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Exercise 1

Consider the manipulator sketched in the picture:
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1.1 Find the expression of the inertia matrix of the manipulator?.
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1.2 Write the expression of the gravitational terms for this manipulator.

1.3 Write the expression of a “PD + gravity compensation” control law in the joint space for this specific manipulator.

1.4 Writhe the expression of a “PD + gravity compensation” control law in the operational space for the generic
manipulator.



Exercise 2
Consider a kinematically redundant manipulator.

2.1 Explain what the “null-space motions” are.

2.2 Write an expression for the null-space motions, explaining the meaning of each symbol used.

2.3 Consider now motion planning of the end-effector position. Select as an initial point p; = [1, 0, 1] and as a final
point ps = [3, 2, 2]. Write the expression of a segment connecting the initial and the final points, parameterized
with the natural coordinate.



2.4 Assume that the maximum linear velocity and the maximum linear acceleration of the end-effector are given by
Viax =2 M/s and a,, =3 m/s?, respectively. Assuming a trapezoidal velocity profile, find the minimum travelling

time for the trajectory.

Exercise 3
Consider the decentralized control of a manipulator.

3.1 Explain what is meant with “independent joint control”.

3.2 What is the property of industrial robots upon which such method heavily relies? Why?



3.3 Assume now that the joints are affected by flexibility: sketch the root locus of the speed control and explain what
is the graphical method to tune the speed controller based on such locus.

3.4 Assume now the following values for the physical parameters of one of the joints :
J=9Kgm?, p=2,n=230, Ky = 400.

Tune a PI speed controller for this servomechanism.

Exercise 4

4.1 Explain the difference between an impedance control and a force control.



4.2 Sketch the block diagram of an implicit impedance control scheme for a single d.o.f. system.

4.3 Sketch the block diagram of an implicit force control scheme for a single d.o.f. system, in contact with an
environment.

4.4 Assume that the contact established with the environment is practically rigid and that the system of item 4.3 is
position controlled with a PID, whose gains are Kp = 60, K, = 10, Kp = 50. Find the expression of the force
controller, tuned to achieve a bandwidth of 30 rad/s.



