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SUBJECT: Bioprocess Control & Instrumentation [BIO 3252]

Time: 2 Hours MAX. MARKS: 40

Instructions to Candidates:

+» Answer ANY FOUR full questions.
¢ Missing data may be suitable assumed.

Figure shows a system of two tanks which are used for the temporary (tank 1) and longer-
term (tank 2) storage of a liquid chemical product. The demand is satisfied from the
temporary storage tank, while tank 2 is used to accumulate the liquid product in excess of the
demand.

(a) Identify the external disturbances, control objectives, measurements, and manipulated
variables available to you. Is this a SISO or a MIMO system?

(b) Develop alternative feedback and/or feedforward control configurations to achieve your
control objectives.

1A. Supply
What is a mathematical model of a physical process, and what do we mean when we talk
1B. . .
about mathematical modelling?
Develop the mathematical model for the system shown if Figure. What are the state variables
for this system and what type of balance equations have you used? All the flow rates are
2A volumetric and the cross-sectional areas of the three tanks are A1, Az, and A; (ft),

respectively. The flow rate Fs is constant and does not depend on h3, while all other effluent
flow rates are proportional to the corresponding hydro-static liquid pressures that cause the
flow.
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2B. | What are state variables, and what are the state equations? What are they used for?
A For a system with transfer function G (s) = (2s* — 35 —17)/[(s+ 1) (s — 2) (s + 3)]. find
" | the value of of g(t) for a unit step input at t =1 sec.
Solve the Laplace transform
d’y dy
Tz 6o~ + 8 v(0) = ¥'(0)
Consider a second order system with the following transfer function
Y(s) 1
4A. | X(s) (sP4+s41)
Introduce a step change of magnitude one into the system and find (i) % overshoot,
(ii) decay ratio, (iii) rise time
Determine the transfer function C(s)/R(s) of the system show in figure below by block
diagram reduction method.
H; [*
T, C(s
RG) S X " o
4B. G B
B Gy - » G » Gy >
i Ss ] I
H, H; -—
5A. | Discuss Inherent and Installed characteristics of control valve
sB Determine the range of K for stability of the system with following characteristic equation
’ s+ Ks3+s2+s+1=0
6A. | Write short notes on feedforward and ratio control.
Determine the Ziegler-Nichols tuning parameters for a PID controller, with the given transfer
functions. Assume that the time constants have units of minutes.
6B. G — 6 — 0.4 6 - 2
" 2s+1 M ss+1 Fls+1
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