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[bookmark: _Toc241508224]Abstract
This report followed an engineering company, this company works in the engineering, fabrication, and construction of projects across the oil, gas, process, and energy industries. The project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in-house vs sub-contracting cutting work out to another company.   
The methods for this project were as follows; the investigation of purchasing a CNC machine were carried out using internet research and consulting a machinery consultant from a machinery supplier. The cost evaluation of expenditure to sub-contractors was conducted by gaining invoices over a period of 30 months. These invoices were reviewed so that relevant invoices were used and a calculation of the cost recovery of purchasing a machine vs the current expenditure to sub-contractors. An investigation into the advantages and disadvantages of in-house vs sub-contracting reviewing different topics was displayed in a table. A case study was performed; this was a timed trial cutting a steel base plate. Costings to produce this part were calculated and then compared against quotes from sub-contractors to cut the same part.
The results from this report are inconclusive, the company can be guided towards the purchasing of a CNC machine, but the ultimate choice will be determined on the company’s future works. It was found that findings can vary depending on several aspects and because of this further work is required to be conducted. 
It was found that from conducting this report that additional work is required to gain further understandings and costings, this additional work would provide the company with knowledge and a better understanding to help guide towards a decision which would benefit the company in the future. This could be in the form of purchasing a CNC machine to improve efficiency in-house. 
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[bookmark: _Toc241508227]Introduction 
This report followed an engineering company working in West Wales its focus is the engineering, fabrication, and construction of projects across the oil, gas, process, and energy industries. The company has been operating for over 40 years. 
[bookmark: _Toc241508228]Aim and objectives 
[bookmark: _Toc241508229]Aim
The project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in-house vs sub-contracting cutting work out to another company.   
[bookmark: _Toc241508230]Objectives 
The objectives for this report consist of the following: 
· To investigate the purchasing of a CNC machine.
· Cost evaluation of current expenditure to sub-contractors.
· Explore the advantages and disadvantages of in-house cutting vs sub- contracting. 
· Carry out a case study into the subject.
[bookmark: _Toc241508231]Rationale For The Project
Working as a fabricator based in the workshop fabricating a variety of steel components for the energy sector, it was noticed that steel plate gets served in cut to size, shape, with any bolt holes required already in place. When issues arise such as missing plates, drawings are revised for design changes, and site requests that are short notice, the company either, sub-contract the work out, or cut the components in-house by hand techniques. There are also times when temporary plates are required for bracing steel to be welded to minimise distortion, plate required for weld testing, or for temporary jigs whilst constructing. This current approach can be time consuming and an inefficient way of working. The idea for the project was formulated with the question - Was this way of working the most efficient and cost effective? It was hypothesised that if plates could be cut in-house with a machine, there would be less downtime waiting for material to be cut by a sub-contractor, which would potentially increase efficiency, productivity, improve quality, as items would be machine cut rather than cut by hand, lead to less expenditure to sub-contractors and would increase workshop capabilities. Complex shapes which would be too difficult to cut by hand, could then be cut on a machine and lead to the company becoming more self-sufficient as reliability on sub – contractors would be taken back in-house. 
[bookmark: _Toc241508232]Methodology
[bookmark: _Toc241508233]Introduction 
The project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in-house vs sub-contracting cutting work out to another company.   
The objectives for this report were the following: 
•	To investigate the cost of purchasing a CNC machine.
•	Cost evaluation of current expenditure to sub-contractors.
•	Explore the advantages and disadvantages of in-house cutting vs sub- contracting. 
•	Carry out a case study into the subject.
This project will use quantitative data to develop an understanding of current expenditure and investigate the feasibility of purchasing a CNC cutting machine. 
[bookmark: _Toc241508234]Research
This report investigates the type of CNC machines on the market and advises which machine will be more applicable to the company’s requirements. Having the relevant machine will be an important outcome for the company so it is utilised effectively.  Expenditure on sub-contacting was examined, so an understanding was developed, and a comparison made between purchasing a machine vs sub-contracting work. An investigation into the advantages and disadvantages of cutting in-house vs sub-contracting was carried out exploring the many avenues of each. A case study into cutting in-house by hand was conducted as a comparison against sub-contracting work, focusing on the time taken and quality of the work. 
[bookmark: _Toc241508235]Data collection 
Data collection was conducted by speaking with the procurement department and obtaining the relevant invoices from sub-contractors associated with cutting works. A timed trial case study was also conducted and was carried out in the workshop. This time was used to gain cost and compare to sub-contracting works. Research into the types of machinery was gained via internet and a machinery supplier. 
[bookmark: _Toc241508236]Data analysis
Analysis of the data was conducted by scrutinizing the outgoing expenditure to sub-contractors, cost of in-house cutting works, and costs of a new machine. The analysis will not only be of costs, but time factors, and quality. 
[bookmark: _Toc241508237]Limitations 
The limitations of this report were that the figures gained through sub-contracting works were obtained over a quieter workshop period and gaining more invoices over time to obtain more expenditure knowledge may help towards making a decision towards the feasibility to purchase a machine. With many factors to consider not only of costs, but lead times, quality and the company’s future focus, would play a part in the final decision and result. 




















[bookmark: _Toc241508238]Organisation Chart 
Figure 1 shows the company’s organisation structure of the operations department. An engineering company is split into many departments. Fabrication works alongside, quality control, and engineering, but working under the operations manager. The supply chain department seen in Figure 2 is also broken down into different departments. The supply chain work alongside the engineering department in the supply and purchasing of relevant material and tooling for each job. The engineering department will communicate with the engineering department via conversations, emails, and attending meetings. Although Figure 1 and Figure 2 show the two separate departments in their own right, both departments have to work alongside of each for the purchasing to take place so the engineering department can carry out their job. 
As a fabricator being based in the workshop, working under the workshop department, certain aspects of this project’s information were obtained by working with different departments, as each department has the knowledge and contacts necessary to gain the required information. Sections of the project the procurement and CAD design department were contacted. Gathering quotes from suppliers would be done through the procurement department as they have the knowledge of the approved suppliers and access to the relevant contact details. This also seemed the most logical option as the suppliers would know who they are dealing with when providing quotations. The CAD draftsman was also involved as his role in designing on CAD, and workshop layout was required. The company works in the engineering, fabrication, and construction of projects across the oil, gas, process, and energy industries. This industry can consist of many project constraints such as budget and timescales. As a company it is important to meet deadlines on time and within budget. This project highlights to the company
·  Information regarding purchasing of a CNC machine.
· Cost evaluation of current expenditure to sub-contractors.
· Exploring the advantages and disadvantages of in-house cutting vs sub- contracting. 
This project will guide the company through the  project aim of investigating the feasibility to purchase a Computer Numerical Control (CNC) cutting machine, to allow the cutting of steel plate to be completed in-house. This project will guide in making an informed decision, to improve working efficiently, and potentially saving costs.  
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[bookmark: _Toc241508239]Process Flow of Cutting Material In-house and Sub-contracting 
 In-house by hand 				                                                                          Sub-contracting 
Transport to sub- contracting firm 
Drop off material 
Travel back from sub -contacting firm 
Wait until works complete 
Travel to collect item from sub-contractor 
Load 
Locate material
Load material on lorry 
Email sub – contractor to obtain quote/ lead time
Once confirmed authorise workshop to proceed 
 Return from sub- contractor 
Drop off in workshop 
Dimensionally check the plates 
Grind plates as required
Locate material


Email sub -contractor to re-cut 
Transport to cutting bed 


If incorrect dimensions 
Setup cutting equipment 


Mark out shape on material 


If correct dimensions 
Align cutting equipment with cut lines 


Cut out shape 


If incorrect dimensions
Dimensionally check shape cut 

	
Clean edges with grinder for quality finish 


Dimensionally check shape cut 


	Mark and drill holes


Deburr holes with grinder


If incorrect dimensions
Dimensionally check 



[bookmark: _Ref240219280][bookmark: _Ref240219261][bookmark: _Toc241508445]Figure 3 Process Flow of In-house and Sub-contracting 	

Before any of the objectives can be investigated, the current processes are shown in Figure 3, this exhibits the process flow of current cutting in-house and sub-contracting works. Examining the cutting by hand process flow diagram, this consists of numerous steps, and depending on the number, and complexity of the plates to be cut can take from an hours work to several hours.  This process is limited to how complex and how many components there are to cut, complex shapes and high volume would be sub-contracted out. This is assessed on a case-by-case basis. Comparing the two process flow diagrams, the sub-contracting process has extra steps, there are three sub-contractors that are mainly used, two being local to the company and usually have a smaller lead time. The extra steps involved for sub-contracting are contacting the sub-contractor to obtain quotes, transportation and collection of material and lead time of waiting. Within the current processes, time is significant, in-house by hand dependent on the speed and accuracy of a worker, whilst time factors associated with sub-contracting contacting the sub-contractor, transportation and lead times.
 A consideration not seen in Figure 3 is the limited scope of work that can be conducted in-house by hand and the reliance of sub-contracting work to complete jobs. A reason for the project being conducted as set out in the aim and objectives was to investigate the feasibility of bringing the cutting work in-house with a CNC machine vs sub-contracting. Within 30 months two local sub-contractors were used a total of 57 times to cut plate, this can be seen in  (Appendix 3 - Final Invoice List of Sub-Contractor ‘A’ Minus the Deductions) and (Appendix 6 - Final Invoice List of Sub-Contractor B Minus the Deductions). The total of these sub-contracting costs are £23247.8 as seen in Table 7. Figure 4 is a potential process flow diagram of cutting in-house by machine. The need to obtain quotes, lead times and transportation, gets removed from this process as work would be carried out in-house. Removing these steps, could mean operating more efficiently by saving time. Purchasing a machine and cutting in-house allows the opportunity to gain work from clients, cutting work could be completed in-house without the need to rely on sub-contractors.
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   				  In-house by machine Setup up cutting equipment 
Align cutting equipment with material 
Watch machine cut out shape and holes
Dimensionally check shape cut 

Clean edges / debur holes with grinder 

If incorrect to drawing  
Locate material
Transport to cutting bed 





drawing  Reset machine to recut 










	




	

[bookmark: _Ref240220569][bookmark: _Toc241508446]Figure 4 Potential Process Flow For Cutting In-house 
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[bookmark: _Ref241489324][bookmark: _Ref241489234][bookmark: _Toc241508447][bookmark: _Ref241489318]	Figure 5 Timing Plan
Figure 5 represents the timing plan for the project. Red blocks indicating critical points which need to be completed before being able to progress, green blocks is the time given for that task with the yellow blocks as an additional contingency time for that task. 

[bookmark: _Toc241508242]Research / Literature Survey
The company's focus is the engineering, fabrication, and construction of projects across the oil, gas, process, and energy industries. Within this sector the type of manufacturing is often heavy industry with one-off job manufacturing, although there can be multiple of the product to be made, each client requirement is unique and require different products to be manufactured. In the manufacturing industry there are different manufacturing processes Table 1 describes some of the different process associated with manufacturing. Based on the information in Table 1 the company’s production method is job production manufacturing. Though depending on the clients’ requirements some jobs may consist of small batch production methods. (Hill, Costa and Jardim, 1992) suggest that, in jobbing production the one-off nature of business can make it impossible to invest in the same way as more specialised firms, and process choices are often based on the need to provide flexibility. This often implies the use of general-purpose machines with little scope for automation.
[bookmark: _Ref241326631][bookmark: _Ref241326626][bookmark: _Toc241508292]Table 1 Different Types of Production
	Types of manufacturing 
	Description

	Job production
	Single product or small number of units manufactured. Made from start to finish. typically hands on. 

	Batch production 
	Set quantity of identical products, then changes to a different product. Same production steps. 


	Mass production 
	Uses automated or semi-automated assembly lines. Manufactures large quantities of identical products. Runs with minimal change. 

	Continuous production 
	Runs around the clock with materials flowing through the production process without interruption. Often raw materials into bulk outputs. 


(Kennemer, 2026)


The project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in-house vs sub-contracting cutting work out to another company. According to (Edwards, 2023) CNC machines are versatile tools capable of performing highly precise and efficient machining processes. CNC stands for ‘Computer Numerical Control’, it is important to differentiate between CNC machining and a CNC machine. Machining refers to the process, while a CNC machine is the programmable equipment that autonomously performs the operation of the CNC machining process. This definition is close to that of (CNC Philosophy, No Date) who also define CNC machines as the automated control of machining tools using a computer, with CNC standing for Computer Numerical Control. CNC machines can produce parts accurately and at a rapid pace, making it an ideal solution for intricate designs and high-volume production. The machines can shape a wide range of materials, including metal, plastic, wood, foam, and composite. As the company only deals in metals this is what the focus will be. 
When considering outsourcing work (Hartman, Ogden and Hazen, 2017) suggest factors that positively affect outsourcing work can be:
· Achieving costs savings
· Achieve technological advances – get the best suppliers and emerging technology without making internal investments 
· Outsourcing may allow a firm to repurposing its employees and concentrate on functions to add to the firm’s competitive position in the market. 
In contrast to this: 
· Costs savings is a influential factor regarding in-house workings. Companies outsource to save money but similarly insource to do the same. 
· Insourcing some functions to maximize internal capacity is associated with significant cost savings. 
(Hartman, Ogden and Hazen, 2017)
Girma and Görg (2004) suggest that firms may try to outsource activities to cut costs by outsourcing to firms that operate with lower costs (lower wages to its employees) . A firm may also outsource to smooth the workload for its work force by evening the workload by assigning peak period tasks to outside contractors or reducing outsourcing during slow periods by having work performed in-house. Another reasoning  for outsourcing could be that it is not optimum for small or medium sized firms to provide for themselves a full range of support services.
Chitransh (2025) states that some of the main reasons for automating include:
•	Productivity enhancement
•	Reliability and accuracy in operations
•	Improve products quality
•	Minimise manufacturing delays 
Chitransh (2025) also states that the benefits of automation can include increased output, productivity, higher quality products and shorter production lead times. However, a disadvantage to automation is the loss of workers. To put people out of work is not ideal for local economies. On the contrary, if it is difficult to gain a skilled work force then automation may help to counteract this. 
One of the objects for this report was to explore the advantages and disadvantages of in-house cutting vs sub-contracting, bringing cutting back in-house with the use of a CNC machine can have advantages and disadvantages. 
 Advantages of CNC machinery can consist of the following; 
· CNC machines can be programmed with a design which can be manufactured hundreds and even thousands of times, with each manufactured product being the same. 
· Less skilled people can operate a CNC machine. 
· One person can supervise many CNC machines, as once programmed the machines can work by themselves.
· A CNC machine can also continuously work without the need for stopping. 
(APJ Abdul Kalam Technological University, 2021)
Both APJ Abdul Kalam Technological University (2021) and  Ohm (2001) have similar views of CNC machinery advantages. Although Ohm (2001)  is based around cabinet manufacturing, it states the benefits of CNC machinery is the consistency of the product it produces, allowing better constructed items, constructed faster with less skilled workers. Similarly, Lausch’s (2009) article on a cabinet shop, asserts that the benefits of a CNC include accuracy, consistency, speed, and material saving.  



CNC machines can also reduce lead times as once a part is programmed it can be used again in the future (Smid, 2003). The high accuracy and their repeatability allows high-quality parts to be produced consistently. Machines are also capable of producing complex shapes and parts (Smid, 2003). From this initial research into CNC machinery there seemed to be a distinct pattern of the benefits of CNC mainly the accuracy, consistency and speed. 
Disadvantages of CNC machines can consist of the following; 
· CNC machines are more expensive than manually operated machines 
· Many old skills are lost due to only basic training needed for a CNC machine compared to years of training of manual work. 
· Investment in CNC machines can lead to unemployment as fewer workers are required compared to manual operations. 

(APJ Abdul Kalam Technological University, 2021)

An objective for this report was to investigate the purchasing of a CNC machine. Research into different CNC machines were conducted and from that research, an informed decision to which machine would suit the company could be suggested. Research into machines were as follows:  
Research into machines for cutting steel was conducted. Plasma cutting gas is transformed into plasma when it is heated which results in high temperatures being generated. The plasma arc cutting process severs metal by this arc jet, because melting rather than oxidation produces the cut, plasma can be used on any metallic material (Harris, 1997). One of the issues with plasma cutting however is the bevel edge it produces. The need to refinish with use of a grinder may be necessary.  If the components are being used in beams where the cut edge will not be seen plasma cutting is faster than oxy-fuel cutting and introduces less heat into the plate, lowering distortion (Harris, 1997). As the company does not just deal with carbon steel the use of having a machine to cut different materials would be beneficial. The company works in the energy industry where there can be strict tolerances, knowing that items may need rework after cutting would need consideration and the efficiency of this process.
A machine for consideration is the ‘The Ajan High Definition CNC plasma cutting machines’ (Selmach machinery, no date), this machine can provide high-quality profile cutting across various materials. This was  recommended by a machinery consultant (Smith, 2025 ‘B’) who based on the company’s requirements suggested this machine as well as a laser cutting machine. 
According to (Naresh and Khatak, 2022) laser technology is beginning to be pivotal in the industrial sector. This is due to lasers accuracy compared to other technologies, resulting in higher quality goods, because of this they are increasingly being used in the manufacturing process. In laser cutting the width of the cut or kerf is narrow compared to other processes. This not only saves material but also minimises disruption to the cutting surface. This allows laser cutting the advantage of allowing it to cut narrower and cut  more precisely (Farshidianfar, Nabavi and Farshidianfar, 2024). 
























[bookmark: _Toc241508243]Critical Assessment of Machinery
[bookmark: _Ref240812840][bookmark: _Toc241508293]Table 2 - Critical Assessment of Machinery
	Attributes
	Type of Machine

	
	CNC Waterjet 
	CNC Plasma 
	CNC Laser

	Cost
	£120,000
	£145,000
	£220,000

	Speed
	Slower speeds 
	Fastest on thicker materials 
	Medium 

	Material
	Variety of Metals and non-metals 
	Variety of metals but has to be conductive materials
	Metals, and non-metals such as plastics, glass, ceramics and rubber

	Edge quality
	Sandblasted texture 
	Potential dross may need dressing 
	High Quality clean

	Precision
	High, with slight taper on thick cuts
	Lower; wider kerf, more taper
	Narrow Kerf, fine detail 


(Smith, 2026 ‘A’; Harris,2017; Pickhan, 2026; Creative Waterjet,2024)
[bookmark: _Ref240816258][bookmark: _Toc241508294]Table 3 - Scoring Matrix
	Attributes
	Scoring Matrix

	
	CNC Waterjet 
	CNC Plasma 
	CNC Laser

	Cost
	1
	2
	3

	Speed
	3
	1
	2

	Material
	1
	3
	2

	Edge quality
	2
	3
	1

	Precision
	2
	3
	1

	Score
	9
	12
	9



From Table 2 a scoring matrix was conducted to produce Table 3.  The numbers correspond to the to 1st, 2nd and 3rd choice. An example to the scoring can be demonstrated by  ‘Costs’ which were decided on a 1st choice based on the cheaper machine given a score of one. 2nd choice being the mid-costs range score of two, and 3rd choice being the most expensive score of three.

[bookmark: _Toc241508244]Evaluation of Machines 

Table 2 shows a machinery matrix of three different types of CNC machine, and their attributes. Waterjet machines can cut a variety of materials both metals and non-metals, one of the weaker attributes is they run at slightly slower speeds. A crucial attribute of waterjet machines are they do not produce a heat affect zone, this heat zone can alter material properties  (Creative Waterjet, 2024). In comparison to plasma that does produce a heat affect zone plasma can also cut faster and thicker materials however, the edge quality and precision is reduced and can only cut conductive metals. Contrary to this, laser cutting can cut a variety of materials both metals and non-metals, it also produces a high-quality cut edge and has a fine detail precision. (Ion, 2005) states that lasers improvements to edge quality can open new fields of applications, with modern lasers coming with CAD facilities for optimizing the nesting of parts for maximum material usage, this supports Table 2 in laser having high-quality cut edges. 
Deciding which machine to have as a company comes down to the work and sector the company sees itself focusing on. The company currently focuses on engineering, fabrication, and construction of projects across the oil, gas, process, and energy industries. Working with a variety of metals, mild steel and stainless steel often being the main materials. Having a machine which can cut various materials not including metals is not a requirement. This industry often has high specification and quality requirements. Once plates have been cut, they are often welded into place. Some plates edges on show.
Advising a machinery consultant that the company generally uses carbon steel plate in the 10mm to 25mm range of thicknesses and having a machine that can additionally cut stainless steel  would be a  benefit to the company. From this information it was advised that a plasma or laser cutter would be better suited to the company. Plasma because they are ‘great for thicker materials’ and ‘often used by companies in the structural industry’ but ‘cut quality and hole quality not as good’ and ‘not as accurate on thin materials’. Laser gives ‘both very good edge and hole quality’ as well as ‘flexibility to cut thin materials as well as thicker materials’ it was advised that waterjet cutting was slow, uses a lot of energy, and has its place where customers have to cut without a heat effected zone (Smith, 2025 ‘B’).  From this it was decided that waterjet cutting was not a suitable machine for the company requirements. The focus would then be on a plasma or laser cutter, plasma has good cutting speeds and is able to cut through thicker materials, however disadvantages of plasma is the slight bevel edge cut it and the dross it leaves underneath the plate, requiring the plate to be ground clean, which is a necessary process for welding however removing dross can be extra work. Laser cutting provides good cutting speeds and precision cutting. This alternative although expensive to purchase potentially increases efficiency and costs further down the production line, as minimal grinding work would be required removing dross and work to the cut edge to remove bevelled edge would not be necessary. 
Analysing Table 3 it can be seen that waterjet and laser cutting both come out as the same score with plasma scoring 3 points more than both, waterjet and laser. These scores however are general and could in fact adjust slightly as one machine fits all needs is not the case. Based on the scores in Table 3 although plasma may score higher, laser cutting would be a good option based on its edge quality and precision and speed of cut, comparing this to plasma that is faster, its edge quality and precision is not as good. Although laser has much higher purchasing costs, you gain the precision and quality. The final decision will potentially come down to the company’s future focus and future works. Weighing up costs over quality of cut. The extra purchasing costs of a laser machine will be wasted if the company is going to pursue a future in a sector where quality and precision is less of that to what it currently works at. Table 2 however does help towards the objective of investigating the purchasing of a CNC machine.















[bookmark: _Toc241508245]Costs To Run Machine

	Costs To Run Machine

	Initial Purchasing Costs 
	£220,000

	Potential Monthly Costs
	Gas rental £303.00

	Nozzles 
	£10-£15

	Gas quotes and explanation
	Oxygen used for cutting mild steel -
Nitrogen used for cutting stainless steel and aluminium -£640.90 

	Maintenance – protective lenses
	£20 each


[bookmark: _Ref240197608][bookmark: _Toc241508295]Table 4  Costs to Run Machine 
(Smith, 2026 ‘A’) , (Smith, 2026 ‘C’) 

Table 4 displays the costs to run a machine, this is significant as not only is the initial purchasing cost important but costs to run the machine after the initial purchase. Although some costs and quotation can be gained it is difficult to determine what the whole of the running costs could be, these costs can vary depending on how much the machine is used. Increased use will incur increased costs such as electricity, gas usage, and potentially more nozzles used.    
Electricity costs – With the company having solar panels installed this may help offset the costs of electricity usage on the machine. 
Cutting bed slats – The plate to be cut will sit on a series of slats, after a series of cuts the slats will wear down and become damaged these will require to be replaced periodically. However, the slats could be programmed into the machine and cut, so the purchasing of either sheet material or flat bar will be required to replace slats. 
Labour costs –  It will require a minimum of one operator to operate the machine. A requirement to train several operators will be required, to cover potential holidays and sickness. Though it may only require one person to operate. Loading and unloading of material on the machine will be required. To become self-sufficient the operator would need to be forklift or gantry crane trained. This would be additional costs to consider on top of the labour costs. 



[bookmark: _Toc241508246]Additional Considerations 

Numbers of operators -  If one reliable operator was to use and maintain the equipment, this would ensure that the machine is used correctly, and maintenance is carried out in accordance with the guidelines. If that one operator does not attend work, the machine would not be available for use. To avoid this, training of several different operators would be required to ensure that the machine can always be used. It would be beneficial to have multiple operators, to have others to consult with if unsure on certain functions. The downside of having multiple operators for one machine is, Can the correct standard of use and maintenance be carried out by all operators? With the machine being a precise cutting machine, with high costs, it would be important that the operators using it are conscientious to ensure the machine is maintained and used properly. Incorrect use and maintenance by the operator could result in injury to themselves, damage to the machine as well as producing poor quality products ,with the potential of high repair costs.
Table 5 offers additional considerations that should be considered before the purchasing of a machine takes place. 
	Communication
	Communication between the multiple operators would be vital to ensure that if issues arise it is communicated affectively, and that the cutting operations run efficiently and effectively. 


	Training costs
	Training for the machine will be required, and this will be provided when purchasing the machine. If training is required for additional operators, additional training fees may apply.  

	Technical queries
	These can be provided free of charge over the phone or video link to the machinery supplier.  


	Insurance costs
	New machine to the business to add on to the insurance policy, potentially increasing the insurance policy. 



[bookmark: _Ref241434772][bookmark: _Toc241508296]Table 5 Additional Considerations for Purchasing Machine
[bookmark: _Toc241508247]Justification of Purchasing a Machine 
Current practices depend on either in-house hand cutting techniques or sub-contracting to have plates cut, relying on their time schedule. Between the dates of 01/2024 and 06/2026 a total of 30 months, 2 sub-contractors were used locally to cut material. Between them they were used a total of 57 times. This can be seen in (Appendix 3 - Final Invoice List of Sub-Contractor ‘A’ Minus the Deductions) and (Appendix 6 - Final Invoice List of Sub-Contractor B Minus the Deductions). By bringing some cutting work back in-house with the use of a CNC machine, there would be potential to become more self-sufficient as a company, taking reliability away from sub - contractors. There is a potential for increases in efficiency, productivity, workload, and credibility with clients with knowledge that as a company if a part was required to be fabricated, as long as the correct steel was available, and drawings aligned, parts could be cut, fabricated, and welded all in one place. 
[bookmark: _Toc241508248]Cost Evaluation of Current Expenditure to Sub-contract

[bookmark: _Ref240203080][bookmark: _Ref240811981][bookmark: _Toc241508297]Table 6 A Table to Show the Combined Invoice Totals from Sub-contractors
	Summary 

	 
	Goods
	Invoice value 

	Contractor A  Total for 30 months 
	19775
	24521.6

	Removing discarded invoices 
	3625
	4710

	Remaining total for contractor A 
	16150
	19811.6

	Contractor B Total for 30 months 
	23664.8
	28397.16

	Removing discarded invoices 
	16567
	19879.8

	Remaining total for contractor B 
	7097.8
	8517.36

	 
	 
	 

	Total of both sub-contractors 
	23247.8
	28328.96



Table 6 demonstrates the costs currently involved in sub-contracting. Column titled ‘Goods’ demonstrate the costs of goods and the column ‘Invoice value’ being goods total plus VAT. Focusing on the ‘Goods’ column the total of both sub-contractor A and B invoices were £23247.8 this was the total costs of sub-contracting over a 30-month period between two local sub-contractors. This 30-month period included a decrease in fabrication work for the workshops.
Working with the procurement department, invoices were obtained and then assessed to gain the total costs of invoices, these can be seen in (Appendix 1 - A Table to Show Invoice List from Sub-Contractor A) and (Appendix 4 - A Table to Show Invoice Cost from Sub-Contractor B)  The total ‘Goods’  valuing £43439.8, over a 30-month period. Assessment of the invoices were then conducted to discard invoices that were not related to plate cutting, discarded invoices contained, folding plate and pipe prepping and can be seen in (Appendix 2 - Deductions of Invoices from Sub-Contractor A) and (Appendix 5 - Deductions of Invoices from Sub-Contractor B) these invoice values were deducted from the overall total invoice. A figure of £23247.8 was the total cost of invoices of sub - contracting cutting plate from both local sub-contractors, these figures can be seen in (Appendix 3 - Final Invoice List of Sub-Contractor ‘A’ Minus the Deductions) and (Appendix 6 - Final Invoice List of Sub-Contractor B Minus the Deductions). 



[bookmark: _Ref240819280][bookmark: _Toc241508298]Table 7 Costs To Payback Machinery Over Current Monthly Outgoings
	Cost of Sub-contracting Over a 30-Month Period
	Cost of Machinery

	£23247.8
	£220,000

	£23247.8 / 30 Months
	

	= £774.93 monthly average
	

	Costs Recovery

	£220,000 / £774.93

	=284.12 months / 12 =  23.66 

	Cost Recovery in

	23.66 years 



Table 7 demonstrates the cost to purchase a laser cutting machine against the sub-contracting costs over a 30-month period. Dividing the cost spent sub-contracting over a 30-month period produces an average monthly cost. This average monthly cost is then divided against the purchasing cost of a laser cutting machine. This would determine how many months it would take to pay off the machine.  Based on these figures it would take 284 months or 23.66 years to pay back the cost of purchasing a laser machine vs the current average monthly costs to sub-contractors.
These results however are not credible and not a true reflection on expenditure even though these are factual figures from invoices. There could be a slight discrepancy as some invoices include additional charges not just cutting plate, unfortunately it would be difficult to retrospectively get invoices based on plate cutting, some of these may have been included in these invoice costs however the deductions of non-relatable costs have tried to be removed from the total expenditure costs. Another reason for these figures not being credible is because the transportation, wages, and lead time have not been taken into consideration, to retrospectively do this would take considerate amount of time and might not be possible to back date and work out lead times and wages. While these costs have been calculated against the recovery costs of a machine. The expenditure figures could be significantly higher, with the additional costs added and thus resulting in the cost recovery time being reduced. Resulting in the purchasing to be made more sustainable and achievable.  





[bookmark: _Toc241508249]Summary of Quotes of Sub-Contractors and In-house Costs

[bookmark: _Ref240203186][bookmark: _Ref240829690][bookmark: _Ref241009004][bookmark: _Toc241508299]Table 8 Summary of Quotes of Sub-Contractors
	Summary of Quotes of Sub-Contractors
	

	
	Sub-contractor A
	Sub-contractor B
	Sub-contractor C
	In-house by hand
	In-house by machine

	Quote costs 
	£300
	£350
	£520
	N/A
	N/A

	Potential costs -  taking into account additional costs such as lead time, transportation costs and wages. 
	£1014.14
	£1005.16
	£1077.52
	£977
	N/A




A case study was conducted (Appendix 12 - Case Study). Table 9 is the summary of costs for three contractors.  Each contractor was given Figure 8 as seen in (Appendix 7 - Costs for Sub-contracting) to tender for a quote. This initial figure is noted in the heading ‘Quote costs’. This part could be considered a ‘typical’ part for structural steel as a base plate anchors columns into the ground, often plates sub-contracted consist of different sizes and shapes, and could be with or without holes. The ‘Potential costs’ heading is the ‘Quote costs’ plus additional transportation to and from the sub-contractor, milage, insurance costs, plus a wage to transport material to the sub-contractor. Sub-contractor C has given a three-day lead time, so the wage of one tradesman waiting for three days has been added to the cost. For sub-contractor A and B one day lead time has been added with cost incurred of a tradesman’s wage. This could incur additional days if the sub-contractor is busy and the lead time increases. However often it is a one-day lead time. The difference between sub -contractor A,B and C is that A and B don’t supply material, whereas sub-contractor C do supply material and delivery however a lead time of 3 days apply.  Looking at the figures sub-contractor B is the cheapest by £8.98.
An argument could be that should this factor of a wage of a tradesman waiting be included in the potential costs. The lead time waiting for the component could be causing a delay with a tradesman to finish the job. However, a tradesman could be working on something else whilst he waits for the component. If it is a simple component and cutting in-house by hand can take place this can be started within the day if the correct grade of plate is available. However, deciding if work is cut in house or sub-contracted is decided on a case-by-case basis. 
Quality should be considered when trying to decide between working in-house vs sub – contracting, can the cutting quality be matched with sub-contracting. A machine cutting quality and repeatability can consistently put out the same component within a tolerance range, whereas when cutting by hand there will always be an element of difference if a human is having to do repeated work. This can be supported as (Candfield, 2026) states that automation can reduce variation caused by manual positioning. Fewer setups generally mean fewer opportunities to lose a datum or create an error. Precision work can improve surface quality, reducing the need for labour-heavy finishing.
Although a human cutting plate may cut plate within tolerance there is always an element of potential difference. Table 8 shows that cutting in-house by hand is slightly cheaper than sub-contracting. Cutting 20 plates in-house by hand will always have an element of human error and possible differences in each plate compared to the cutting quality and consistency of a machine from a sub-contractor.  
Information on the potential costs can be as follows;
Contractor A – is based 17miles away. A timed journey took a driver 1 hour 45 minutes to drive there and back, this is including loading at the workshop and unloading at the sub-contractors. There are also traffic lights on route which may increase the travelling time. This factor is taken into account via the ‘Potential costs’ and can be seen in more detail in (Appendix 8 - Sub-contractor ‘A’ Quotation, Appendix 9 - Sub-Contractor ‘B’ Quotation, Appendix 10 - Sub-Contractor C Quotation and Appendix 11 - In-House By Hand Costs) which consider additional costs on top of the sub-contractors quote costs.

[bookmark: _Toc241508250]Advantages and Disadvantages of In-house Cutting vs Sub-contracting 

	In-house
	Sub-contracting

	Advantages
	Disadvantages
	Advantages
	Disadvantages

	Can start job instantly
	
	
	Potential lead times

	Can control quality
Plate grades
Certification
Quality of cut edge
Traceability

	Onus on quality now relies on company increase on workload tracking material grades
	Sub-contractor responsible for quality and grades of material
	Any issues with quality cannot be seen until product returned. Potential for unpredictable / inconsistent quality.

	Can control when work is completed less down time
	Onus on company meeting deadlines even if breakages happen
	Breakages rely on them to sort and meet deadlines. They may have a backup machine
	Lead times for components

	
	Initial cost for machine
	No costs for machine
	

	
	Repair costs
	No repair costs
	

	
	Training costs
	No training costs
	

	
	Logistics of jobs
	Not having to think of logistics
	

	No transportation costs
	
	
	Transportation costs

	Increase work capabilities
	Drop in skill if not being used all the time
	Experts in that field
	

	Costs can be controlled
	Taking on operator, holidays, sick leave, wages increases.
	
	No control on increased costs
Supplier mark ups and fees

	
	
	Allows company to focus on other tasks
	

	
	Hourly wage to complete job can take longer if issues arise
	Knowing the quote costs
	

	
	Overhead costs to run machine
	Knowing quote costs
	

	Can plan a lookahead
	
	
	Unpredictable delays

	Communication – in house so potentially easier
	
	
	Communication challenges – emails, phone calls

	Steel can be located by the machine so operator can retrieve steel from rack.
	
	
	Unmeasured considerations, wear and tear, fuel costs, wages for travel. Losing a person from yard activities.

	Drawing revisions – work can be stopped and addressed
	
	
	Drawing revisions getting hold of sub – contractor and ensuring they are working to correct revision.

	Component size and complexity, not always  viable sending to sub – contractor if only a small piece
	
	
	

	Working overtime to cut component, fabricate and weld to meet deadlines
	
	
	Waiting for sub-contractor so deadlines not met

	Flexible in priorities to cut become in control
	
	
	Not flexible if other clients require items to be cut.

	Flexibility for client
	
	
	

	
	Is there enough work to justify having machine
	Only use when necessary
	

	
	Limited expertise until machine is learnt
	Established companies
	

	
	Operators taken off one job to complete jobs on cutting works
	
	

	Gaining production by having machine
	Losing workshop space for machine
	Sub-contractor locate machine in their workshop
	

	
	Storage of materials
	Materials can be stored at their workshop
	

	
	Locking company into fixed assets overheads, salaries, maintenance, inspection.

	
	

	Show off piece for clients
	
	
	

	Productivity increase completing work when necessary
	If operator cutting, they will not be carrying out another activity
	Productivity increase allowing work to be carried out on other parts of project
	Potential bottle neck waiting on parts

	Reduces mundane tasks
	
	Reduces repetitive tasks
	Costs to do this



[bookmark: _Ref239836664][bookmark: _Ref239836659][bookmark: _Toc241508300]Table 9 A table to show advantages and disadvantages of in-house vs sub-contracting 
One of the objectives for this report consist of exploring the advantages and disadvantages of in-house cutting vs sub-contracting Table 9 demonstrates the many advantages and disadvantages and comparisons of in-house cutting vs sub-contracting.  For almost all topics highlighted in the table there are advantages and disadvantages for cutting in-house vs sub-contracting. An example of this can by the disadvantage of having to purchase, and repair a machine for in-house cutting, but sub-contracting there is no cost involved for the purchasing or repairing of machines. The company only must pay for quote costs. Table 9 highlights some disadvantages of in-house cutting by machine being ‘high initial costs’ and ‘repair costs’ this can be supported by (Manglik, 2014) who suggest that disadvantages of automation processes include break downs, these effect production and involve costs to repair them. High initial purchasing costs is another due to sophisticated machinery. (Relington, 2026) states that ‘the cleaner more accurate the cut, the easier it is to fit and weld parts correctly’ poor cuts can ‘introduce gaps, misalignment and excessive grinding’ from this having a CNC machine in-house which can cut accurately would be important, the control of quality in-house, reassures that parts will align as the company is now in control vs the potential of a sub-contractor who may produce a sub-standard part and it having to be recut increasing delays waiting, although this is rare that this happens.  

[bookmark: _Toc241508251]Results. 
After investigating the different objectives, the results from this report show that for the purchasing of a CNC machine, based on the sectors the company currently works within and the high-quality requirements of these sectors, the purchasing of a laser machine would be better suited. Table 2 and Table 3 display the results of attributes and scoring matrix of different machines.  A laser machine would provide the edge quality and precision for these sectors it currently works within. This does not rule out the purchasing of a plasma machine however, the large investment costs of a CNC laser may result in the cheaper option of a plasma being purchased. The plasma will still carry out cutting tasks acceptably and can in fact cut thicker material if required, detrimental to this machine though is a slight lack in edge quality, and precision. A final decision may reflect on where the company’s focus going forward will be and what sectors it will try to work in, or any budget constraints the company has for purchasing new machinery may reflect which to purchase. Laser has higher upfront costs, but the company gains this back in quality and precision, comparison to plasma being cheaper upfront but lesser on quality and precision. 
For this report sub-contracting costs were compared against the purchasing cost of a CNC laser. Table 6 displays the total costs of invoices for sub-contracting. Table 7 demonstrates how this was calculated. 
Table 6 A Table to Show the Combined Invoice Totals from Sub-contractors
	Summary 

	 
	Goods (£)
	Invoice value (£)

	Contractor A  Total for 30 months 
	19775
	24521.6

	Removing discarded invoices 
	3625
	4710

	Remaining total for contractor A 
	16150
	19811.6

	Contractor B Total for 30 months 
	23664.8
	28397.16

	Removing discarded invoices 
	16567
	19879.8

	Remaining total for contractor B 
	7097.8
	8517.36

	 
	 
	 

	Total of both sub-contractors 
	23247.8
	28328.96



Table 7 Costs To Payback Machinery Over Current Monthly Outgoings
	Cost of Sub-contracting Over a 30-Month Period
	Cost of Machinery

	£23247.8
	£220,000

	£23247.8 / 30 Months
	

	= £774.93 monthly average
	

	Costs Recovery

	£220,000 / £774.93

	=284.12 months / 12 =  23.66 

	Cost Recovery in

	23.66 years 


The cost recovery was calculated to be 23.66 years to recover the initial purchasing costs. These figures were based on an average monthly spending to sub-contractors over a 30-month period which also happened to be a low spell in the company’s workshop fabrication.  
 Based on these figures it would probably be unreasonable to justify the purchasing of a laser machine as there will be additional costs to run and maintain the machine on top of the purchasing costs increasing the cost recovery time. The sub-contracting invoice figures had been taken over 30 months where there had been a large decline in workshop fabrication. These figures are possibly not a true reflection on sub-contracting costs over a prolonged period, as an increase in workload would no doubt increase sub-contracting costs, also the additional costs have not be taken into consideration. This would result in the sub-contracting invoice total being higher than what has been calculated, if it was found that these sub-contracting costs were higher, the cost recovery time for the machine may be significantly reduced changing the purchasing outcome. On the contrary, with the downturn in workshop fabrication, if this downturn in work was to continue or decline further, the cost recovery time would increase resulting in the 23.66 years increasing. 

Exploring the advantages and disadvantages of in-house cutting vs sub-contracting was investigated and displayed in Table 9. It was found that in-house cutting has 18 advantages compared to 16 advantages for sub-contracting. Interpreting this could be found that in-house cutting being a better solution to sub-contracting but when examining the disadvantages it was found that there were 16 disadvantages to in-house cutting vs the 13 disadvantages for sub-contracting. Based on that it could be found that sub-contracting would be a better solution to in-house cutting. If the figures were subtracted from each other 18 advantages minus the 16 disadvantages for in-house resulting in a positive 2. Comparing this against sub-contracting which has 16 advantages minus the 13 disadvantages leaving an outcome of positive 3 resulting in it being more advantageous to sub-contract than cut in-house. Reading the results in this way could be argued against and that just the advantages could be compared. Based on the 3 vs 2 findings this does not provide a majority overruling result. Another topic of debate or a minor change to an answer in the table could  sway the result. As neither in-house or sub-contracting has a majority score it would be difficult to make decisions on which process is better suited based upon this table, as there are positives and negatives for both sub-contracting and cutting in-house. 






A case study was carried out see (Appendix 12 - Case Study).  This was a timed trial on cutting a base plate in-house by hand and comparing it against quotes generated by the sub-contractors for the same base plate. 
Table 8  Summary of Quotes of Sub-Contractors
	Summary of Quotes of Sub-Contractors
	

	
	Sub-contractor A
	Sub-contractor B
	Sub-contractor C
	In-house by hand
	In-house by machine

	Quote costs 
	£300
	£350
	£520
	N/A
	N/A

	Potential costs -  taking into account additional costs such as lead time, transportation costs and wages. 
	£1014.14
	£1005.16
	£1077.52
	£977
	N/A



The results in Table 8 show that cutting in-house by hand would be the cheaper option compared to sub-contracting. This result however does not show some of the finer details. Cutting in-house comes in slightly cheaper than sub-contracting. The reason for this is there are no travel time costs, or lead time waiting. Although cutting in house works out cheaper for this time trial, Table 18 highlights some considerations on what may affect the worker and thus affect the time to cut increasing costs. Also to add to this is the fact that cutting by hand there will be an element of variation between each plate, cutting the same plate multiple times may result in differences in quality. Due to complex shapes cutting by hand may not always be the most practical option either. This study also highlighted that a sub-contractor may quote to cut items at a certain cost however the true cost to the company is much higher than what is first quoted. The reason for these increased costs is that transportation costs, wages to transport, and a tradesman’s wages in waiting for the part is not included in the quote. These additional factors suddenly increase the costs involved quite significantly. From this study there are several variations to consider and because of this a varied answer in results can be produced. From the most expensive sub-contractor to cutting the plate in-house by hand there is only £100.52 difference. Based on this any error in the in-house fabrication works or delay can soon push the in-house fabrication works towards being the most expensive, or if repetitive work was to be carried out then possible variations in components produced, whereas sub-contracting works often produce same components repetitively. 
 These results can aid the company in making an informed choice towards purchasing a machine, also highlight areas of advantages and disadvantages towards bringing cutting works in-house. This report also highlights additional costs not recorded in the sub-contracting process. Unfortunately this does not leave a definite answer for any of the objectives. Although having this information highlights that further monitoring should be required for this. Additionally, if the company wants to better themselves, be un-reliant on sub-contracting, and offer a better service to clients then the purchasing of a CNC machine would be an additional asset for the company. 
[bookmark: _Toc241508252]Discussion and Conclusions. 
The project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in-house vs sub-contracting cutting work out to another company.   
The objectives for this report consisted of the following bullet points: 
•	To investigate the purchasing of a CNC machine.
The investigation into the purchasing of a CNC machine was fulfilled. The purchasing of which CNC machine will depend on the company’s future works and sectors it may wish to pursue however for this report it was suggested that a CNC laser cutter would be a good option for the company as it would provide quality and precision albeit at a high initial purchasing price. 
•	Cost evaluation of current expenditure to sub-contractors.
This expenditure was compared to the purchasing price of a laser cutter and a cost recovery time was achieved and was calculated to 23.66 years. These results though do not give a true representation of the figures involved. Unfortunately, the sub-contracting figures expenditure were taken over a 30-month period in which there was a downturn in workshop fabrication. The sub-contracting expenditures cost do not include any additional costs of travel time, lead time and wages, which if included would increase the sub-contracting expenditure costs and then bring down the cost recovery time. To retrospectively calculate these additional costs would be difficult as lead times may be different for each invoice, changing the cost involved.   
•	Explore the advantages and disadvantages of in-house cutting vs sub-contracting. 
Advantages and disadvantages were studied and again concluded with inconclusive results with further works required. The reason for this was that for many topics for each advantage and disadvantage of in-house cutting there could be an advantage and disadvantage for sub-contracting. With neither a prominent champion it would be difficult to suggest which would be better suited. Nevertheless, if the company decides to change its strategy to the workshops and its clients then then a clearer result may conclude. 
•	Carry out a case study into the subject.
A case study was conducted comparing in-house cutting costs and sub-contracting quotations considering additional costs such as transportation costs, wages, and lead times. This highlighted that although items can be quoted for from a sub-contractor at a given price. The true costings can be significantly higher than the original quote once all the additional costs have been added. 





To conclude, the project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in-house vs sub-contracting cutting work out to another company. 
Key findings for this report are that machinery choice, will depend on what quality finish the company wants, this will coincide with what future works the company wants to pursue but this will also come down to what the budget constraints are for the purchasing of a CNC machine. 
It was found that evaluating sub-contracting costs over a period of 30-months against the purchasing of a CNC machine would result in the cost recovery time being 23.66 years. This was unexpected, however due to the downturn in workshop fabrication work this figure can also be expected. This would indicate that it is not sustainable to purchase a machine as the cost recovery time is too large. However further investigation into these costings could reduce the cost recovery time as the sub-contracting expenditure costs could in fact be higher if the additional costs are considered. This was also a key finding as these costs are not monitored and so a true reflection is not gained. If these figures changed significantly then the feasibility to purchase a CNC machine based on these figures may result in it being a worthwhile purchase. 
It would be worthwhile the company monitoring the sub-contracting costings going forward to attempt to gain further knowledge and understanding on these. As they may be considerably higher than just the invoice total. Providing an improved service for clients with respect to reducing lead times, may also be a future factor to consider for future works. 













[bookmark: _Toc241508253]Future work
It would be a recommendation that future work is conducted, the company has many future options with regards to continue sub-contracting or purchase a CNC machine. The company’s future works and sectors it might explore should be a consideration; this will help determine the quality of machine the company should purchase. The overall service the company wants to provide to its customers should be further understood going forward. Is the company happy with the service it currently provides? Could this service be improved? and if it was improved, would this lead to further work being gained? Further understanding of expenditure to sub-contractors should also be conducted, as there are additional costs that are not monitored and by further understanding these costings will help guide the company into if it is feasible to purchase a CNC cutting machine or not. 
Other future works might be the consideration of a business opportunity, information regarding this can be found in (Appendix 14 Business Opportunity) with the ethical values of purchasing a machine and bringing the cutting in-house and creating a business at (Appendix 15 Ethical Values). 
If a machine was to be purchased the implantation of change management system is discussed in (Appendix 16 Change Management Systems). 






















[bookmark: _Toc241508254]Location of Machine 
An important part of purchasing a machine will be the location in which it is situated. Being a large-size machine it is not built for being maneuvered around constantly. Figure 6 is a plan view of the plate fabrication workshop, this consists of a main building and a smaller annex workshop. The main workshop layout contains several machines that are old outdated and can be inconsistent to use. Removal of some of the old machinery would generate more space for a new machine to be situated or create more space for general production and laydown space with the machine being situated somewhere else. 
The annex workshop is a smaller workshop, generally used for stainless steel / exotic materials work. These materials should be worked on in a separate workshop away from carbon materials to stop cross contamination of materials. The annex workshop, could become a material cutting and prepping workshop, if the CNC cutting machine was to be situated here, incorporating varies other bits of kit including saws and pipe prepping kit.  Unfortunately, by locating the CNC machine in this workshop space, it would mean a loss of a workshop for fabrication and welding processes and a workshop which could be used as a confined stainless steel/ exotic workshop. However, if this became a consistent future issue could additional workshops be built to counteract this?
The ideal solution would be that the new machine be situated in its own workshop away from grinding and welding process, these processes can create a dirty and dusty environment. Having a new machine in this environment would lead to dust and dirty getting into the machine potentially causing damage of clogged parts further down its lifespan. If the machine was to be located with other fabrication and welding activities, the machine would have an increased risk of damage. Damage could come from personal not being aware and causing accidental damage, traffic of forklifts, and gantry crane operations, the machine could also have interference from others not trained. Building a new workshop for the CNC cutting machine could be an option, this would incur additional costs to build, add a gantry crane, and electrics.
Based on the above options and without incurring additional building costs the annex would become the better workshop to locate the CNC machine although losing the welding and fabrication space would be a downside, if this was to happen. 
Allowing additional space around the machine so maintenance and cleaning can be carried out will be important, inadequate space for cleaning around the machine could allow the buildup of dirt. Space around the machine will also be important so loading and unloading materials can be achieved easily. This could be via gantry crane or a forklift. If being loaded with a forklift adequate space for turning the forklift will be important to allow for ease of loading and unloading for increased productivity and ease. If it is difficult to load and unload productivity will decrease and potential damage may incur due to the increased difficulty. Changing gases for the machine will also be a requirement so allowing space so this can be achieved will be necessary. 


[bookmark: _Ref239769787][bookmark: _Toc241508448]Figure 6 Workshop Layout Floor plan
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[bookmark: _Toc241508449]Figure 7 Workshop Floor Layout Without Machinery[image: ]















[bookmark: _Toc241508255]Training On Machine
When a machine is purchased, a decision on who becomes responsible for the machine will be required to be asked. The decision may be, Is the employee just to work on that machine or are they trained to use the machine alongside their normal job? Does a current employee have a job role change? The company must be prepared to lose a person from their current role to that machine if that was to happen. Having numerous people trained on the machine to allow for holidays and sickness. A list of the workforce with a skills matrix and future planning of who would be suitable to train, who would be potentially retiring would be an addition to decision making. As people get older more people are trained to learn the machine this is future planning. 
The employee ideally needs to be a workshop based personal, so as not to lose employees to site based jobs. The more employees trained the more flexible the usage can become. On the contrary more employees trained the increase in potential someone could break it as some people are more considerate than others. It would be important to retain staff as that reduces training staff constantly on machines, although important to train staff periodically to keep up to date if staff leave/ retire. 

















[bookmark: _Toc241508256]Safety 
For a company to purchase a new piece of equipment, there will be numerous health and safety elements to consider Table 12 highlights some of the health and safety elements that will be required before the purchasing of the machine. 
[bookmark: _Ref240835891][bookmark: _Ref240835884][bookmark: _Toc241508301]Table 12 Safety Points of Consideration. 
	Points of Consideration 
	Detail 

	Purpose of the machine  
	Will it save time, money, safer to use machinery or cut manually

	Training 
	What training is required to use the machine

	Risk Assessments
	New machine, new risks to assess and control

	Extraction 
	Any fumes produced how will this be extracted

	PUWER
	Provision and Use of Work Equipment Regulations 1998

	LOLER
	Lifting Operations and Lifting Equipment Regulations 

	Loading and unloading of material
	How will it be done and by what equipment?

	COSHH
	Control of Substances Hazardous to Health 

	Noise levels 
	The Control of Noise at Work Regulations 2005

	Personal protective equipment requirements 
	Any additional equipment than the standard 

	Machinery Lifetime 
	How long and what do with it at end of life? 

	Pre User checks 
	Checks to be carried out before operating

	Maintenance 
	Who carries out and when is maintenance required?

	Installation 
	Who installs machine? 

	Machine certified 
	British standards and CE marked
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	Reference
	Type
	Goods/Cash
	Job Number 
	Invoice Value 
	Details of Invoice
	Date 

	21285
	INV
	130
	1613
	156
	1 NO 200 X 180 X 55M PLATE 1 NO 400 X 230 X 35 PLATE
	23/01/2024

	21286
	INV
	480
	 1604/58
	576
	PLASMA CUTTING 10MM AND 12MM PLATE AS DRAWING SUPPLIED FREE ISSUE MATERIALS
	23/01/2024

	21331
	INV
	140
	 1569/41
	168
	PLASMA CUTTING HLH105VBS 1-4 HLH105VBS 1- 49
	26/02/2024

	21360
	INV
	305
	 1604/58
	366
	CUTTING 6 NO PLATES FREE ISSUE MATERIAL WEST PLATFORM / CUTTING 17 NO  15MM AND 20MM PLATE FREE ISSSUE MATERIAL
	26/03/2024

	21387
	INV
	120
	 1569/41
	144
	CUTTING 4NO STAINLESS STEEL PLATE 5 MM
	01/05/2024

	21403
	INV
	180
	 1604/58
	648
	CUTTING 1 NO 15MM PLATE MILD STEEL, 1NO 10MM PLATE £30,CUTTING 2NO MILD STEEL, 12 SCREW DOGS STAINLESS STEEL 15MM 16NO SCREWDOGS STAINLESS STEEL 5MM £150 / PIPE PREP 48NO2'' PIPES £360
	09/05/2024

	21402
	INV
	190
	 1600/93
	588
	 PIPE PREP 30MM MACHINING 4NO 30MM PLATES / PIPE PREP 15 NO PIPES £300
	09/05/2024

	21404
	INV
	40
	1610
	48
	 1 NO DISC 641 O/D X 5MM
	09/05/2024

	21421
	INV
	550
	 1618/81
	660
	CUTTING AND PREPING 39 TYPE 1 AND 34 NO TYPE 2
	03/06/2024

	21431
	INV
	160
	1610
	192
	CUTTING 1 NO STAINLESS STEEL DISC 635MM CUTTING 1 NO STAINLESS STEEL DISC 637MM
	03/06/2024

	21432
	INV
	330
	 1618/81
	396
	PROFILE CUTTING 3NO SETS BURNER LIFTING ATTACHMENTS
	03/06/2024

	21433
	INV
	80
	1604
	96
	CUTTING GUSSET PLATES
	03/06/2024

	21430
	INV
	270
	 1600/93
	324
	2NO MACHING WELD PREPS PLATES £120 / MACHING WELD PREP 220 O/D TUBES £150
	03/06/2024

	21447
	INV
	75
	 1610/8
	90
	CUTTING 1NO 637.5 X 5MM STAINLESS STEEL DISC
	18/06/2024

	21446
	INV
	500
	 1604/58
	600
	23NO 10MM / 2NO 12MM / 10NO 15MM
	18/06/2024

	21450
	INV
	345
	 1604/58
	414
	10NO 10MM / 2NO 20MM / 4NO 15MM
	03/07/2024

	21451
	INV
	295
	1610/8
	354
	MACHINING ALUMINIUM 10MM ALUMINIUM PLATE
	03/07/2024

	21476
	INV
	90
	 1618/81
	108
	4NO THRUST RINGS
	18/07/2024

	21481
	INV
	150
	 1618/81
	180
	5MM STAINLESS STEEL SHIMS
	29/07/2024

	21480
	INV
	75
	 1537/
	90
	4NO PLATES 15MM
	29/07/2024

	21479
	INV
	120
	 1604/58
	144
	 12NO 10MM PLATES CUT
	29/07/2024

	21496
	INV
	1290
	 1618/132
	1548
	4NO THRUST RINGS £90 4NO LIFTING LUGS £120 / SUPPLY 12MM PLATE, 6NO STIFFNERS  2NO SEGMENTS, £1080
	07/08/2024

	21495
	INV
	485
	 1610/8
	582
	MACHING DISC FOR £295 / CUTTING 2NO 634MM PLATE £190
	07/08/2024

	21510
	INV
	392
	 1618/143
	470.4
	1NO 10MM THICK CARBON STEEL BACKING RING
	10/09/2024

	21522
	INV
	140
	 1618/81
	168
	12NO 12MM
	11/09/2024

	21528
	INV
	1230
	 1618/142
	1476
	CUT AND ROLL 5MM SEGMENTS
	12/09/2024

	21527
	INV
	720
	 1610/10
	864
	MACHINING 2 NO SLOTS IN 18NO FREE ISSUE STAINLESS PLATE
	12/09/2024

	21541
	INV
	190
	 1618/132
	228
	4NO 15MM PLATE 1NO DUCT 5MM
	07/10/2024

	21540
	INV
	145
	 1610/10
	174
	DRILLING 36NO 22MM HOLES STAINLESS STEEL
	07/10/2024

	21539
	INV
	190
	 1618/132
	228
	CUTTING PLATE FREE ISSUE MATERIAL 15MM / SUPPLY ROLLING 1NO 5MM DUCTING 
	07/10/2024

	21582
	INV
	150
	 1618/171
	180
	 CUTTING AND DRILLING 48NO WASHERS 15MM PLATE
	06/11/2024

	21650
	INV
	60
	 1604/58
	72
	CUTTING 4NO 20MM PLATE
	28/01/2025

	21751
	INV
	2381
	 1600/343
	2857.2
	SUPPLY CUT AND MACHINE FOR MILD AND STAINLEES STEEL 8NO
	12/05/2025

	21752
	INV
	145
	 1618/132
	174
	CUTTING FREE ISSUE 8MM DURBAR PLATE
	12/05/2025

	21777
	INV
	1560
	1600
	1872
	MACHINING SHIMS 16NO FREE ISSUE MATERIAL
	10/06/2025

	21780
	INV
	120
	1604
	144
	CUTTING 9NO GUSSETS FREE ISSUE MATERIAL
	10/06/2025

	21822
	INV
	130
	 1605/194
	156
	CUTTING 1NO 15MM GUSSET PLATE £30 / MACHINING NPT THREADING PUG £100
	08/07/2025

	21824
	INV
	250
	 1605/194
	300
	CUTTING 20NO STAINLESS STEEL STRONG BACKS
	08/07/2025

	21821
	INV
	250
	 1630/16
	300
	CUTTING AND MACHINING 8NO 15MM PLATE LIFTING EYE £90 /  2NO FREE ISSUE MATERIAL £80 / 2NO PLATE ISSUE MATERIALS
	08/07/2025

	21860
	INV
	1030
	1630
	1236
	2NO 20MM PLATE , 4NO LIFTING LUGS, 1NO 30MM PLATE £480
	07/08/2025

	21873
	INV
	1080
	1600
	1296
	8NO 2000MM WHEELS
	01/09/2025

	21892
	INV
	1080
	 1600/473
	1296
	8NO 200MM WHEELS
	08/09/2025

	21980
	INV
	150
	80000/13
	180
	70NO 10MM HOOKS / 70NO HOOKS 6MM
	24/11/2025

	21981
	INV
	160
	 1600/93
	192
	30NO 15MM PLATE WITH WELD PREP
	24/11/2025

	22011
	INV
	135
	1600/93
	162
	CUTTING 8NO FREE ISSUE 105 P/D X 60 I/D X 40MM THK £75 CUTTING 4NO 500X180X30MM PLATES £60
	15/12/2025

	22092
	INV
	330
	1600/642
	396
	CUTTING AND PRESSING 2NO 8MM ALUMINIUM PLATE
	01/04/2026

	22158
	INV
	1357
	1600/710
	1628
	CUTTING 12NO STIFFENER PLATES TYPE 1 £105.00 CUTTING 6NO STIFFENER PLATE TYPE 2 £70.00 CUTTING AND DRILLING 10MM PLATE AS DRAWING £652.00 CUTTING SHIMS £530.00
	10/06/2026

	 
	TOTAL
	19775
	TOTAL
	24521.6
	 
	30 MONTHS




	Reference
	Type
	Goods/Cash
	Job Number 
	Invoice Value 
	Details of Invoice
	Date 

	21402
	INV
	190
	 1600/93
	588
	 PIPE PREP 30MM MACHINING 4NO 30MM PLATES / PIPE PREP 15 NO PIPES £300
	09/05/2024

	21421
	INV
	550
	 1618/81
	660
	CUTTING AND PREPING 39 TYPE 1 AND 34 NO TYPE 2
	03/06/2024

	21430
	INV
	270
	 1600/93
	324
	2NO MACHING WELD PREPS PLATES £120 / MACHING WELD PREP 220 O/D TUBES £150
	03/06/2024

	21451
	INV
	295
	1610/8
	354
	MACHINING ALUMINIUM 10MM ALUMINIUM PLATE
	03/07/2024

	21495
	INV
	485
	 1610/8
	582
	MACHING DISC FOR £295 / CUTTING 2NO 634MM PLATE £190
	07/08/2024

	21528
	INV
	1230
	 1618/142
	1476
	CUT AND ROLL 5MM SEGMENTS
	12/09/2024

	21540
	INV
	145
	 1610/10
	174
	DRILLING 36NO 22MM HOLES STAINLESS STEEL
	07/10/2024

	21822
	INV
	130
	 1605/194
	156
	CUTTING 1NO 15MM GUSSET PLATE £30 / MACHINING NPT THREADING PUG £100
	08/07/2025

	22092
	INV
	330
	1600/642
	396
	CUTTING AND PRESSING 2NO 8MM ALUMINIUM PLATE
	01/04/2026

	 
	TOTAL 
	3625
	TOTAL
	4710
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	Reference
	Type
	Goods/Cash
	Job Number 
	Invoice Value 
	Details of Invoice
	Date 

	21285
	INV
	130
	1613
	156
	1 NO 200 X 180 X 55M PLATE 1 NO 400 X 230 X 35 PLATE
	23/01/2024

	21286
	INV
	480
	 1604/58
	576
	PLASMA CUTTING 10MM AND 12MM PLATE AS DRAWING SUPPLIED FREE ISSUE MATERIALS
	23/01/2024

	21331
	INV
	140
	 1569/41
	168
	PLASMA CUTTING HLH105VBS 1-4 HLH105VBS 1- 49
	26/02/2024

	21360
	INV
	305
	 1604/58
	366
	CUTTING 6 NO PLATES FREE ISSUE MATERIAL WEST PLATFORM / CUTTING 17 NO  15MM AND 20MM PLATE FREE ISSSUE MATERIAL
	26/03/2024

	21387
	INV
	120
	 1569/41
	144
	CUTTING 4NO STAINLESS STEEL PLATE 5 MM
	01/05/2024

	21403
	INV
	180
	 1604/58
	648
	CUTTING 1 NO 15MM PLATE MILD STEEL, 1NO 10MM PLATE £30,CUTTING 2NO MILD STEEL, 12 SCREW DOGS STAINLESS STEEL 15MM 16NO SCREWDOGS STAINLESS STEEL 5MM £150 / PIPE PREP 48NO2'' PIPES £360
	09/05/2024

	21404
	INV
	40
	1610
	48
	 1 NO DISC 641 O/D X 5MM
	09/05/2024

	21431
	INV
	160
	1610
	192
	CUTTING 1 NO STAINLESS STEEL DISC 635MM CUTTING 1 NO STAINLESS STEEL DISC 637MM
	03/06/2024

	21432
	INV
	330
	 1618/81
	396
	PROFILE CUTTING 3NO SETS BURNER LIFTING ATTACHMENTS
	03/06/2024

	21433
	INV
	80
	1604
	96
	CUTTING GUSSET PLATES
	03/06/2024

	21447
	INV
	75
	 1610/8
	90
	CUTTING 1NO 637.5 X 5MM STAINLESS STEEL DISC
	18/06/2024

	21446
	INV
	500
	 1604/58
	600
	23NO 10MM / 2NO 12MM / 10NO 15MM
	18/06/2024

	21450
	INV
	345
	 1604/58
	414
	10NO 10MM / 2NO 20MM / 4NO 15MM
	03/07/2024

	21476
	INV
	90
	 1618/81
	108
	4NO THRUST RINGS
	18/07/2024

	21481
	INV
	150
	 1618/81
	180
	5MM STAINLESS STEEL SHIMS
	29/07/2024

	21480
	INV
	75
	 1537/
	90
	4NO PLATES 15MM
	29/07/2024

	21479
	INV
	120
	 1604/58
	144
	 12NO 10MM PLATES CUT
	29/07/2024

	21496
	INV
	1290
	 1618/132
	1548
	4NO THRUST RINGS £90 4NO LIFTING LUGS £120 / SUPPLY 12MM PLATE, 6NO STIFFNERS  2NO SEGMENTS, £1080
	07/08/2024

	21510
	INV
	392
	 1618/143
	470.4
	1NO 10MM THICK CARBON STEEL BACKING RING
	10/09/2024

	21522
	INV
	140
	 1618/81
	168
	12NO 12MM
	11/09/2024

	21527
	INV
	720
	 1610/10
	864
	MACHINING 2 NO SLOTS IN 18NO FREE ISSUE STAINLESS PLATE
	12/09/2024

	21541
	INV
	190
	 1618/132
	228
	4NO 15MM PLATE 1NO DUCT 5MM
	07/10/2024

	21539
	INV
	190
	 1618/132
	228
	CUTTING PLATE FREE ISSUE MATERIAL 15MM / SUPPLY ROLLING 1NO 5MM DUCTING 
	07/10/2024

	21582
	INV
	150
	 1618/171
	180
	 CUTTING AND DRILLING 48NO WASHERS 15MM PLATE
	06/11/2024

	21650
	INV
	60
	 1604/58
	72
	CUTTING 4NO 20MM PLATE
	28/01/2025

	21751
	INV
	2381
	 1600/343
	2857.2
	SUPPLY CUT AND MACHINE FOR MILD AND STAINLEES STEEL 8NO
	12/05/2025

	21752
	INV
	145
	 1618/132
	174
	CUTTING FREE ISSUE 8MM DURBAR PLATE
	12/05/2025

	21777
	INV
	1560
	1600
	1872
	MACHINING SHIMS 16NO FREE ISSUE MATERIAL
	10/06/2025

	21780
	INV
	120
	1604
	144
	CUTTING 9NO GUSSETS FREE ISSUE MATERIAL
	10/06/2025

	21824
	INV
	250
	 1605/194
	300
	CUTTING 20NO STAINLESS STEEL STRONG BACKS
	08/07/2025

	21821
	INV
	250
	 1630/16
	300
	CUTTING AND MACHINING 8NO 15MM PLATE LIFTING EYE £90 /  2NO FREE ISSUE MATERIAL £80 / 2NO PLATE ISSUE MATERIALS
	08/07/2025

	21860
	INV
	1030
	1630
	1236
	2NO 20MM PLATE , 4NO LIFTING LUGS, 1NO 30MM PLATE £480
	07/08/2025

	21873
	INV
	1080
	1600
	1296
	8NO 2000MM WHEELS
	01/09/2025

	21892
	INV
	1080
	1600/473
	1296
	8NO 200MM WHEELS
	08/09/2025

	21980
	INV
	150
	80000/13
	180
	70NO 10MM HOOKS / 70NO HOOKS 6MM
	24/11/2025

	21981
	INV
	160
	 1600/93
	192
	30NO 15MM PLATE WITH WELD PREP
	24/11/2025

	22011
	INV
	135
	1600/93
	162
	CUTTING 8NO FREE ISSUE 105 P/D X 60 I/D X 40MM THK £75 CUTTING 4NO 500X180X30MM PLATES £60
	15/12/2025

	22158
	INV
	1357
	1600/710
	1628
	CUTTING 12NO STIFFENER PLATES TYPE 1 £105.00 CUTTING 6NO STIFFENER PLATE TYPE 2 £70.00 CUTTING AND DRILLING 10MM PLATE AS DRAWING £652.00 CUTTING SHIMS £530.00
	10/06/2026

	 
	TOTAL
	16150
	TOTAL
	19811.6
	 
	 





[bookmark: _Ref240808678][bookmark: _Ref240818627][bookmark: _Ref240818675][bookmark: _Toc241508263]Appendix 4 - A Table to Show Invoice Cost from Sub-Contractor B
	Reference
	Type
	Goods/Cash
	Job Number 
	Invoice Value 
	Details 
	Date

	38577
	INV
	302
	 1613/89
	362.4
	LASER CUT 10MM PLATES
	01/04/2024

	38579
	INV
	75
	 1613/83
	90
	LASER CUT AND FOLD S/S PLATE
	01/04/2024

	38955
	INV
	1688
	 1609/19
	2025.6
	LASER CUT 650 x 600 x 10MM PLATES, PLASMA & PUNCH 400 x 350 x 10MM PLATES
	22/08/2024

	38956
	INV
	550
	 1604/83
	660
	LASER CUT 500 No. ID TAGS
	30/08/2024

	38991
	INV
	2970
	 1609/29
	3564
	SUPPLY, PROFILE & ROLL 2 No. STIFFENING RINGS
	10/09/2024

	39083
	INV
	315
	 1625/12
	378
	BASE PLATES, GUSSETS & STUB SHAFTS
	18/10/2024

	39126
	INV
	65
	 1623/22
	78
	1 No. 6MM COMP PAD 218 OD x 118 ID
	11/10/2024

	39127
	INV
	140
	 1618/167
	168
	LASER CUT 8 No. THRUST PLATES
	25/10/2024

	39166
	INV
	550
	 1623/22
	660
	2 No. INSERT PLATES
	28/11/2024

	39322
	INV
	35
	1629/6
	42
	4 No. S/S PLATES DRILLED AND TAPPED M10
	04/02/2025

	39328
	INV
	550
	 1604/83
	660
	LASER CUT 500 No. 3MM MS PLATES
	04/02/2025

	39333
	INV
	350
	 1625/12
	420
	6 No. ROLLED PLATES, DRILLED & TAPPED M20
	10/02/2025

	39376
	INV
	185
	 1628/7
	222
	PLASMA CUT 10 No. 15MM STRONGBACKS
	28/02/2025

	39377
	INV
	8099.2
	 1628/7
	9719.04
	32 No. BUSHES, ROLLED PLATES & 8 No. RADIUSED PLATES  AS PER ORDER
	28/02/2025

	39378
	INV
	120
	 1628/7
	144
	6 No. STRONGBACKS
	06/03/2025

	39387
	INV
	55
	 1618/243
	66
	LASER CUT 1 No. 100MM DIA 304 DISC
	13/03/2025

	39444
	INV
	298
	NR
	357.6
	LASER CUT AND FOLD HEATER COVER
	14/03/2025

	39504
	INV
	225
	 1630/11
	270
	PORT SIDE AND STARBOARD SIDE PLATE MACHINE AS REQUESTED
	01/05/2025

	39509
	INV
	120
	1618
	144
	LASER CUT 40 No. WASHERS
	13/05/2025

	39545
	INV
	194
	 1630/11
	232.8
	LASER CUTTING OF HALF FLANGES, END PLATES & HALF WRAPS AS PER ORDER
	01/05/2025

	39626
	INV
	644
	1600
	772.8
	80 No. 300 x 300 PLATES, 40 No. 300 x 150 PLATES WITH WELD PREP
	28/07/2025

	39669
	INV
	570
	1600
	684
	6 No. LIFTING CLEATS
	31/07/2025

	39762
	INV
	40
	 1635/9
	48
	GUILLOTINE 3 No. PLATES 250x150x6MM
	18/09/2025

	39955
	INV
	514.6
	1600/593
	617.52
	CUT 62NO 4'' SCHPIPE TO 150MM MACHINE TO 37.5 ON ONE END 
	02/02/2026

	39976
	INV
	500
	1600/613
	600
	CUT 80NO 200X 125 COUPONS (40 WITH WELD PREP) FROM FIM
	10/02/2026

	39984
	INV
	490
	1600/613
	588
	49 NO 300 X 150 WELDING COUPONS WITH WELD PREP
	11/02/2026

	40061
	INV
	2123
	1600 / 653
	2547
	121NO 300X 150 WELD PREPPED COUPONS & 110NO 2'' SCH WELD PREPPED PIPES
	25/03/2026

	40109
	INV
	570
	1600/670
	684
	MACHINING OF 10 NO TAPER PLUGS
	21/04/2026

	40182
	INV
	214.8
	1600/702
	257.76
	LASER CUT AND PRESS 24NO HANDLES
	29/05/2026

	40273
	INV
	1112.2
	1600/516
	1334.64
	134 NO 4'' WELD TEST COUPONS
	04/06/2026

	 
	TOTAL 
	23664.8
	TOTAL 
	28397.16
	 
	30 MONTHS




[bookmark: _Ref240818950][bookmark: _Toc241508264]Appendix 5 - Deductions of Invoices from Sub-Contractor B
	Reference
	Type
	Goods/Cash
	Job Number 
	Invoice Value 
	Details 
	Date

	38579
	INV
	75
	 1613/83
	90
	LASER CUT AND FOLD S/S PLATE
	01/04/2024

	38991
	INV
	2970
	 1609/29
	3564
	SUPPLY, PROFILE & ROLL 2 No. STIFFENING RINGS
	10/09/2024

	39322
	INV
	35
	1629/6
	42
	4 No. S/S PLATES DRILLED AND TAPPED M10
	04/02/2025

	39333
	INV
	350
	 1625/12
	420
	6 No. ROLLED PLATES, DRILLED & TAPPED M20
	10/02/2025

	39377
	INV
	8099.2
	 1628/7
	9719.04
	32 No. BUSHES, ROLLED PLATES & 8 No. RADIUSED PLATES  AS PER ORDER
	28/02/2025

	39444
	INV
	298
	NR
	357.6
	LASER CUT AND FOLD HEATER COVER
	14/03/2025

	39955
	INV
	514.6
	1600/593
	617.52
	CUT 62NO 4'' SCHPIPE TO 150MM MACHINE TO 37.5 ON ONE END 
	02/02/2026

	39976
	INV
	500
	1600/613
	600
	CUT 80NO 200X 125 COUPONS (40 WITH WELD PREP) FROM FIM
	10/02/2026

	39984
	INV
	490
	1600/613
	588
	49 NO 300 X 150 WELDING COUPONS WITH WELD PREP
	11/02/2026

	40061
	INV
	2123
	1600 / 653
	2547
	121NO 300X 150 WELD PREPPED COUPONS & 110NO 2'' SCH WELD PREPPED PIPES
	25/03/2026

	40273
	INV
	1112.2
	1600/516
	1334.64
	134 NO 4'' WELD TEST COUPONS
	04/06/2026

	 
	TOTAL 
	16567
	TOTAL 
	19879.8
	 
	 











[bookmark: _Toc241508265]Appendix 6 - Final Invoice List of Sub-Contractor B Minus the Deductions


	Reference
	Type
	
	Goods/Cash
	Job Number 
	Invoice Value 
	Details 
	Date

	38577
	INV
	
	302
	 1613/89
	362.4
	LASER CUT 10MM PLATES
	01/04/2024

	38955
	INV
	
	1688
	 1609/19
	2025.6
	LASER CUT 650 x 600 x 10MM PLATES, PLASMA & PUNCH 400 x 350 x 10MM PLATES
	22/08/2024

	38956
	INV
	
	550
	 1604/83
	660
	LASER CUT 500 No. ID TAGS
	30/08/2024

	39083
	INV
	
	315
	 1625/12
	378
	BASE PLATES, GUSSETS & STUB SHAFTS
	18/10/2024

	39126
	INV
	
	65
	 1623/22
	78
	1 No. 6MM COMP PAD 218 OD x 118 ID
	11/10/2024

	39127
	INV
	
	140
	 1618/167
	168
	LASER CUT 8 No. THRUST PLATES
	25/10/2024

	39166
	INV
	
	550
	 1623/22
	660
	2 No. INSERT PLATES
	28/11/2024

	39328
	INV
	
	550
	 1604/83
	660
	LASER CUT 500 No. 3MM MS PLATES
	04/02/2025

	39376
	INV
	
	185
	 1628/7
	222
	PLASMA CUT 10 No. 15MM STRONGBACKS
	28/02/2025

	39378
	INV
	
	120
	 1628/7
	144
	6 No. STRONGBACKS
	06/03/2025

	39387
	INV
	
	55
	 1618/243
	66
	LASER CUT 1 No. 100MM DIA 304 DISC
	13/03/2025

	39504
	INV
	
	225
	 1630/11
	270
	PORT SIDE AND STARBOARD SIDE PLATE MACHINE AS REQUESTED
	01/05/2025

	39509
	INV
	
	120
	1618
	144
	LASER CUT 40 No. WASHERS
	13/05/2025

	39545
	INV
	
	194
	 1630/11
	232.8
	LASER CUTTING OF HALF FLANGES, END PLATES & HALF WRAPS AS PER ORDER
	01/05/2025

	39626
	INV
	
	644
	1600
	772.8
	80 No. 300 x 300 PLATES, 40 No. 300 x 150 PLATES WITH WELD PREP
	28/07/2025

	39669
	INV
	
	570
	1600
	684
	6 No. LIFTING CLEATS
	31/07/2025

	39762
	INV
	
	40
	 1635/9
	48
	GUILLOTINE 3 No. PLATES 250x150x6MM
	18/09/2025

	40109
	INV
	
	570
	1600/670
	684
	MACHINING OF 10 NO TAPER PLUGS
	21/04/2026

	40182
	INV
	
	214.8
	1600/702
	257.76
	LASER CUT AND PRESS 24NO HANDLES
	29/05/2026

	
	TOTAL
	
	7097.8
	TOTAL
	8517.36
	
	30 MONTHS




[bookmark: _Ref240826398][bookmark: _Toc241508266]Appendix 7 - Costs for Sub-contracting 
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[bookmark: _Ref239599627][bookmark: _Ref239599683][bookmark: _Toc241508450][bookmark: _Ref239599698]Figure 8 CAD Drawn Base Plate Design 
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[bookmark: _Toc241508451]Figure 9 Quote Of Materials Costings










[bookmark: _Ref240830028][bookmark: _Toc241508267]Appendix 8 - Sub-contractor ‘A’ Quotation 
	 
	Sub-Contractor A 
	 Totals 

	Quote Costs
	£15 EACH
	 

	Number Of Base Plates 
	20
	 

	Total costs
	£15 x 20 
	£300

	 
	 
	 

	15mm Steel Plate Cost
	£431
	£431

	 
	 
	 

	Transporting Material Travel time (Hours)
	1.75
	 

	Hourly Wage 
	19.06
	 

	Transporting Material Travel time x Wage 
	1.75 x 19.06 
	33.35

	 
	 
	 

	Wear And Tear On Vehicle, Fuel, Insurance 
	0.45p per mile
	 

	Miles To Sub Contractor (Returned Journey)
	34
	 

	Wear And Tear On Vehicle, Fuel, Insurance  x Milage 
	0.45 x 34
	£15.30

	 
	 
	 

	Lead Time
	1 Day / Varies
	1 Day / Varies

	 
	 
	 

	Wages x Lead Time 
	
	 

	Hourly Wage 
	19.06
	 

	Hourly Wage x  Hours In Working Day 
	19.06 x 9.75 = 185.84
	 

	Number Of Days Lead Time 
	1
	 

	Days Wage x Days Lead Time 
	185.84 x 1
	185.84

	 
	 
	 

	Transporting Material Travel time (Hours)
	1.75
	 

	Hourly Wage 
	19.06
	 

	Transporting Material Travel time x Wage 
	1.75 x 19.06 
	33.35

	 
	 
	 

	Wear And Tear On Vehicle, Fuel, Insurance 
	0.45p per mile
	 

	Miles To Sub Contractor (Returned Journey)
	34
	 

	Wear And Tear On Vehicle, Fuel, Insurance  x Milage 
	0.45 x 34
	£15.30

	 
	 
	 

	TOTAL COSTS
	 
	£1,014.14



Approved mileage rates from tax year 2011 to 2026 45p per mile (HMRC,2026).


[bookmark: _Ref240830031][bookmark: _Toc241508268]Appendix 9 - Sub-Contractor ‘B’ Quotation


	 
	Sub – Contractor B 
	Totals  

	Quote Costs
	£350 
	 

	Number Of Base Plates 
	20
	 

	Total costs
	£ x 20 
	 £350

	 
	 
	 

	15mm Steel Plate Cost
	£431
	£431

	 
	 
	 

	Transporting Material Travel time (Hours)
	0.75
	 

	Hourly Wage 
	19.06
	 

	Transporting Material Travel time x Wage 
	 0.75 x 19.06 
	£14.30

	 
	 
	 

	Wear And Tear On Vehicle, Fuel, Insurance 
	0.45p per mile
	 

	Miles To Sub Contractor (Returned Journey)
	10.8
	 

	Wear And Tear On Vehicle, Fuel, Insurance  x Milage 
	0.45 x 10.8
	£4.86

	 
	 
	 

	Lead Time
	1 Day / Varies
	1 Day / Varies

	 
	 
	 

	Wages x Lead Time 
	
	 

	Hourly Wage 
	19.06
	 

	Hourly Wage x  Hours In Working Day 
	19.06 x 9.75 = 185.84
	 

	Number Of Days Lead Time 
	1
	 

	Days Wage x Days Lead Time 
	185.84 x 1
	£185.84

	 
	 
	 

	Transporting Material Travel time (Hours)
	0.75
	 

	Hourly Wage 
	19.06
	 

	Transporting Material Travel time x Wage 
	 0.75 x 19.06 
	£14.30

	 
	 
	 

	Wear And Tear On Vehicle, Fuel, Insurance 
	0.45p per mile
	 

	Miles To Sub Contractor (Returned Journey)
	10.8
	 

	Wear And Tear On Vehicle, Fuel, Insurance  x Milage 
	0.45 x 10.8
	£4.86

	 
	 
	 

	TOTAL COSTS
	 
	£1005.16






















[bookmark: _Ref240830033][bookmark: _Toc241508269]Appendix 10 - Sub-Contractor C Quotation
	 
	Sub - Contractor C 
	Totals

	Quote Costs
	£26 EACH
	 

	Number Of Base Plates 
	20
	 

	TOTAL 
	£26 x 20
	£520

	 
	 
	 

	15mm Steel Plate Cost
	N/A 
	N/A

	 
	 
	 

	Transporting Material Travel time (Hours)
	N/A
	N/A

	Hourly Wage 
	N/A
	N/A

	Transporting Material Travel time x Wage 
	N/A
	N/A

	 
	 
	 

	Wear And Tear On Vehicle, Fuel, Insurance 
	N/A
	N/A

	Miles To Sub Contractor (Returned Journey)
	N/A
	N/A

	Wear And Tear On Vehicle, Fuel, Insurance  x Milage 
	N/A
	N/A

	 
	 
	 

	Lead Time
	3-5 working days
	3-5 working days

	 
	 
	 

	TOTAL COSTS
	 
	£520

	
	
	

	 
	Wages x Lead Time 
	 

	Hourly Wage 
	19.06
	 

	Hourly Wage x  Hours In Working Day 
	19.06 x 9.75 = 185.84
	 

	Number Of Days Lead Time 
	3
	 

	Days Wage x Days Lead Time 
	185.84 x 3 
	557.52

	 
	 
	 

	Total Costs x Wages On Waiting 
	£520 + £557.52 
	£1,077.52






[image: ]
[bookmark: _Toc241508452]Figure 10 Quote from .Supplier to Cut Base Plates




[bookmark: _Ref240830035][bookmark: _Toc241508270]Appendix 11 - In-House By Hand Costs



	 
	In-house by hand
	Totals  

	Quote Costs
	N/A
	 

	Number Of Base Plates 
	1
	 

	TOTAL 
	N/A
	 

	 
	 
	 

	15mm Steel Plate Cost
	£431
	£431

	 
	 
	 

	Transporting Material Travel time (Hours)
	N/A
	N/A

	Hourly Wage 
	19.06
	N/A

	Transporting Material Travel time x Wage 
	N/A
	N/A

	 
	 
	 

	Wear And Tear On Vehicle, Fuel, Insurance 
	N/A
	N/A

	Miles To Sub Contractor (Returned Journey)
	N/A
	N/A

	Wear And Tear On Vehicle, Fuel, Insurance  x Milage 
	N/A
	N/A

	 
	 
	 

	Lead Time
	Same day 
	Same day

	 
	 
	 

	Time To Cut 
	86 minutes 
	 

	Minutes Divided By Hours
	86/ 60 = 1.433 
	 

	Hours x Hourly Rate 
	 1.433 x 19.06  = 27.31 
	 

	Multiplied by number of Plates
	x 20
	 

	 
	27.31 x 20 = 546.2 
	£546

	 
	 
	 

	TOTAL COSTS
	 
	£977.00













[bookmark: _Toc241508271]Appendix 12- In-house by machine 



	 
	In-house by machine 
	 

	Quote Costs
	N/A
	 

	Number Of Base Plates 
	20
	 

	TOTAL 
	N/A
	 

	 
	 
	 

	15mm Steel Plate Cost
	£431
	£431

	 
	 
	 

	Transporting Material Traveltime (Hours)
	
	N/A

	Hourly Wage 
	19.06
	N/A

	Transporting Material Traveltime x Wage 
	 X 19.06
	

	 
	 
	 

	Wear And Tear On Vehicle,Fuel, Insurance 
	N/A
	N/A

	Miles To Sub Contractor (Returned Jounrey)
	N/A
	N/A

	Wear And Tear On Vehicle,Fuel, Insurance  x Milage 
	N/A
	N/A

	 
	 
	 

	Lead Time
	Same day 
	Same day

	 
	 
	 

	Time To Cut 
	 
	 

	Minutes Divided By Hours
	 
	 

	Hours x Hourly Rate 
	  x 19.06  
	 

	Multipled by number of Plates
	x 20
	 

	 
	 
	 

	 
	 
	 

	TOTAL COSTS
	 
	 


[bookmark: _Toc241508302]Table 16 In-House By Machine


[bookmark: _Ref241437934][bookmark: _Ref241437954][bookmark: _Toc241508272]Appendix 13 - Case Study
The project aim was to investigate the feasibility to purchase a Computer Numerical Control (CNC) cutting machine to allow the cutting of steel plate to be completed in house vs sub-contracting cutting work out to another company. A  case study was conducted using a base plate as an example component. Structural steel often has a beam or column with a base plate welded on the end to attach it to the concrete foundation.  This base plate was used to gain quotes from sub-contractors; a timed trial was also conducted to gain the manufacturing time of this base plate in-house by hand. To start this case study,  an investigation into the different sizes of sheet metal material was conducted, a supplier of steel products has a range of sizes of steel sheets on offer, see Table 8 showing thicknesses, weight and sizes of sheet available. Sheet size 3000 x 1500 was chosen to work with as it is the 2nd largest size of sheet available, and the various thicknesses go up to 25mm. The largest sheet of material was not chosen because its largest thickness only goes up to 12.5mm.  
[image: ]
[bookmark: _Ref238560730][bookmark: _Toc241508303][bookmark: _Ref238560723]Table 17 A Table To Show Plate Steel Sizes (Dyfed Steels Ltd, [no date])
A base plate was drawn up by hand, see Figure 3, as a hand drawn sketch units were not included but can be considered to be in millimetres. It was then transferred to the Computer Aided Design (CAD) designer to formulate, which produced a more professional layout. This CAD drawing was used to gain quotes from sub-contractors for comparison costings; this CAD drawing would also be used to conduct the in-house hand manufacturing timed trial. This component is a typical piece that could be cut in-house or sub-contracted depending on volume required, time constraints and costing.  

[image: ]
[bookmark: _Ref234065693][bookmark: _Toc241508453]Figure 11 Hand Drawing of a Base Plate
Nesting is a way of arranging shapes on stock material to minimise waste (Team, 2026). Nesting software will automatically fit irregular shapes as close together as possible. By use of a computer aided design (CAD) package with built-in nesting tools these can be used to work out what outputs use the least surface area of material (BBC bitesize, no date).
Using hand drawing methods, a scaled version of the 1500mm x 3000mm sheet of steel was drawn out on paper. Using the base plate design in Figure 3 nesting of the base plate onto the scaled down sheet of steel was conducted. This was done to calculate how many of the base plates could be cut from one of sheet of 1500mm x 3000mm steel. It was obtained that 20 base plates could be cut from one sheet, once this quantity of base plates was known quotes could be gained from the sub-contractors. The rationale was to ensure that 20 base plates could be cut from one sheet of material and additional material was not required. This calculation allowed for adequate room for cutting and ensured sufficient use of material without too much waste. If suppliers were to supply their own material however they may nest materials differently buying bigger sheets and cutting on a larger machine.
Situated in the workshop a timed trial was conducted for cutting one base plate in house. This was carried out on surplus steel plate.  A timer was started, and work began to carry out the cutting of the base plate. The full set up of cutting equipment was required, and this was included in the time, as often the equipment is not readily available and set up to begin cutting instantly. 
[image: ]









[bookmark: _Ref234064653][bookmark: _Toc241508454]Figure 12 Workshop Cutting Bed 
 Figure 4 displays the cutting bed at the start of the trial. No material, and no cutting equipment set up. Material was brought into the workshop and required to be lifted onto the cutting bed. After lifting the material onto the cutting bed the marking out procedure could begin with the use of the drawing Figure 6. The material and drawing on the cutting bed shown in Figure 5.
[image: IMG_2893]
[bookmark: _Ref238571238][bookmark: _Toc241508455]Figure 13 Cutting Bed With Material

[image: IMG_2892]
[bookmark: _Ref238639007][bookmark: _Toc241508456]Figure 14 Drawing of a Base Plate


Figure 15 shows the marking out process with the use of a plate square, measuring tape and French chalk, sharpening the chalk constantly to ensure thin precise markings. By using a sharpened chalk it can give a more precise marking, Figure 16 illustrating this, the left mark being marked with a blunt chalk Figure 18,  whilst the mark on the right is carried out with a sharpened chalk Figure 19. The left marking could be interrupted as several different measurements whereas the right-hand marking is more precise.  Figure 17 shows the comparison between the two chalks.  
[image: IMG_2894]
[bookmark: _Ref241501620][bookmark: _Ref241501602][bookmark: _Toc241508457]Figure 15 Marking Out Process For The Base Plate
[image: ]
[bookmark: _Ref238581730][bookmark: _Toc241508458]Figure 16 Two Chalk Marks Against a Tape Measure
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[bookmark: _Ref238581790][bookmark: _Toc241508459]Figure 17 Two Chalk Sticks One Sharp One Not
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[bookmark: _Ref238581751][bookmark: _Toc241508460]Figure 18 A Unsharpened Chalk
[image: ]
[bookmark: _Ref234066245][bookmark: _Ref238641471][bookmark: _Toc241508461]Figure 19 A Sharpened Chalk 

[image: IMG_2895]
[bookmark: _Ref238584832][bookmark: _Toc241508462]Figure 20 A Fully Marked Out Base Plate



Figure 20 shows the fully marked out base plate, the next process would be to set up the oxy-acetylene equipment with straight line cutting machine and track setup. 

A straight-line cutting machine and track was setup which allows straight edges to be cut as the machine moves steadily over the track in a straight line Figure 21. A measurement from the cut line to the track is completed to confirm that the machine is in the correct position and  the track is parallel to the cut line to ensure a straight cut as shown in Figure 26. Cutting nozzles can come in a variety of sizes and Figure 25 shows a 3/64th cutting nozzle which is often used to cut material thicknesses between 5-12mm (L&S, no date) although the material thickness is 15mm this cutting nozzle would be sufficient to cut this thickness. Figure 21,Figure 22 and Figure 23 show a close up of the oxy- fuel cutting machine. The machine moves along a track to keep it moving in a straight line. 
[image: ]
[bookmark: _Ref234066625][bookmark: _Ref238384424][bookmark: _Ref238644159][bookmark: _Toc241508463]Figure 21 Oxy-Fuel Machine and Cutting Track

[image: ]
[bookmark: _Ref238644160][bookmark: _Toc241508464]Figure 22 Oxy-Fuel Straight Line Cutting Machine 
[image: ]
[bookmark: _Ref238644165][bookmark: _Toc241508465]Figure 23 Oxy-Fuel Machine on The Track

[image: IMG_2896]
[bookmark: _Toc241508466]Figure 24 Setting Up The Cutting Equipment 

[image: IMG_2897]
[bookmark: _Ref234067136][bookmark: _Ref238384216][bookmark: _Ref238384277][bookmark: _Ref238384280][bookmark: _Toc241508467]Figure 25 -  ANM 3/64ths Cutting Nozzle
[image: IMG_2898]
[bookmark: _Ref234067105][bookmark: _Toc241508468]Figure 26 Marking And Measuring For Placement Of The Track
Before starting the cutting process, a final check to ensure the alignment of the cutting equipment as once cutting has started additional adjustment is not achievable particularly if the cutting has commenced at an angle or on the wrong side of the cut line, so it is important that the alignment is correct as seen in in Figure 26 and Figure 27.

[image: IMG_2899]
[bookmark: _Ref234068194][bookmark: _Toc241508469]Figure 27 Lining Up Oxy-fuel Machine With The Cut Line

Figure 28  and Figure 29 show the cutting process of the first cut of the base plate. 
[image: IMG_2900]
[bookmark: _Ref234070296][bookmark: _Toc241508470]Figure 28 Cutting Process
Figure 29 shows the first complete cut edge of the base plate.
[image: IMG_2902]
[bookmark: _Ref234070302][bookmark: _Toc241508471]Figure 29 First Edge Cut Of The Base Plate













The cutting process continued for each side of the base plate as shown in Figure 30 and Figure 31. With Figure 31 being the last cut of the 4 sides of the base plate. 
[image: IMG_2904]
[bookmark: _Ref234071537][bookmark: _Toc241508472]Figure 30 Cutting Process
[image: IMG_2905]
[bookmark: _Ref234071544][bookmark: _Toc241508473]Figure 31 Last Edge Of Base Plate Being Cut
After all the oxy-acetylene cutting had been completed and the base plate had been cut, dimensional checks were carried out to check the overall dimensions of the plate to ensure it met the 400mm requirements. Corner to corner dimensions checks were carried out to ensure  that the plate had been cut square demonstrated through Figure 33 and Figure 34 showing dimensions of 567mm and 566mm, a 1mm difference corner to corner. Figure 32 demonstrates the dimensional checks of the width. 
[image: IMG_2908]
[bookmark: _Ref234071781][bookmark: _Toc241508474]Figure 32 Checking Width Dimensions of The Base Plate
[image: IMG_2909]
[bookmark: _Ref234071784][bookmark: _Toc241508475]Figure 33 Checking Dimensional Corner To Corner Measurements This Showing 567mm 

[image: IMG_2910]
[bookmark: _Ref234071787][bookmark: _Toc241508476]Figure 34  Dimensional Corner To Corner of Base Plate, This Showing 566mm

After the dimensional checks had been carried out a flap disc was used. According to (Cromwell, no date) ‘flap discs are high-performance alternatives to sanding discs where surface finish is important’ this disc was mounted on a grinder and used on the cut edges to remove any sharp edges, and imperfections. 

Grinding the edges can also be done to adjust the size or squareness of the base plate to achieve the correct dimensional size. The more accurate the marking and cutting quality,  the amount of grinding to achieve the correct size, removal of sharp edges and dross from the cutting edge is reduced. Figure 35 shows the initial cut edge after cutting, whilst Figure 36 and Figure 37 show the cut edges post work with the flap disc, increasing the finish quality of the component. 

[image: IMG_2913]
[bookmark: _Ref234073487][bookmark: _Toc241508477]Figure 35 The Quality Of Cut On Material

[image: IMG_2915] 
[bookmark: _Ref234073490][bookmark: _Toc241508478]Figure 36 The Cut Edge After it Has Had The Edge Face and the Edges Rounded Off
Figure 36 displays the cut edge after it has been worked over with the grinder. If the cut quality is poor, then more work is required to achieve a respectable and good quality finish however if the cut quality is really poor then achieving a good finish is not possible and rework has to be carried out. 


[image: IMG_2916]
[bookmark: _Ref234073493][bookmark: _Toc241508479]Figure 37 Showing Quality from Hand Cutting and Surface Finishing With Flap Disc.
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[bookmark: _Toc241508480]Figure 38  Base Plate With Drawing For Marking Out Holes
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[bookmark: _Toc241508481]Figure 39 Marking out Holes on The Base Plate

[image: IMG_2927]
[bookmark: _Toc241508482]Figure 40 Holes in Base Plate After Drilling
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[bookmark: _Toc241508483]Figure 41 Dimensionally Checking Holes For Accuracy
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[bookmark: _Toc241508484]Figure 42 Dimensionally Checking Holes
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[bookmark: _Toc241508485]Figure 43 Checking Hole Dimensions Against the Drawing

[image: IMG_2932]
[bookmark: _Ref238638868][bookmark: _Ref238638867][bookmark: _Toc241508486]Figure 44 Time to Complete Cutting The Base Plate
Figure 44 is the time it took for the whole process to be completed. The timed trial was conducted by a tradesman with several years of experience. However, as each person is different, considerations should be taken for the time taken to complete the task and thus the overall time may differ. There are a number of different attributes to consider, the time it will take to complete the setting up, marking out techniques, and cutting process, as this might be carried out differently person to person. Table 18 highlights some of the considerations for time differences between the time trial time and other operator’s time. These factors will vary by operator and potentially on a daily basis.
[bookmark: _Ref239858893][bookmark: _Ref239858864][bookmark: _Toc241508304]Table 18 A of Considerations for Time Differences for a Task
	Considerations For Time Differences For Tasks

	Skill level 
	Different skill levels can produce different quality products 

	Confidence level 
	Not being confident in your ability can result in more checks being carried out and slower progress

	Operator proficiency 
	An unorganised operator may be slower by not having the correct tools at hand

	Self-motivation 
	Is the operator motivated to do the job 

	Workload 
	Does the operator have many tasks to complete?

	Deadlines 
	Is there a time deadline to meet?

	Operator private life 
	Has the operator got life pressures in their private life

	Operator daily wellbeing 
	Tired and not feeling well may mean a task taking longer than expected



(Morris, 2025) states that fatigue can impact, alertness, decision-making, coordination and reaction times. The difference between a human and a machine is machines don’t fatigue, and as (Smid, 2003) suggests their repeatability allows parts to be produced consistently time after time. 
For this time trial only one base plate was cut, this time was multiplied by 20 Appendix 11 - In-House By Hand Costs. If multiple plates are being cut the setting up of equipment for each plate is not required however this setting up time would allow for adjustment of equipment, so an argument could be that this time averages out. For drilling 4 holes a new drill bit was used, this would not be required every 4 holes however a new drill bit might be required after drilling multiple holes. 
 Cutting in-house by hand if the setup is correct then the quality of the cut should be to an acceptable standard. Whilst cutting in house quality of the cut can be checked as the cut is taking place, the marking and drilling of holes can also be checked for quality as each one is complete. With drilling of holes the quality iof each will be to an acceptable because there will be no tapering of hole diameters. 

Quality issues that could arise from cutting in house could consist of the following – 
Human error in measuring
Human error in the cutting 
Movement from the drill
Movement from the cutting device. 
If multiple components are required to be cut, in this case 20 base plates, although the tradesman could take great care in marking cutting and drilling there is always going to be some element
Wear and tear on tooling 
Any drill bits required
All PPE costings for cutting in house should also be taken into consideration. 
When producing any product, it is important to review quality, cost and time. 
A consideration is required for the plate’s usage and tolerance and specification is required. If the plate is for the construction of a shed then the tolerance levels may be lenient however, work for refinery’s, gas plants and nuclear power stations will have a higher specification and a strict tolerance level, to meet all QA requirements.











[bookmark: _Ref241507657][bookmark: _Toc241508273]Appendix 14 Business Opportunity 
If a CNC machine was purchased, an opportunity as a small-scale cutting business could arise. Advertising that the company holds a CNC machine has the potential to bring in cutting work specifically for that machine. If a business was to be created table 18 highlights factors that will require extra work and attention aside from cutting. A consideration into whether there is enough work in the area to warrant a business, as this will be a competitor against the sub-contractors and the company will be competing for work. 
[bookmark: _Toc241508305]Table 10 Considerations As a Cutting Business
	Quoting of jobs 
	Learning how to quote and ensure profit

	Admin work 
	Emails, materials certificates, recording documentation

	Machinery brake down issues
	If a break down arises, cost to repair and time

	Meeting client deadlines 
	If a customer wants a product by a certain time 

	Ordering of materials 
	Having enough stock and different grades

	Quality assurances  
	Being in control of quality and certification

	Packaging 
	Will the product be required to be packaged once cut

	Employees 
	Employing operators for this role




[bookmark: _Ref241507684][bookmark: _Toc241508274]Appendix 15 Ethical Values
By purchasing a CNC machine, consideration should be given of the ethical values of purchasing a machine for in-house use but also if it was turned into a business.  If cutting work was to be brought in-house, this would then mean less reliability on the sub – contractor, resulting in a loss of income for them. Would this loss of income put the sub-contractor through, causing job losses. If it was set up as a business this would create more competition for the businesses in the local area, a consideration would be can the business be competitive within the local market? Would there be enough work in the area for it to be worthwhile business and profitable? Is it right that a multi-disciplined engineering company branches out into the cutting industry potentially taking work away from a company who doesn’t have the evolved disciplines and relies on cutting work. Opposing that, why should an engineering company be reliant on a sub-contractor. By creating a cutting business it creates jobs, however opposing this does purchasing a machine take jobs away from people who would have originally cut these pieces by hand. If these sub-contracting businesses were to close. This would leave the engineering company at a loss of not having a local sub-contractor to use that it currently relies on. However, an opportunity to start a business could arise, but consideration as to why the company closed needs to be considered, was it the lack of work in the area. 









[bookmark: _Ref241507703][bookmark: _Toc241508275]Appendix 16 Change Management Systems 

Introducing a CNC machine and change to a company can come with several positive and negative outcomes. The introduction of a CNC machine can bring a company into the modern ages, increasing efficiency, productivity, and increasing the company’s capabilities. 
There could be an argument for workshop personal not wanting to de-skill, the machine taking the skill from the workers, and taking jobs off workers who would have previously done those jobs. However, a machine also takes away potentially mundane repetitive jobs away from workers. The automation of machinery may put workers out of a job, however machines are able to do repeated work and accurately. 
Implementing change within an organisation can be difficult because of this there are different models that can assist company’s in implementing change. Table 11 shows Kotter’s model it consists of 8 steps to success that companies can follow to implement change in an organisation. 
[bookmark: _Toc241508306]Table 11 Kotter's Model
	Steps 
	Description 

	Create a sense of urgency 
	Manger must convince that the change is necessary for the evolution of the company 

	Build a guided coalition 
	Assembling a cross functional coalition

	Vision and strategy 
	Teams need to look to the future to determine a strategic path on achieving goals

	Communication 
	Leaders should reinforce messages through presentation and meetings

	Empower Employees
	Leader assigns a task to each employee. Empowering and giving employee responsibility

	Generate quick results 
	Show support for short term wins 

	Consolidate success 
	The need to assess over a term once result has been achieved

	Anchor change 
	Make the change sustainable, otherwise risk reversing back to previous. 


(Chohan, 2023)
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