

	Written Test No.2	July 31, 2020
[bookmark: Testo2][bookmark: Testo3][bookmark: Testo4]Surname	COGNOME	Name		Nome     Student code	matricola
There is no need, 
and actually, it is NOT allowed using the scientific calculator to make this test
Section 1: QUIZ
1. A process with a transfer function having a negative gain is said to be reverse acting
[bookmark: Controllo3][bookmark: Controllo2]	True|_|	false |_|
2. The higher the characteristic time of a self-regulating process is, the faster the input step test response approaches a new steady-state.
		True |_|	false |_|
Section 2: QUIZ
1. With a direct acting controller an increasing input will cause an output which is
[bookmark: Controllo12]a.  |_|decreasing
[bookmark: Controllo13]b.  |_|	increasing
[bookmark: Controllo14]c.  |_|	continuous
[bookmark: Controllo15]d.  |_|	pulsating

2. The offset is:
[bookmark: Controllo16]a.  |_|	y – ySP(t)
[bookmark: Controllo17]b.  |_|	ySP(t) – y 
[bookmark: Controllo18]c.  |_|	y – ym(t)
[bookmark: Controllo19]d.  |_|	Always positive 


Section 3: DYNAMIC REFERENCE MODELS
3.1. Properties of the 2st order dynamic response
A 2nd order linear dynamic system has a static gain Kp=3, a time constant =1/5 s, a damping factor =0.2. For the unit step response:
To answer, DO NOT use FORMULAS but the generalized diagram of dynamic response to unit step.
a. How much is the dynamic response after a time t=1 s?
Type your answer here! There is no text limitation

b. What is the overshoot?
Type your answer here! There is no text limitation

c. How much is the overshoot?
Type your answer here! There is no text limitation


d. What is the decay ratio?
Type your answer here! There is no text limitation

e. How much is the decay ratio?
Type your answer here! There is no text limitation

f. How much is the oscillation period?
Type your answer here! There is no text limitation

g. How much is the rise time?
Type your answer here! There is no text limitation

3.2. Parametric model
A process is described by the following ODE:


where 
y(t) is the state variable as a deviation variable, 
f(t) the input variable as a deviated variable and 
p is a parameter.

a. What order is this dynamic system?
Type your answer here! There is no text limitation

b. Determine the transfer function, Gp(s), of this process

[bookmark: Testo1]OTHERWISE Type your answer here!

c. Assign a suitable value to parameter p so that P=1.5 min
Type your answer here! There is no text limitation

d. Provide an example of forcing function f(t) in the time domain that makes BIBO unstable its dynamic response
Type your answer here! There is no text limitation

e. Assign another value to parameter p so that this dynamic system becomes purely capacitive
Type your answer here! There is no text limitation



3.3. The mathematics of dynamic system
a. What is the Transfer Function?
Type your answer here! There is no text limitation

b. For which type of Transfer Function does the characteristic polynomial exist?
Type your answer here! There is no text limitation

c. In which case is the Transfer Function defined strictly proper?
Type your answer here! There is no text limitation

d. What is the characteristic equation?
Type your answer here! There is no text limitation

e. What are the poles?
Type your answer here! There is no text limitation

f. What does self-regulating dynamic system mean?
Type your answer here! There is no text limitation



3.4. Stability of dynamic system
The figure plots a single pole or a pair of poles of the transfer function on the complex plane and the corresponding impulse response in the time domain.
For each line in the figure: 
1) classify the type of pole on the complex plane;
2) find and write here the corresponding time-domain law of the impulse response;
3) state if the dynamic system originated by that pole is BIBO stable, marginally stable or unstable.
[image: Immagine che contiene testo, mappa

Descrizione generata automaticamente]
a,1)Type your answer here! There is no text limitation
a,2)Type your answer here! There is no text limitation
a,3)Type your answer here! There is no text limitation


b,1)Type your answer here! There is no text limitation
b,2)Type your answer here! There is no text limitation
b,3)Type your answer here! There is no text limitation

c,1)Type your answer here! There is no text limitation
c,2)Type your answer here! There is no text limitation
c,3)Type your answer here! There is no text limitation

d,1)Type your answer here! There is no text limitation
d,2)Type your answer here! There is no text limitation
d,3)Type your answer here! There is no text limitation

e,1)Type your answer here! There is no text limitation
e,2)Type your answer here! There is no text limitation
e,3)Type your answer here! There is no text limitation

f,1)Type your answer here! There is no text limitation
f,2)Type your answer here! There is no text limitation
f,3)Type your answer here! There is no text limitation


Section 4: PROCESS CONTROL 
4.1. Feedback control
The figure shows a simplified PI&D of the pH feedback control in a perfectly mixed tank.
NOTE:
please note that the manual valve downstream the pump is CLOSED.
[image: Immagine che contiene testo, mappa

Descrizione generata automaticamente]

a) select the controlled variable
[bookmark: Elenco1]

b) select the manipulated variable


c) select the disturbance variable (if any)


d) Define the role that each control block component has in the Feedback Block Diagram, and that is specific to the case in question
liquid tank	

pump		

valve on reagent line	

valve downstream the pump	

pHIC		

pH sensor placement		Type your answer here! There is no text limitation

e) What kind of signals is used for communication in this case of feedback control?
Type your answer here! There is no text limitation


Section 5: CONTROLLERS
5.1	PID controllers
a. Describe the PID controllers
Type your answer here! There is no text limitation

b. What is the time law of PID controllers?
Type your answer here! There is no text limitation

c. What is the transfer function of PID controllers?
Type your answer here! There is no text limitation

d. Is there a case of PID controller that has a zero in the numerator in its transfer function? Which?
Type your answer here! There is no text limitation

e. Briefly describe the advantages and limitations of the PID family controllers
Type your answer here! There is no text limitation


Section 6: MATHEMATICAL MODELS
6.1.	Development of a dynamic mathematical model for a lumped parameter system
TO BE SOLVED BY PEN AND PAPER AND TO BE SENT AS A SEPARATE FILE
(DA SVOLGERE CON CARTA E PENNA E DA INVIARARE SEPARATAMENTE COME FILE)
With ref. to the dynamic system corresponding to the case in figure:
[image: ]

under the hypotheses of 
· volumetric flow rates
· linear outflow relationship
· isothermal operation

a. determine the overall transfer function Gov(s) = h2(s)/Fin(s)
b. determine the transfer function of the 1st tank G1(s) = h1(s)/Fin(s)
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