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1.a)  
Explain the method of linearization using Taylor series.



b)  
Differentiate linear and non linear differential equations.  Explain the necessity for linearizing a non-linear model.



2.
Consider the two liquid surge tanks placed in series so that the outflow from the first tank is the inflow to the second tank, as shown in the figure. If the outflow of each tank is linearly related to the height of the liquid in that tank, find the transfer function relating changes in the outflow from the second tank, Q2(s) to changes in  inflow to the first tank,  Qi(s). Show how this transfer function is related to the individual transfer functions,  H1(s)/Qi(s), Q1(s)/H1(s), H2(s)/Q1(s) and Q2(s)/H2(s). H1(s) and H2(s) denote the deviations in tank1 and tank2 levels, respectively. Assume that the two tanks have different cross sectional areas A1 and A2 and that the out flow valve resistances are fixed at R1 and R2.
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3.
 A first order process is controlled by a PD controller. The control valve is assumed to be a first order. Assuming the measuring element is having negligible time constant. Develop a block diagram for the feedback control system and obtain an overall transfer function.

4.a) 
Find expressions for 
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 and 
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   for the closed-loop response.

b)
If 
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, find Kc,   so that 
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= 0.7 for the two cases: (1) 
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=0, (2) 
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= 3 sec.  c)
Compare the offset and period realized for both cases, and comment on the advantage of adding the derivative mode. 
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5.a)
Discuss how Routh test used for determining the stability of  a control system for a general polynomial characteristic equation.
   b)
Write about the draw backs of Routh test and how are they overcome.

6.a) 
Explain the concept of Root Locus. 







   b) 
Explain the procedure of plotting root locus diagram.  State also the rules.  
7.
A process control system is to contain one first order lag with 25 sec, another with a lag of 10 sec, a delay of 8 sec and a single proportional controller with unit gain.  Construct a Bode diagram for the open loop and find the open-loop steady state gain that will give a phase margin of 30.  What gain margin will this give?

8.
Discuss the Cohen and Coon rules of controller tuning in detail.
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1.   
A mercury thermometer having first order dynamics with a time constant of 60 sec is placed in a temperature bath at 350 C.  After the thermometer resumes steady state, it is suddenly placed in a bath at 400 C at t=0 and left there for 60 sec, after which it is immediately returned to the bath at 350 C.

               (i)   Draw a sketch showing the variation of thermometer reading with time. 
               (ii)  Calculate the thermometer reading at t=30 sec and t=120 sec.


2. 
Consider a second – order system with the following transfer function. G(s) = 
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. Introduce a step change of magnitude 5 into the system and find (i) percent over shoot (ii) decay ratio (iii) maximum value of Y(t) (iv) rise time (v) ultimate value of Y(t) (vi) period of oscillation. 




3. 
A PID controller is at steady state with an output pressure of 9 psig. The set point and pen point are initially together. At time t = 0, the set point is moved away and pen point at a rate of 0.5 in./min. The motion of the set point is in the direction of lower readings. If the knob settings are Kc = 2 psig/in. of pen travel, 
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. Plot the output pressure versus time.
4.
Compare the responses to a unit-step change in a set point for the system shown given below for both negative feedback and positive feedback.  Do this for Kc of 0.5 and 1.0.  Compare these responses by sketching C (t).
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5.
Given the characteristic equation s4 + 3s3 + 5s2 + 4s + 2 = 0 , determine the stability by Routh criterion.
6.a) 
Using Root locus method, check how many roots lie in the right side of S plane 

    
for the characteristic equation.

S4-3S3 - 5S2 + 7S + 6
= 0 
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b)      
Discuss the various performance criteria of evaluating the closed loop systems. 

7.
Plot the asymptotic Bode diagram for the PID controller.                         

                                         G (s)  = Kc (1+(D s + 1/(1s)

Where Kc = 10, (1 = 1, (D = 100.  Label corner frequencies and give slopes of asymptotes.


8.
Explain in detail about the construction of a control valve, used as a final control element in a process control loop.
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1.a)   
Define the impulse forcing function and impulse response. Write the Laplace and time domain expressions for the impulse response of a general first order system.  






b) 
A thermometer having first order dynamics with a time constant of 1 min is initially at 500 C. It is immersed in a bath maintained at 1000 C  at t = 0.  Determine the temperature reading at t = 1.2 min.


2.a)
Show the block diagram representation of several non interacting first order systems in series. How do you express the overall transfer function from individual transfer functions of several first order systems in series? 
    b)     A step change of magnitude 3 is introduced into the transfer function 
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Determine the overshoot and frequency of oscillation.
3. 
The transfer function of PD controller in industry is given by 
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 is a constant. If a unit step change in error is introduced into the controller show that P(t) = Kc( 1 + A 
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4.a)
Develop the block diagram of a generalized feed back control system with one disturbance, incorporating in each block the appropriate transfer function and on each stream the appropriate variable.

   b)  
Develop the closed loop responses for set point and load changes.

5.a)
Discuss the theorems of the Routh test.
b)
For characteristic equation s4 + 6s3 + 11s2 + 36s + 120 = 0, determine the stability using Routh Criterion.

6.a) 
Determine the stability of the following two systems given their characteristic equations.Using Root Locus method







      S4 + 5S3 + 3S2 + 1 = 0

10S3 + 17S2 + 8S + 1 + Kc = 0
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   b) 
Explain the term cross over frequency.  
7.
Define the Bode diagram and Nyquist plots.  Do you find any basic differences between them. What are the advantages of one of them over the other?
8.a) 
Explain feedforward control using a neat schematic.




   b) 
Present a comparative analysis of feedforward and feedback strategies.
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1.a)  
Derive an expression for the dynamic response of a first order system for an impulse input change.








   b) 
A thermometer has an initial temperature of 200 C and is suddenly expanded to a temperature of 1000C. Assuming it as a first order system with a time constant of 15 seconds and subjected to unit step input, find the response time and the corresponding temperatures.






2.a)
 The transfer function model of an isothermal three CSTR system is given by
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Assuming  (‘s  and  k’s as constant, and considering first order time constants for the transfer functions, find an expression for CA3 (t)   for step change in CAo . 

b)
What is transfer lag? How the number of stages affect the transfer lag in first order systems for changes in input condition?

3. 
A unit step change in error is introduced into a PID controller. If Kc = 10, 
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and
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= 0.5, plot the response of the controller. P(t).

4.
For a first order processes with proportional controller derive response equations for set point change as well as load change.

5.
For the control system whose characteristic equation is    s4 + 4s3 + 6s2 + 4s + (1 + K) = 0.
(a) Determine the value of K above which the system is unstable.

(b) Determine the value of K for which two of the roots are on the imaginary axis, and determine the value of these imaginary roots and the remaining two roots.

6.
Draw the root locus diagram for the system shown in the figure given below where:  
Gc = kc (1+ 0.5s +1/s)
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7.
What are the graphical rules followed for Bode diagrams. What are the important features of a Bode diagram and explain their physical significance, with the help of diagrams.
8.a) 
Explain ratio control in detail with a neat schematic diagram.



b) 
Quote some commonly encountered examples from chemical industry where ratio control can be used.
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