders are broken in the operation process due
to their thermal weariness;
Performed to simulate hot rolling process were obtained the
following results:
1) The simulation of the hot lamination process of the profile I has
been effected, comparatively, for both cooling methods (on two
and four surfaces) and for temperatures of 800 and 850oC;
2) For actual operation conditions, the simulation of the process
supplied very high values in the situation where the cooling water
is on two points and the laminate has a temperature of 800oC, this
being the most adverse situation. In the case where the cooling
water is applied on four points (optimal), even with a laminate with
higher temperature, respectively 850oC, the tensions Y and Z have
approximately the same values, but the recorded value for the
tension x decreased with approx. 30%.
3) The thermal tensions have a crucial role in determining a higher
value of durability recorded in operation. To avoid high value
thermal tensions (which induce thermal weariness and ex-foiling) is
recommended the use of water cooling on four surfaces.
4) Simulation can be applied to other types of cylinders (of
different shapes and sizes) to avoid cracks on the surface or other
machine parts working under similar conditions.
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Fig. 6. The tensions X recorded in longitudinal sections.

Fig. 7. The tensions Y recorded in longitudinal sections.
Tension, N/mm2

X

Y

Z

Max.
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2245,40

Min.

-4352,70

-4027,80

-2149,80

Tab. 2. Tensions values registered (at 850oC)
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