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Abstract:

Bolted joints are widely employed in high-load rotor systems such as aero-engines, where
frictional stick-slip at the interfaces significantly influences the system’s dynamic response. These
nonlinear effects cannot be captured adequately by conventional linearized stiffness models. To
address this limitation, a high-fidelity structural model of bolted rotor systems is developed using
the Carrera Unified Formulation (CUF). CUF provides a procedure for automatically and
hierarchically obtaining lower- and higher-order one-dimensional (1D) beam models. These
theories are formulated by expanding the unknown variables over the beam cross-section. Various
beam models can be implemented depending on the polynomial used in the expansion. In this
work, both Taylor-like and Lagrange polynomials are used to develop different kinematic models,
enabling an efficient and unified representation of three-dimensional (3D) elastic deformation. The
linearized equations of motion include the Coriolis and initial stress contributions [2]. A frictional
contact model is integrated to capture the time-varying stick-slip behavior at bolted interfaces.
Parametric analyses are conducted to investigate the effects of rotational speed, bolt preload, and
bolt number on both interface stick-slip behavior and the global rotordynamic response. The
proposed CUF-based methodology with bolted-interface friction modelling provides an effective
tool for analyzing bolted rotor systems and offers valuable insights for the design and performance
evaluation of bolted joints in rotating machinery.
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