Control & Automation revision questions
1. A temperature-measuring system has the following component sensitivities;
Transducer -		350 mΩ/°C
Wheatstone bridge - 	10 mV/Ω
Amplifier gain -	250 V/V
Recorder - 		0.2 cm/V
Determine the overall system sensitivity, and what is the temperature change if the recorder registered a movement of 8cm?  [0.175 cm/°C; 45.71°C]
2. An angular displacement measuring system has the following component sensitivities;
Displacement transducer -	120 mV/mm
Amplifier gain -		100 V/V
Pen recorder - 		0.5 deg/V
[bookmark: _GoBack]Determine the overall system sensitivity, and if the recorder displayed a movement of 15 deg, what would the displacement have been?  [6 deg/mm; 2.5 mm]
3. A simple hydraulic fluid system comprises of a resistance to flow (R) in series with an accumulator that acts as the hydraulic capacitance (C) in the system.  When subject to a sudden supply pressure (P), i.e. when a valve is suddenly opened fully, it is found to produce an output pressure drop across the hydraulic capacitance, pc which is given by the differential equation;

	What is the solution of this differential equation, i.e. how does pc vary with time?
	[Ans:  ]
What is the time constant of the system, and show that when time, t, is equal to 1 time constant, the pressure drop across the hydraulic capacitance is approximately 63% of the supply pressure P.
4. A second-order system is described by the following differential equation

	Where, x is the input of the system and y the output.  Determine
(i) The undamped natural frequency of the system, and		[5Hz]
(ii) The damping ratio.							[0.2]



5. A second-order mechanical system is modelled as a mass/spring/damper arrangement, whereby the differential equation is given as;

Force F is the applied step input to the system, where mass m = 5kg, coefficient of damping C = 25 Ns/m, spring stiffness k = 200 N/m, and F = 50N.
Determine the damping ratio, and hence state whether the system is under-damped, over-damped, or critically damped.				[0.395, under-damped]
Determine the percentage overshoot for the system.	[approx. 25%]
Solution:
First convert given system differential equation into standard form by dividing through by m, so that;
Now input given data and simplify;
				
Comparing directly with the second-order standard form yields;
		
And,			hence, system is under-damped.
Using this value of damping ratio in equation for percentage maximum overshoot will yield a value of approximately 25.4%.
6. A simple float-controlled water level system within an enclosed tank is found to have the following differential equation;
   
Where, k is a constant of proportionality, h is the instantaneous height of the water level in the tank, and H is the final level of the water.  What is the solution of the system differential equation, and if k has a value of 4, what will be the approximate time for the system to reach H?
							[ ; 1.25s]
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