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Summary of theoretical and academic contribution of the dissertation:
	This dissertation develops three novel synthesis processes for Compliant Constant Torque Mechanisms (CCTMs), fully automated in MATLAB, to optimize their torque stability characteristics.
· The first process employs the Genetic Algorithm (GA) in combination with the Finite Element Method (FEM) via ABAQUS to synthesize two novel CCTMs. Among them, CCTM-2 achieves a wide operational range of up to 110°, with torque stability maintained between 30° to 110°. Notably, CCTM-2 introduces an innovative design approach by stacking flexible beams in layered configurations enabling sequential deformation. This design extends the working range while ensuring the material stays within its elastic limit.
· The second process develops a mathematical model for a CCTM based on the Chained Beam-Constraint Model (CBCM) to calculate displacement, torque, and stress. The model is integrated into the NSGA-II (Non-Dominated Sorting Genetic Algorithm II) multi-objective optimization framework, significantly improving optimization efficiency and reducing computational time. This process results in CCTM-3, a compact mechanism with a torque stabilization range up to 80°. Notably, CCTM-3 achieves a torque stabilization ratio of 94.1% across its operational range, maintaining a stable tor que output of approximately 200 Nmm. The torque error is just 1.5% when comparing theoretical and simulated models and 3.7% when validated against experimental results.
· The third process integrates CBCM, First-Order Reliability Method (FORM) analysis, and NSGA-II to optimize CCTM design considering reliability. This approach accounts for random variations in beam geometry and dimensions caused by manufacturing errors, ensuring that the final product consistently meets design specifications. The resulting CCTM-4 features an ultra-compact design, incorporating a flexible hinge at one end of the curved beam to replace traditional fixed joints, thereby reducing stress concentration and overall size. CCTM-4 achieves a torque stabilization over a range of up to 88°, with an output torque error below 3% at a reliability level of 99.88%. These findings highlight the effectiveness and potential of reliability-based optimization in CCTM design.
	Additionally, this dissertation establishes experimental platforms for evaluating and refining the CCTM mechanism, including a cyclic loading test system to investigate its behavior under repetitive loads and a method for assessing shape and dimensional manufacturing errors of curved beams, thereby improving fabrication accuracy of compliant mechanisms with complex geometries..
On the practical side, the study proposes and implements a knee-assistive device integrating CCTMs to enhance mobility for individuals with knee dysfunction. While further refinements are required, initial results indicate that CCTMs offer advantages over traditional springs, facilitating daily activities such as walking and climbing stairs.
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