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[bookmark: _Toc95075853]Introduction

The assignment that follows contains an overview and analysis of industrial measuring systems, industrial control systems and a control systems evaluation.
[bookmark: _Toc95075854]Part A. Industrial Measuring Systems
[bookmark: _Toc95075855]A1

Explain the elements required to provide an effective control system over a selected (typical) industrial process. Include in your answer an overview of the industrial process operation, the sensors’ principle of operation and any advantages and disadvantages with respect to the operating environment.

Having an effective control system in place is one of the key factors needed to ensure the efficiency and safety of a specific process in the oil and gas sector. The industrial process selected is the filling of a pressure vessel with a feedstock liquid in order for separation to take place. Pressure vessels are enclosed containers used to hold liquids, vapours and gases (iqsdirectory, 2022). The principle of operation for filling a pressure vessel depends on the pressure of the vessel being maintained significantly higher or lower than atmospheric pressure. Examples of pressure vessels used in the process of oil refining includes thermal reactors, heat exchangers, and vacuum distillation columns. 
A pressured vessel uses a range of different sensors in order for the process to run safely and efficiently. The inlet of the vessel would contain a flow sensor to measure the quantity of liquids entering the column. This sensor is required to ensure the vessel is filled at a required flow rate therefore preventing the vessel from flooding and poor separation rates. The most common type of flow sensor used for pressure vessels is an orifice plate which works on the principle of measuring the pressure drop between the upstream and downstream of the plate through a restriction in a pipeline. The pressure transmitter would detect a change in differential pressure meaning the inlet flow rate has changed. This change would send a 4-20 mA signal via the transmitter to a PLC which is connected to the control valve on the inlet line of the vessel, which would open or close the valve accordingly. The advantage of this is the flow rate can be easily controlled using an autonomous method without any human intervention required. The disadvantage is once the flow has entered the vessel a level measurement needs to be obtained so that the operator knows exactly the quantity of product within.  
Level measurement is also an important factor of filling a vessel that needs to be observed. A common sensor used is an ultrasonic sensor which its principle is based on the time of flight of an ultrasound pulse that is transferred between the sensor and the surface of the liquid. The level sensor works by sending a signal via a transmitter to the rack rooms PLC which is then displayed on the panel operator’s computer. If the level is filling to reach a setpoint, a liquid high-level alarm would come in at e.g., 80%, this would automatically cut out the feed pump motor to the vessel, this is so that the pump is not run dry which could potentially cause damage to it and prevents more liquid levels reaching the system. Also, the inlet control valve would begin to close simultaneously with the pump to a point where the level can be controlled until it reaches where the panel operator wants the level at. An advantage of using a level sensor within a vessel system is that it prevents the vessel from overfilling. Also, it allows the operator to know exactly when he can move the process liquid from the vessel to the next step of the system. A disadvantage is that due to their high criticality they have to be maintained annually to ensure their correct operation this is expensive for the company and uses a lot of manpower to conduct this maintenance.

[bookmark: _Toc95075856]A2

Assess and select an appropriate control strategy for an operating procedure to an industrial process. Examples should include continuous control, batch control and sequential control. Include in your answer any advantages and disadvantages with respect to your chosen control process.



For the industrial process selected in A1 of filling a pressurised vessel, the most appropriate control strategy would be continuous control. Continuous control contains a feedback loop within a continuous process such as the one selected. The process attempts to keep the process variable at a desired value known as the setpoint. To generate an error signal, the controller subtracts the most recent process variable measurement from the setpoint. The magnitude and duration of the error signal affect the value of the controller's output or controlled variable, which determines the actuator's corrective attempts (Vandoren, 2006).
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Figure 1- Generic Continuous control feedback loop

It is vital that the process of filling a vessel with liquid is continuously controlled to avoid the liquid level overfilling which is an extremely dangerous situation. The continuous control system contains 5 main components. Continuous control begins with step 3 which is the process of filling a liquid level within the vessel. The next step is the level sensor which is constantly measuring a liquid level value. This measurement is a 4-20 mA current which is sent to the controller which is known as feedback. The controller then interprets this signal and compares this signal to the pre-set values tuned on to the PID controller to reach an 80% liquid level. The PID controller would then generate an error signal to the actuator to command a control action of adjusting the actuators position/status to achieve the setpoint with no overshoot. The actuator in this scenario is the control valve which regulates inlet flow into the vessel and the inlet pump which is transferring the liquid from another process to the vessel. The initial filling stage would have the pump running and the control valve open. Once the level in the vessel reaches a particular figure the system responds and begins to close the control valve and eventually tun the pump off in order to reach the 80% setpoint with no error.
PID controller
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Figure 2 – Continuous control system of filling a vessel to 80%

Batch and sequential control consist of a sequence of a number of steps which should be conducted in a designated order. A pre-determined quantity of the product is produced at the end of the system, this system is then repeated in order for another patch to be produced. Batch and sequential control would not be suitable for this selected process as an oil refinery demands a constant output of finished products and batch control would slow the production rate down, therefore costing the company profit loss. Also, the equipment would suffer a lot of down time as each piece of equipment would be on standby whilst the other steps of the system occur this could produce equipment failures over time. The advantages of continuous control are that it saves costs, waste, and time. If implemented correctly it can reduce waste, improve product quality by notifying errors through constant monitoring and also increases the quantity of product outputted. The disadvantages are that autonomous systems are expensive to implement as they require advanced, reliable monitoring equipment at every stage of the process.








[bookmark: _Toc95075857]Part B. Industrial Control Systems

[bookmark: _Toc95075858]Exercise B1 - Tuning a PID controller using the ultimate cycle tuning method
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Adjusted the set point value of V_101 to 25%.
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Removed all control actions and changed the proportional gain to 2.0
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I adjusted my setpoint to V_101 to 40% and can see the change in level on my graph to 20.55%. Which can be seen as the yellow line.
[image: ]

Reset the setpoint to 25% and increased the proportional gain.

[image: ]Increased the proportional gain to 6.00
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[image: ]After adjusting the proportional gain, I found that 7.65 was an appropriate amount to receive oscillatory behaviour.
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Oscillation time: 10:13:59 to 10:14:10 = 11 seconds
Proportional gain value = 7.65 Ku

Controller settings
Controller gain = 7.65/1.7 = 4.5
Integral gain = 11/2 = 5.5
Derivative = 11/8 = 1.375

[image: ]
I adjusted the PID settings for the control system according to my calculations and observed a nearly immediate response in the set point values. I can see the system settling to the required value of 25%.
[bookmark: _Toc95075859]Exercise  B2 - Tuning a PID controller using the reaction curve tuning method
[image: ]

Controller set to auto and proportional gain set to 2.5.
[image: ]
Applied a small step change to the controller output of 60%.
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16:49-16:46 = Effective delay = 3 seconds
When the step change was applied the percentage of the tank V_101 was 29%
	
	[bookmark: _Hlk95072769]Control Type
	PID

	Controller Gain
	1.2(11 ÷ 5)

	Integral (Ti)
	3 ÷ 0.5

	Derivative (Td)
	3 ÷ 2



Controller gain = 2.64
Integral (Ti) = 6
Derivative (Td) =1.5
[image: ]

I applied the calculated values to the PID settings for the level control system and saw that the tank level increased rapidly to overshoot the setpoint value of 60%, then undershot the setpoint until the system balanced out at the desired setpoint of 60%.
[bookmark: _Toc95075860]Part C - Control systems evaluation

Examine, compare and contrast the ultimate cycle and reaction curve methods used to tune the three-term controller, in particular on issues associated with the following:
· Techniques to achieve controller PID values. 
· Application of the final values and system response.
· Key characteristics such as rise time, overshoot, steady state error.

Use screen shots from the control system simulator to support your discussion and to illustrate the results of the practical tuning exercises.

The ultimate cycle and reaction curve methods are used in industry to successfully tune a three term PID controller. The ultimate cycle method works in the principle of establishing the oscillation time period for one complete waveform and the proportional gain required to receive oscillatory behaviour. The proportional control factor will be term that helps the system in obtaining its setpoint rapidly. However, the downside of this proportional factor rapidly reaching its setpoint is that it contains an overshoot error which can potentially be dangerous if the setpoint of filling this tank is of a high numerical value as it could potentially overfill the tank. The proportional gain value I established to receive oscillatory behaviour was 7.65, as can be seen in Figure 3. 
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Figure 3- Oscillatory behaviour established by increasing the proportional gain.
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Figure 4 & 5 – Calculating oscillation time period for one complete wave cycle
	Control Type
	PID

	Controller Gain
	7.65 ÷ 1.7
= 4.5

	Integral (Ti)
	11 ÷ 2
= 5.5

	Derivative (Td)
	11 ÷ 8
= 1.375


These measured figures could then be placed ultimate cycle method controller settings calculations. 



These proportional gain, integral and derivative values were then placed into the PID controller accordingly. Figure 6 shows the results after the tuning took place.
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Figure 6 – Final tuning using the Ultimate cycle method
From the results of the tuning, it can be seen that when the setpoint value was decreased from 50% to 25% the tank level decreases at a fairly quick rate. After it reaches the 25% setpoint it begins to undershoot the setpoint to approximately 18%. The tank level then increases quickly to overshoot the setpoint to a state of steady state error for a period of time. After this steady state error has occurred the tank level then levels off to the setpoint of 25%.
In the process reaction curve method, a process reaction curve is created in response to a step change and increase of proportional gain. The process curve is then used to calculate the PID tuning figures. Once the proportional gain and the step change are applied to the system. A tangent is drawn across the maximum slope of the system response curve which can be seen in figure 7. 
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Figure 7 – Reaction curve tuning calculations
From this system response the effective delay time can be measured by subtracting the end of the time lag period from the start of the time lag. The ND value is calculated can be found by drawing a tangent to the step response at its point of inflection (maximum slope) and noting its intersections with the time axis and the steady state value (Rodrigues, 2011). The u value can be found by subtracting the start time of the steady state error beginning from the start of the system response curve.
Once these figures are obtained, they are then driven into the reaction curve method PID calculations to obtain the tuning figures.
	Control Type
	PID

	Controller Gain
	1.2(11 ÷ 5)
= 2.64

	Integral (Ti)
	3 ÷ 0.5
= 6

	Derivative (Td)
	3 ÷ 2
= 1.5
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Figure 8 – Reaction curve after PID tuning
The results of the tuning show the sharp rise in proportional gain which produces a large overshoot of the tank level which isn’t desired. After, this overshoot has occurred the system responds by bringing the level down to just under the selected setpoint. This undershoot then increases slightly to the 60% setpoint.
In conclusion, I believe the reaction curve method is a more efficient and reliable way of tuning a PID controller for achieving a tank setpoint. This is because only a small step change is needed to acquire the values needed. It is perfect for large, hazardous capacity systems as it would be too dangerous to take the process to the point of instability (college, 2021).
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