University of Wales Trinity Saint David 
School of Engineering 

Plant Operations and Performance
Plant Flow Diagrams and Pipe and Instrument Diagrams – ACMA4002

Samuel Barry 
2312272
19/07/2024


Table of Contents
1	Introduction	1
1.1	Aims	1
1.2	Objectives	1
2	Pipe & Instrument Diagram	2
3	Health and Safety	7
4	Conclusions	8
5	References	9

Figure 1 - P&ID Diagram	2
Figure 2 - P&ID segment	3
Figure 3 - P&ID Segment 2	5



1

[bookmark: _Toc172283959]Introduction
Pipe and instrument diagrams are vital to an engineering plants maintenance and development, the diagrams represent the schematics of connections throughout a plant. It provides all the interconnections between areas, provides information on what will be carried through each pipe and the location of each control panels which regulate the piping systems. These diagrams are needed to ensure, all piping, valves and pumps meet the required legalisation, but also provide a way of tracking the flow of substances throughout the plant. This means if anything was to go wrong, the diagram can be used to help identify areas that could be causing the problem, that aren’t openly visible to anyone.  
The task that has been assigned is to construct a small segment of a P&ID diagram for the company FSG and investigate the process that has been chosen whilst considering any health and safety regulations that could be involved, and how these regulations affect the company and the process.  
[bookmark: _Toc172283960]Aims 
· The aim is to show a small chuck of a P&ID diagram of FSG and investigate the processes involved and any health and safety implications. 
[bookmark: _Toc172283961]Objectives 
· Show a small segment of a P&ID diagram 
· Investigate the process involved 
· Discuss any health and safety that affects the process 
[bookmark: _Toc172283962]
Pipe & Instrument Diagram 
Pipe and instrument diagrams can become huge, with incredible detail showing all areas of a plant where there are connections to pipes, valves, pumps and control panels.  These are created for commissioning new plants, but the main purpose is to ensure safety and to safeguard everyone within the plant, whilst it is fully function. Everything is methodically thought and tested before the full release to the company. Although regular updates should be considered especially if the company has expanded or changed any operational procedures.  

A small chuck of FSGs pipe and instrument diagram has been dissected. The chosen segment of the plant is the compressed air operation. This is due to the fact, FSG use a significant amount of compressed air daily. This is down to all the machines need and use compressed air to function, there are a plethora of air guns in use also. So, the compressed air is vital to the daily operations of FSG, thus it is imperative that the way this area operates is flawless. 
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The above diagram in figure 1 is a section of the wider P&ID diagram for FSG. This diagram shows the process of compressed air from how it is compressed, filtered and monitored, right through to the CNC milling. Where the air flow is passed into the CNC machines to allow them to operate.  
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[bookmark: _Toc172283967]Figure 2 - P&ID segment


The diagram in figure 2 shows the start of the compressed air operation. This area is housed outside of the factory due to the importance of this segment, if this area is damaged or if anything were to go wrong it would not endanger anyone within the plant, also it is away from harm as much as possible. Within this area there is a compressed air tank. This tank collects air from extractors that are sitting on the compressor house. These extractors take air from the atmosphere, which then get taken into the air tank which can store this air before it is called to be used. There is a ball valve on the tank, which is connected to allow air to flow down the pipes into the air compressor or not. This valve is key in case a short immediate stop of air is necessary. Once the air has flown into the air compressor, this is where the air will be compressed to a set amount, the set amount of compression is to ensure the air will be sufficient to run all the machines at the correct bar without fault, but it is also set to ensure the piping system can handle the pressure without bursting or kinking in any form. Connected to the air compressor is also a filter, having a filter will protect the whole system from any dust particles, oils and dirt that may be around the compressor. Contaminants such as these can be lethal to the equipment potentially causing blockages down the piping system, and wearing the machinery down excessively (CompAir, 2012), this can cause a less efficient air compressor which in turn will have a huge knock on effect for FSG since without a high quality, high performing compressor system the whole plant would not be able to operate. The compressed air system is pivotal to production, without the system working, it would leave FSG with a hefty amount of money to spend on getting the system operational to a high standard again. 
Connected to the air compressor is a flow control and a flow indicator. The flow controller is controlling the amount of compressed air that is sent through the systems, its purpose of regulating the flow of air to ensure there is no excessive pressure build up throughout the systems. If there seems to be an issue, it can reduce the flow of air to help alleviate pressure build up further. Secondly, the flow indicator is connected to the flow control, as this measures the flow of air passing through into the system. This can give a great way of indicating how much air has passed through into the piping system and give an indication on when maintenance may need to occur. The maintenance is heavily needed to upkeep with performance, reliability and the longevity of the equipment (LTD, 2024). There is also a dehumidifier within the compressor house to regulate the air temperature, but its focus is to reduce the amount of moisture within the air. The dehumidifier is connected to the air compressor itself and to an electric motor, this way when the compressor is working, the dehumidifier can activate and start taking down the temperature and reducing the moisture within the air, without a dehumidifier, the high temperatures and moisture will negatively affect the whole system including the pipes. Which can lead to possible difficulties with effectiveness and reliability of the whole system (LTD, 2020). Before the compressed air can enter the main piping system to the plant, there is a ball valve that allows the air to pass through or not. This valve is placed before the main piping system as another way of mitigating any risks, if there is an issue within the main piping system or even within the compressor house the valve can be turned off and stop the flow of air passing through. This will allow intervention to be done on the system itself or the piping system without the risk of anyone getting injured due to the compressed air still passing through. 
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[bookmark: _Toc172283968]Figure 3 - P&ID Segment 2



The above figure 3 diagram is showing the second part of the P&ID drawing, this is now within the FSG plant piping systems and not within the compressor house. Before any air is transported into the machines it passes through another flow indicator, this flow indicator should be representing a similar number to the first flow indictor that sits within the compressor house. If there is a significant difference in numbers from the compressor house indicator to the piping system indicator it could suggest difficulties somewhere within the entire system, which would need investigating and rectifying immediately to ensure safety of everyone using the system but also to ensure the system doesn’t break down further, causing a loss of production. Again, there is another ball valve that sits after the flow indicator before the main piping system to the CNC milling section. This ball valve is available to only shut off the air to the CNC milling section, this could be due to machines needing to be fully off and non-operational for maintenance or when new machines arrive, the ball valve will allow a full stop of air flow to the section. 
All CNC milling machines are connected to the main piping system, this ensures each machine as its own compressed air supply, as without the air supply these CNC machines will not be able to operate in any capacity. Each machine is also fitted with a ball valve, this is to allow each machine to be completely shut off from the air supply individually, whilst still allowing the other machines on the section to be operational. This way all machines can have maintenance completed without having to stop production. Along with each machine having its own ball valve, they also have an individual flow indicator. Each machine has a minimum and a maximum amount of air pressure it can use to operate on, the flow indicator will allow the machine operator to visually inspect the indicator to ensure the amount of air flow into the machine is correct, meeting all the standards that are required when operating a CNC machine. If there are any discrepancies with the flow amount, that causes the machine to not be operational, then they can flag up the issue with a superior, and investigate the discrepancies shown by the flow indicator. An extractor fan is also connected to each machine, these fans are critical to the safety of each operator, as these fans are always in operation when the machines are being used. They are extracting all the bad chemicals and particles that reside within the machine whilst working, such as the coolant fumes or dust particles from dirty materials. 


[bookmark: _Toc172283963]Health and Safety 
When it comes to the health and safety of using compressed air it is imperative that all legalisation and regulations are followed to the dot. Since compressed air can become very dangerous to anyone around it, having all the precautions in place to ensure the safe use of compressed air is vital. The main legalisation that FSG must abide by when it comes to compressed air is the, The Work in Compressed Air Regulations 1996 (Executive, 1996). This regulation provides a framework to the health and safety around compressed air and how to address issues. The first precaution that FSG has taken when it comes to compressed air is using a well-known, respected and safety orientated company to install and maintain the systems. The company that FSG use are always on hand to complete any maintenance or be available for questions when they arise. Secondly, FSG ensures to train all employees to the correct standards surrounding compressed air use and the compressed air systems which comes under The Pressure Systems Safety Regulations S.I. 2000 No 168 (PSSR). The PSSR safety regulations are in place to “prevent serious injury from the hazard of stored energy as a result of the failure of a pressure system or one of its component parts.” (Executive, 2000). This regulation is for anyone that holds a mobile system or has an installed air compressor unit, since FSG has the latter, they must comply with all the regulations within the PSSR including having a Written Scheme of Exemption (WSE), this means that a competent and experienced person can demonstrate the limits and safe operation of the pressure systems within FSG (Executive, 2012).  Without any of these precautions in place FSG would not be able to use any pressurised system but more importantly they would not have the safety precautions to operate and maintain such volatile systems daily.   

[bookmark: _Toc172283964]Conclusions
To conclude, FSG has a vast network of piping that houses a variety of substances that allow the plant to function as it does. However, having a small segment of the whole operation such as the compressed air house and the piping system to the CNC milling section, is a great way of understanding the rest of the operation. It shows that FSG have a stable and safe set up when it comes to running such a volatile system, it also shows that the set-up of the operation is purposefully done to ensure an efficient and effective way of delivering compressed air to the CNC milling section.  There are still areas of the plant that have not been explored in this report also some regulations that haven’t been mentioned which are vital to the operation, but overall, this report should highlight that FSGs systems operate in an effective manner whilst keeping in line with all regulations in place. 
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