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1. Introduction

The highest gas turbine efficiency is achieved today with single-crystal (SX) or directionally solidified
(DS) blading material, commonly produced in a Bridgman furnace. The Bridgman process is controlled
by time dependent parameters (withdrawal speed, heater temperatures), which are ideal for the
application of numerical optimization [1]. In addition the blade casting is the most expensive process
during the manufacturing of a turbine making a reduction of the fabrication costs by optimization very
interesting for the industry.

In the first year a preliminary optimization loop has been developed based on the validated casting
simulation tool CASTS [2]. Goal of the optimization was an improved withdrawal profile for the
Bridgman process of a cluster of 3 SX blades. The simulation results were evaluated by 4 criteria:

e the probability of local freckle formation;

e the degree of curvature of the solidification front;

e the ratio G/v (temperature gradient over solidification speed) must be greater than a critical
value (~600 K/s), describing the transition from columnar dendritic growth to an equiaxed
grain structure;

e the process time.

A test of different optimization strategies showed that the MAES (see below) is an effective
optimization strategy in terms of convergence speed and robustness. It was successfully applied to
the optimization of industrial turbine blades. In this periode, the influence of the input parameter on the
simulation results were investigated in detail.

2. Metamodel-assisted optimization strategy

A problem with Evolution Strategies for the optimization of process parameter is the high number of
solutions needed to find an optimum. A derandomization was used to reduce this number to a
practical size below 100. For a further reduction a metamodel-assisted optimization strategy was
developed in the first half of 2003. The metamodel based strategies are compared with the standard
downhill simplex algorithm [3] and the derandomised evolution strategy (DES)

used so far [4]. For this comparison a simplified blade was used, which can be simulated with in one
hour. The results showed that the metamodel-assisted evolution strategy MA-DES outperforms
classical methods with respect to the results obtained with the same number of precise evaluations.

3. Application of the MA-DES to an industrial turbine blade

In the last period the MA-DES was successfully applied to the optimization of an industrial turbine
blade, the cluster of 3 SX blades mentioned above. The withdrawal profile was discretized using 6
velocity values at the withdrawal positions: 6 cm, 20 cm, 28 cm, 36 cm, 44 cm and 60 cm. For
comparison the turbine blade was also optimized by a downhill simplex (DS) algorithm. The DS starts
with a rather good solution but finds no further improvements. But the MA-DES could find a
significantly improved solution with a higher withdrawal velocity around 20 cm and a low velocity at 40
cm. Compared to a withdrawal profile designed by a casting engineer the numerical optimized
withdrawal profile leads to a higher quality of the blade within a shorter process time. A new
optimization using 11 velocities to describe the withdrawal profile could not show an additional benefit.




4. Integration into the Optimization tool box of the FH-Aargau

In this period CASTS was integrated into the Optimization tool box of the FH-Aargau. The tool box
comes with a JAVA based graphical user interface (GUI) (see figure 2), which simplifies the
combination of optimization algorithm, protocol unit, simulation distributor and application.
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Figure 2: Optimization tool box of the FH-Aargau

At the top of the chain is the optimization algorithm, a evolutionary strategy developed by FH-Aargau
(EAA). The different options of this strategy can be selected using the OPTION button. The n
parameter set, selected for simulation by the EAA, are given to the protocol unit, which writes to
information into a file and hands it over to the distribution unit. This unit distributes the n parameter
sets on the available computers for parallel simulation. Several CASTS simulations are then started on
the available network of workstations. The results collected into a POSTGRES data base. This
integration of a public domain data base program is one of the new features of the FH-Aargau tool
box. It simplifies the handling of the great amount of simulation data, acquired during optimization. The
optimization values of the parallel simulations are colleted by the distribution unit and passed to the
protocol unit, which memorizes the information and passes it on to the optimizer. Based on the results,
the optimization algorithm chooses the next generation of parameters for simulation.

5. Calibration of model parameter for heat transfer coefficients during gap formation

During solidification gaps can form between cast and mold due to the different thermal expansion
coefficients of the casts and mold material. For the simulation of this effect a thermomechanical model
was integrated into CASTS in the last years [5]. An important part of this model is the influence of the
gap formation on the heat transfer between cast and mold. For small gaps the heat transfer coefficient
decreases exponentially due to the reduced contact of the rough surfaces. For larger gaps heat
transfer is only possible by the gas between the two surfaces and by radiation. The exponential decay
of the transfer coefficient, the mean free path of the gas and the temperature, when the gap formation
starts, are model parameters, which have to be calibrated by experiments.

For our investigation we used the Svensson test case, an aluminum casting of a cylinder in a steel
mold, which is experimentally well documented [6]. The objective function was the least square




difference between the experimental findings and the simulation results.
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6. Conclusion

First, CASTS was integrated into the optimization tool box one partner in the COST 526 program, the
Fh-Aargau, which simplifies the handling greatly. Second, the MA-DES was successfully used to
calibrate parameter of a new physical model in CASTS, which describes the heat transfer between
cast and mold, when gaps are created due to the different thermal expansion of cast and mold. For
the next period, the FH-Aargau tool box and the parameter calibration will be applied to the
optimization of an industrial gas turbine blade.
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