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Abstract:

Wave energy converter design has long been dominated by the paradigm of resonance—
tuning devices to amplify motion at specific frequencies. This seminar presents a combined
experimental and theoretical investigation of a novel horizontal-pendulum wave energy
converter that instead leverages nonlinear internal dynamics to enhance energy generation
through sustained rotation rather than bounded oscillations.

The device consists of a hemispherical buoy housing an internal pendulum. Through controlled
wave tank experiments, the coupled buoy—pendulum system is examined over a broad range
of excitation frequencies. The results show how surge, sway, roll, pitch, and yaw motions
combine to generate a time-varying horizontal forcing vector, providing a physically grounded
basis for design. They further demonstrate that the pendulum response is governed not by
resonance, but by the geometric structure of this forcing. Persistent rotation emerges when
the forcing components organize into a coherent, circulating vector field, producing a
continuous directional torque, whereas oscillatory or poorly organized forcing leads to
confined motion with limited energy capture. Notably, the rotation regime occurs outside the
natural frequencies of the buoy, revealing a fundamentally non-resonant pathway to
broadband energy capture.

By identifying the forcing structures that promote sustained rotation, this work shows how
device geometry, mass distribution, and coupling can be tuned to maximize efficiency across
a wide range of wave conditions. This perspective opens new directions for wave energy
technology, enabling converters that are inherently more efficient and adaptable to real ocean
environments.
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