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DA equal to -0.07 m. As a result, the total variation needed for q2 is -0.43 m/sec2 . 
The desired value of U1 is then easily computed as Ui = -0.43 m/sec2. 

The trajectories of the joint variables along the rectangular cycle are shown in 
Fig. 5, while the corresponding Cartesian forces F acting on the end-effector are 
given in Fig. 6. A stroboscopic representation of the arm motion is shown in Fig. 7, 
together with the end-effector trajectory corresponding to the rectangle in the qo. 
space. Points A', B ' , C', D' and E' are respectively the Cartesian-space images of 
the corners A, B, C, D, and A again. As expected, the closed rectangular trajectory 
in the qo. space does not correspond to a closed path in the Cartesian space. 
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Fig. 5. Evolution of the joint variables along the cycle. 
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Fig. 7. Arm motion along the cycle. 

7. Conclusions 

An analysis of redundant robots driven by end-effector generalized forces has been 
'Hade by using tools from nonlinear controllability theory. We have identified condi-
tions under which such systems may be cast into second-order triangular or Caplygin 
forms, and we have exploited these particular structures in order to design an end-
f'ili)ctor steering algorithm that achieves a desired joint reconfiguration in finite time. 
The PPR planar robot was used as a case study to illustrate the proposed approach. 

We are currently considering the design of feedback controllers to perform the 
,pt:onfiguration in a more robust fashion, as well as the application of our technique 
I." Inore complex redundant robots. Furthermore, it would be desirable to gain more 
Ili:;ight into the structure of the controllability conditions, in order to relate them to 
I.he dynamic properties of the mechanism. To this end, useful indications may be 
'lI,I.:.ined by investigating the integrability properties of the underlying second-order 
,Ii il'prenti,ll constraint . 

Finally, the tools int.roduced in this paper with reference to a special class of 
l'IH[e;r;u:tll:\.t(;d rnecha.nieal syst.ems might prove beneficial also in more general cas-
i'li. hi particlIlar, })()I.h t.llt' lIollJinear !:outro/lability analysis and the reconfiguration 

 al'I' qlli!;e' illi.I.l\I:dly applic,tl,k to  robots (Dr. Luca. et al., 
IP!W) 








