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The robot arm dynamical€équation in Table 3.3.1 is

M(@)§+V(g,d) + Fog+Fa(d) +G(q) +7a= D
jmewt Vee.
with g(¢) e R” the joint variable vector 7(¢)and the ¢ ut. M(q) is the
inertia matrix, V(q, ¢) the Coriolis/centripetal vector, Fy(q) the viscous friction,
F4q) the dynamic friction, G(g) the gravity, and 7; a disturbance. These

terms satisfy the properties shown in Table 3.3.1. We may also write the
dynamics as

M(q)i+N(g,d)+ma=r, > Vv
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with the nonlinear terms represented by

N (q,q) = V{g,9) + Fug+ Fa(q) +G(q).
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Derivation of Inner Feedforward Loop

Suppose that a desired trajectory g4 (t) has been selected for the arm motion. To ensure trajectory

tracking by the joint variable, define an output or tracking error as
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To demonstrate the influence of the input T on the tracking error, differentiate twice to obtain
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Proportional-plus-Derivative (PD) Outer Loop
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Proportional-plus-Derivative (PD) Outer Loop
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