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Aims and Objectives
Dynamically substructured system (DSS) is a hybrid testing method with a combination of numerical simulation processes and real hardware experiments. The goal of DSS tests is to evaluate the dynamic behaviour of engineering structures with assured stability and reliability before their implementation. The innovative DSS technique provides the advantages of reduced cost with respect to traditional full-size field measurements, which can be extremely expensive concerning the actuation facility and experimental space, especially in the civil engineering area, or to pure numerical simulations, which by definition are based on models that may not be very representative of the real device, especially in modelling nonlinear components.

The key to the success of DSS tests requires seamless interaction at the numerical and physical interface via an additional transfer system, which includes mechanical support frames, actuators and sensors. However, nonlinearities, uncertainties and noise in the transfer system sometimes destabilise the tests. In addition, the numerical and hardware dynamics also impose constraints on the selection of displacement or force control, known as mixed-mode control and causality problems. All these issues make the design of overall DSS control systems challenging.

The aim of this project is to extend the known control techniques, which are mainly based on linear controllers, to tackle the robustness and causality control issues, and to generalise the application to mechanical and earthquake engineering areas. The first part of the project, to be carried out at Liverpool (maximum duration: 18 months), will be devoted at developing the theoretical and simulation framework. Then, the student will spend a maximum of 24 months at NTHU to validate and apply the theoretical work to lab test rigs and to further refine the proposed techniques. Finally, the student will spend a maximum of 6 months at UoL to perform the final refinements to the techniques and to write the thesis. 

The successful application will have a 2:1 honours degree or above (or equivalent) from either a mechanical or electrical engineering background that includes basic knowledge of dynamical systems, control techniques and programming skills. An interest in both theoretical and experimental control systems is preferred.

Any student interested should contact the primary supervisors, Dr Paolo Paoletti (P.Paoletti@liverpool.ac.uk) and Dr Jia-Ying Tu (jytu@pme.nthu.edu.tw) as soon as possible for further information.



Facilities to be used
The work at the University of Liverpool (UoL) will be mostly theoretical and numerical, based on Matlab and Simulink analysis. During the period at National Tsing Hua University (NTHU), the student will have access to all the testing facilities at the Advanced Control and Dynamic Test Laboratory, including dSPACE control system and servo mechanical actuators, under Dr Tu’s supervision. Furthermore, in order to generalise the proposed techniques to civil engineering tests, possible experiments will be carried out at other partner universities in Taiwan, with access to large-scale shaking tables. The theoretical and experimental results will be fully exchanged between UoL and NTHU.

Funding details
NTHU: For NTHU based students, top-up support for stipend will be provided at a rate of NT$10,000 per annum during NTHU stay from departmental TA support for the first three years. In addition, NTHU will support a monthly stipend of $10,000 TWD. 
[bookmark: _GoBack]Both University of Liverpool and NTHU have agreed to waive the tuition fees for the duration of the project.

