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method of TORA system
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Abstract;: Two different hierarchical sliding mode controllers are designed for an underactuated
translational oscillator with rotational actuator (TORA) system. Firstly, the TORA system is
separated into two subsystems according to the degrees of freedom. Each subsystem contains two
state variables, which are chosen to construct a sub-sliding surface. And the total sliding surface is
defined as a function of the two sub-sliding surfaces. For the two methods of hierarchical sliding mode
control, the first method is to define the total sliding surface as a piecewise linear function of the two
sub-sliding surfaces. With this method, the stability of each sub-system can be guaranteed
theoretically. The second method is to define the total sliding surface as a continuous linear function of
the two sub-sliding surfaces. However, the coefficient sign of the continuous linear function should be
determined by analyzing the model. Finally, simulation results demonstrate the feasibility of the two
controllers. Moreover, simulation results of the controlled system with the second method have better
performance than those with the first method.

Key words: robot control; underactuated; translational oscillator with rotational actuator; sliding
mode control
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Fig. 2 Simulation result of sliding mode control based on piecewise linear total sliding surface
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Fig. 3 Simulation result of sliding mode control based on model analysis
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Fig.4 Simulation result of sliding mode control based on model analysis when p=—1
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Tab.1 Comparison between two control methods
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