
  

 

    Compliant robots have been recently introduced in 
manufacturing environments to guarantee friendly 
interaction between the robot and environment [1-3]. 
However, the precise tracking performance that is typically 
required in an industrial environment in such robots is 
compromised due to the introduction of elastic elements. To 
satisfy accuracy and controllability requirements, a semi 
active damping transmission system shown in Fig.1 has 
been developed [4]. The system is able to make the arm rigid 
on demand to achieve higher precision, controllability and 
bandwidth, but when the semiactive damper is disengaged it 
is possible to exploit the benefits of compliance during 
interaction. In this system, a set of four piezoelectric 
actuators is employed to generate the friction torque on the 
clutching/damping plates, which are placed in parallel to the 
elastic elements and controlled so as to either regulate the 
transmission’s viscous damping or to introduce a level of dry 
friction [5].   

 
Figure 1.  Prototype of the CompAct™ actuator [4] 

For the actuation unit in Fig. 1 both the joint elasticity and 
the introduced (nonlinear) friction torque requires more 
challenging control algorithms to achieve precise position 
tracking. However, conventional PID controller at the link 
side (after the elasticity) cannot be used to precisely control 
link trajectories as the controlled plant will result unstable 
when link trajectories are fed back, [6]. A possible solution 
to this is the use of linear-quadratic regulator control, [7] 
however this method is based on a linear model and does not 
match well with the strong nonlinearity introduced by the 
clutch friction of the CompAct™ Actuator transmission 
system. In contrast to this, a sliding mode control-based 
strategy can permit the precise control of the link trajectory 
without incurring in instability issues and can easily take into 
account nonlinear terms such as dry friction. Sliding mode 
approach has been proved to be an effective control method 
[8] for robust control of nonlinear systems which include 
uncertainties.  
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Based on all above, this work presents a link position 
control scheme based on a sliding mode approach which is 
implemented on the CompAct™ actuator, Fig.1. The 
proposed control strategy summarized in Fig.2 deals with 
the unknown friction torque as a bounded uncertainty which 
is related to the normal clutch force Fn, [9].  

 
Figure 2.  Block diagram of the proposed control 

The control scheme is a first-order SMC to provide an 
accurate link position tracking of compliant actuation 
systems equipped with transmission clutch. A trade-off 
coefficient  for measuring the tracking error due to the 

nonlinear coupling between the motor and link is introduced 
to the control algorithm and an approximate variable for the 
nonlinear friction in the sense of Lyapunov is then designed.  
Results obtained in numerical simulations and through 
experiments confirmed the tracking accuracy and robust 
performance of the proposed control method.  
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