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INSTRUCTIONS TO CANDIDATES:

o Purpose of assessment is to determine not only if you can write down an answer, but
also to assess whether you understand the concept, principles and expressions
involved. Set out solution in a logical and concise manner with justification for the
steps followed.

o ATTEMPT ALL QUESTIONS. Please answer each question to the best of your
ability.

e Write yourdetails (module name and code, ID number, student number etc.) on script
©).

o Number each question clearly; questions may be answered in any order.

o Make sure that you read each guestion carefully before attempting to answer the
question.

o Show all steps (and units) in calculations; this is a ‘closed book’ test.

. Ensure yourresponses are legible, clear and include relevant units (where appropriate).

) ANNEXURE 1: Formulas and Laplace Table
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Question 1 [25 marks]

Consider astirred-tank heater represented by Figure below. A liquid stream, with conditions dictated by up-stream
processes, enters an insulated well-stirred tank at a flow rate Fi (mass/time) and temperature Ti. It is desired to
maintain (or control) the temperature in thetank at Ts using aprogrammable logic controller. If the measured tank
temperature Tm differs from the desired set-pointtemperature Ts, the controller senses the deviation Te= Ts- T,

and changes the heat input Q (energy/time), in such a way as to reduce the magnitude of the deviation.

: F
TI C
' T

Ce
[+]
P

The heat, Q is changed by manipulating the flow of saturated steam, Fs (mass/time). The heatadded to the liquid
process stream can be calculated from the heat of condensation of steam as

Q=AsFs.

1.1 If the flow of the process liquid, Fi is constantand F = Fi, answer the following question:
a) Derive the time domain process dynamics differential model for the systemin its standard form in
deviation variables for Temperature, T. [7 Marks]
b) Give the Laplace domain expression of the systemi.e. Transfer function of the system.[6 Marks]

¢) Draw ablock diagram of the systemshowing the input(s), transfer block(s) and outputs(s). [2 Marks]

1.2 Consider a stirred-tank heater represented by Figure above of the process derived with the following process
parameters:

Fi = 100kg/hr, Ti = 20 °C, Cp =4.2 kJ/(kg-K), 1S = 2000 kJ/kg, V = 5000 m3 p=1000kgm?

If the process is at steady state with T = Ts = 50 °C, answer the following questions:

d) Calculate the flow of steam, Fs required to supply the heat in order to maintain T at the given set-point

value, Ts. [8 Marks]
e) Calculate the heat flow required (kJ/hr) to maintain T at the given value. [2 Marks]
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Question 2
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[15 marks]

A pneumatic Pl controller has an output pressure of 10 psi when the set point and pen point are together. The set
point and pen point are suddenly displaced by 0.5 in. (i.e., a step changein error is introduced) and the following

data are obtained:

Time, Psig
Sec
0 10
0* 8
20 7
60 5
90 35

a) Determine theactual gain (psig per inch displacement) and the integral time. [6 marks]
b) A unit-step changein error is introduced into a PID controller. If Kc=10, 11 = 1, and tp = 0.5, plot the

response ofthe controller, P(t). [9 Marks].
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Question 3 [20 marks]

Study the stability of the systembelow using the root-locus analysis. Draw the root-locus diagram using graph
for the following values of Kc ranging from 0 to 20. In particular pay attention to these values of Kc 0; 0.04;
0.07; 0.26; 1.10; 4.42; 10.00 and 16.67. Determine thevalue of Kc thatwill keep the systemstable.
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Question 4 [20 marks]

The transfer functions of the process, measuring device and final control element of a control system are
respectively given as:

. 1
G, =————
2o (Ss+1)2s+1)
G"H = 1
" 10s+1
G, =1.0

f

Determine the controller settings using the Ziegler-Nichols tuning method for P, Pl and PID controller.
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1. For proportional controllers:

. =EE( T)

2. For PI controllers:

K =~T 00+t
K1, 12¢
T
30434
7, =1, :
9+20-<
T

3. For PID controllers

li(ﬁ r-f )

ﬂ'

The modulus for G,(jo) s |G, (jo) =|Z,||2,|Z|

The phase lag is @ = @ + @, + @,
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Ultimate gain =K, =—
M
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Ultimate period of sustained cycling = P, = 27
@

oo

Proportional (P) K,/2 - -
Proportional-ntegral (PT) K,/22 P, /12 -
Proportionall-mtegral-derivative (PID) K,/17 P, 2 P,/8
Table of Laplace Transforms
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