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Abstract: Double-flexible-beam-coupling structures are widely used in the aerospace field, such as in so-
lar-wing-extension structures and solar-cell arrays. However, non-contact vibration measurements and sys-
tem control are some issues associated with double-flexible-coupled-beam systems. To address these,
herein, a measurement and control experimental platform based on a point-laser-structured-light-vision sys-
tem was constructed, and point-laser-visual-vibration-measurement research and vibration-control-algo-
rithm design were conducted. The point-laser-vision system was calibrated, and the vibration signal of the
flexible beam was extracted via image processing combined with a geometric method. The system-dynam-
ics model was established, and the parameters of the state-space equation were identified using a wavelet
transform and optimization method. A direct adaptive fuzzy cooperative (DAFC) controller was designed
to actively control the vibration of the double-flexible-beam system, and the Gazelle optimization algorithm

was used to optimize the controller parameters based on the identification model. Visual-vibration detec-
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tion and control experiments were conducted under fixed and translational motions of the double-flexible-

coupled-beam system. The experimental results revealed that the designed point-laser-vision sensor dem-

onstrated an improved vibration-measurement accuracy, and the DAFC controller exhibited a better con-

trol effect than the proportional derivative controller, as the former could suppress the vibrations of the dou-

ble-flexible-coupling beam more rapidly.

Key words: laser vision; double flexible coupled beams; adaptive fuzzy cooperative control; gazelle opti-

mization algorithm
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Tab.1 Dimensions and material parameters of flexible

beams and PZT patches"”

Parameter Flexible Beam PZT
Dimensions/(mm X
mm X mm) 800X 150X 2 60X 25X 2
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Fig.5 Schematic diagram of vibration detection when the

flexible beam is moving
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Fig.8 Vibration control experiment when sliding table is fixed
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