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1. [bookmark: _Toc131362500]Introduction 

As manufacturing companies adapt to Industry 4.0 requirements to stay competitive, ever-increasing amounts of tasks are being automated often-using expensive and complex pieces of equipment (Matt, Matt, D. T., Modrák, V., & Zsifkovits, H., 2021). When a machine fails, the impact to the company can be severe should the production line have to stop until the machine is repaired. The length of time that a machine is shutdown can also be impacted by the availability of spare parts and the lead-time in ordering replacements should insufficient stock be held by the company. To improve the health and longevity of machinery, companies can introduce or improve their current maintenance activities by scheduling maintenance activities either periodically or a deviation from the normal operational performance of the machine is detected (Gross., 2002). This report assesses the maintenance approach for a machine used by Safran Seats Great Britain (SGB) in the manufacture of their products and identifies potential improvements.

SGB is part of the larger Safran Group, who specialise in the manufacture of aerospace components for both military and civilian aircraft. SGB’s area of expertise is the manufacture of Business and First Class seating configurations for civilian passenger aircraft. SGB offer a range of catalogue products, as well as a bespoke design service across multiple aircraft types and customers from around the world. The catalogue products from SGB are shown in Figure 1.

[image: ]
[bookmark: _Ref131250270][bookmark: _Toc131363398]Figure 1: Example of SGB catalogue products

The machine that forms the basis of this report is the Gravograph LS100 Laser Etcher, shown in Figure 2. It is used to etch data plates that are attached to a completed product to provide pertinent part information, such as Part Number, Serial Number, weight etc. The machine is used at the last stage in the manufacturing process and a product cannot be dispatched without the data labels being fitted. An example of the data plates produced by the machine is shown in Appendix 1.
[image: ]
[bookmark: _Ref131330834][bookmark: _Toc131363399]Figure 2: SGB Gravograph Laser Etcher LS100



2. [bookmark: _Toc131362501]Current Maintenance Practices 

The Gravograph machine works by taking data stored in a ‘Serial Numbers and Weight Matrix’ Excel spreadsheet and transposing the data onto data plate templates within the Gravograph software (Gravotech, 2018a), Figure 3. The machine then uses a laser to etch the populated template into thin sheets of adhesive backed metal. Once etched, the data plates are then cut out of the material and issued to the operators to install in the correct position of the completed product.

[image: ]
[bookmark: _Ref131333225][bookmark: _Toc131363400]Figure 3: Gravograph data plate templates before being populated by the Excel spreadsheet

A top-level macro view of the process provides clarity of the operations required to complete the process from start to finish, without exploring the individual steps within each operation (Brown, 2019). The SIPOC below, Figure 4, provides this information.




[bookmark: _Ref131363371][bookmark: _Toc131363401]Figure 4: SIPOC of the Data Plate etching process

SGB currently owns two Gravograph machines as manufacturing was spread across two different buildings at opposite ends of the same industrial estate. SGB have now relocated all manufacturing into a single building where both machines are used in tandem to support the assembly line demand.

Although the plant assets at SGB would typically be controlled by the ‘Shared Services’ department covering all Safran UK sites, the Gravograph machines exist outside of their control as they were purchased and operated by the Quality department through their budget, rather than the central plant asset budget. This is due to historic decision making under a different company before its acquisition by Safran. As such, there are no overarching processes within the department that mandate a set approach for maintenance based on the machines characteristics.

Prior to 2020, SGB carried out zero maintenance activities on the Gravograph machine, but relied instead on an annual service by the manufacturer to carry out all cleaning and fault identification. This approach could be described as ‘Outsourced Maintenance’, with a ‘Preventative Maintenance’ angle as the machines were inspected to identify failures before they occurred. A summary of the maintenance provided by the manufacture is shown in Table 1, derived from the inspection sheets in Appendix 2.


	Year
	Machine
	Summary of Work
	Cost

	2020
	81740-18
	Service, Clean & Test
	£300.00

	
	145507
	Service, Clean & Test
	

	2019
	81740-18
	Service, Clean & Sensor Replacement
	£549.96

	2018
	72535-10
	Service, Clean & Test + Lens Cleaning Kit
	£509.40

	
	
	Replaced Guideway, Motor & Bearing
	£1228.56

	
	
	End of Travel Error investigation
	£267.00

	
	81740-18
	Service, Clean & Test + USB Board Replaced
	£987.19

	
	
	Service, Clean & Test + Right side inner casing
	£478.08


[bookmark: _Ref131341209]Table 1: Summary of 'Outsourced Maintenance' by Gravograph at SGB

The summary shows that SGB spent a total of £4,320.19 over 3 years for maintenance of the two machines. It is worth noting that the equipment failure of Serial Number ‘72535-10’ in 2018 resulted in the purchase of a new machine, as the parts to repair the old machine were no longer obtainable, as the manufacturer had made the model obsolete. Unfortunately, SGB had not been made aware of this prior to spending £2004.96 on maintenance of the machine that year.

By using the ‘Outsourced Maintenance’ model, SGB benefits by:

· Utilising the manufacturer to provide specialist knowledge for servicing and diagnostics
· Cheaper than training company employees in niche equipment maintenance
· Allows staff resources to be allocated to activities that provide more value
· No requirement to carry stock of spare parts

Although benefitting from these advantages, there are disadvantages to this approach. SGB must pay Gravograph a ‘callout’ fee for each service, adding £185 to the cost each year. The cost of the service is £225 per machine. By relying solely on Gravograph for all maintenance, the company would have to pay at least £635 per year for the cleaning of the machines. This is particularly pertinent when the last two services resulted in only a clean, including a service for the machine bought that year. The ‘Visit Reports’, Appendix 2, repeatedly state that the machines are found in dirty conditions, with advice to clean the machine regularly included.

Since 2020, SGB has decided to move away from annual servicing of these machines as the previous Vice President of Quality determined that service & maintenance contracts are a wasteful use of resources. As no internal maintenance plan has been devised, the company is now using a ‘Breakdown Maintenance’ approach, where the only interaction is when a machine becomes inoperable (Christer, & Whitelaw, J., 1983).. This approach is higher risk for the following reasons:

· SGB hold no stock of spare parts
· SGB is completely reliant on Gravograph service technician availability
· No training for SGB staff to carry out repairs is in place

Although SGB can somewhat mitigate the risk as it has two of these machines, there is a risk that the production demand can outstrip the supply rate that a single machine can provide. For this approach to be successful, repairs must be initiated on the broken machine as soon as it goes offline or the company is operating with a single point failure. This is currently the case at SGB as one of the Gravograph machines became inoperable in June 2022. SGB decided not to carry out the repair as the business is currently in a downturn in production and the former Vice President of Quality disagreed with the ‘callout’ and service fees charged by Gravograph. The cause of the defect is a broken sensor that detects the height of the bed of the etcher from the laser, which is important to set the laser to the correct power setting and focus the print to ensure a clear, legible finish. The broken part is shown in Figure 5.

[image: ]
[bookmark: _Ref131344471][bookmark: _Toc131363402]Figure 5: Internal mechanism of the Gravograph etcher with broken sensor visible



3. [bookmark: _Toc131362502]Potential Improvements

To improve the current approach to maintenance, the asset should be transferred across to the ‘Shared Services’ department so they can manage the asset in line with Safran processes. This will ensure that the staff who are more knowledgeable about the Safran requirements for asset maintenance, with the staff, budget and expertise to carry out the activities can provide this function. Such an approach would help to ensure that the machine is kept in a better condition, whilst releasing Quality Technicians to carry out their roles, rather than dealing with breakdowns. The ‘Shared Services’ team would also have the potential to carry out repairs themselves, removing the Gravograph ‘callout’ fee and service charges. Upon further investigation, the damaged part of the broken Gravograph is an easily replaceable part, with full instructions contained within the Gravograph manual (Gravotech, 2018b), Appendix 3.

Although this approach would remove organising and financing repairs, the performance and longevity of the machines can be improved by the users of the machine carrying out general maintenance tasks, such as cleaning. By using the Quality Technicians who carry out the data plate etching to become more involved with maintaining the equipment, they are more likely to look after that asset in a better condition than they currently do. 

The Gravograph manual (Gravotech, 2018b) indicates that cleaning and inspection is required every 8 hours. The requirement is a general one as the machine is capable of etching and cutting into multiple different materials and material thicknesses than the standard material used by SGB. As the usage of the machine varies depending on when product is completed, the setting of an arbitrary timeframe between maintenance cleaning is redundant. Therefore, the proposal is to move to a ‘Condition Based’ approach to maintenance (Veldman, Klingenberg, W., & Wortmann, H., 2011). As the machine becomes dirty, the quality of the print degrades and the text becomes harder to read. Based on conversations with the Quality Technicians, they compensate for this by increasing the power to the laser. This would increase the running costs for the machine and decrease the working life of the machine as it is pushed to its limits. The manual for the material indicates that the power required to etch the material is 5-15W, so any power above this is unnecessary (Alumamark, 2013).

Instead, when the quality of the etch degrades, a cleaning cycle should be triggered. This would involve the Quality Technician cleaning the etching debris from the machine. An image of a heavily contaminated bed is shown in Figure 5. At this point, the corrective actions would be:

· Vacuum the bed of the Gravograph to remove debris
· Clean the mirrors of the Gravograph to allow the laser to focus the beam correctly on the material and prevent dispersion through the lens
· Clean the adhesive matt on the bed of the Gravograph with soapy water to remove any debris that reduces the adhesive property of the material and causes it to lift from the bed, changing the focus required from the machine

[image: ]
[bookmark: _Ref131353042][bookmark: _Toc131363403]Figure 6: A heavily contaminated Gravograph laser etching head
 
By adopting this approach, the benefits of the maintenance of the machine are:

· Reduced costs as maintenance is only carried out when required
· Reduced operating costs as the power of the laser remains at the optimum value
· Quality Technicians are best placed to understand when the machine requires cleaning
· Prevents the ‘Shared Services’ team spending time on activities Quality Technicians can do themselves, allowing them to focus on more skilled tasks carried out by the maintenance team


4. [bookmark: _Toc131362503]Considerations

To implement the proposed changes, the ‘Shared Services’ department would have to ensure that they have sufficient capacity to manage the maintenance of the Gravograph machine. Using the Quality Technicians to support the day-to-day running of the machine should mean that the only time that ‘Shared Services’ are required is for an annual check and to cover breakdowns. To help support the handover, the machines should be repaired to a working state. To achieve this, a replacement Z-Axis Lead Screw is required at a cost of £109.30. The Quality department in accordance with the manual can then replace the part. To facilitate an effective handover, the Quality department should provide a workshop/presentation on the machine and how it works. Once the annual savings of £635 have been confirmed by the finance department, the management team should support the transfer. A formal handover of the machine should then take place, including all manuals, documentation and Gravograph contacts. To help smooth the transition, a video call would be arranged between all parties to introduce the departments to each other.

For the Quality department, the only additional demand would be an hour of cleaning the machine once a noticeable degradation in etching quality has occurred. To support this activity, a Work Instruction (WI) should be created for each of the maintenance steps required to clean the machine. This is essential to ensure safe working on the machine by isolating any potential hazards to providing the Personal Protective Equipment (PPE) required to carry out the job safely. With the WI in place, full training should be given to all persons expected to undertake the Gravograph cleaning including the completion of a maintenance log to understand how frequently cleaning occurs. Accurate records would allow the team to understand the effects that changes in the settings or frequency of use have on the frequency of the cleaning activities. 

To support the cleaning activities, a Gravograph cleaning kit would need to be purchased each year. The cost of the cleaning kit is £16.50. Therefore, the annual saving to the business after costs is £618.50.






5. [bookmark: _Toc131362504]Conclusions/Recommendations

This report finds that the ‘Breakdown’ maintenance approach to the Gravograph machines is high risk. Without a robust ‘Condition Based’ maintenance approach and an understanding that there is an urgency to repair the machine as soon as it breaks, SGB could be subjected to a production stop scenario. As the products SGB create are low batch, often-bespoke deliveries, they have very different shipping requirements and a comparison in shipping costs is not possible. If there is a delay in shipping the product, this could lead to a missed delivery slot, incurring additional costs, especially if the mode of transport changes from shipping by sea to airfreight. There is also the prospect of fines from the customer for late delivery.

To implement a more effective approach, the following actions are required:

· Short term
· Order of the Z-Axis Lead Screw is required at a cost of £109.30
· Replacement in accordance with the Gravograph manual to remove single point failure
· Medium term
· Develop WI’s for Quality Technicians
· Provide training on Gravograph cleaning methods
· Create log sheet for recording of maintenance activities
· Long term
· Handover of asset control to ‘Shared Services’ department
· Develop maintenance schedule based on number of cycles between cleans

Adopting this approach has the potential to save SGB £618.50 per year after costs, not including the potential fines for late delivery that have been avoided.
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[bookmark: _Ref131331814]Appendix 1: Example of printed data plates at various print resolutions



[image: ][image: ]
[image: ][image: ]
[image: ][image: ][image: ]
[image: ]
[bookmark: _Ref131340146]Appendix 2: Service receipts for both Gravograph machines
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[bookmark: _Ref131352732]Appendix 3: Z Auto Sensor removal and installation instructions from the Gravograph manual
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