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Rotary cranes are widely used for heavy-load handling in various worksites; however, controlling loads
remains challenging, and safe operation continues to rely heavily on skilled operators. Although the
lattice boom—the primary structural component—offers high lifting capacity, its complex truss structure
makes it susceptible to localized stress concentration, leading to fatigue damage or even buckling under
inappropriate operation or excessive load sway. Accordingly, many studies have conducted research to
improve safety and work efficiency through advanced load-sway suppression. However, most prior
research has primarily focused on positioning accuracy and residual load sway suppression, while
comparatively few studies have addressed the dual objectives of enhancing work efficiency through high-
speed motion and reducing the mechanical stress induced during rapid operations. This study aims to
generate optimal motion trajectories that simultaneously improve operational efficiency and reduce
mechanical stress during high-speed crane motion.

Chapter 2 investigates high-speed operations performed by skilled operators using an actual-scale
rotary crane. Detailed measurements of load-sway behavior, stress responses in the lower region of the
lattice boom, and rotational motion trajectories were conducted. The analysis identifies characteristic
motion patterns unique to skilled operators and clarifies the mechanism by which tangential load sway
increases boom stress, thereby highlighting critical issues that arise during high-speed operation.

Chapter 3 develops a dynamics model that describes the motion of the load and confirms its validation
through comparison with lab-scale crane experiments. The results confirm that the model accurately
reproduces the load sway characteristics observed in actual crane motion.

Chapter 4 generates an optimal motion trajectory based on a two-stage S-curve trajectory derived from
skilled-operator motion patterns. Based on machine performance limits and residual load sway
suppression constraints, the motion trajectory is minimized in total motion time. Simulations and lab-
crane experiments demonstrate that the generated trajectory effectively suppresses residual load sway not
only during single rotation but also during multiaxial motions involving rope-hoisting and boom-luffing
motions.

Chapter 5 generates an optimal motion trajectory for reduction of mechanical stress during high-speed
motion by focusing on the lattice-boom stress increase caused by tangential load sway. Through
comparative analysis of multiple motion trajectory candidates in prior studies, effective features for
reducing tangential load sway were identified, and a trajectory tailored to the structural characteristics of
lattice-boom rotary cranes was designed. The proposed motion trajectory reduces tangential sway by
30.6% relative to the two-stage S-curve trajectory. In addition, it decreases maximum stress amplitude
by 17.7% relative to the skilled trajectory, as verified through finite element analysis based on actual
crane specifications. Additionally, fatigue evaluation based on ISO 4301-1 indicates a 2.7-fold increase
in mechanical lifespan, demonstrating the trajectory is effectiveness for long-term crane operation.

Chapter 6 proposes a real-time trajectory modification method that accounts for small variations in
desired rotational angle. By linearizing the crane dynamics model and applying quadratic programming
to generate modified motion trajectories, the generated motion trajectory maintains high load sway
suppression performance while relying on only a single reference motion trajectory.

Chapter 7 concludes the study and outlines future research directions.




