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Abstract
This short section gives a brief introduction to the Lecture Series AVT-167 Strategies for Optimization and Automated Design of Gas Turbine Engines (Complex Systems). The technical and business needs for optimization and automated design are discussed together with the aim and goals of the lecture series. Finally the agenda will be discussed and links to the individual papers and presentations are given.
1.0
Introduction to the Lecture Series
1.1
Why do we need optimization and automated design processes?
The main focus of the lecture series is the application of optimization and automated design processes for gas turbines. The gas turbine here is chosen as an example of a complex system but the tools, methods and techniques presented in this lecture series are not gas turbine specific. The described methodologies are equally applicable to any other complex systems. 
Gas turbines are complex systems characterized by strong interactions between the parts of the gas turbine. A typical gas turbine cross section is given in Figure 1. There are about 30000 parts in a gas turbine engine and the rotating parts are in close proximity to the static components of the engine. For increased efficiency the clearances between rotating and static parts are reduced more and more. At the same time these tight clearances need to be maintained in service for various operating conditions of the gas turbine. 
Some of the gas turbine parts are operating in a very challenging environment. A typical high pressure (HP) turbine blade of a large gas turbine can produce a few hundred horse power comparable to a Formula 1 racing car engine but at the same time is much smaller. The gas temperature these blade are operating in is typically above the melting temperature of the blade material and the turbine blade is protected by a thin film of cooling air. The blade is hold in place by a turbine disc. An analogy for the load a HP turbine blade puts on the turbine disc is illustrated in Figure 2. Under maximum operating conditions one HP turbine blade puts a load on the turbine disc equivalent to the weight of a London double decker bus. With a typical number of about 90 blades the centrifugal loads such a turbine disc needs to withstand is equivalent to 90 double decker buses carrying approximately 1000 people. At the same time the turbine disc itself is operating in a very hot environment.
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Figure 1: Typical gas turbine cross section.
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Figure 2: Analogy of the load a single HP turbine blade puts on the turbine disc during operation.

The turbine discs in gas turbine engines are designed NOT to fail as the consequences of a failure of a disc would be catastrophic for the gas turbine. The consequences of the failure of a turbine disc are illustrated in Figure 3.
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Figure 3: Analogy of energy contained in failed turbine disc parts.

A HP turbine disc under maximum rotational speed contains a large amount of energy. If such a turbine disc would fail it will typically break up in 3 main pieces. Each of the pieces contains the energy equivalent to a sedan car going at 100 mph. In another way this energy would be enough to throw the sedan around 300 feet into the air. The energy contained in one piece of the failed turbine disc would be enough to throw that piece approximately 1.5 miles. Now it is understandable that these parts are never allowed to fail. To achieve this, a very thorough understanding of the behaviour of such parts under all operating conditions and circumstances is required. The methods, tools and processes described in this lecture series are an essential part of gaining this understanding.
Finally, the development of a new gas turbine engine is a very expensive task and the market driven development times for a gas turbine are shortened more and more. Historically it took as long as a decade to develop a gas turbine engine whereas nowadays the essential development activities should be done within 24 month. At the same time the pressure on reducing the development costs of a gas turbine are ever increasing. The automated design processes described in this lecture series are essential to cope with these increasing business pressures and be successful in a competitive market place. 

1.2 
Aim and goal for the lecture series
The main emphasis of the lecture series is on the practical application to real world problems of the presented tools, methods and processes. There are already various classes, short courses and trainings dealing with optimisation methods and the theoretical aspects of these methods available [1, 2]. The lecture series is set-up in such a way to allow for interaction between the participants and between the participants and the presenters. The key focus for the lecture series is to start a dialogue between the participants and use some time to network with people interested in the same methods, tools and processes.
The lecture series has the following main goals:

· define terminology and present optimization techniques
· outline practical approaches to the formulation of automated gas turbine engines (complex systems) design tasks

· teach the methodology and the processes and NOT the tools
· present practical examples of component, subsystem and system level design and optimization tasks
· address key technical and human barriers.
1.3
Outline of the lecture series

This section gives you an overview of the presentations for the lecture series and also allows access to the papers and presentations via hyperlinks.
Table 1: Outline of the first day of the lecture series.

	Welcome and Coffee
	 
	 

	Introduction to the lecture series
	 
	presentation

	Introduction & Terminology
	paper
	presentation

	Global Optimisation
	paper
	presentation

	Coffee
	
	

	Local Optimisation
	paper
	presentation

	Complements on Surrogate Based Optimization for Engineering Design
	paper
	presentation

	Lunch
	 
	 

	Introduction for the section
	 
	 

	Case Study 1: High Pressure Compressor Blade (Montreal)
	not available
	presentation

	Case Study 1a: Concurrent Blade optimization with Component Interaction (Berlin)
	paper
	presentation

	Case Study 2: High Pressure Compressor Endwalls
	paper
	presentation

	Coffee
	 
	 

	Case Study 3: Component Level
	paper
	presentation

	Introduction for the section
	 
	 

	Case Study 4: Sub-system Level
	paper
	presentation

	Close of Day 1
	 
	 


Table 2: Outline of the second day of the lecture series.
	Welcome and Coffee
	 
	 

	Case Study 5: Long Term Advanced Propulsion Concept and Technologies (LAPCAT)
	paper
	presentation

	Case Study 6: System Level
	paper
	presentation

	Coffee
	 
	 

	Introduction for the section
	 
	 

	Case Study 7: PMDO Whole Engine Example
	paper
	presentation

	Case study 8: Honeywell Aerospace Improves Efficiency and Drives Innovation
	not available
	presentation

	Lunch
	 
	 

	Introduction for the section
	 
	 

	Geometry Parameterization
	paper
	presentation

	Tuning of optimization strategies
	paper
	presentation

	Coffee
	 
	 

	Cultural issues (e.g. Aero v Mechanical)
	paper
	presentation

	Future Developments
	
	presentation

	Discussion & Close
	
	presentation


Table 1 and 2 are listing the agenda of day 1 and 2 of the lecture series, respectively. Due to conflicts in the schedule the presentation of “Case Study 1: High Pressure Compressor Blade” delivered in Montreal (26th and 27th October 2009) was replaced by the presentation “Case Study 1a: Concurrent Blade optimization with Component Interaction” for the delivery of the lecture series in Berlin (9th and 10th September 2010). 
All the presentations and papers will also be available via a NATO RTO hosted web site.
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