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I. Unsteady Aerodynamic Modeling

1.1 Fourier Ftmctional Analysis

The Fourier functional analysis to generate aerodynamic indicial integrals was developed
in Ref. 1. The computer code to calculate the model coefficients was further improved in Ref. 2.

However, the code still requires a user's occasional intervention to obtain reasonable results. To
make the code more user-independent, the following improvements have been made:

(1) The best values of the initial input variables for CL- , C D- and Cm-models are now chosen
intemaUy in the code.

(2) A systematic mechanism is established to allow a user to restart the calculation for a better
solution.

The resulting code has been applied to the F- 18 and F- 16XL data in the analysis of random
gust response. As a result, a paper in random gust response was written and has been accepted

for publication in the AIAA Journal (Ref. 3).

1.2 Generalized Dynamic Aerodynamic Models

The aerodynamic model based on indicial integrals is valid to represent the aerodynamics
in unsteady flight conditions. However, this model may require too much computing time for real
time simulation and does not clearly reveal the flight conditions for dynamic instability. As an

alternative, a generalized dynamic aerodynamic coefficient model, which is frequency- and
amplitude-dependent, is proposed. The results were published in Ref. 4.

In addition, the developed models were also applied to the prediction of aircraft-pilot

coupling (Ref. 5).

1.3 Fuzzy Logic Modeling

The modeling methods described in Sections 1.1 and 1.2 are applicable when only one
motion variable, such as the angle of attack, appears in the model. To generalize the aerodynamic

modeling methods to more motion variables, we developed a fuzzy logic modeling algorithm that
could handle complex modeling problems, such as one involving the angle of attack, sideslip,
control deflections, etc. Using this method, we developed a longitudinal unsteady aerodynarmc
model for an F-16XL configuration by combining more than 200 different data sets into one

model. The results were published in Ref. 6.

The same modeling technique was also applied to the rolling and yawing oscillation data
for the F-16XL configuration. It was also possible to incorporate the rotary balance data into the

present model. The rotary balance data are regarded as steady flow data and had to be represented
as a separate aerodynamic model in the past. The results were published in Ref. 7.



2. Flight Dynamic Simulation

The established unsteady Aerodynamic models for the F-16XL have been successfully
incorporated into a conventional flight simulation code for the purpose of investigating the

unsteady aerodynamic effects on flight dynamics. The ultimate purpose is to determine whether
using the unsteady aerodynamics models is more realistic in design for flight safety and in pilot
training in flight simulators. The results will be presented in August 2000 (Ref. 8).
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