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[bookmark: _Toc99897715]1 - Introduction

This report considers the automation of a specialist aquarium to nurture endangered species of freshwater fish, paying particular attention to the variables in this specialist natural environment.  It details the control systems required to meet the objective of automatic control.  
The company has been asked to ensure that the process be self-regulating and collects necessary data and process alarms. 	Comment by Ryan Williams: Fresh water fish





















[bookmark: _Toc99897716]1.1 - What is a control system? 

A control system is a configuration of components that forms a system that will provide a desired system response. The analysis of this system is the foundation provided by linear system theory which assumes a cause-effect relationship of the components in the system.  It is this reason a system can be represented by block diagrams. 
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[bookmark: _Toc99897077]Figure 1 process to be controlled



An open loop control system uses a controller or control actuator to obtain the desired response. A closed loop control system, in comparison, has additional measures. A closed loop control system measures the actual output of the system, in order to compare it with the desired output.  This extra measure is called a feedback signal. 
[bookmark: _Toc99897078]Figure 2 Open-loop control system
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Figure 3 Closed loop control
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Automation is a term used to describe the automatic operation or control of a process. You will find examples of automation around the home and office, within everyday appliances.  Automation involves carrying out operations in a required sequence and controlling outputs to required values. 
In modern manufacturing there is a vast amount of automation, automatic machinery and production lines which can be used to produce components/products with no human intervention. These automatic systems also increase productivity.  

[bookmark: _Toc99897717]2 - Aquarium Parameters

The pH measurement of freshwater aquariums is an important factor.  Most freshwater fish thrive in pH levels of 6.8 – 7.8. The pH level is an indicator of acidity or alkalinity. Water with pH level lower than 6.5 could be classed as acidic.  If the pH level is higher than 8.5 ,this could indicate that the water is hard. (Rickard, 2019) The pH level of an aquarium is likely to lower over time due to the breakdown of organic matter. To combat this, regular partial water changes are recommended. (Aqueon, unknown )
Temperature within an aquarium needs to be stable.  It is suggested that freshwater fish require a temperature between 24 and 28 degrees Celsius. Cool water contains more oxygen than warm water, therefore, any increase in optimum temperature results in less oxygen. 
The level of water is also important. Water levels will fluctuate over time due to evaporation. According to (blueprints, n.d.) larger water levels are better at diluting harmful toxins like nitrite, ammonia, and nitrate. As the water levels decrease, so does the amount of oxygen for fish. 
Oxygen levels are very important. Broadbent, states “When it comes to aquariums, oxygen is one of those things that we know we need but tend to forget about because we can’t see it”. A good method for increasing oxygen levels in a tank is to increase surface agitation or introduce water movement on the surface. This allows more carbon dioxide to escape and increase oxygen. Oxygen can also be introduced to water via an air pump. (Broadbent, unknown )	Comment by Ryan Williams: Take the name out of the bracket and date and page number if direct quote
A method for creating surface agitation is by releasing filtered water at the water surface via spray bars or waterfalls, resembling flow.  
[bookmark: _Toc99897718]
3 – The concept

The concept I’m proposing will focus on controlling four main parameters: water level, water temperature, pH level, and oxygen level.   The system should also have a method for automatic feeding. 
The overall system will be controlled by a PLC and touch screen human interface panel, featuring push buttons and indicator status lights. The indicator status light will be used as visual indication of system health. Green = healthy, yellow = process control taking place, red = error.  Each parameter will be monitored by a sensor in contact with the water and will give an output to the PLC based on the limits set within the ‘process controllers’ for the parameter being monitored. In addition to these sensors there will be additional monitoring inputs in the form of flow sensors either side of the tank, ensuring system is functioning correctly. These will be used when the pump is running, to ensure water flow or to indicate a leak in the system, when the system is in its home or initial position. 
[image: A picture containing file
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[bookmark: _Toc99897079]Figure 4 Showing Control interface and tank with sensors
[bookmark: _Toc99897719]3.1 – The PLC 

A PLC or Programmable Logic Control is an industrial computer control system that monitors input devices and produces output for devices, dependant on the decisions made using the program within the system called ladder logic. As figure four is showing, a PLC consists of five basic components: Processor unit, Memory, power supply unit, Input/output interface and the programming device.	Comment by Ryan Williams: Where’s your diagram gone??
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[bookmark: _Toc99897080]Figure 5 The PLC system
The processor or CPU (Computer processing unit) contains a microprocessor.  It’s the role of the microprocessor to interpret the input signals and carry out the control actions, processing the decisions as action signals to the outputs. 
The power supply converts mains electrical supply (alternating current) to low direct current (five volts) which is necessary for the processor and the circuits in the input/output interface. 
The memory is where the program is installed. 
The input and output modules are where the processor receives information from the external devices and communicates information to external devices. Each input/output has a unique address within the system. Inputs and outputs are in either modular or block form and are designed to transmit and receive various formats of signals. Inputs might be from switches or other sensors such as photo- electric cells, temperature, flow and or pressure switches. The outputs could be to such things such as solenoid valves, relays, starter motor coils. The input/output channels provide signal conditioning functions so that sensors and actuators can often be directly connected to them (W.Bolton, 2004).
Data from the system can be recorded by using a data logger. A data logger is a piece of equipment that can perform measurements and record time-stamped data. An internal clock or a measured value can be an input to trigger a stored record and a user can access logged data from the device as well as review data history.  (Davies, 2018) 
Some manufactures supply PLC modules with data logging facilities built into their equipment. 

[bookmark: _Toc99897720]3.2 – Piping and instrumentation diagram

“A piping and instrumentation diagram, or P&ID shows the piping and related components of a physical process flow” (Chart, Unknown).  To help design, maintain and modify physical plant of this type, a P&ID diagram is essential. P&ID’s help to understand a process and produce a document in a common language of plant layout and serve as a basis for control programming. They won’t necessarily include specification. Specifications are usually provided in separate documents; however, they are created to a standard.  An example of a common standard is ‘ISO 14617, graphical symbols for diagrams.’ (standardization, 2005-2007)	Comment by Ryan Williams: Sub heading???
[image: ]
[bookmark: _Toc99897081]Figure 6 P&ID layout of system design
The water to be processed will be controlled by solenoid operated pneumatic directional control valves and sprung return pneumatically operated butterfly valves.  All the valves in the design feature a spring return.   In the case of power failure or pressure failure the spring return closes all process valves which is the safest condition for the system. These types of valves are considered as mono-stable.  The valve is held by a spring into its home position and only when the valve is actuated does it switch into its energised state.
Directional control valves or DCV’s are used in pneumatic systems to direct or stop the flow of compressed air and actuate industrial style valves, cylinders, and air tools. Dependant on their function, the DCV can have two or more ports and can feature different methods of actuation such as manual, solenoid or pilot operated. (Tameson, n.d.)
A solenoid works by producing an electromagnetic field around a movable core.  This electromagnetic field moves the core inside the body of the DCV and allows air to move from one port to another, turning electrical energy into mechanical motion. The timing of the electromagnetic field to the DCV will be controlled by the PLC. 

[image: Circuit function of a Normally Closed 3/2-way valve]
[bookmark: _Toc99897082]Figure 7 Solenoid operated 3/2 sprung return DCV


	
	Pneumatic
	Hydraulic

	Pressure
	Low, between 5-10 bar
	High, 200 + bar

	Forces
	Low compared to hydraulic forces
	Actuators suitable for high loads

	Cost
	A lot lower than hydraulic components
	Up to 10 times more than pneumatic devices

	Transmission
	Inexpensive plastic tubing
	Expensive reinforced walls required to withstand high pressures

	Maintenance 
	Low frequency
	High frequency

	System Design 
	More simplistic
	Complex

	Environment
	Air is more environmentally friendly
	Leaks harmful to environment


[bookmark: _Toc99897083]Figure 8 Pneumatic/hydraulic comparison table

Looking at some of the comparisons between hydraulics and pneumatics, pneumatics are better suited to a system and environment of this nature as high forces and great accuracy aren’t required. If hydraulics where to be used, you would achieve greater control and stability, however, it would not be suitable due to the environmental aspect.  Even if used indirectly, there could still be some chance or contamination and it would not be worth the risk when dealing with an endangered species. 	Comment by Ryan Williams: Why?

[bookmark: _Toc99897721]4 - System overview/functions 
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[bookmark: _Toc99897084]Figure 9 3D computer aided design of system
A three-dimensional and a plan view layout of the system was created featuring all components.  The layout of plant is designed that all the mechanical equipment could be located in a plant room featuring acoustic attenuation and essential ventilation to combat any pollution usually associated with plant equipment of this type. Access to this room can be restricted to official maintenance/trained personnel as a safety precaution.  
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[bookmark: _Toc99897085]Figure 10 2D Plan view with parts input/output parts list
[bookmark: _Toc99897722]4.1 - Water level low process. 
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[bookmark: _Toc99897086]Figure 11 Showing components being utilised by the PLC during water level process identified in yellow

Valve 1 is connected to the mains water supply.  A step of the PLC program can be created to fill the tank initiated by a push button and when the correct water level is achieved, the PLC will switch to the automatic program.
If the water level falls below the set point and the PLC receives an input from the water level sensor, the program will be set up to fill the tank. This is achieved by setting an output to the motor/pump and valves 1 and 3 to allow water to enter the system from the mains water supply. When valves 1 and 3 are open the water level in the tank will raise until the water level set point is achieved.  It is at this point which the PLC outputs will switch off and the system will return to initial position. 



[bookmark: _Toc99897723]4.2 – Oxygen low level processes
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[bookmark: _Toc99897087]Figure 12 Showing components being utilized by PLC during low oxygen cycle identified in red

If the oxygen sensor records the oxygen levels below the setpoint, the program will output to motor/pump and valves 3 and 5.  The water will flow from the tank to the pump which will circulate the water and the water will enter the tank above the water level, creating surface agitation and water movement.  This provides an opportunity for carbon dioxide to be released and increasing oxygen within the tank. 







[bookmark: _Toc99897724]4.3 - Temperature low level 
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[bookmark: _Toc99897088]Figure 13 Showing equipment being utilized by the PLC during heating process identified in purple
	Comment by Ryan Williams: Label me

In the event that the temperature drops below the set point, the input to the PLC activates the heating sequence.   The PLC outputs to motor/pump and valves 5 and 2, which allows the water to circulate and get pumped through a heat exchanger that is connected to a separate heating system.  This could potentially be the heating system of the building.   As the temperature is a critical parameter of the water, a PI or PID control could be utilised with the heating program. Many PLC’s feature PID control loops within the program.  The benefit the PID controller has over just the on-off method of control is that the output with be proportional to the error which enables the controller to have no offset and reduces the tendency for output oscillations and greater control over tank temperature. 


[bookmark: _Toc99897725]4.4 - pH level	Comment by Ryan Williams: label me
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[bookmark: _Toc99897089]Figure 14 Showing the equipment being utilized by the PLC during a partial water change identified in orange
If the pH sensor sets the input to the PLC, the PLC program will be setup to create a partial water change within the tank.   The PLC will open valve 5 to allow water to flow to a drain until the low-level set point is reached by the level sensor.  At that point in the program, valve 5 will shut.   The motor/pump and valves 1 and 2 will get a signal to open to allow water in the tank to be raised back to the correct set point. The PLC would also have to be setup that if this program is running and the correct level hasn’t been met by the level sensor and the temperature moves outside the desired temperature parameter, then the PLC will alternate opening valves 2 and 3 to allow water to travel through the heat exchanger, or not. This part of the program would have to be a latching circuit and only unlatched by the level sensor, disabling the system from moving to the heating cycle and thus disturbing the partial water change. 
Included in the system is manually operated gate valves at either side of the tank and filter, to allow isolation of the system in the event of a leak or to be able to perform essential maintenance. 
[image: Diagram

Description automatically generated]	Comment by Ryan Williams: label me
[bookmark: _Toc99897090]Figure 15 Manual operated gate valves identified by yellow

Each sequence is monitored by the flow valves to ensure correct operation. 
As all the automatic processes use the filter, the filter will require some form of condition-based monitor sensor to notify the PLC in the case of a blocked or dirty filter.  The PLC program can then issue an error message and signal to the system operators via a warning alarm and the system indicator status lights. 

[bookmark: _Toc99897726]4.5 - Automatic Feeding 

Automatic feeding can be achieved by utilizing a vibratory linear feeder and hopper or a bowl feeder. Linear feeders can be setup to achieve a precise throughput dependant on the size/surface area of the feeding tray and the density of the feeding material. Vibratory feeders can use both a pneumatic and/or an electro-magnetic motor to create the vibration. 
[image: Typical construction of resonant EMVF | Download Scientific Diagram]
[bookmark: _Toc99897091]Figure 16 Linear vibratory feeder and hopper


The volume of feed in the hopper can be monitored by a through beam photoelectric sensor at either side of the hopper, set as a normally closed switch that switches when the feed level allows the beam to pass from the transmitter and receiver. 




[image: Thrubeam model]
[bookmark: _Toc99897092]Figure 17 Through beam sensor diagram











[bookmark: _Toc99897727]5 – CONCLUSION

The report above sets out some potential variables and outlines a control strategy, it is a concept design and is, therefore, limited in its approach.  In order to make this a fully working design further consideration would need to be taken of other key items, which this report has been unable to address.  Tank size would need to be considered, along with the finances and budgets, specifications of equipment, as well as the environments at site and the species of fish.
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