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1. Project description

Control engineering is an R&D discipline that focuses on mathematical modeling of systems of a diverse nature, ranging from mechanical or electrical devices to biological, medical or social systems and networks, on analysis of their dynamical behavior, and aims at their control. The goal is in principle to design a controller that will make the systems behave in a desired manner. Active suppression of natural oscillations and vibrations in mechanical structures (e.g. transport vehicles) is one special instant in this framework. Active structural damping brings obvious high economical benefits. An embedded control system with low-cost components is typically much easier to develop and far less costly than a complete re-design of a mechanical structure itself, e.g. with higher stiffness or more expensive materials. 

The project was aimed at development and testing of effective algorithms and tools for design of active damping control systems. As a motivation and a test-bed for these tools, two prospective applications have been identified. TU Vienna and CTU are since March 2008 members of the European consortium ACFA 2020: Active vibration control for new aircraft with flexible structure (FP7, Collaborative project). They can therefore benefit strongly from the ACFA 2020 deliverables (namely physical and mathematical models) and know-how related to a future European passenger aircraft with low fuel consumption, low noise, and high efficiency. To assure for ride comfort and structural loads reduction, active vibration control of the aircraft lightweight and unconventional construction is required. The other application studied within the AKTION project was active control of structural vibrations in a scaled car body for metro vehicles. The control concept involves piezoelectric stack actuators to influence structural vibrations of rail car bodies and thus to improve passenger ride comfort, at the same time allowing for reduced rail car mass, driving energy requirements and simplified construction as compared to conventional stiffening methods. This innovative approach is presented in a recent publication at the IFAC 2008 world congress, being included in the shortlist of the best control application papers.

      Principal project goals: 


· Initiate closer cooperation in modern methods for active vibration control in mechanical systems and structures between the CTU and TU Vienna. 

· Development of new control algorithms for active vibration reduction.

· Involve Ph.D. students of both parties and organize mutual exchange visits to speed-up the progress of their research towards dissertations.

· Organize specialized ECTS-recognized lectures for graduate students, given by the visiting researchers at respective host organizations

2. Exchange programme 

Stays of particular involved researchers within this bilateral cooperation have been realized according to the plan given in the proposal. To sum up, senior members of both teams (M.Hromcik CTU, M.Kozek, TUV, assistant professors) spent in total from one to two weeks each at the partner university, while the junior members (T.Hanis, P.Kujan, A.Schirrer, C.Westermayer, M.Hemedi) travelled much more intensively (1-2 months each). 

3. Publications

The scientific papers constituting deliverable D1 are listed in the following. Due to highly active and effective collaboration not only two joint papers have been published (the first two in the list); two additional papers, one per partner, were created in direct and indirect connection with the present AKTION project.

A. Wildschek, R. Maier, M. Hromcik, T. Hanis, A. Schirrer, M. Kozek, C. Westermayer, M. Hemedi; Hybrid controller for gust load alleviation and ride comfort improvement using direct lift control flaps; EUCASS 09; July 6-10, 2009, in Versailles, France

M. Hromcik, T. Hanis, C. Westermayer, A. Schirrer, M. Hemedi, M.

Kozek; Optimal sensor placement in flexible structures: energy vs.

information based criteria; MATHMOD 2009; February 2009; Vienna Austria
T. Hanis, M. Hromcik, Optimal sensors placement and elimination of undesirable mode shapes, European Control Conference 2009, August 2009, Budapest.
C. Westermayer, A. Schirrer, M. Hemedi, M. Kozek: An advanced criterion for optimal actuator and sensor placement on complex flexible structures; Presentation: IFAC Workshop on Control Applications of Optimisation 09, Jyväskylä, Finland; 06.05.2009 - 08.05.2009; in: "IFAC-PapersOnLine", (2009), 6 S.
4. Joint educational activities
Two joint courses, one at CTU and one at TUV, were implemented within the  project.Formally, these courses were incorporated into the official curricula as advanced, special lectures in accordance with the ECTS system recognized at both involved partner institutions
· Flexible structures control, held at CTU Prague, Nov 2008, 2009

· Flight control design, held at TU Vienna, March 2009

4.1 Flexible Structures Control

The Ph.D. course “Flexible Structure Control” has been implemented and acknowledged officially at CTU (4 ECTS). The course takes form of intensive lectures and labs series, realized during one week.

Two runs have been realized, thanks to the AKTION project. First year (Autumn 2008), the course was given completely by the TUV partners for their deep experience in mechanical structures and their active damping that they acquired in their previous projects. For the 2nd round, however (Autumn 2009), also the CTU partners stepped in with two lectures on results realized within this AKTION cooperation and thanks to related activities (EC FP7 project ACFA 2020, www.acfa2020.eu). Number of students (Ph.D. and Ms.C.) was 7 in the first round and more than twice as much – 15 – in the 2nd round.  

It is quite obvious that

· the course has become very popular among the CTU students who can now gain knowledge previously unavailable at CTU

· CTU researchers has gained valuable knowledge very rapidly, during one year, and can now significantly contribute to the course content; this is difficult to imagine without the AKTION project

· the course is very strong and sustainable; it is officially acknowledged at CTU and will be provided to interested students in the years to come

4.2 Flight Control Design
The course “Flight control design” was a one-time event for the Austrian members of the AKTION consortium and interested staff at TUV (total number of 5 attendees), given by CTU researchers. The goal was to share CTU knowledge on classical and modern autopilots so that subsequent vibrations reduction techniques could be employed. Such a way, the TUV staff was efficiently involved in the topics of flight mechanics, modelling, simulation and control.
5. Conclusions

The goals given in the project proposal were fulfilled. Putting the two parties together resulted in

· two joint publications 
· speed-up of dissertations progress of involved Ph.D. students
· implementation of two courses at both involved universities
· rapid and effective expertise exchange between the groups, with strong synergy effect
· last but not least: also social aspects were important throughout the exchange visits, including informal and spontaneous social events; learning the partner’s country and institute culture, seeing the similarities and differences, was invaluable especially for the junior researchers / Ph.D. students involved in the team         
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