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EXERCISE 1
Consider the mechanical system depicted in the picture:
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The system is composed by a body of mass M subjected to a viscous friction force, proportional to
speed through the coefficient D, and an elastic force, proportional to position through the coefficient K.

1. Setting M = 1, K = 1, D = 2, find the transfer function G(s) from the force F to the position p.

2. Consider now the block diagram sketched in the picture:
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where KP = 100, while G(s) is the transfer function computed previously. Sketch the asymptotic
Bode plot of the magnitude of the loop transfer function of the control system.



3. Compute the crossover frequency and check that the phase margin of the control system is positive.

4. Check that the closed loop polynomial of the system (denominator of the transfer function from yo

to y) has negative real part roots.



EXERCISE 2

1. Consider the Ladder Diagram programming language for PLCs. Explain what is a normal timer
and how it works.

2. Consider now a drilling machine: when a START button is pressed, the drilling machine starts
moving down (variable GODOWN is true) and the spindle (variable SPINDLE) is turned on.
When the drill reaches a bottom position (variable BOTTOM is true) the machine stops its motion
downwards (variable GODOWN is false), while the spindle is still on. The machine remains in
such position for 10 s to make the hole, after which it moves upwards (variable GOUP is true).
When the drill reaches an upper position (variable UP is true) it stops and the spindle is turned
off. Program the system with a Ladder Diagram code.



3. Briefly explain what is a hard real-time system. What are the main features of a hard real time
operating system?

4. Briefly explain what is the token bus (or token ring) method for accessing a bus in a digital network.



EXERCISE 3

1. Explain what is the inverse kinematics problem for a robot.

2. Consider now the generation of a position trajectory in the Cartesian space. Select as an initial

point pi =

 3
1
1

 and as a final point pf =

 0
1
5

. Write the expression of a segment connecting

the initial and the final points, parameterized with the natural coordinate.



3. Assume a travel time T = 2s. Design a time law, which covers the path determined in the previous
step, using a cubic dependence on time.

4. Compute the maximum linear velocity of the end effector along the trajectory designed in the
previous step.


