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Exercise 1 

Consider the manipulator sketched in the picture: 

m1, I1

m2
l1

 

 

1.1 Find the expression of the inertia matrix of the manipulator. 
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1.2 Compute the gravitational terms for this manipulator. 

 

 

 

 

 

 

 

 

 

 

 

 

1.3 Write the dynamic model of this manipulator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4 What are the dynamic parameters of this model that can be identified with suitable experiments? 

 

 

 

 

 

 

 



   Signature:.......................................................... 

Exercise 2 

Consider a P/PI control system for a rigid servomechanism. 

Assume the following values for the physical parameters: 

Jm = 0.02 Kg m
2
 

Dm  0 

Jl = 3 Kg m
2 

n = 10 

2.1  Design a speed PI controller in such a way to obtain a crossover frequency cv  200 rad/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Design a P position controller in such a way to obtain a crossover frequency  cp  20 rad/s. 
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2.3 Assume now that the transmission joint has some flexibility. Sketch the typical root locus for the speed control 

loop in this case. 

 

 

 

 

 

 

 

 

 

 

 

 

2.4 Determine the minimum value of the stiffness constant Kel such that the design of the controller made at point 2.1 is 

adequate. 

 

 

 

 

 

 

 

 

 

 

 

Exercise 3 

3.1 Consider a cubic trajectory with zero initial and final speeds. Write the parametric expression of the trajectory, to 

be used in the kinematic scaling method. 
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3.2 Based on the parametric expression previously determined, derive the expressions of the maximum speed and 

acceleration as a function of the duration of the trajectory and of the distance to cover. 

 

 

 

 

 

 

 

3.3 Assume now that the trajectory discussed previously has to displace the variable q from the initial value qi= 0 to the 

final value qf= 30 and that the maximum values of speed and acceleration are: 60max q , 20max q . Compute the 

minimum positioning time. 

 

 

 

 

 

 

 

 

 

3.4 Briefly explain what is the goal of the dynamic scaling method and what is the main difference from the kinematic 

scaling method. 

 

 

 

 

 

 

 

Exercise 4 

4.1 Explain what is the mechanical impedance and for what reason it is interesting to assign a prescribed impedance to 

a mechanical system. 
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4.2 With reference to the one degree of freedom system sketched in the picture, suppose that you want to design an 

implicit impedance controller, which makes use of the measurement of the force at the end-effector. 

 Draw the block diagram of the controller. 
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4.3 Explain what result can be obtained with the control scheme previously described. 

 

 

 

 

 

 

 

 

 

 

4.4 Explain what is the advantage of an implicit control scheme with respect to an explicit one. 

 


