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PCCH 4304

Sixth Semester Examination — 2012
PROCESS DYNAMICS AND CONTROL

Full Marks - 70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

Assume suitable notations wherever necessary. Assume any missing data suitably.

1. Answer the following questions : 2x10

(a)

(d

(e)
(f)
(9)

(h)

Find out the process degrees of freedom for an endothermic chemical
reactor, having first order reaction.

Why derivative control is not used alone in process control ?

The temperature of a furnace falls at the rate of 300 degrees per hour. The
instrument must not be in error by more than 10°C. What maximum time

constant is permissible if the instrument has a first order type response ?

Find the number of poles in the transfer function ————.
s’ +2s" +1

Why the root-locus analysis cannot handle easily systems with dead time ?
Differentiate between lumped and distributed parameter systems.

Define the gain and phase margins and show how you can compute them
from Bode plots.

What are the advantages and disadvantages of cascade control ? For what
kind of processes can you employ cascade control ?
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(i) Is driving a car feed-forward or feedback control ? What about riding a

bicycle ?

(i) Why Bode plot can not be used for non-linear behavior ?

2. Athermometer which was initially at a temperature of 40°C is suddenly placed in
abath of 125°C. After 150 seconds the thermometer reaches 95 % of the ultimate
change. If the same thermometer is placed in a bath of 200°C instead, how long
it takes to have the corresponding response ? Assume first order dynamics. 10

y(s

3. Consider asecond-order system with the transfer function as : -%((Sv)»:(sz +s+1) .

Introduce a step change of magnitude 6 into the system and find percent over-

shoot, decay ratio, maximum and ultimate vale of y(t), rise time, and period of

oscillation. 10

4. (a) Using Ruth method, determine the stability of the controlled system
10(1+s)

(1+2s)(1+3s)(1+ 4s)°

whose open-loop transfer function is : G(s) =

G
Characteristic equation is the denominator of -———. 9
(1+G)
(b) Using Bode method, determine the proportional sensitivity for a control
system having dead time of 5 seconds and single time constant of 20

seconds. 5

5.  Draw root locus diagram for the open-loop transfer function given by :

K. (1+Ts) i a
G =757 .And commenton its stability. 10
(s*+s+1)

\

6. Whatdo you understand by sampled data control system ? Derive an expression

for the pulse transfer function of a first order with time delay system. 10
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7. (a) Ahome thermostat for on-off control of room temperature produces a cycle
with 30 minutes peridd and 3°F amplitude. If a thermometer with a time
constant of 4.0 minute is placed beside it, what cycle should it indicate ?

Assume that the thermometer has first order lag. 6

(b) Describe in physical terms the concept of dead-time compensation. Why

such a system is also called a predictor ? 4
8.  Write short notes on any two : 5x2

(a) Ratio control

(b) Controller tuning

(c) Design of sampled data controllers.
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