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Stress dependence on the band thickness in a continuous hot
zinc-plating line

Abstract: The article describes the dependence of stress on the thickness of a metal band during heat treatment. As a result of simulation the
directly proportional dependence of the stress force on the band thickness was established.

Streszczenie: Artykut opisuje zalezno$¢ naprezenia od grubosci tasmy metalowej, podczas obrébki cieplnej. W wyniku analizy modelowania
symulacyjnego ustalono wprost proporcjonalng zalezno$c sity napiecia od grubosci tasmy. Zalezno$¢ naprezenia od grubos$ci tasmy metalowej,

podczas obroébki cieplnej

Keywords: band pulling force, coefficient of rigidity, the input collector, simulation model
Stowa kluczowe: sita ciggnienia tasmy, wspotczynnik sztywnosci, magazynek wejsciowy, model symulacyjny

doi:10.12915/pe.2014.01.14

Introduction

To improve the corrosion resistance of cold rolled metal
band it has to be galvanized on a continuous hot zinc-
plating line.

Electromechanical system of a continuous hot zinc-
plating line (HZPL) presents a multimotor actuator which is
interconnected with the use of a band [10].

The central technological part of the unit consists of the
mechanisms for transporting the band: pulling station
number 1, a vertical input collector, pulling station number
2, and rollers of thermo-chemical oven (TCO). In the

thermo-chemical oven the band undergoes thermo
chemical treatment in protective atmosphere.
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Fig.1. Central technological part of HZPL

Before the galvanization the band is heated in a thermo-
chemical oven, TCO.

The following operations take place in TCO, the thermo-
chemical oven:

e band heating in the flame oven in the atmosphere of
incomplete combustion of propane-butane products;

e final heating and band exposure in the oven with
radiation tubes in the atmosphere of hydrogen shielding
gas;

e band cooling in the area of a closed cooling system.

The main influence on the mechanical properties of the
treated metal is exerted by the maximum heating
temperature and the speed of the band moving through the
unit.

Dependence of stress on the band thickness

Band pulling force F appearing in the band is
determined by the following formula [9]:
(1 F=C-Al=C:l-¢
where: C — a coefficient of band rigidity, Al - the absolute
lengthening, / — the length of section tension, € - modulus of
elongation.

The coefficient of band rigidity is determined by the
following formula:
(2) C=E-S
where: E — elasticity modulus, S — cross sectional area of
the band.

From the given formulas it is evident that the band
pulling force is directly proportional to the cross sectional
area of the band.

For structural steel there is dependence between the
elastic modulus and the temperature [7]. The coefficient of
band rigidity in different zones of the oven depends on the
heating temperature. Therefore, in a simulation model for
calculating the tension of the band stiffness coefficient in
various areas of the furnace was put different [8].

There were performed a wide range of different
analyses on determining the dynamic properties of the
treated metal band in the HZPL [4].

When the head part of the line is stopped to replace a
roll of metal band, the technological part of the unit
continues to move at a working speed during the welding of
the ends of the band, which is due to the band extraction
from the vertical loop device. After the start of the head part
the metal band begins to fill the loop device, which causes
the dynamic processes that lead to longitudinal vibrations of
the stress in the treatment zone. As a result, in the treated
0,3 mm or less thick band there occur the so-called "folds"
during the process in the thermo-chemical treatment oven
(TCO) under the high temperature, thus leading to a defect
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Fig.2. Simulation model of the HZPL middle technological part

Let us consider the dependence of the stress on the
band thickness during the heat treatment in the TCO oven
on the electric drives simulation model of the HZPL middle
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technological part shown in Figure 2. The mathematical
models and block diagrams of the electric drives of the
middle technological part were described in [3, 5].

The figure shows: PS Ne1 — pulling station Ne1, IC —
input collector, PS Ne2 — pulling station Ne2, TCO — area of
oven treatment; PR — pulling rollers of the oven. The input
values of the model are: U is stress result, M1 and M2 is
moments of electric mechanisms resistance; 1M and 2M is
the output values are moments of electric mechanisms
resistance and F, band pulling force.

Simulation models subsystems 1 - 3 is presented in
figures 3 - 5 respectively.

Simulation models of electric drive of area of oven
treatment and pulling rollers of the oven (Subsystem 4 - 5)
are identical to the simulation model of electric drive of
pulling station Ne2.

Figure 6 (a, b, c) represents band pulling force
oscillograms at the different band thickness in the given
model: 0.4, 0.3 and 0.2 mm respectively [1, 2].
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Fig.3. Simulation model of electric drive of pulling station Ne1
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Fig.4. Simulation model of electric drive of input collector
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Fig.5. Simulation model of electric drive of pulling station Ne2
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Fig.6. The band pulling force oscillograms: 1 — in the pulling station
Ne2, 2 — in the TCO oven on the treatment area, 3 — in the TCO
oven on the area with the pulling rollers; a) at the band thickness of
0,4 mm, b) at the band thickness of 0,3 mm, c) at the band
thickness of 0,2 mm

The graphs from the top to the bottom on the
oscillograms show the band pulling force in the pulling
station N2, in the TCO oven on the treatment area, in the
TCO oven on the area with the pulling rollers.

During the analysis of the oscillograms there can be
seen a dramatic decrease of the amplitude and vibrational
frequencies during the band transition from the pulling
station Ne2 to the TCO oven treatment area, which is due to
the increase of metal plasticity under the influence of high
temperature. The oscillograms analysis in Figure 3 (a, b)
showed that for the 0.3 mm thick band the pulling force is
falling as compared to the 0.4 mm thick band: at 56 N in the
pulling station Ne2, at 222 N in the TCO oven treatment
area, at 167 N in the TCO oven area with the pulling rollers.

If the we reduce the band thickness by 0.1 mm the band
pulling force will also decrease in comparison with the band
pulling force at the 0,3 mm thick band: at 166 N in the
pulling station Ne2, at 278 N in the TCO oven treatment
area, at 111 N in the TCO oven area with the pulling rollers.

Conclusions

Thus, as the result of the simulation modeling analysis
of the metal band pulling force at different thickness there
was found the directly proportional dependence of the band
pulling force on the band thickness during the heat
treatment.

The received results are intended for optimization of
HZPL methods of operation for band pulling force vibrations
damping during the heat treatment and ends welding.
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