1304 443 Process Dynamics and Control
Department of Chemical Engineering, Faculty of Engineering, UbonRatchathani University

Term project of group no.1
Problem: Plot the zeros and poles of the following transfer function on complex plane:
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Now, ignore the zeros, i.e., consider only

[image: image2.png]W) G+2(s2+25+2)




If [image: image4.png]x(s)



 represents a unit-step function, what is qualitatively the expected time response y(t)? What is the steady-state gain and what are some of the characteristic parameters that we can associate with[image: image6.png](s*+25+2)



?

What about the case for the following function?
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Department of Chemical Engineering, Faculty of Engineering, UbonRatchathani University

Term project of group no.2

Problem: The dynamic behavior of a process is modeled by the transfer function
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a) With a give step change input of[image: image10.png]f(t) =3u(t)



, where[image: image12.png]3u(t)



, is the unit-step function, what is the new steady state value of the step response?
b) If it is required that the output must never exceed an upper limit of 10, what is the largest step input that we can tolerate without exceeding this limit?

c) Consider the following transfer function:
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Sketch qualitatively the output [image: image15.png]y(t)



 in response to when [image: image17.png]F(s)



 represents a unit-step input and an impulse input. In each case, label clearly the final value at large time. With the step response, label the value of one characteristic feature (of your choice) of the response.
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Term project of group no.3

Problem:
(a) Consider two stirred-tanks-in-series. The first one has a volume of 4 m3 and the second is 3 m3. The flow rate and the inlet concentration of an inert species into the first stirred-tank under normal circumstances are 0.02 m3/s and 1 gmol/m3, respectively. Consider that the inlet (deviation) concentration is being perturbed and is described by an impulse function as
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What is the time response, i.e., [image: image20.png]c(t)



in the second tank? What is [image: image22.png]c2(t)



 as time is sufficiently large?
(b) Consider five stirred-tanks-in-series. They are identical with a volume of 4 m3, and the steady inlet flow rate is 2 m3/min. Consider now the change in inlet concentration as an impulse function; plot the responses in each of the tanks in the same figure. Repeat with a unit step input change.

(c) On what basis would you choose the range of the time axis, i.e., how long should the simulation be in order for you to observe the final steady state?
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Term project of group no.4

Problem:
(a) From standard step-response measurements, the poles of a process are determined to be located at[image: image24.png]—45125j



. The same process is subjected to a rectangular-pulse input. The pulse has a value of 1.3 between the period [image: image26.png]


 and [image: image28.png]


 (time out). What are the pole positions of the transfer function now?
(b) We are given the following transfer function: 
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We are asked to find the steady-state gain and time constant. If someone asks “Is that for the case when the input is a unit-step function”, what is your response? 
(c) We are asked to find the differential equation that represents the transfer function in part (b). If someone asks “Can I assume zero initial condition,” what is your response?
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Term project of group no.5

Problem: The poles and zeros of a process are represented by the x and ◦ symbols, respectively, in Figure below. It was determined that the steady-state gain of the process is 2 (units).
(a) First, refer to Figure (a). What is the order of the transfer function? What is the transfer function of the process?
(b) What is (are) the time constant(s) of the process?
(c) Sketch qualitatively the expected time response of the process with respect to a unit-step input. What is a reasonable (approximation of) settling time?
(d) If the pole-zero plot is changed to that shown if Figure (b), what does the time response look like? Does the steady state gain remain the same as before? 
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Problem: Consider the process transfer function
[image: image30.png]2(s+1)

%) = G D6+




And the closed-loop system characteristic polynomial [image: image32.png]



(a) Show, with an analytical technique of your choice, that the closed-loop system cannot be stabilized with a proportional controller at all.

(b) Suppose we can use a PI or a PD controller with a positive proportional gain; write the approximate system characteristic equations for each controller. Without further analysis, can you make a judgment whether a PI or PD controller is more feasible in stabilizing the system?

(c) Use root-locus plots to illustrate your answer.
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Term project of group no.6

Problem: Consider a unity feedback system with characteristic polynomial [image: image34.png]1+ Gels)Gy(s) =




 The process function is
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Where the steady-state gain K is 0.6 (unit) and the time constant [image: image37.png]


 is 3 (time unit). 
(a) If we use a proportional controller, what is the offset? What statement can you make regarding the selection of controllers?
(b) With the proportional controller, sketch 
(c) Use root-locus plots to illustrate your answer.
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Term project of group no.7

Problem: 



Consider the simple unity feedback loop with a proportional gain K in Figure above:
(a) Sketch the root-locus plot of the system.
(b) What is the value of K when the system exhibits critically damped behavior?
(c) What is the value of K when the desired system damping ratio is 0.707? Indentify the corresponding closed-loop pole(s) on the root-locus plot.

(d) What is the steady-state error with the value of K in part (C)?

(e) What is the settling time with the value of K in part (C)?

(f) What is the value of K if the required system overshoot with respect to a unit set-point change is 10%?
(g) If there is to be a load function to the system, what property must the load function have?

1304 443 Process Dynamics and Control

Department of Chemical Engineering, Faculty of Engineering, UbonRatchathani University

Term project of group no.8

Problem: Consider a simple unity feedback system with the closed-loop characteristic equation [image: image39.png]1+ Gels)Gy(s) =




 and in which [image: image41.png]Gy (s)



 is the first-order function with a steady-state gain of 2(unit) and a time constant of 2 min. We now want to implement a PI controller. We are also given the choices of using integral time constants with values of 1,2, or 4 min. Our task is to design a system with a damping ratio of 3/4.
(a) Make a rational choice of the integral time constant. Provide a brief explanation.
(b) With your chosen integral time constant, what is the proportional gain that you would use?

-2+j





-2+j





-1





-1





-4





-4





-2+j





-2-j





y    





�





x       +





K





-








