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e Purpose of assessment is to determine not only if you can write down an answer, but also to
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solutions in a logical and concise manner with justification for the steps followed.
ATTEMPT ALL QUESTIONS. Please answer each question to the best of your ability.
Write your details (module name and code, ID number,student number etc.)on script(s).
Number each question clearly; questions may be answered in any order.

Make sure that you read each question carefully before attempting to answer the question.
Show all steps (and units) in calculations; this is a ‘closed book’ test.

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




Question 1 [Total 20 Marks]
Process control systems

Consider a hot/cold water mixer shown in figure 1.1 below. The design intent is to maintain the
temperature of the mixed warm water To at some output temperature set point To,sp. The
disturbances that can bring instability to the system are;

The flow of cold water Fc and the temperature of the cold water Tc which are determined by
upstream processes. The flow of hot water Fn, can be changed by a control valve.

.

Hot water Cold water

TH- constant Tc — not constant and varyi.ng

FH — determined by valve settings \ Fe — not constant and varying
_Hmax

Water outlet
To- to be maintained at set point
Fo — no control on the flow

Tank levelH
For safety reasons level
should never be above

Hmax oe below Hmi (Hmin /

Figure 1.1: Schematic of a tank mixer process flow diagram

1.1. Do not consider level control. Show how you can control the tank mixer system using Feedback
control.
Follow the steps below.
e Define the control objective. [2]
e Identify the disturbances. [2]
e Select Measured variables. [2]
e Select manipulated variables. [2]
e Designing a controller, redraw the diagram showing the control configuration.[12]

Question 2 [Total 25 Marks]
2.1. Draw a logic circuit for the following

(@ F=(A+B).C [3]

(b) F= A+B.C+D [3]

(c) F=AB+AC [4]



(d) F=(A+B).(C+D).C [5]
2.2.Find the behaviour expression or alarm setting output for the following circuit (Neatly copy
the circuit and label each signal stream and show the final expression Q. [5]

Question 3 [Total 20 Marks]

A control with an equal percentage inherent characteric has a maximum Cv of 1300 and a
rengeability of 40.

3.1.Calculate the % changes in the flow for every 10% change in valve. [5]
3.2.Calculate the values of Cv corresponding to valve travel from 10% to 40% by step of 10%
draw a table containing these values. [10]

Question 4 [Total 20 Marks]

Refer to the P&ID below and answer the following questions:

4.1.List all major process equipment by their labels in the P&ID; [10]

4.2.List and describe all temperature control loops in the P&ID, i.e. state which equipment or line
is controlled and what line is manipulated; [3]

4.3.List and describe all pressure control loops in the P&ID, i.e. state which equipment or line is
controlled and what line is manipulated; [3]

4.4.List and describe all flow control loops in the P&ID, i.e. state which equipment or line is
controlled and what line is manipulated. [4]
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UTILITY CONNECTIONS

. COOLING WATER

. C. W. RETURN
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. SAMPLE PORT
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. VENT TO FLARE
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. VENT TO ATMOSPHERE

H ¢ 2 Insulated Pipe

CS - carbon steel

[Total 15 Marks]
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5.2.A level measurement system operates with a capacitance based detector. Explain the

5.1. State what process variable each of the below measures:
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operating principle and state the advantages and disadvantages of using a capacitance based

detector.



Total Marks: 100



Appendix A :Traditional digital logic gate symbols, Boolean functions and truth table

Distinctive Boolean algebra

shape between A & B Meaning Truth table

INPUT OUTPUT
A B AANDB

: . A0

Output is true if and only if

(iff) both Aand B are true || O
1
1

INPUT OUTPUT
A B AORB

) . . 0 0

True iff A is true, or B is

true, or both. 0 1
1 1
1 1

INPUT  OUTPUT
A NOT A
True iff A is false. 0 1

1 0

INPUT OUTPUT

A NAND

A B B

A and B are not both true.

0
0
1
1

0 1
1 1
0 1
1 0




INPUT OUTPUT
A B ANORB
1

0
True iff neither A nor B. 0 0
1 0
1 0

INPUT OUTPUT
A B AXORB
0

0
True iff Aisnotequal to B.J| | 1
1 1
1 0

INPUT OUTPUT

A XNOR

A B B

True iff A is equal to B.

0
0
1
1

0
1
0
1




