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Fuzzy Control for Multi-state Deformations of Variable-camber Wings
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Abstract: The design of continuously variable-camber wings integrating SMA and flexible structures
represented a crucial development direction for future morphing wings. To address complex flight environ-
ments and deformation requirements, wings should possess multi-camber deformation adjustment capabili-
ties and precise control performance. A variable-camber wing structure was presented driven by a three-
stage SMA wire actuator combined with modular flexible components, along with a multi-state deforma-
tion fuzzy control algorithm. First, by an open-loop test, the control logic was established based on mini-
mum energy consumption and heating stages. Subsequently, a multi-stage fuzzy PID control algorithm
was developed to handle SMA nonlinear driving characteristics and uncertain factors like load variations ,
ensuring precise deformation control across different camber states. Experimental results demonstrate that
the proposed multi-state fuzzy control algorithm may effectively achieve precise deformation control under
various variable curvature states. Compared with conventional PID control, the new control algorithm sig-
nificantly reduces settling time, effectively improves both mean absolute errors and maximum overshoots,
while maintaining good robustness.
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Fig.1 Variable-camber wing structure
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Fig.2 Variable-camber wing deformation control setup
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Fig.3 Flowchart of variable-camber wing deformation

control experiment
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Fig.6 Multi-state switching controller logic
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Fig.7 Schematic diagram of fuzzy controller for

variable-camber wing
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Fig.11 Wingtip displacements under fuzzy PID and

conventional PID control (no-load)
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Fig.13 Variable-camber wing with 100 g load
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Fig.14 Deformation state under constant current 1.4 A

drive after load application
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Tab.7 Performance comparison of two control

methods for state 1 Cunder load)

R ARTHRE2FHMESFER XL
Tab.9 Performance comparison of two control

methods for state 2 Cunder load)

Pl O | VR IR /ms | SE R4 xR 22/ pum | i RO I /mm
R PID 1540 9.922 0.034
3@ PID 2820 7.014 0.055
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Tab.8 Performance comparison of two control

methods for state 2 Cunder load)

Pl O 1 | P Ik E]) /ms | S 48 %R 22 /pm | f oK R A /mm
M PID 4050 9.936 0.028
38 PID 6130 41.893 0.088
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Pl g7 1 | VAT I ] /ms | S48 X R 2 /pm | K R R /mm
LR PID 5660 2.187 0.008
58 PID 8560 5.845 0.012
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