Systems Engineering Exam – 07/07/2020

1a. 
1 – Planning – the first step in the commissioning process is planning, this has a heavy bias towards preparation paperwork that will cover a lot of the safety aspects going forward. For example, this is where a variety of risk assessments would be completed, such as manual handling, HAZAN, HAZOP. This is also where time management comes in, this could cover a Gantt chart for the project, assisting with organisation and helping to meet deadlines throughout. Another main point of planning is making sure you have the resources in place to do the job, this can include manpower, enduring enough people are available to do the job, and also includes any equipment and tools that may be required. A successful planning stage will greatly help the commissioning run smoothly.
2 – mechanical completion – mechanical completion will get the system ready for the full commissioning, it may contain a range of tests and inspections on the mechanical parts, including cleaning and flushing any pipework, testing for structural strength and inspecting for weaknesses. In a piping scenario, mechanical completion is very important as you are often working with high pressure equipment, test and inspection of pressure vessels is essential, if there are any failures that are not found, it could have lethal consequences.
3 – P&ID checking – this stage is a detailed and document check on any pipework and instruments, it involves a full walk along every section of pipe, and keeping a track of what has been checked by creating a punch list, two copies should be made so one can sit with the commissioning engineers as a master copy, and the other can still be worked on. These checks must be done before pre commissioning to ensure the system is safe to use. Drawings and specifications can be used to compare the state of the pipes and instrumentation to ensure they are within their operational limits.
4 – pre-commissioning – pre commissioning involves a series of energised and static tests to ensure that the system and components have been prepared in accordance with the design and ready for full commissioning. This activity could include final preparations such as lubrication, checking for leaks and testing any electrical equipment. It is best practice to keep a record of all pre commissioning activities so that if anything was to go wrong, a record has been kept of everything that has been checked against manufacturer’s guidelines.
5 – commissioning – commissioning is a safe way to test the system before full production starts, in explosive operation, a commissioning procedure would be to manufacture using inert materials, or empty components, commonly known as a ‘dry run’, or ‘inert run’. The testing procedure of commissioning will usually test individual part of the system before using the whole system, this is to ensure any problems and failures can be quickly isolated to what’s being used, thus making it easier to fix. This activity is often overseen by management from different stakeholders, such as safety and operations. This is to ensure that there is quick access to any required emergency response. The commissioning stage should be documented to ensure traceability when the system is in full scale operation and can be reviewed before a full start up procedure will be authorised.
6 – Start up – the start-up procedure is the first time that the full system will be operated as if it was in full scale production, it is no longer isolated to test individual sections. Once again this will be documented, but will now include shift log books as production workers will be brought in to use the system at this stage. Each stage of the start-up will be tested, such as equipment start up, safety checks, operation, and shut down procedure, this will be assisted by various on-site teams such as fitters, operations, safety and the commissioning team.
7 – Initial operation – the full system is now up and running and this gives the team to fine tune the system to perform as it would in full scale production, the shift log book will still be involved as it will for the further operation. 
8 – Performance testing – performance testing may include a vigorous consistent test, under controlled conditions to ensure that the system will work properly in production. This could be a 24/7 operation of components however it will be under more supervision than it would in regular production. Throughout this procedure, various tests can be done on the system to check its meeting the required performance levels, in an explosive setting, this could be taking samples from an explosive mix at various time points throughout the week. To do this, you must ensure that the test are ready to be conducted, either by the commissioning team or a laboratory if needed.
9 – Post commissioning – this part of commissioning is tying up any loose ends on documentation such as the punch list, or compiling the data recorded in the performance testing stage and throughout. By this point, all fine tuning should be complete and the system will be ready to go into full scale production, without the interference and supervision of the commissioning team and other stakeholders


1b. 
1 – Assess – a variety of assessments will be carried out to ensure the risks of any system are as low as reasonably practical, this is primarily a COSHH assessment, which will look at any substances involved, what their hazards may be and how to control the risks.
2 – Prevent – the main aim for COSHH is to prevent and eliminate the risk, this could be substituting a substance to something less hazardous, or changes the process so the person(s) do not come into contact with the substance.
3 – Control – when prevention and elimination is not possible, there must be a control method in place to limit exposure, PPE is a common way to control how much exposure someone may have to a substance.
4 – Maintain – maintaining a safe system will usually include a series of tests, such as waste water tests to ensure the amount of hazardous substance is within limits, or testing air purity if appropriate. Regular inspection of PPE will minimise the risk of a build-up of harmful substance and ensure it is still performing safely.
5 – Provision – any required training and instruction should be made available to all person(s) that are required to come into contact with harmful substances, this will ensure that they know what they are dealing with and how to operate safely.
6 – Surveillance – a regular health surveillance on workers should be carried out when they are working in contact with harmful substances. This would usually be a routine check-up by a qualified health professional, who can take tests to ensure anyone has not been affected by the substances.
[bookmark: _GoBack]COSHH is extremely important to industry as it ensures that the safety and wellbeing of all employees is under control. This also is necessary to comply with the HSE regulations surrounding COSHH. There is also an environmental aspect, as having COSHH under control will prevent harmful substances being released into the atmosphere and harming the environment.


2a. 
When producing a bill of materials, it is important to include the subassemblies of the product, as it will include all of the materials need to make the final product. Low level coding is used to ensure that from each level of the BOM, the computer can determine what parts are needed to manufacture the item that has been selected. For example, if a subassembly was selected, the low level coding would help the computer work out what individual components at the lower level are needed to make that sub assembly. When choosing a product, the BOM should be able to produce a list of every component required to make it, ready to input to a purchase order and ensure you have everything needed. Group technology such as the Opitz system is significant in the bill of materials, this is because it can use the coding of each component, and store more information about it, such as design or machining information. It works to make it easy to retrieve the parts and any manufacturing limitations.
2b. 
Data governance – data governance is the process of identifying the important data within an organisation, to ensure that it is high quality and adding value to the business. It is a way of organising the data used within the organisation and ensuring its usefulness. Data governance must ensure that all data is available to the business departments that require it, and that when they need it, it is clearly structured and easy to interpret. Governance is like a constant check on the data, it is there to ensure the integrity and quality of the data is kept as it should be while it is stored, viewed and transferred.
Data security – data security includes various technology that ensures the data cannot be destroyed or modified intentionally. In larger corporations, this could be something like having a team of admins that are the only people that have the rights to modify or delete certain data, a more simple way would be password protecting documents if they are to be sued by a smaller number of people. There are various cloud networks like Teamcenter that store data, and categorise it into different groups, each employee has access to certain groups and cannot modify anything in another group that is not in their responsibility. Creating backups of data is one method of ensuring that it cannot be deleted, however this has a downfall that the backup may not be the most recent copy. 
Comparison – governance and security work hand in hand, the governance comes first as it sorts through data ensuring it can easily be accessed and understood by the organisation, and the security comes in to protect that data and ensure nothing happens to it that is not authorised. Governance is a constant check to ensure the data is of an acceptable quality, and security protects the high quality data from threat.
2c.
Productivity – one advantage of having good data management, is that it helps the organisation be more productive, when information and data is easier to find and understand, the employees can use the data much quicker, and not waste time and energy trying to understand or find complex data. This also improves the wellbeing of the employees, having a direct effect on productivity.
Cost efficiency – cost efficiency can be looked at in a number of ways, firstly the cost of labour if employees are struggling to find data in the first place, then more time trying to understand it if it has not been governed properly. It also will cut down on any time wasted duplicating data, particularly in the explosives field where data from the last 80 years is still needed, a good data management system would cut down on any repeated testing and research.
Security risks – particularly important in the explosives industry, a good data management system will ensure that data stays safe in storage and when it’s being used and transferred. An effective data security system will prevent data being stolen or destroyed through the IT system.
Accurate decisions – when the employees of an organisation have quick access to the most up to date data, it means accurate and well informed decisions can be made. This solves any problem that may occur when one party is looking at old data or incomplete, a good data management system ensures that only the most up to date and accurate data is used to influence decision making.
4a. 
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4b.
The illustration above shows the basic principle of a Gantt chart, this is a diagrammatical tool used by project managers to keep track of the progress of a project. It is sued while the project is ongoing and can help ensure the project stays on track to meet its deadlines. The left hand column will list the tasks that need to be completed, and the top row shows the timescale it needs to be completed, in this example the W stands for ‘Week’. Tasks often overlap each other however it generally follows the pattern diagonally down to the right. This chart helps ensure good time management and assists in the management and efficiency of the team taking on the tasks.
Below is a diagram of a PERT chart, each unlabelled circle represents a task. This chart visually shows each task needed to complete a project, and shows how long it would take to get from one task to the next. This is a tool sued before a project starts as you can calculate how long the project should take by analysing the optimistic length of time, pessimistic length and the most likely length of time. These paths don’t need to hit all the tasks. This chart can also help the project manager to identify ant bottlenecks, risk, or dependencies within the project, meaning they can adjust their schedule accordingly.
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The main difference between a Gantt and a Pert chart is when they are used in the project, the PERT is used first, to give the PM an idea of how long a project could take, any risks involved and where there could be a bottle neck. This information then feeds into the creation of a Gantt chart, that is used throughout the project to ensure the deadlines and milestones can be met. The information about bottlenecks and long time periods from the Pert chart should influence how the Gantt chart is created.
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