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Design and Performance Verification of L1 Adaptive Flight Control Law
Considering the Change of Center of Gravity for Unmanned Tailless Aircraft
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ABSTRACT

Tailless aircraft have advantages of low visibility compared to conventional aircraft, but
drawback of poor stability as well which makes designing controller difficult. The controller
design is more difficult, especially when the center of gravity moves due to store release or
fuel consumption during flight. In this paper, an L1 adaptive controller is proposed as a way
to overcome these problems. The reliability and performance of the controllers were verified by
non-linear simulations. RPV Flying Quality Design criteria were used for design criteria. Using
the simulation, it is shown that the adaptive controller maintains stability of the unmanned
aircraft for sudden large change in the inertial properties. It is also shown that the calculation
burden can be reduced when it is used with the gain scheduling method.
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Table 1. Symbol Description

Variable Description

F Force

m Aircraft mass

%4 Aircraft velocity

w Aircraft angular rate

A Aircraft acceleration

M Moment

I Moment of inertia

subscript b Aircraft body axis

subscript z,y,2 body axis component
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Table 2. Longitudinal model information

Symbol Description Unit Input/State
U Forward velocity m/s State
W Vertical velocity m/s State
q Pitch angular rate | deg/s State
0 Euler pitch deg State
0, Elevator deg Input
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Table 3. RPV Performance indicator [11]

Category Roll Pitch
Attitude

maintense +1.0 deg +0.5 deg
Transient Overshoot not Overshoot not

response exceeding 20% exceeding 20%

Maintain within
o 5% of the
current speed

Velocity
change

Table 4. Performance analysis

Maximum
Category change Performance
Attitude maintense 0.031deg 6%
Transient response 0.49deg 35%
Velocity change 2m/s 20%
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Table 5. Initial Condition of simulation

Trim Variable Trim Value Unit
UV W [195.072 0 0] m/s
b arl [0 00 deg/s
lp 6 ] [0 2.9614 0] deg
Altitude 9144 m
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