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PROCESS DYNAMICS  AND CONTROL

(Chemical Engineering)

Time: 3 hours






Max. Marks:80

Answer any FIVE questions

All questions carry equal marks

- - -

1.a)
Define step, impulse and sinusoidal input functions. Write their mathematical equations with graphical representation.


   b)
A thermometer has a time constant of 15 sec and an initial temperature of 200 C. It is suddenly expanded to a temperature of 1000 C and held there. Determine the rise time and the temperature at the rise time.
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2.
Two non-interacting tanks are connected in series. The transfer function relating the   level, h2 in the second tank to the inflow, q to the first tank is given by the following transfer function,

   
The time constants are (1=0.5 seconds and (2=1 seconds, and the resistance to out flow R2=1. Sketch the response of the level in tank 2 if a unit step change is made in inlet flow rate to tank 1.






 
3.
  Discuss the working principle & mechanism of pneumatic PID controller with 
 
  the help of a neat schematic diagram.





 

4.a)
  Plot the Root locus diagram for the open loop transfer function
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  Discuss the stability of the above system.



 

   b)    
  Define characteristic equation of a system.  How far is it related to the stability     
  of system. 
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5.
Write the characteristic equation and construct the Routh array for the control 
system shown in the figure given below.  Is the system stable for    (a) Kc =9.5, (b) 
Kc =11, (c) Kc = 12?
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6.
Define the frequency response analysis. What means could you use to represent 
the results of the frequency response analysis for a dynamic system?
 

7.
Explain in detail “Internal Model Control” method of control using a schematic 
diagram.   

8.
Find the transfer function Y(s)/X(s) of the system shown below:
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1.

Consider a liquid of surge tank shown in figure in which the out flow q of the tank 
is linearly related to the height, h of the liquid in the tank. Find the transfer function 
relating the changes in outflow to the change in the inflow qi. Assume q is related 
to the head h by q=h/R.
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2.    Find the transfer functions H2/Q   and  H3/Q for the three tank system shown in figure, where   H2, H3 and Q are  deviation variables.Tank1 and tank2 are interacting.
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3.    
Define the following 



a)
Set - point 



b)
Load



c)
Closed - loop system



d)
Comparator. 
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4.
By means of the Routh test, determine the stability of the system shown in 


figure given below when Kc = 2.

5.
Sketch the root-locus diagram for the system shown below.

If the system is unstable at higher values of kc, find the roots on the imaginary axis and the corresponding value of kc.


6.
Determine the frequency response characteristics of the following.

(a) PI              (b) PD.               (c) PID Controller.


7.
Explain how dead time compensation can be made when the process contains 
large transportation lag.



8.
The set point of the control system shown in Fig. is given a step change of 0.1 
unit. Determine:


(a)
The maximum value of C and the time at which it occurs.


(b)
The offset      
(c)
The period of oscillation


Draw a sketch of  C(t) as a function of time.
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1.a)
What are the different forcing functions used in process dynamics. Write their mathematical expressions with graphical representation.


 

   b) 
 The transfer function model of a system is given by 
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               Plot the response to a unit step input change.


2.
Show that for the under damped second order system 
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 the step response equation is 

Y(t) = 
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3.
A PID controller has a steady output pressure of 0.4 kg /cm2. At time t = 0, the set point is suddenly raised by 1.0. Plot the pressure if Kc = 0.1 kg/cm2; (i = 1.2 min and (D = 0.5 min.






       
4.
Given the control diagram shown in the figure given below, deduce by means of the Routh criterion those values of 
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 for which the output C is stable for all inputs R and U.


[image: image8]
Contd…2.

Code No.320703




-2-


Set No.3

5.
Draw the root – locus diagram for the proportional control of a plant having the transfer function      2
     Determine the roots on the imaginary axis and the

                    

   ----------

                 
        
   [(s+1)3]

corresponding value of  KC.






 

6.a)
Show that the amplitude ratio and phase lag for the ultimate response of a first order system is equal to the modulus and argument respectively, of its transfer function when   s = j( .






 

     b)
Explain Nyquist stability criterion. When does one use Nyquist stability criterion?

7.
 Explain “Process Identification” and its need in controller tuning.


 

8.
The location of the load change in a control loop may affect the system response.  
In the block diagram shown in the figure given below a unit – step change in load 
enters at either location 1 or location 2.

(a) What is the offset when the load enters at location 1 and when it enters at location 2 ?

(b) Sketch the transient response to a step change in U1 and to a step change in U2.
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1.
A thermometer having a first order time constant of 0.2 min is placed in a temperature bath, and after the thermometer comes to equilibrium with the bath, the temperature of the bath is increased linearly with time at a rate of 1o/min.

(i) What is the difference between the indicated temperature and the bath temperature for 1.0 min after the change in temperature begins?

         
(ii) What is the maximum deviation between the indicated temperature and the bath temperature and when does it occur?

         (iii) Plot the forcing function and the response.



 

2.
 Develop transfer function for a second order system of your choice.
 


     3.      A pneumatic PI controller has an output of 10psi when the set point and pen point 

         are together. The set point and pen point are suddenly displaced by 0.5 inches   (i.e. 

         a step change in error is introduced) and the following data are obtained:

	Time (sec)
	 0-          0+          20           60         90 

	Psig
	10          8            7              5         8.5


Determine the actual gain (psig per inch displacement ) and the integral time. 

    4.a)
Using T1 =1,T2 = ½ T3 = 1/3, determine the values of Kc for which the control 


system shown below is stable.
        b)
For the values of Kc for which the system is on the threshold of instability, 


determine the roots of the characteristic equation.  



+

          +
   (                     +



R
C

-
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5.a)
Draw the root locus diagram for the control system shown below: 





b)
Determine the value of KC needed to obtain a root of the characteristic equation of 
the closed – loop response which has an imaginary part 0.75.

 c)
Using the value of KC found above, determine all other roots of the characteristic 
equation from the root – locus diagram.



6.
Describe the method of control system design by frequency response method.  
Explain how it helps the designer.





 

7.
Explain the following experimental procedures used for process identification:

(a) step testing  (b)  pulse testing   (c)  frequency testing.

8.a)
For the control system shown in the figure given below obtain the

 closed-loop transfer function C/U.

b)  Find the value of Kc for which the closed-loop response has a 
[image: image10.wmf]x

 of 2.3.
c)  Find the offset for a unit-step change in U if Kc = 4.
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