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Group Problem 1:
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Group Problem 2: Work on your lab!
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152 Consider the ratio control scheme shown in Fig. 15.6.
Each flow rate is measured using an orifice plate and a differen-
tial pressure (D/P) transmitter. The pneumatic output signals
from the D/P transmitters are related to the flow rates by the
expressions

dy, =d,,+ K &

Uy =ty + Kyu?

Each transmitter output signal has a range of 315 psi. The
transmitter spans are denoted by S, and S, for the disturbance
and manipulated flow rates, respectively. Derive an expression
for the gain of the ratio station K in terms of S, S, and the
desired ratio R .
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15.5 The closed-loop system in Fig. 15.11 has the following
transfer functions:
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(a) Design a feedforward controller based on a steady-state
design.

(b) Design a feedforward controller based ona dynamic anal-
ysis.

(¢) Design a feedback controller based on the IMC approach
of Chapter 12 and 1, = 3.

(d) Simulate the closed-loop response to a unit step change
in the disturbance variable using feedforward control only and
the controllers of parts (a) and (b).

(e) Repeat part (d) for the feedforward—-feedback control
scheme of Fig. 15.11 and the controllers of parts (a) and (c)as
well as (b) and (c).
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Figure 15.11 A block diagram of a feedforward-feedback control system.
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15.8 A liquid-phase reversible reaction, A 2 B, takes place
isothermally in the continuous stirred-tank reactor shown
in Fig. E15.8. The inlet stream does not contain any B, An
over-flow line maintains constant holdup in the reactor. The
reaction rate for the disappearance of A is given by
L . _, | moles of A reacting
“ra =kica—kacg 1y 1=l " (time) (volume)
The control objective is to control exit concentration ¢, by
manipulating volumetric flow rate, ¢. The chief disturbance
variable is feed concentration ¢;. It can be measured on-line,
but the exit stream composition cannot. The control valve
- and sensor-transmitter have negligible dynamics and positive
steady-state gains.

Figure E15.8

(a) Design a feedforward controller based on a dynamic
model.

(b) If the exit concentration ¢, could be measured and used
for feedback control, should this feedback controller be
reverse- or direct-acting? Justify your answer.

(¢} Is dynamic compensation necessary? Justily your answer.
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15.10 The distillation column in Fig. 15.8 has the following

o

D transfer function model:

= Vi) _ 20 Ys) 05

D'(s)  Y5s+1  Fi(s)  60s+1

withG, =G, =G, =1.

(a) Design a feedforward controller based on a steady-state
analysis.

(b) Design a fecdforward controller based on a dynamic anal-
ysis.

(¢) Design a PI feedback controller based on the Direct Syn-
thesis approach of Chapter 12 with 7, = 30.

(d) Simulate the closed-loop response to a unit step change in
the disturbance variable using feedforward control only and
the controllers of parts (a) and (b). Does the dynamic con-
troller of part (b) provide a significant improvement?

(e) Repeat part (d) for the feedforward-feedback control
scheme of Fig, 15.11 and the controllers of parts (a) and (c), as
well as (b) and (c).

(f) Which control configuration provides the best control?
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Figure 15.8 A simplified schematic diagram of a distillation
column.




