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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.

An effective control system is a type of level sensor such as the ‘High/low level sensor ‘. This control system is typically used in the Valero Wastewater Treatment Plant (WWTP) within the oil sumps. These level sensors can provide you with accurate results relevant to the amount of oil within each sump around the WWTP. For this equipment to be effective, you need four other elements. These include the tank/sump, an oil source, the level sensor and a pump to control the amount of oil inside the sump. For a particular process such as reducing the amount of crude oil from contaminated water to allow you to re-use the oil throughout the refinery process, having a level indicator/sensor would be vital as the operator will be aware at all times of the level of contamination and the available oil for the refinery to re-process. The way that this level sensor works is by having the sensor connected to a cable. The cable has two sensors, a low level and a high-level sensor. When the oil reaches the high-level sensor, the sensor will trigger the automatic pump on which will release oil from the sump into a small storage tank, before being flushed into a large oil storage tank away from the WWTP through pipes. On the other hand, when the oil amount drops to the low-level sensor, the low level will trigger the automatic pump to pump more oil into the sump. However, once the low-level sensor is activated, it will only pump more oil into the sump once the low-level sensor has dried out to ensure the amount of oil is too low for the sump to be effective. These types of level sensors can be used with temporary equipment such as a temporary cable which can be manually pulled out of the oil sump as well as the temporary pump being easily switched off and removed if needed. The temporary pump and level sensors are only used when the oil pumps are either out of service or not available for use. With the static and permanent pumps, the level sensor is mechanically connected to the sumps and has two metal rods attached, not like the cabled sensor on the temporary pump. There are many benefits with the permanent high/low level sensors being used for this operation as when this sensor is used correctly, there should never be an overflow of oil or not enough oil in the sumps to cause problems to other parts of the process. For example, when the oil is in the sump, its coming from the Flume which transfers the oil to the sump, if there was an overflow of oil in the sump, it would mean there would be too much oil being kept in the flume, however due to the automatic pump being activated, oil can always be transferred to storage tanks, or if there isn’t enough oil in the sumps, the automatic pump will pump more oil into the sump. Using this method, there is always a perfect balance of oil in the sumps, flume and storage tanks. 

In the image below, it shows the example of the oil being stored in the sump with the high/low level sensor inside. The different lengths of the rods from the sensor show exactly where the amount of oil would trigger the automatic pump. 

[image: The PLC Tutor-Level application]

In the image of the high/low level sensor, it has the same principle as the temporary level sensor, however it is connected to a fitted pump in this case, whereas the pump would also be temporary in the other situation. Both methods are safe and reliable to use, but the permanent one is more useful as there’s no way of the sensor being manually moved, as well as the fact it doesn’t trigger the low sensor until its dry.


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.

One appropriate control strategy for an operating procedure to control the process of Valero would be storage tanks. In Valero, they have a substantial amount of storage tanks, for different purposes such as the storage of oils, gases, liquids. For this method, I will be discussing the oil storage tanks. Within the oil storage tanks on Valero, they have multiple effective methods of storing, transferring and receiving oil all whilst being capable of monitoring the levels. The tanks can receive the oil through pipes from different areas around site. Either straight from the jetty as it comes off the ships, from the sumps in the Wastewater Treatment Plant, or from other tanks If needed. When the tanks are being loaded with oil from the ships off the jetty, they will be receiving an extremely high amount of oil in one load, which they are capable of as well as allowing it to be transferred to other tanks as it fills up which is triggered by the level sensors within the tanks which will then trigger the pumps outside of the tanks and pump it through the lines into other areas of the tank farm. The oil storage tanks will take up to hours to fill the tank to its required load before transferring to other tanks. This shows a fine example of how the storage tanks are great a great of the process which is capable of continuous control. Also, with regards to batch control, the storage tanks will be able to have a system which is operated by a worker who can create a set point for the tank to receive a certain amount of oil before it stops the oil flow or creates a bypass to another storage tank or a different area of the refinery, depending on the oil requirements in a particular storage tank. For the average crude oil storage tank, they can hold up to 80,000m ³ fill rate which takes up to 12 hours to fill. As well as this, the storage tanks can also work in a sequential control method. When the ships begin the transfer of oil into the storage tanks, there will be a step-by-step process to ensure the tanks receive the correct amount of product before transferring the oil to another location. So, the sequential process would be, once the first storage tank is filling and the high-level sensor is triggered or the set point is reached, the oil can then be blocked from that line and be transferred to another tank. The advantages of this control strategy is because this is the beginning of the whole refinery process. Without the storage tanks operating in this method, the whole refinery process would be less effective. So, having full control of the amount of product being stored in each tank is vital. The storage tank process having the capabilities of continuous control, batch control and sequential control is why this process is so successful. Also, batch control can also refer to batch blending which is where batches of products are transferred into one final tank before being mixed and tested for a finished grade. However, tanks could also be tested and exported onto a ship or transferred to another tank. The process of tanks also has a process of batch sales such as the sale of Jet kerosene. However, the main purpose of batch processing for the tanks it when an agreed volume of product is transferred to another tank or loaded onto a ship.























Exercise B1 - Tuning a PID controller using the ultimate cycle tuning method.


The image below shows I have adjusted the set point to 25%
[image: Graphical user interface

Description automatically generated]

The next image shows me setting the proportional gain 2.0Ku and other control actions are at 0. 
[image: A screenshot of a computer

Description automatically generated]




For the next part of the process, I have added a 20% increase on the set point. This has caused LIC_101_03 OP to move closer to LIC_101_03 SP [image: A screenshot of a computer

Description automatically generated]


The following two screenshots show me reducing the SP back to 25% and increasing the proportional gain to 4.000Ku
[image: A screenshot of a computer
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The following screenshot shows the set point at 25% which has given a gain at 6.000Ku 
[image: A screenshot of a computer

Description automatically generated]



The following screenshot shows the set point at 25% which has given a gain at 7.000Ku 

[image: A screenshot of a computer
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The following screenshot shows the set point at 25% which has given a gain at 7.6Ku. The last two screenshots have shown that over time, the set point at 25% given a steady increase to the proportional gain value.
[image: A screenshot of a computer

Description automatically generated]


Integral point
10 second difference between two peaks
[image: A screenshot of a computer
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Step 8 and 9.
Controller gain = Ku/1.7
=7.6/1.7 = 4.47
Integral (ti) = Tu / 2
= 10 / 2 = 5
Derivative (Td) = Tu / 8
= 10/8 = 1.25

With results gathered, I will now place them into the PID setting for the level control system.
[image: A screenshot of a computer

Description automatically generated]

[image: Graphical user interface, application

Description automatically generated]

This final image shows my final results after applying the calculated values to the PID setting for the level control system.



Exercise  B2 - Tuning a PID controller using the reaction curve tuning method.


Setting controller to manual and changing the initial conditions. Proportional gain is 2.5, integral time constant and derivative constant are both 0. The plant is now in normal operating condition.
[image: Graphical user interface, application, Word

Description automatically generated]

In the following two screenshots, I have located the maximum slope of N and drew a tangent at that point. By making other tangent points, I have been able to determine the effective delay D by measuring the time between the application of the step change and the point where the maximum slope of N intersects the plant initial response point.


[image: Graphical user interface, application
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[image: Graphical user interface, application

Description automatically generated]
Effective time delay = 00:02:13 to 00:02:17 = 4 seconds
Nd = 8
∆u = 20
Controller gain = 1.2 (20/8) = 3
Integral (Ti) = 4 / 0.5 = 8
Derivative = 4 / 2 = 2

After gathering these results, I have applied them to the PID controller settings to determine my final results to display the reaction curved graph.
[image: Graphical user interface, application, Word
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[image: Graphical user interface, application
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Part C Control systems evaluation


When completing the ultimate cycle and reaction curve graphs to tune the three-term controller, I found many similarities and differences between the two. For example, when achieving the PID values for the ultimate cycle, it was as simple as adding the correct values and reducing them appropriately to reduce the waves to gain a straight line at the beginning (as shown in the image below), whereas on the reaction curve method, to find the curve at the beginning was proved difficult. Until I increased the speed of the reaction was when I was able to find evidence of the curve.


[image: Graphical user interface, application

Description automatically generated]

Despite the start, once the curve was located, finding results for the rest of the PID settings wasn’t an issue for either graph which shows its similarities. Using similar techniques and methods of results, it was very similar. However, the result shows a difference in the reaction time and the amount of curve. Another similarity between the two graphs was that the steady state error wasn’t an issue throughout both findings. I was able to find the desired end results using the correct methods throughout the whole process. A final difference between the two was the rise time. As shown in the first graph, the waves were up and down, sharply and quickly throughout the beginning whereas the second graph had a sharp increase in rise time before becoming a steady straight line to allow the reaction curve to rise above but once again, come back down into a steady straight line.


References
https://blog.mnteng.com/2016/03/developing-useful-alarm-strategy.html
https://home.isr.uc.pt/~lino/AIR/Arquivo/PLC_Tutor/level.htm
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