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Introduction

“The term process tends to be used for both the processing operation and the processing equipment.”, Raafat (2017). Processes can be applied within a number of industries to achieve a desired performance within a specification. They allow for consistent work over a set amount of time. For this report, I have been employed by a micro-brewery to design and implement a continuous process control strategy for a new product line. It will need to be self-regulating for the duration of the production time, furthermore, process alarms and all necessary production data collection/storage will need to be included. Cleanliness and environmental hazards will be taken into consideration as the process is for the food and beverage industry. 
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Control systems are used in various engineering disciplines. “Control Systems Engineering is the engineering approach taken to understand how the process can be managed by automation devices and to implement such into operation.”, Parasyn (2021). This indicates that control systems are used to attain an ‘output’, or multiple outputs with consistent quality, as well as being able to monitor the system. “A control system is a system, which provides the desired response by controlling the output.”, TutorialsPoint (2021). A control system may be a process consisting of achieving an ‘output’ by manipulating an input, as shown in the following diagram:
Process
Input
Output
Disturbances






In this diagram, the process is controlling the input to achieve the desired output. Meanwhile, there are disturbances acting upon the process to try and move the output from its desired state. This can be shown through different types of processes. An example of this could be the water clock. 
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This diagram shows a Roman water clock. “The water clock was developed to solve the problem of the first timekeeping device known as the sundial.”, Physics History (2020). The problem may be that the sundial could only be used during the day as the method of timekeeping relied on the sun. “Water fills a canister. A float is lifted. A figure is mounted on top, which points to a cylinder-shaped board. On the board are 24 squares, which stand for 24 hours.”, Physics history (2020). I believe that the reason for this method of timekeeping being so accurate for its time is due to the fact that the water is being controlled by the stopper so that the canister is filling at a constant rate.
 For this scenario, the input is the water, the process is how the water is controlled, and the output is the time shown. One disturbance within this process is the flow of water as it does not flow at a constant rate. A stopper has been implemented to control this. 
Within a brewery, there are various things to consider when discussing disturbances. “DMS (Dimenthyl Sulfide) is a byproduct of mashing and fermentation, so it is present to some degree in all beers.”, Smith (2012). DMS is a chemical which is given off as a result of the mentioned procedures. The blog goes onto state “If you have a strong cabbage aroma or flavour you may have an infection in your finished beer.”, Smith (2012). This is not beneficial as it has the potential to manipulate the final product. As it is considered a disturbance, it can be controlled. 
The article states “It is, therefore, possible to control the level of DMS by varying the duration of boil and whirlpool stage.”, The BREWER International (2002). This is another example of how the control system can be altered in order to find a solution to the disturbances. 
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Within all processes, measurement is an important facet to consider. The article states “A measurement is a manifestation of the size, quantity, amount or dimension of a particular attributes of a product or process.”, Pankaj (2020). This implies that measurement can be a lot of things within the engineering industry, additionally how they can be measured. “The instruments duty is to measure the given specimen according to the given dimensions.”, Shafi (2021). I believe that it is very important to choose the most appropriate measuring equipment for the given dimensions. An example of this could be to use a micrometre over a vernier calliper to determine the rounded diameter of a finished product.  
In this scenario however, I will not be using this type of measuring equipment as they are solely for measuring finished products. The article states “A transducer is an electronic device that converts energy from one form to another.”, BYJU’S (2021). This infers this type of measuring device is used within processes as it has the ability to convert the energy sensed into a signal which can be measured. “Electrical signals are converted to and from other physical quantities (energy, force, torque, light, motion, position, etc.).”, Grigalunas (2019). Transducers could play an important role within the process I will be looking into as they deem versatile in terms of what can be measured. 
Examples of this can be shown through different types of transducers. The article states “Orifice plates are one of the most popular devices for the measurement and control of fluid flow.”, Sölken (2021). This type of transducer will definitely be considered when creating the process control strategy. “Orifice plates are used as restriction devices to regulate fluid flow or reduce the flowing pressure downstream of the orifice plate.”, Sölken (2021). It may be important to check this as too much pressure has the potential to overload the pipes the fluid is flowing through. This is not beneficial within a microbrewery as not regulating the flow of the fluids could mean that the beverage ends up wasted. This would also result in the workspace around the process control strategy becoming contaminated.  
“With full temperature and pump control the basic system will take care of the key brewing processes.”, Brewmation (2021). This suggests that the temperature and pump control are needed to be controlled within a brewery. This could be important to help the brewing process. The article goes onto state “Glycol System Monitoring: Monitor your glycol reservoir temperature, and receive and alert you via an e-mail if the temperatures rise above an alarm level.”, Brewmation (2021). For this process, the temperature is constantly monitored. The process is made so that it is able to measure the temperature and know if it is becoming too high. This may be done through the means of a temperature sensor. 
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Within automation, there are pneumatic and hydraulic control systems. The article states “Pneumatic is the technology that makes use of gas or pressurized air.”, Robo (2015). This implies that pneumatic control systems function by use of gas or compressed air.
“While electric systems are prone to fire because of electric spark, hydraulic systems uses oil which is inflammable.”, EngineeringLearn (2020). This suggests that pneumatic control systems are the safer option out of the two. They may be used often in places such as explosive environments. The article then goes onto state “These systems are slower in performance compared to hydraulic.”, EngineeringLearn (2020). This infers that the hydraulic systems are better in terms of performance. 

· Basics of Pneumatics and Pneumatic Systems – IspatGuru
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The diagram above shows the main components of a pneumatic control system. From this, I can see that the air is brought through the intake filter where it is cleaned for future use. “Air compressor converts the mechanical energy of an electric or combustion motor into the potential energy of compressed air.”, Satyendra (2015). During this phase, the pressure of the air could be increasing due to the constant flow of air.
 “The purpose of an air receiver is to smooth the pulsating flow from the compressor.”, Satyendra (2015). This suggests that the compressed air is being made at an unsteady rate, furthermore the receiver allows for this process to run smoothly.
 “For satisfactory operation of the pneumatic system the compressed air needs to be cleaned and dried.”, Satyendra (2015). I believe that the separator is used for cleaning as moisture could cause corrosion within the process. Also, I believe that the cooler is used to cool down the compressed air. This could be occurring due to the amount of compressed air coming in causing a large amount of kinetic energy. Despite the air being taken to be cooled down, its pressure will remain the same, excluding any loss through travel. Finally, the air is stored within the receiver so that it can be used as per future requirements. 
The next type of control system is referred to as a hydraulic system. The article states “Hydraulic control system include any controls that use fluid-based operation rather than electronics or pneumatic power.”, Turner (2021). This suggests the difference between a pneumatic and hydraulic control system. A hydraulic control system operates through pressurised oil instead of pressurised air. 
“Compared to electric or pneumatic control systems, hydraulic controls are better able to handle sudden changes in load while maintaining an even level of power distribution.”, Turner (2021). This implies that hydraulic control systems are used within industrial environments, such as lifts, hydraulic presses, etc. 

· Hydraulic Press Machine (The Essential Guide) | MachineMfg
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The above diagram shows a drawing of a drive system from a hydraulic press. This type of system is referred to as a ‘pump direct drive system’. The article states “The pump of this drive system provides high pressure working liquid into the hydraulic cylinder.”, Shane (2021). This implies that as the fluid is moved to one location, it may move elsewhere within that channel to help bring the press into motion. “The overflow valve is used to adjust the limited pressure of the system and also acts as a safe overflow.”, Shane (2021). This may be used as a safety mechanism to help control the flow of the liquid. 
There are also disadvantages to using this type of control system. The article states “Because this fluid consists primarily of petroleum products, it poses risks to the environment during use and disposal.”, Turner (2021). This is not ideal for use within a brewery as if any leaks occur they have the potential to contaminate the facility, as well as the environment around it. For this reason, I believe that the pneumatic control system is better for use within the micro-brewery as opposed to a hydraulic control system. With that being said, the hydraulic control system may be useful within a brewery due to its ability to output larger amounts of energy. They could be used on valves within the control system to ensure they are opened or closed correctly. 
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Control systems can be defined by two different types. The article states “An open-loop system is a type of control system in which the output of the system depends on the input but the input or the controller is independent of the output.”, Electronics Coach (2021). This infers that this type of control system is purely commanded by the input and cannot correct for disturbances. 
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This diagram shows the outline of an open-loop control system. From this, I can see that the output does not affect the action of the control system as there is no way to feedback any information to the controller. “It is very simple, needs low maintenance, quick operation, and cost-effective.”, ElProCus (2021). This may mean the accuracy within this type of system is low and less dependable due to its simplicity, also quick operation. 
An everyday example of an open loop control system could be a toaster, as the machine runs in accordance with the pre-set time period, irrespective of the state of the bread. This means that it cannot detect the bread if it is starting to burn.
The second type of control system is known as a closed-loop system. The article states “A closed-loop system can be defined as, a system that has a feedback loop (or) a control system that uses a feedback signal to generate the output.”, ElProCus (2021). This suggest that the stability of this control system can be controlled by a feedback system. This would mean that unlike the open-loop control system, it can correct for disturbances. 
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The above diagram shows the outline of a closed-loop system. From this, I can see that there is a feedback loop involved through the means of feedback elements. “The output can be controlled accurately by providing feedback to the input.”, ElProCus (2021). This implies that the feedback signal can be obtained within the control system by considering the output as an input. This would allow the control system to assess the current quality of the output and send a signal to state something is wrong, furthermore adjust to remove any disturbances. 
An everyday example of a closed-loop system could be a thermostat heater. It functions through the means of a temperature sensor, being the feedback element. It uses this to determine whether to heat up or cool down the premises to match the temperature it has been set to. 
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With all of the information I have gathered, I can now design a continuous process control strategy. It was mentioned to me prior to carrying out all of my research that there is a pneumatic power supply within the micro-brewery, which I believe will be useful throughout my design. 
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The diagram above shows the continuous process control strategy I have made. I have made it so that it is self-regulating by adding sensors to monitor each phase and control any disturbances. Malt barley grain is the main input of this control process as it is manipulated with other ingredients throughout.
I have employed orifice plates for the water tank, whirlpool, conditioning, and filtration to ensure the liquids are flowing at a constant rate. This could lead to overloading any pipes, furthermore spillage.
Timers have been applied to the lautering, boiling, fermentation and conditioning phases due to them all needing specific times for the best results. Poorly timed phases could lead to the quality of the output being affected. 
Temperature sensors have been added for the boiling, whirlpool, cooling and fermentation as they all need precise temperatures in order for their phases to be completed. Unstable temperatures have the potential to cause fires, which could damage the environment from the emissions given off. 
Pressure regulators have been put into the milling and whirlpool phases to keep the force within their phases constant. Too much force could damage the equipment internally over time. I also implemented this to the yeast and hops tanks, so they do not add too much at one time. 
Every sensor and timer are feeding information to an area which I applied called the ‘feedback centre’. Here it will see all of the recorded data from each sensor, which can allow the operators to see how this can affect facets such as quality of the output, production time, etc and alter if necessary.
All valves used within this process control strategy will be pneumatically powered. They will be controlled from the feedback centre so that they are all easily accessible from one area. Another reason I chose to do this is because they will be guaranteed to be shut properly, based on the assumption they work correctly. This is because they will be moved with the help of compressed air. Also, if something was to go wrong, the operators could be able to shut off any valves as they would be easy to access and away from any danger.
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To conclude, I have found that control systems are used to attain an ‘output’, or multiple outputs with consistent quality, as well as being able to monitor the system. There are disturbances acting upon the process to try and move the output from its desired state. Transducers are a type of measuring device used within processes as it has the ability to convert the energy sensed into a signal which can be measured. This is beneficial within a brewery as measuring allows for operators to alter the output to improve quality.
I have also found there are vast differences between pneumatic and hydraulic control systems as to their purposes. With that being said, I believe that a hydraulic control system may be able to be used within a microbrewery due to its capability within automatic valves. If it was to be included, it would need to be located away from the premises as it also produces dangerous liquids. 
As shown in my design, I did end up using the pneumatic control system to help power my own control system as I believe it is the safer and easier option. I employed multiple transducers to help with self-regulating, and also a control centre where the information is fed so that the operators could alter anything if needed. 
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Example

The clothes dryer is one of the examples of the open-loop control system. In this, the control action can be
done physically through the operator. Based on the clothing’s wetness, the operator will fix the timer to 30
minutes. So after that, the timer will discontinue even after the machine clothes are wet.

The dryer in the machine will stop functioning even if the preferred output is not attained. This displays that

the control system doesn't feedback. In this system, the controller of the system is the timer.

What is a Closed-Loop Control System?
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Closed-Loop Control System Block Diagram

When the control system includes a feedback loop, then the systems are known as feedback control
systems. So the output can be controlled accurately by providing feedback to the input. This type of control
system can include more than one feedback.

In the above diagram, the error detector generates an error signal, so this is the variation of the input as
well as the feedback signal. This feedback signal can be obtained from the elements of feedback in the

control system by considering the system output as an input. As an alternative of the input, this error signal
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