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ABSTRACT 

As one of the most fundamental control modes in robotics, force/torque (F/T) control plays an essential role in a wide 
range of applications. However, classical F/T control lacks effective means to regulate the convergence sequence of the 
controlled states, which is beneficial for many real-world tasks — for example, unknown surface contact, where the force 
should preferably converge later than the alignment angles to ensure sufficient contact and avoid dangerous 
misalignment. 
 
In this seminar, a novel nested fast terminal sliding mode control (NFTSMC) approach is proposed. This approach 
establishes a hierarchical structure for the controlled states, allowing their stability to be achieved both sequentially and 
time-synchronously within finite time — a property referred to as "Sequen-Sync." Moreover, the approach is verified 
through rigorous theoretical convergence analysis from two aspects: 1) sliding surface and sequential convergence, and 
2) reaching law and time-synchronized convergence. Finally, experiments using a 7-DoF robot manipulator to perform 
unknown surface contact control tasks are conducted to further validate the superiority of the proposed approach 
compared to existing sliding mode control (SMC) methods. The experimental results show that the proposed approach 
successfully achieves Sequen-Sync stability, leading to improved contact quality and enhanced safety. 
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