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A DSTRACf. We present a general method to solve an optimal control problem for a free
boundary system associated with a continuous casting process. Firstly, we formulate the physical
problem by using the enthalpy function of the system, which is a maximal monotone operator, By
the introduction of the Yosida approximation, we obtain necessary optimality co nditions. The n
numerically, we me a gradie nt method. Finally some numerical results are presen ted for two casc. of
contraiDtl.

•

1. "'troduedoD

The expansion of the continuous casting process has
been very important since ten years, principally for
two reasons: an economic motivation, for this tech
nique the price of the production is less than for the
classical method and a metallurgical reason, connected
to the quality of the steel. For those facts. it is very
interesting to develop methods to optimize the produc
tivity of a such system. Mathematically, we have a
free-boundary problem (solidification of the steel) of
Stefan type. The numerical methods to solve a such
problem have been very extensively studied, in parti
cular by the use of variational inequalities (Duvaut
1976. Lions 1975 ). In this paper, we formulate the
problem have been very extensively studied, in parti
tion, we can study very general problems (non-linear
diffusion operator, general boundary conditions, .• .) .
The optimal control problem, we consider, is to deter
mine a control (excha nge coefficient between water
and steel) to maximize the speed of the cast, with
different structural and metallurgical contraints. With
simplified problem, we present in this paper a numeri
cal method to compute the optimal control.

In the first part, we explain the physical problem
and the mathematical formulatio n. In a second part,
we define, for a semi-discretized problem, necessary

optimality conditions and we propose a numerical
method based on the gradient algorithm. Finally in
a last part, we present some numerical results.

2. The ront1ouow: ca.\lIoa prouSfli

2.1. Tire physical system

The principle of the continuous casting process is
to cast the steel in a mould the botto m of which is
constituted by the solidified ingot, which is conti
nuously extracted. The scheme of a such system is
given in Fig. I.

The steel is casted continuously in a copper mould
b~ a nozzle. !"t t.he end .of the mould, a very small
thickness, which IS sufficient to avoid break out is
solidified. In a second part . the steel is cooled by a
spray system, which is devided in different zones.
Each zone is independent. At the end of this part the
steel is cut by a cutting torch. '

Vfe ~istin~uish several types of products, following
their dimensions : slabs, blooms, billets.

2.2. Tire state equation

To modelize a such system, we consider the follow
ing equations. T, (res p. T,) denotes the temperature
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