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Fig.2 The main parameters affecting the Lyapunov exponent
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Table 1  System structure parameter

value

0.875kg
g 9.8m/s’
L 0.225m
Cyp 1.0792E-005
C, 1.8992E-007
R 0.125m
p 1.29kg/m*
IA
[?
[z
K

parameters

9.5065E-003kg + m?
1.00E-002kg + m?
1.658E-002kg + m?

1.7598E-002
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Fig.3 Two line method
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Table 2 Rotational inertia measurement parameter

rm)  a(m)  7(s7) w(rad/s) (kg - m?)
X 0.125 0.49 1.1716 5.3631 9.5065E-003

0.105 0.46 1.3860 4.5334 1.00E-002
VA 0.185 0.58 1.1374 5.5244 1.658E-002
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m=0.875kg, JEH GHLAT 0 L=0.225m, fig#
£ R=0.125m. il 1 25 $& T H A5 0] LIRS 2 M i &
JINNHEEE ¢=9.8m/s° , A p=1.29kg/m’. HAh

HAILRE 5 1 R B

K5 R 1T HALAL S KES R  aT A B AL
FEC,=1.0792E-005. &l 6 7~ T HHL I FE I
S5 AR R AL C, = 1.8992E-007.
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Fig.10  Lyapunov exponents spectrum after the modified the blade radius and arm of force
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STRUCTURAL PARAMETERS OPTIMIZATION AND STABILITY
ANALYSIS OF THE QUARDROTOR UNMANNED AERIAL VEHICLES
BASED ON LYAPUNOV EXPONENTS”

Chen Cheng"**"  Fu Weijie® Liu Na®’ Mao Chunlei®’ Han Jiwei’”’
(1.Nanjing Hydraulic Research Institute, Nanjing 210029, China)
(2. Nanjing Automation Institute of Water Conservancy and Hydrology, Nanjing 210012, China)
(3.Hydrology and Water Resources Engineering Research Center for Monitoring, Nanjing 210012, China)

Abstract  In order to improve the kinetic stability of quadrotor unmanned aerial vehicles, the effect of mechani-
cal and structural parameters on the system stability was studied. The process during yawing state is taken as an
example for investigation. According to the calculation process of Lyapunov exponents based on the dynamical
model , the key mechanical and structural parameters significantly influencing the dynamic stability were obtained.
The method of Lyapunov exponents was adopted to establish the relationship between such key parameters and the
motion stability, which was utilized to design the mechanical and structural parameters, and then to optimize the
stability control system. Finally, the theoretical analysis was validated through experimental tests. Compared with
the Lyapunov’s second method, the main advantage of this method is that it is easy to construct the process of cal-

culating exponent, which makes the stability analysis for complicated nonlinear systems possible.

Key words quadrotor unmanned aerial vehicles, mechanical-structure parameters, dynamic stability,

Lyapunov exponent
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