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The airbags recently adopted by skiers and motorcyclists allow in many cases to reduce the shocks due to falls if not even to save the life of the athlete. They consist of accelerometers and gyroscopes that allow to a microprocessor to establish the exact athlete’s posture (eventually anomalous due to a fall), together with a GPS system that monitors the athlete on all the track.

The accelerometers provide to the microprocessor a tri-axial information that is interpreted as “posture maintained or lost” and therefore as a possible fall. 

The microprocessor will inflate the airbag proportionally to the deceleration revealed by the sensors. The inflation of the airbag is obtained by injecting a current inside a fuel tank (typically nitrogen) that quickly explodes. The microprocessor regulates that current intensity so as the higher the current the faster the inflation of the airbag.

1. Draw the block scheme of the acquisition/regulation chain identifying the input and output variables in every block and in particular the process variable.

2. Calculate the transfer function of the process highlighting what variable must be known.

3. Plot the Bode diagram of the loop function (process + actuator) discussing the eventual problems in terms of stability/instability. 

4. Considering a maximum acceleration equal to 10 m/s2 choose a suitable transducer and interface it with the microprocessor so as to reach a measurement accuracy equal to the 2%.
5. Briefly answer the following questions:
· what characteristics of the UJT and of the connected components make it suitable for turning on a SCR?

· what causes may give rise to electrical losses and phase shifts in DC motor?

· why a stepper motor is not typically used to exert a torque?
· why to use a Wheatstone bridge?
· explain the magnetic coupling and what transducer are based on it
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