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The influence of basic factors and parameters during heating control of continuous
reheating furnace has been analyzed. The indispensability of restructuring operating
system for automatic control temperature modes of furnace has been shown.

Keywords: continuous reheating furnace, parameters, control, system, heat
transfer, model, quality.

Introduction

The slab heating process is one temperature control slab heating
process which is applied widely in the industry. Errors of heating, which
arise up at heating of metal, result in the decline of high-quality product
output. Control of parameters by thermal process has great importance at
automation both for economic work of furnace and for the high-quality
heating of metal.

Adaptive control theory is the incorporation of parameter estimation
in order to adapt to the control scheme to maintain performance despite
changes in process parameters.

Use a PID controller from a new direction with the incorporation of a
bottom temperature reading. There is a strong relationship between slab
quality and the stability of the bottom temperature of the furnace [2].

Aim of study and research

The slab reheating processes use the reheating furnace which control
temperature of the process about 1200 Celsius and consume time about 2-3
hours. Temperature of each zones are different according to function. As
factors are temperature of gas and air, pressure of gas, general expense of
fuel on furnace, time of heating of metal, productivity of furnace. As pa-
rameters are temperature of metal, overfull of temperatures on the section
of slabs, temperature of combustion gases. Air-fuel ratios are controlled by
open-loop ratio controllers sensing either pressure in the combustion air
manifold, flow rate of fuel, or mechanical position of a pipeline valve. The
manual of the furnace [1] describe the process of the furnace that using the
thermal energy to furnace by burner which using double cross limit
method adjust the ratio of air and fuel. The heating burners are the feed-
back control system. The air fuel ratio control of reheating furnace 1s feed-
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back control which use PID controller. These control systems monitor ei-
ther a single sensor or multiple sensors and adjust the fuel flow based on a
predetermined relationship between inputs and outputs.

The problems in the present are reducing production cost and in-
creasing performance in energy consumption which most cost of the fac-
tory from in the slab reheating process (fig. 1).
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Fig. 1. — Heat balance of reheating furnace

The equation for heat transfer by radiation has the form:

Q:G'g'ASF'(Ta‘:nb_Ts‘l‘b , (1)

where Q - heat transfer; o - Stephan-Boltzmann constant, 5,67-10° W /K*m’;
Ay — shape factor coefficient.
This equation can be linearized by using a mean operation temperature:

. —3
O=4-0-6- Ay -T (T,,-T,), (2)
Then finding a generalized heat transfer resistance R:
. A4
Q = ];F ) (Tamb o Tvlb) ) (3)

The energy balance for the volume of combustion gas in soaking
zone is shown below:
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where A4, — the absorption factor based on opacity; g, - time rate

of change of the temperature of the combustion gases.

Experimental and simulation results

Adaptive control has been added recently to PID controllers to pro-
vide more flexibility. These systems are better able to adjust to the dy-
namic changes within the reheating furnace system through the incorpora-
tion of parameter estimation. They usually incorporate multiple PID con-
trollers working together to monitor several parameters such as fuel flow,
temperature of slabs, refractory temperatures, furnace pressure, and stack
gas temperatures.

The mathematical simulation requires building of exact the mathe-
matical model of process to adaptation on furnace. A simulation of heating
processes 1s component part of general task of construction the automated
system for the control temperature modes. The basic setting of model con-
sists to providing the system by information about the temperature of bil-
lets in present moment and about the possible trajectory of heating [5]. Us-
ing Matlab and Simulink, a model can be created for simulation.

The system which control air to fuel ratio of 10:1 is the closed-loop
system using PID controller. In the condition at flow rate in each zone is
600 m’/h, the air temperature is 250 and the fuel is 50 Celsius. The method
of open-loop identification via parameter estimation technique can be es-
timated the mathematical model of slab reheating furnace with measuring
temperature in heating curve up process [6].

The formal equations are shown below:
X =AX +BU ;
Y=CX +DU ()
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where 4 — is the state matrix; B - the input matrix
(Tamhb flow rateof gasandair); C - the output matrix (7cmb, Tslb, Tamb.).
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Fig. 2. - Simulink Model of system for reheat of slabs

The four state matrices are used in Simulink to construct a working
model. In the figure below is the state space model representation within
Simulink.
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Fig. 3. - Net Heat Input Subsystem
Within the model there are two constants, the ambient air tempera-

ture and the slab set point temperature. The ambient air temperature is the
air temperature outside of the furnace. The slab set point temperature is the
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desired steady state temperature of the slab; this temperature is approxi-
mately 1473 K.

The first large block is a fuel flow controller (fig. 2). The gains
within the controller have been modified for optimal performance for my
model. The second block is labeled the state space model block. Within
this block Simulink accepts the model’s inputs and then outputs the
model’s outputs. The output needed for furnace control is routed back to
the fuel controller and the remaining outputs are collected in a data file for
observation and plotting [6]. The output needed for furnace control is
routed back to the fuel controller and the remaining outputs are collected
in a data file for observation and plotting [7].

The rest of this routine calculates the net heat input using the fuel
flow from the controller routine, the BTU of the fuel, and the ambient air
temperature (fig. 3).

1400

T T T T
[ 1 L] L] ] 1 L]
1] 1 L] 1] ] 1 L]
\ " . . : ' .
SIS | L ; ....... R L e L L L I_
1200 ’ K 3 v v H 0 K . v
1 L] L] L] 1 L] L] ] l L]
" i i i " i i ‘ " i
1 L] 1] 1] 1 L] 1] ] 1 L]
7] "R [ P i . o i i g e e
" i i i " i i ‘ " i
1 L] 1] 1] 1 L] 1] ] 1 L]
' . - . " . . : ' .
1 L] L] L] 1 L] 1] ] 1 L]

I 1 " ' " [l " ' 1 [l "
L S L LT T B A Lk L L L T T T B T
1 L] 1] 1] 1 L] 1] ] 1 L]

1 L] L] L] 1 L] L] ] 1 Ll
r 1 L] 1] 1] 1 L] 1] L] 1 L]
NI e e e et T Y S

I L] L] L] | " L} ' I "
: : : : : : : : : :
1 L] L] L] 1 L] L] 1 I 1
) : : : : : : : : : :
] i e e R S e “Saininintetet- et et S peee 7
1 L] L] L] 1 L] L] 1 i L]
/ : : : : : : : : : :
: : : : : : : : : :
‘w -------------------------------------------------------------------------
: : : : : : : : : :

ol i | | i i | | : L
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Fig. 4. - Transient of establishment of the temperature slab

The model could be simplified using a constant; however the model
was left expanded so that the variables like BTU and A/F ratio could be
easily changed.

Conclusions

The model controller is supervisory and can merely provide a set
point and feedback signal to the gas valve controller. Different modes
might be advantageous for different parts of the term cycle. Energy effi-
ciency and slab quality will determine how the system is set up.

The mathematical model of the reheating furnace may be less accu-
rate because the position of temperature measurement has less. The system
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identification method can be investigated the suitable mathematical model
only system with explicit input and output [3].

The reheating furnace has many mode of input in heating curve up
process. Therefore, it is necessary to approximately mathematical model.
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