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Quiz V, CHE456
November 22, 1999

Below is a block diagram of a cascade control system:
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. Determine the range of k., for which the inner-loop is stable.

y?Tl N

svstem is stable.

2. Assume that you have set k., = 5. Derive the closed-loop transfer function from y, to

. Again, assuming k., = 5, determine the range of k., for which the overall closed-loop



. Explain the difference between analog control and digital control.

(a) (4pts) Draw block diagrams showing all the needed components for both types of control.
For digital control, differentiate between analog and digital signals. ——

(b) (3pts) Write the PID control laws for analog control and digital control. <

E"f@"ﬁ:"’

(4pts) What causes windup? Discuss at least one specific case when this happens.
(3pts) What harmful effect does it bring to control?
(

(c) (3pts) List at least three advantages of digital control over analog control.

. What is windup in PI control and what are the ways to fight it?

(a)
(b)
(c) (3pts) What are some remedies (“anti-windup”)?

. Explain the relay-based tuning of PI(D) controller. P
ol ——>

(a) (3pts) What is a relay? o\Y}u P Ye(“f ,{Wol',m e V6. P

(b) (4pts) Draw the block diagram of the test you perform. Discuss what input output
behavior you expect to observe during the test by drawing thetime behavior of the
input and output variables. ?lsﬂ‘(rﬂw

(c) (3pts) How would you use the test result to tune the PI(D) controller?

. For the process the schematic of which is shown below, you wish to implement a combined
cascade / feedforward / feedback control strategy.

(a) (5pts) Draw in the three controllers into the schematic drawing, clearly showing the
signal flow.

(b) (5pts) Draw a corresponding block diagram.
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5. Explain the control scheme shown below.

(a) (5pts) Explain the role of each controller (TC1, TC2, VP1, FC1). What'’s the purpose?
(b) (2pts) For each controller, discuss where the setpoint comes from and how it is deter-
mined.

(c) (3pts) For each controller, specify the control type (reverse-acting or direct-acting).
Assume that all the valves are air-to-open type.
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6. Shown below is an isothermal CSTR with a second-order reaction.
(a) (6pts) By performing the total mass balance and component A mole balance, derive
differential equations for h, the height, and C4, the concentration of A.

(b) (2pts) Write the numerical integration formula for the Explicit Euler method that can
used to integrate the above equation from time ¢ to t + At where At is the step size.

(c) (2pts) Do the same for the Implicit Euler method (employing the Trapezoidal approxi-
mation).
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7. Show below is the control-loop with a feedforward controller and a feedback controller.

(a) (4pts) Calculate the closed-loop transfer function from d to y. The expression should
contain both Gy; and G..

(b) (4pts) Design a feedforward controller that gives perfect elimination of the disturbance
effect, assuming the model is perfect.

(c) (2pts) Why would you need a feedback controller on top of the above-designed feedback

controller?
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8. Below is a bode diagram of G = GpG,Gnm.

(a) (3pts) What is the ultimate gain and the ultimate period?

(b) (3pts) What is the controller gain that will give the gain margin of 27

(c) (3pts) What is the controller gain that will give the phase margin of 30 degree?
) (

(d) (1pt) What is the maximum controller gain that will guarantee both the gain margin of
2 and the phase margin of 30 degree?
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9. Shown below is the result from a step test. You also performed a continuous cycling experi-
ment and found that the ultimate period is 2 minute and ultimate gain is 3. You are asked
to use the results from both tests to fit a first order plus time delay (FOPTD) model.

(a) (3pts) Calculate the gain k using the result from the step test.

(b) (3pts) From the result of the continuous cycling experiment , what is the critical fre-
quency w, and what is the Amplitude Ratio of G at w = w,?

(c) (4pts) Calculate the time constant 7 and the delay « using the result from the continuous
cycling test.
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10. Consider the blending system below:

(a) (4pts) Linearize the nonlinear steady-state relationship shown below around the steady
state operating point corresponding to g4 = lgal/min and ¢ = 1gal/min and obtain

the steady-state gain matrix G: - / ry
q, q, %/: %-Cb ) %A"%‘A—%k
= A r Y
o ]-el] K=ol ) B by T

(b) (4pts) Calculate the RGA of the above system based on the gain matrix calculated in
the above.

(c) (2pts) Recommend the input-output pairing for multi-loop controller design based on
the RGA.
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