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Max. Marks: 80

Answer any Five questions

All questions carry equal marks

---

1.
A liquid level process shown in below Fig. is operating at steady state condition, when the following disturbances occurs at time t = 0, 2ft3 of water is added suddenly (impulse) to the tank; at t = 1, 3 FT3 of water is added suddenly to the tank.  Sketch the response of the tank in terms of level versus time and determine the level at t = 0,0.5, 1.0 and 1.5.
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2.  a)
Explain linearization procedure.
     b)
Derive unit-step response of a second order non-Interacting system with gain of unity and time constants 40 sec. and 1 min.

     c)
Define time constant and gain of a process.
3.
For the control system shown in below figure determine.


a)  C(s)/R(s)
b)  C(()
c)  Offset
d)  C(0.5)


e)  Whether the closed loop response is under damped.
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4.
Consider a feed back control system described by the following transfer functions:


Process: Gp (s) = 4/(2s+1)


PI Controller: Gc (s) = Kc 
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Measuring Element :  Gm (s) = 
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Final Control Element:  Gv (s) = 
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Obtain characteristic equation.  Use Routh Method to determine the value of Kc for the system to be stable.

5.
Compare the responses to a unit-step change in set point for the system shown in below Fig. 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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6.
Draw the Bode diagram for the system described by the transfer function:

G(s) = e-0.5s / (2.5s+1)3

Design proportional controller for this control system

7.
The frequency response data involving a process and PI Controller gave the following results.


W (rad/min)
2.5
4.0
6.3
10.0
15.8



A. R. 

0.87
0.72
0.57
0.35
0.14



Phase lag
30
60
100
150
200



  (deg)


Design the controller as per Zeigler-Nicholas rules.

8.
Consider a over all process consists:



Primary process:



GPI (s) = 1 / (0.5s+1)(s+1)
 and


Secondary process:



GPII(s) = 1 / (0.2s+1)


Compare by plotting the response of cascade control system with that of a conventional feedback control system for a unit load change entering in secondary process.  Assume all controllers of proportional type with gains.



KCI = KC (Conventional) = 2.0



Kcii = 5.0
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1.  a)
Define transportation lag and derive its transfer function.
     b)
Explain servo and regulatory control problems with an example.
     c)
What are the basic elements of a feedback control system?  Explain Briefly.

2.
A step change of magnitude 4 is introduced into a system having the transfer function.
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Determine: (a) Percent overshoot  (b) Rise time  (c)  Maximum value of Y(t)

(d)  Ultimate value of Y(t)   (e)  Period of Oscillation

3.
The two-tank heating process shown in below Fig. consists of 2 Identical, well stirred Tanks in series.  At steady state.  Ta = Tb = 60oC 

At time t = 0, the temperature of each stream, entering the tanks changes according to a step function, i.e. 
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Where 
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 are deviation variables.

a)
Develop the block diagram that relates 
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, the deviation in temperature in tank 2 to 
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b)
Obtain an expression for 
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[image: image16.wmf]
c)
Determine T2 (2);  The following data apply:


W1 = W2 = 250 Kg/min.


Hold up volume of each tank = 10 m3

Density of fluid = 50 kg/m3

Heat capacity of fluid = 1 K. cal/kg oC
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4.
Determine the stability of the control system shown in below Fig. use Routh method.
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5.
Draw the Root locus diagram for the control system given by its open-loop transfer function:


G (s) = 4 
[image: image19.wmf]÷

ø

ö

ç

è

æ

+

s

K

c

3

1



 EMBED Equation.3  [image: image20.wmf]
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6.
Consider the following over all transfer function Go(s) of process.  Measuring element and final control element of a certain system.  Using cohen-coon method, obtain Pin – controller parameters.


Go(s) = 0.5 / (s+1) (0.5s+1) (2s+1) 
7.
The transfer function of a process and measurement element connected in series is given by 
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  a)
Sketch the open-loop Bode diagram (gain & phase) for a control system involving this process and measurement lag.

  b)
Specify the gain of a proportional controller to be used in this control system.
8.
Define controller tuning.  Explain Ziegler-Nicholas method of a feed back control system tuning.
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1.  a)
Explain what is meant by a linear resistance and a linear system.
     b)
Explain a method to obtain the time constant to a step change to a first order system.

     c)
A unit impulse is applied to a second order system.  What is the impulse response relation in terms of step response. 
     d)
Explain (i) overshoot
  (ii) decay ratio  and  (iii)  Period of oscillation for a second order system
2.  a)
The time constant of a thermometer is 6 seconds.  It is at a steady state value of 90oF.  At time t = 0, the thermometer is placed in a bath which is maintained at 100oF.  Calculate the time when it reads 98oF.
     b)
Show the time constant of a mixing process as a product of resistance and capacitance. 
     c)
What are effective time constants.
3.  a)
What is (i) corner frequency (ii) cross over frequency (iii) Resonance frequency.  How is the resonance frequency and amplitude ratio related.
     b)
A step change of magnitude 4 is introduced into a system having the transfer function.
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Determine 
i)
% overshoot

ii) Maximum value of Y(t)

iii) Ultimate value of Y(t)

iv) Period of Oscillation
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4.
Write characteristic equation and construct the Routh array for the control system show in below Fig. Is the system stable for (a) Kc =9.5   (b)  Kc = 11   (c) Kc = 12
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5.
Sketch the root loci for 


i)
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ii)
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on the sketch, locate Quantitatively poles, zeros and asymptotes.
6.
The open loop transfer function of a system is given by 

G(s) = 
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  a)
Show the Bode plots by asymptotive approximations
  b)
Obtain the gain margin and phase margin.

7.
What do you understand by distance velocity lag?  What is the transfer function?  How is it compensated by smith predictor? Explain.
8.  a)
Discuss merits and demerits of feed forward controller with respect to feed back controller.
     b)
Explain what are linear, equal percentage and square root characteristics of control values.
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1.  a)
List out the various components of a control systems 
     b)
Distinguish between interacting and non-interacting systems with an example.

     c)
Show by means of a sketch the effect of damping coefficient on the transient response of a second order system.
2.  a)
For a first order system, derive the steady state response for a sinusoidal forcing function.

     b)
What is meant by Controller Tuning?
3.  
A second  order system is found to have the following transfer function
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Find out (i) its damping coefficient  (ii) overshoot and  (iii) natural frequency.

What is the Y(t) value for a unit impulse input.

4.  a)
Consider two liquid level tanks with areas A1 and A2 in which levels are h1 and h2 connected to have interaction.  Determine the transfer function 
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     b)
Two non interacting tanks are connected in series.  Time constants are T1 = 0.5 and T2 = 2.0 and R2 = 2.0.  A step change is made in inlet flow rate to tank 1.  Find out the response of level in tank 2.

5.
The set point of the following control system is given a step change of  0.1 unit.
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Determine
a)
Max value of C

b) Offset

c) Period of Oscillation
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6.
For the open loop transfer function of a control system shown below:



G H(s) = 
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Draw the root locus plot-Determine the value of k when the system becomes unstable.

7.
For the following function sketch the bode plot and find the gain margin and phase margin
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8.
With the aid of necessary block diagrams explain the following systems.


a)
Feed forward control


b)
Cascade control


c)
Ratio control


d)
Internal model control
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