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Abstract of Thesis

Bone serves as a critical structural component of the human body, yet various orthopedic conditions, such
as osteoarthritis, often require orthopedic surgical surgeries, including the use of artificial implants.
The precision of bone cutting during these surgeries is crucial for the success and longevity of the implants
Oscillating bone sawing is a common bone cutting technique employed for its precision in confined spaces and
minimal damage to surrounding soft tissues. However, challenges of excessive sawing forces pose significant
risks and complications during surgery. This study focuses on the oscillating bone saw, combining orthogonal
bone cutting and oscillating bone sawing experiments. Based on the material characteristics of bone and the
processing features of oscillating sawing, the research explores the mechanism of bone chip formation and
develops cutting models. By analyzing tooth tip trajectories and interrelations during oscillating sawing
relevant sawing mechanisms and sawing force models were proposed. Finally, a new oscillating saw mechanism
was presented based on an in—depth study of the sawing mechanism to reduce cutting forces.

In Chapter 1, the importance of bone cutting techniques, particularly oscillating sawing, in orthopedic
surgery was elucidated. The status and trends of bone sawing technology were outlined, and it was determined
that excessive sawing force represents a bottleneck in the development of bone sawing technology. This study
aims to propose a sawing force model and a novel sawing mechanism by investigating the causes of excessive
sawing force during bone sawing processes, ultimately aiming to reduce sawing force

In Chapter 2, the factors affecting sawing force in terms of oscillating saws and bone materials were
analyzed, including the blade edge shape, tooth shape, and tip trajectory, as well as the ductile behavior
of bone. These factors can lead to chip clogging, the impact force between the blade and the workpiece, and
the ploughing force due to negative rake angle, which can lead to excessive sawing force

In Chapter 3, both oscillating sawing and orthogonal cutting experiments were conducted to analyze the
bone sawing process. The observations and data collected on clogging phenomena, chip evacuation efficiency
with different blade shapes, the impact force generated during oscillating sawing, and the proposed chip
formation mechanism inform the development of the sawing force model in the next chapter.

In Chapter 4, to deeper understanding of the sawing process and guidance the design new blade shape and
oscillating sawing mechanism, a novel mechanistic model of the oscillating bone sawing process was proposed
for predicting the sawing forces, which including the component of impact force and ploughing force and
considering the influence of the varied cutting speeds and elastic deformation on sawing force. The model
was calibrated and validated through orthogonal cutting and oscillating sawing. The predicted results agree
with the experimental results and show how tooth rake angle and blade edge shape affect cutting force. As
a result, the model can be used to predict sawing force for medical training simulation or robotic-assisted
surgery and optimize the saw blade shape or blade movement to reduce sawing force

In Chapter 5, an innovative oscillating sawing mechanism was proposed to effectively inhibit the generation
and accumulation of impact forces, avoid negative rake angle contact with the workpiece. Oscillating sawing
experiments under various cutting conditions demonstrated that the proposed mechanism significantly reduces
cutting forces and prevents defects due to crack propagation of the bone and saw teeth damage. The proposed
design offers an effective mechanism to achieve small and stable sawing forces in bone sawing surgery, and
it inspires tailored oscillating saw techniques for specific machining needs, such as thin deep groove cutting

In Chapter 6, the results of this study were summarized, and prospects were discussed
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