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Design and Educational Application of Nonlinear Multi-Frame Vibration Equipment
Liu Qinghua, Jiang Dong
School of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing
210037, Jiangsu Province
Abstract: The analysis of restoring force characteristics and vibration dynamics in spring,
beam, and plate structures constitutes essential components of theoretical mechanics courses.
Understanding the constraint types, stiffness damping, kinematic, and dynamic properties of these
structural systems plays a crucial role in enhancing students' comprehension of statics, kinematics,
and dynamics within theoretical mechanics. However, many institutions lack experimental teaching
facilities for theoretical mechanics instruction. This project proposes designing an experimental
system integrating theoretical concepts such as constraint types and force analysis in statics,
composite motion of points in kinematics, and kinetic energy theorem in dynamics. The system
includes a crank-slider mechanism converting motor rotation to linear motion, multi-layer frames
connected by beams, localized nonlinear oscillators, sensors, data acquisition systems, and a host
computer. Through excitation, installation, testing, and post-processing software, students can
experience the joy of applying theoretical knowledge to practical engineering, thereby facilitating
the development of an "integrative teaching method linking theoretical mechanics with engineering
vibration."
Keywords: Beam-plate structures; Dynamic characteristics; Multi-layer frames; Vibration

experiments; Theoretical mechanics education



