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Meeting minutes of Modeling and Control of
Aeroelastic/Aeroservoelastic Systems via
Nonlinear Reduced-Order Modeling D4 Review

Date: 4 May 2014

Time: 9:30 AM — 12:00 PM,

Venue: Seminar room, Level 8, Temasek Laboratories

Attendees:

FSTD: Johnson Tang

DSO: Jiang Yi-Tsann, Yeo Wei Kiong Matthew

TL: Khoo Boo Cheong, Ting Sing Kwong Joseph, Lai Kwok Leung, Lu Zhenbo, Debiasi Marco, Cui
Yongdong

NCNU': Lum Kai Yew

1. Opening Remark

Meeting called to order at 9:30 am by Dr Lai Kwok Leung. Dr Lai introduced the purpose of the
meeting as a fulfillment of the D4 deliverables of the aero-servo-elasticity (ASE) research program.
The program’s objective is to develop methodologies for aeroservoelastic analysis and design, and to
apply the developed methods in the design of control law for flutter suppression. The research entails
both numerical investigations and experimental studies. The former involve computation and
modeling of unsteady aerodynamics, structural dynamics analysis of aeroelastic wing, reduced-order
modelling, and control law design; while the latter involve the design, fabrication, and wind-tunnel
testing of a flexible aeroelastic wing. Research developments reported in the meeting includes
computational aeroservoelastic modeling of flexible wings, nonlinear reduced-order modeling and
identification, and active control design for flutter suppression for aeroservoelastic systems.

2. Presentation of Technical Report

Dr Lai presented the research developments for computational aeroservoelastic (CASE) modeling
and simulations. He reviewed the CASE techniques developed in the program and their uses in
deriving a flutter suppression control design, together with results of benckmark studies includng the
BACT wing, transonic flutter of AGARD wing, F-5 aircraft, F-16 model, and flutter boundaries of a
wing-flap model.

Dr Lai presented the structure model of the prototype wing and its results of structural dynamic
analysis by using Abaqus finite element analysis and its CAE results calculated for system
identification. Regarding the FEA calculated structure dynamic properties of the prototype wing,
Mr. Tang enquired if verification studies performed to validate the accuracy of FEA calculation. Dr.
Lai responded that the FEA results were compared with experimental results of the shaker test and
the wind-induced vibration test based on the physcial wing model; results shown that the natural
frequencies predicted by FEA were in accord with the experimental results. Due to lack of
equipments, the natrural vibration mode shapes were not measured in experiments and thus
comparison of mode shapes with FEA were not done. Dr. Lai also cautioned that the structural
design of the prototype wing with many interfacial contacts would inevitably introduce nonlinear
structural dynamics which was not addressed in the FEA model. Mr. Tang inquired if modelling
accuracy be improved by adopting a simpler structural design. Dr. Lai responded that the prototype
wing was designed to be flutter at the TL’s wind tunnel testing condition; among the different
designs, including solid wings, the current design was found suitable for the proposed flutter test.

Regarding the CASE techniques, Mr Yeo enquired if aerodynamic model such as panel method can
be used instead of the current model based on the Euler and Navier-Stokes equations. Dr. Lai
responded that the choice of aerodynamic model in CASE calulations was bsaed on the prominent
flow characteristics, Euler equations and Navier-Stokes were used to enhance modeling fidelity, while
panel model based on potential flow theories was generally used for low-fidelity calculations.

Prof Lum presented the progress of research developments in reduced-order modelling (ROM) and
identification, and flutter suppression control design. He reviewed the timeline of development of
ROM techniques in the program, and the various techniques explored. These techniques included the
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ARMA model, p—Markov structure, Hammerstein correlation techniques in block model structure,
Hammerstein-Wiener with p—Markov structure in non-block model structure. He presented the
ROM-predicted flutter boundaries to demonstrate the accuracy and viability of different ROM
techniques developed. Regarding the flutter prediction results, Mr. Yeo inquired which were the
flutter modes according to ROM prediction. Prof Lum responded that the flutter boundaries were
calculated by using stability analysis in which the speed index was increased from zero until it
reached a value where a eigen-pair crossed the imaginary axis. This value was considered as the
flutter speed index, and the eigen frequency as the flutter frequency. In this approach the flutter
modes were not tracked.

For the different ROM techniques, Dr Jiang raised the question of how would one determine the
accuracy of the computed ROM. Prof Lum responded that the ROM was calculated by system
identificiation techniques based on a given set of input-output data that the resulting ROM would of
course match with this data; the ROM should be tested with another set of data if made available.
Moreover, Prof Lum pointed out that other parameters such the order of ROM, the value of transfer
delay had to be determined properly in order to arrive at an accurate ROM, and to avoid problems
such as numerical noises.

Prof Lum reported the research in robust control design for flutter suppression. He presented the
control architecture for flutter suppression, the linear FSI system, modeling of speed index
uncertainty, and low-order controller design. Prof Lum presented the preliminary results of flutter
suppression using the developed control design which shown about 10% improvement of flutter
boundaries. He highlighted that the present prototype wing model exhibited significant nonlinearity,
of the second mode in partiular, the ROM techniques were revised in order to better represent the
dynamics of the physical system.

For the current flutter suppresion control, Mr Yeo inquired if the method of gain scheduling could be
implemented to enlarge the coverage of flight conditions of the controller. Prof. Lum replied that the
current control design was based on ROM technique and the fact that different flight conditions
would call for different ROMs, which would lead to a complex system and thus not a practical way
to enhance controller robustness. On a related note, Mr Yeo suggested that, in order to test the
controller’s robustness, flutter suppression tests would be performed for different prototype wings.

Mr Tang enquired the details of the experimental tests to be conducted to demonstrate the
developed control design for flutter suppression. Prof Lum responded that the experimental tests
would be conducted with the prototype wing and control inputs would be the kinematic information
such as displacements and velocities picked up by accelerometers, and control outputs would be
trailing-edge flap deflections. He further pointed out that the methodology developed based on the
numerical model was using modal values as inputs; since the measured values by accelerometers
would be in physical units, a conversion matrix would be required to transform values from modal to
physical values as inputs to the controller.

. Other Business
There being no other business.
Meeting adjourned at 12:00 PM.

Minutes taken by Lu Zhenbo

Vetted by Lai Kwok Leung





