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Abstract

To address the limitations of traditional dynamic vibration dampers—such as low modeling accuracy, poor optimization efficiency,
and weak adaptability—a novel “Model-Optimize-Control” integrated solution combining Physically Informed Neural Networks
(PINNS) is proposed. First, a multi-physics constrained PINN model incorporating material nonlinearities and contact nonlinearities
is constructed. A hierarchical loss function balances data and physical information, enabling high-precision modeling of nonlinear
damper systems with minimal data (hundreds of samples) and prediction errors <5%. Second, a dynamic precision-adjusting PINN-
NSGA-III multi-objective optimization framework reduces damper optimization cycles from 7-10 days to 1-2 days, achieving global
optimization of vibration suppression rate, bandwidth, and robustness. Finally, “Structured Pruning + Knowledge Distillation”
achieves PINN lightweighting (60% parameter reduction, prediction time <5 ms), combined with Model Predictive Control (MPC)
for adaptive control strategy design. Validation on a cantilever beam test bench demonstrates improved vibration suppression rate
to 45.2%,32.1% effective bandwidth expansion, and performance degradation controlled within 8.7% under parameter fluctuations,
meeting stringent vibration control requirements for high-end equipment like aero-engines and ultra-precision machine tools.
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