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Main Outcome of the project (mention only the major points)

0 Optimization of complex manufacturing processes
Even complex processes like Bridgman casting, which can only be simulated using
computational expensive programs, can be successfully optimised by numerical methods. The
number of optimisation parameters should not exceed the range of 10-20 and parallel
computation must be used to get a significant improvement within a week.

o Optimization strategy
The Metamodel Assisted Derandomized Evolution Strategy (MA-DES) was found to be a
stable optimization algorithm for optimising the Bridgman casting process. It was used for
calibration of material and process parameters as well as different quality functions and
showed a stable and fast convergence in all applications. Here, fast convergence means the
identification of a good solution or a significant improvement within a small number of
necessary function evaluations.

0 Objective function definition
While single goals like a defined quality measure or a best fit to experimental results can
easily be transformed into a numerical objective function, it was found to be difficult to
combine contradictionary goals like a good quality and a low process time into one objective
function. Here a multiobjective optimisation strategy may be the better approach. The
investigation of multiobjective strategies will be the contents of following research projects.

o Parameter calibration
The MA-DES was successfully used to calibrate different material and process parameters for
an industrial Bridgman process for gas turbine blade production. One main outcome of the
calibration was that the simulation model underestimated the heat capacity of the Bridgman
furnace, because several parts of the furnace were neglected in the model, since they should
not directly influence the heat distribution. But the calibration showed that they, nevertheless,
have a significant influence on the heat capacity.
In addition, this application revealed that a calibration is mandatory for a quantitative
simulation of complex processes. A numerical optimization can be used very efficiently.

0 Quality optimisation
The likelihood of casting defects in a directionally solidified gas turbine blade could be reduced
to almost zero by optimising the time dependent temperatures of the heaters in the Bridgman
furnace. A reduction of the heater temperature shortly after the start of the withdrawal leads to
a significantly improved temperature distribution on the blade during solidification. The results
of the optimisation are currently applied by our industrial partners to the real casting process.

0 Quality and process time optimisation
Great effort was invested to achieve an appropriate definition of the objective function. While
the 3 quality criteria could be successfully integrated into one objective by a newly developed
approach (see above) the combination of short process time and good blade quality into one
objective was found to be difficult. By dividing the objective function into three parts, a useful
approach could be developed which could be used to improve the withdrawal profile of the
Bridgman process towards a better quality produced in a shorter process time. But the results
indicate that the use of a multi-objective strategy may be more promising when contradictory
objectives should be optimised simultaneously.
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