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Abstract: Reasonable sensor placement is the prerequisite for effective structural vibration monitoring. Subject to the
strict lightweight constraints of spacecraft structures, optimizing sensor layout and quantity to reduce the weight of sensing
systems while ensuring monitoring accuracy is a key issue for spacecraft structural monitoring. Aiming at the sensor
placement optimization problem, an improved optimization criterion is proposed based on modal energy output ratio.
Taking the modal energy output ratio as the weight factor, the weighted eigenvalues of the Gram matrix are maximized to
improve the energy concentration of modal observation, thereby realizing the minimization of sensor deployment quantity.
A four-edge clamped plate is taken as the research object, and the sensor energy output characteristics under impact load
and sinusoidal vibration conditions are analyzed by combining finite element simulation and experimental tests. The
performance is compared with the layout results obtained by the classical Bruant optimization criterion. The results show
that the piezoelectric sensors arranged by the proposed improved criterion can effectively collect multi-order modal
vibration signals of the structure and significantly enhance the sensor signal output strength. This study provides a novel
and feasible technical approach for the optimal layout design of sensors for spacecraft structural vibration monitoring.
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