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In minimally invasive surgery (MIS), the role of antagonistic soft actuators in enhancing
stiffness modulation, especially in procedures like transvesical prostatectomy, 1is becoming
increasingly important. While previous studies have primarily focused on single—pair actuators,

our investigation delves into the challenges of multi-DoF (Degree of Freedom) designs with
multiple chambers.Our study first identified the actuator’s key performance determinants. The
chamber’ s cross—sectional design significantly influences the actuator—endoscope interaction.
Through FEA (Finite Element Analysis) simulation and prototype tests, we discovered that wider
chambers amplify frictional forces, improving stiffness adjustability and overall actuator
performance. Leveraging this insight, we crafted a 3-DoF pneumatic actuator with six chambers
arranged in three antagonistic pairs. Our FEA simulations elucidated how internal stress
distributions within the actuator’s multiple antagonistic chambers, along with the structure
of the central hollow duct, collectively modulate stiffness. We pinpointed optimal stiffness
strategies and assessed their impact on actuator performance metrics, suggesting enhanced
surgical precision and adaptability.Preliminary surgical simulations were testament to our
actuator’ s potential, spotlighting its capability to elevate surgical precision and safety in

transvesical prostatectomy.



