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Abstract
With the launch of Aston Martins first hybrid hyper car, the Valhalla, a dihedral door design has been introduced to captivate and meet market expectations. This thesis documents the design, development and implementation of bespoke manufacturing equipment to support the production of dihedral doors. Given the complexity and uniqueness of the door design, a  first for Aston Martin, specialised manufacturing processes were essential to ensure safe, efficient and repeatable manufacturing.
The project began with a detailed study of ergonomic considerations, design for manufacture (DFM) principles and cycle times to shape initial equipment design requirements. A structured methodology was followed, including Request for Quotation (RFQ) processes, design reviews, design risk assessments and Potential Failures Mode and Effect Analysis (PFMEA) to ensure that all proposed equipment met the necessary performance, safety and legislative requirements such as PUWER and LOLER.
Implementation involved the safe installation, validation and commissioning of the equipment within a production environment, with a strong emphasis on early detection of potential failure modes and the integration of Total Productive Maintenance (TPM) strategies. Despite challenges, such as part availability for Site Acceptance Testing (SAT) and managing supplier alignment with timings, the project successfully delivered equipment that exceeded TAKT time expectations, providing operational flexibility and high-quality output.
The report concludes with an evaluation of the equipment’s effectiveness in achieving the initial aims and objectives. In addition, recommendations for future improvements and reflections on key learnings are analysed, highlighting the significance of proactive supplier risk management and sustained commitment to continuous improving in the aim of achieving a Six Sigma standard of quality. 
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[bookmark: _Toc182250600][bookmark: _Toc197625925]1   Introduction
Aston Martin is a British luxury car manufacturer known for its high-performance and elegant sports cars. The brand utilises a blend of unique styling and engineering prowess to manufacture cars for the luxury market. Founded in 1913 by Lionel Martin and Robert Bamford, Aston Martin initially built its brand upon the production of custom-built cars which were tailored for motor racing and later grew its reputation through association with sophistication and motorsport. In the modern day, Aston Martin continues to craft cars with power, beauty and hand-crafted quality. Their latest model launches include the ‘DB12’, ‘Vantage’ and ‘Vanquish’ which all deliver a distinctive combination of speed and refinement. The brand has also ventured into new markets, with the introduction of the brands first SUV, the ‘DBX’. 
[bookmark: _Toc182250601][bookmark: _Toc197625926]1.0 Background to Aston Martin Valhalla
To continue the legacy of high-performance vehicles that offer cutting-edge technology, Aston Martin plans to launch its first mid-engined hybrid hyper car called the Valhalla. Initially unveiled as part of Aston Martin’s ‘Valkyrie’ lineage, the Valhalla is named after the Norse mythology paradise for warriors, this signals its intent as a fierce and race-inspired vehicle. The Valhalla features a twin-turbocharged V8 engine combined with an advanced hybrid system, which will be capable of reaching over 217 miles per hour and deliver over 900 horsepower. In an aim to reduce carbon footprint, Aston Martin plans to embrace hybrid technology with the production of the Valhalla, utilising a high voltage system from Mercedes which will allow the vehicle to run on electric power alone at low speeds.

[image: Aston Martin Valhalla Update: Now Pushing 1,000 HP, Plus Even More Downforce]
[bookmark: _Toc172831273][bookmark: _Toc182250602][bookmark: _Toc197625927][bookmark: _Toc198296886]Figure 1 – Image of Valhalla Demonstrator Within Dealership (Morrison, M. (2022)
1.1 Motivation of Research
One of the key components of the Valhalla’s exterior design is the dihedral doors, which are otherwise known as dihedral synchro-helix doors. Typically, most vehicles adopt a traditional opening mechanism that simply opens in a horizontal motion, which originates from the early 20th century with the mass-produced vehicles such as the ‘Ford Model T’. This design has become an industry standard and adopted by most large automotive manufacturers, due to its simplicity to design and manufacture on a mass scale. Simpler engineering and fewer components mean that the traditional door is inexpensive to produce. In addition, Sabhadiya explains that its popularity is also a result of its safety, “Should the door be opened during any forward motion at speed, the wind resistance will work to keep the door closed.” (Shivansh Sabhadiya (2024)). However, the traditional door opening style could be considered generic and unappealing, especially for customers within the hyper car markets.

[image: Review - 2014 Mercedes-Benz S Class]
Figure 2 – Image of Traditional Door Opening Style (Ravi, A. (2014)

Traditionally, Aston Martin utilises a ‘Swan Wing’ door style which are engineered to open upwards at a slight angle, in contrast to the traditional style on most vehicles that open horizontally. This door design not only enhances the aesthetic appeal but also serves practical purposes, as the upward motion helps prevent the doors being damaged by low obstacles such as street curbs. In the production of all sports cars, Aston Martin currently produces doors with the use of aluminium leading to a lightweight yet robust structure. The current production doors also feature a frameless design, meaning that they do not include a frame around the upper edge of the window. Both the choice of material and the frameless design contribute to the ease of manufacture, as the Aston Martin sports car door build is relatively simple with limited requirement for specialist manufacturing equipment.

[image: A red sports car with its doors open
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Figure 3 – Image of Aston Martin Swan Door Opening Style (SimplyIOA. (2023) 

The dihedral door is an innovative door mechanism characterised by a unique pivoting motion that moves both outward and upward, at an angle. This type of door was made famous by Swedish auto-manufacturer Koenigsegg, which engineered and popularised the dihedral design as a signature feature on its high-performance hyper cars. As a result, to compete within the hyper car market, Aston Martin has adopted the dihedral door design for the Valhalla. However, the dihedral door opening style introduces a number of difficulties to the manufacturing process of the Valhalla, due to the complex design of the door hinge and large door structure surface area. The unique movement of a dihedral door is produced through the use of two hinges, with the bottom hinge being particularly large to create the upward-angled motion. A challenge that is then presented is the difficult flight path of the door assembly that is required for fitment to the body structure. Another challenge that creates a difficult fitment is the large door structure of the Valhalla, as the door assembly has a length of 1526mm and height of 1221mm. The large size of the door structure also means that the assembly is also extremely heavy at 40.18kg, which is significantly heavier when compared to the door assembly of an Aston Martin Vanquish which has a mass of 23.45kg. Therefore, the door assembly of the Valhalla is not only difficult to fit to the body structure but is also unsafe and unergonomic for an operator to hold or manipulate.

[image: ]
Figure 4 – Image of Valhalla Door Opening Style. (Chicago, A.M. (2023)

[bookmark: _Toc172831274][bookmark: _Toc182250603][bookmark: _Toc197625928]1.2 Aims & Objectives of Thesis
[bookmark: _Toc197625929]1.2.1 Aim of Thesis
The aim of the project is to design and optimise the manufacturing processes for the build-up and fitment of the Valhalla door assembly, by introducing measures to enhance ergonomics and efficiency.
[bookmark: _Toc197625930]1.2.2 Objectives of Thesis
The success of the project will be demonstrated through the following measurable deliverables, showcasing advancements in both ergonomic design and manufacturing efficiency.

1. To ensure that no safety concerns are raised, or accidents are caused during the build and fitment of the Valhalla door assembly. This is especially important due to the mass of the door being over 40.18kg when fully assembled, therefore posing a threat to health if dropped or mishandled during build. 

2. The equipment and processes in place must prevent any health issues associated to poor ergonomics, through effective design of tooling that is suitable for any user.

3. The assembly and installation of the Valhalla doors must meet the ‘TAKT’ time of production. This TAKT time is 3 hours and 7 minutes. Within this time frame, the door assemblies must be built and also installed to the vehicle to ensure that the production line runs at the expected rate. 

4. A target to reach ‘Six Sigma’ must be set to create a level of quality that is nearly perfect, as six sigma manufacturing equates to fewer than 3.4 defects per million opportunities (Jones, E. (2014)). 

[bookmark: _Toc197625931]1.3 Methodology
Within manufacturing, the principles of ‘Six Sigma’ are widely adopted to help optimise processes by minimising variation and defects. It was created in the 1980’s by a Motorola engineer and is often closely associated with lean manufacturing, due to the focus on eliminating wastes. As Siemens describes, “Six Sigma in manufacturing focuses on eliminating variation, which results in reduced costs and greater customer satisfaction. The starting point with Six Sigma is the customer’s experience, and the methodology is data driven.” (Siemens Digital Industries Software. (2023)). This source highlights the use of data to satisfy the customers experience, which is typically analysed with a use of tools such as value stream mapping, fishbone diagrams and pareto charts. The use of six sigma principles can be implemented during the manufacture of Valhalla door assemblies, to ultimately eliminate potential process wastes and defects. It must also be considered during the design of all assembly aids and fixtures to ensure built in quality, with a repeatable build process that creates perfect quality. To drive the problem-solving approach of lean six sigma, the ‘DMAIC’ model can be applied to the build of a Valhalla door assembly. This is a five-phase method which consists of, define, measure, analyse, improve and control. This model could be implemented to also help achieve the six-sigma level of quality and is supported by ‘ASQ’, “DMAIC is a data-driven quality strategy used to improve processes. It is an integral part of a Six Sigma initiative, but in general can be implemented as a standalone quality improvement procedure or as part of other process improvement initiatives such as lean.” (Asq.org. (2024)). 

To ensure that the manufacture of the Valhalla door assemblies meets the demand of the customer, the use of lean manufacturing must be investigated to reduce wastes and optimise manufacturing process time. Lean manufacturing can be defined as, “a comprehensive set of techniques that, when combined and matured, will allow you to reduce and then eliminate the seven wastes.” (Wilson, L. (2015)). 	These seven wastes within manufacturing are, transport, inventory, motion, waiting, overproduction, over processing and defects. The philosophies of lean manufacturing stem from the Toyota Production System or ‘TPS’ and has several tools at its disposal that contribute to implementing lean manufacturing processes. These tools include ‘Kaizen’ which is the continuous improvement of processes and ‘Poka-yoke’ which is the mistake proofing of processes. When developing the processes and equipment that will be used to manufacture the door assemblies for Valhalla, these tools can help the process run:
· Using less material
· Requiring less investment
· Using less inventory
· Consuming less space
· Using less people

When introducing new manufacturing processes and equipment, the health and ergonomic risks of work activities must be evaluated to abide by regulations and ensure operator safety. One of the regulations that must be considered is ‘ISO 45001’ which is the international standard for occupational health and safety management systems or otherwise known as ‘OHSMS’. This standard provides a framework to identify, mitigate and prevent workplace hazards. With regards to automotive manufacturing, this standard addresses ergonomic risks in assembly lines and risks associated with operating heavy machinery. Another regulation to consider, due to the large mass of the door assembly is the ‘Lifting Operations and Lifting Equipment Regulations’ or otherwise known as ‘LOLER’. This regulation was introduced in 1998 and covers a wide scope of equipment such as cranes, lift trucks, goods lifts, ropes, chains and eye bolts. Within the official document that was issued by the ‘Health and Safety Commission’, it is detailed that, “Ergonomic design takes account of the size and shape of the human body and should ensure that the design is compatible with human dimensions. Operating positions, working heights, reach distances etc can be adapted to accommodate the intended operator.” (Great Britain. Health And Safety Commission (1998)).
[bookmark: _Toc197625932]1.4 Proposed Gantt Chart
To ensure that the project is completed within sufficient timing, a Gantt chart is created to plan the timings of each activity involved. As demonstrated by Figure 5, the project should be completed in November of 2024 and the chart gives a clear visual representation of the scheduled plan to help improve planning, tracking and communication. This chart is also referred to at the end of the project to identify delays and issues throughout the project.
[image: A graph with green and black squares
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Figure 5 – Gantt Chart to Display the Proposed Project Timing Plan.
[bookmark: _Toc197625933]2   Design & Development of Equipment
To achieve a safe and repeatable build, an investigation into specialist equipment and fixturing was carried out, to identify innovative methods of manufacturing large door assemblies. This project aims to set a new standard in the automotive industry by creating manufacturing processes for dihedral door assemblies, that not only deliver efficiency but prioritise the safety and ergonomics for operators.
[bookmark: _Toc197625934]2.0 Ergonomic Working Considerations
Within the United Kingdom, ergonomic working standards are designed to ensure workplaces are adapted to fit the needs of employees and promote health, safety and productivity. The Health and Safety Executive or ‘HSE’ emphasises that effective use of ergonomics, makes work safer and more efficient. While there are no strict legal duties specifically for ergonomics, adhering to ergonomic best practises aligns with the requirements of the Health and Safety at Work act of 1974, (Legislation.gov.uk. (2024)).

Failing to provide an ergonomic working environment can result in serious consequences for companies, including legal, financial and reputational repercussions. Legal consequences include breaches of laws such as the Health and Safety at Work Act of 1974 or Management of Health and Safety at Work Regulations of 1999, which can lead to fines or enforcement actions. Financially, businesses may face fines, compensation claims and higher insurance premiums. Poor ergonomic practises can also damage a company’s reputation, therefore harming employer branding and deterring potential future hires. One example of this that is relevant to Aston Martin, is the insurance claim of a worker within the trim shop area. This individual received a payout of £36,106 after the court found that Aston Martin had contributed to severe back pain, due to a lack of support in activities that involved excess stretching, twisting and lifting of leather assemblies, (HCB Solicitors. (2022)). This highlights the importance of implementing ergonomic manufacturing processes and equipment that allow safe handling of materials, as the consequential cost of harming employees can far outweigh the cost of the preventative equipment.

As a result of the risks associated with poor ergonomic working conditions, standards or best practises must be followed. To ensure that the majority of the population are considered when designing manufacturing processes, the dimensions of a ‘95th percentile’ male and ‘5th percentile’ female are used and demonstrated by Figure 6, ((Pheasant, S. (1996)).
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Figure 6 – Study of Anthropometric Estimates of British Population. (Pheasant, S. (1996))

When lifting heavy assemblies such as the door of the Valhalla, manual handling practises are crucial for workplace safety and help to prevent injuries caused by lifting, carrying, pushing or pulling. To ensure safe lifting of heavy assemblies, the HSE provides guidance for the 95th percentile male and female population, which is shown by Figure 7. From this guidance it is clear that the Valhalla door assembly that has a mass of ’40.16kg’ is beyond the lifting capacity of both the male and female majority. This therefore stresses the importance of equipment that will assist in the lifting of the door assembly, as mass of the assembly exceeds the recommended lifting limit of 25kg for males and 16kg for females. 

[image: A couple of wooden mannequins with different sizes and colors
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Figure 7 – Manual Handling Lifting and Lowering Guidance. (Health and Safety Executive (2012))

Another consideration that must be made for this project is the ergonomic working height when sub-assembling components for the door assembly. To ensure an ergonomic working height is achieved, the suitable working height for a 95th percentile male is presented by Figure 8. This figure highlights that a working height of 1080mm, which is 100mm below the elbow height of a 95th percentile male, is the optimum working height to carry out the work assemblies. Therefore, when designing the tooling to support the sub-assembly of the Valhalla door, an optimum working height of 1080mm must be achieved with 50mm above or below this level being considered ‘satisfactory but not perfect’ (Pheasant, S. (1996)). This working height guidance should also be considered during the design of door fitment and removal tooling, to ensure workers are not put under strain during these complex processes.

[image: A diagram of a person standing
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Figure 8 – Ergonomic Working Height Guidance. (Pheasant, S. (1996)
[bookmark: _Toc197625935]2.1 DFM & Cycle Time Studies
The Valhalla project has a production volume of 999 units, making it an exclusive and limited run model. Therefore, it is considered to be a low volume production model, especially when compared to the production of Aston Martin sports car sales which can range from 4000-7000 units per year. The process time or ‘TAKT’ for the production of Aston Martin sports cars in 2024 is around 31 minutes, which can sometimes vary depending on the proposed supply to market. However, the low production volume of Valhalla leads to a longer process time of 3 hours and 7 minutes, as a result of a more complex build. 
The desired volume of a manufacturer will have a significant influence on the design for manufacture or ‘DFM’ of equipment, materials, production methods, costs and scalability. When considering high volume production, design for manufacture focuses on cost efficiency, scalability and automation to manufacture large quantities of products with minimal waste and high efficiency. This approach involves significant investment in automation and tooling, which often consists of automated methods such as industrial robots. Efficient manufacturing processes allow for high-speed assembly to maximise output and reduce cycle times. To maximise performance and improve productivity, manufacturers such as Isuzu Motors Limited have automated the process of door fitment with the use of four robots. As an online source explains, “There are a total of four robots, two on each side. One holds the door, and the other determines the fixing position and then performs the fixing work.” (DAIFUKU. (2023)). The use of automation is mostly due to the very small TAKT time of Isuzu vehicle production, which is estimated at 32 seconds, (Statista. (2023)). 

[image: ]
Figure 9 – Isuzu Motor Limited Door Fitment Automation. (DAIFUKU. (2023)

The same ideology is applied to the assembly of the door within high volume automotive manufacturers, as automated methods such as conveyors are utilised to maximise efficiency and achieve high volume output to supply the production line. As shown by Figure 10, the door assembly once removed from the painted body, is carried along a conveyor system and sub-assembled by a team of technicians. This conveyor system usually runs continuously at a slow pace, while the technicians follow the assembly and carry out numerous processes, which have been designed with efficiency and ‘Poka-yoke’ measures to ensure that the assembly is built at rapid rates with optimum quality. This is highlighted within the source, (Shimbun, N.K. (1988)).

[image: ]
Figure 10 – Door Assembly Conveyor Automation. (DAIFUKU. (2023)

When investigating the manufacturing methods of low volume manufacturers such as Ferrari, McLaren and Bentley, who have similar production output rates to Aston Martin, it is apparent that different methods are utilised. Low-volume production focuses on flexibility, customisation and cost control, while avoiding the high setup costs of mass manufacturing. It typically involves manual assembly and less automation, which allows for rapid design iterations and tailored solutions. An estimated cost of a ready to go automated system, that includes robots, sensors and software, can range from £150,000 to £500,000 and is highlighted by the source, (QVIRO (2024)). Therefore, the use of automated systems must be justified with a high volume of production for a feasible return on investment. 
With regards to door fitment, many low volume manufacturers use more manual methods such as operator assistors. These assistors are manual lifting machinery and usually pneumatically powered, allowing technicians to manually manipulate heavy assemblies with ease. Due to the requirement of manual manipulation, this method is better suited to lower volume manufacturers who require specialised equipment but at a lower set-up cost. This method is demonstrated by Figure 11, which shows pneumatic manipulators from Dalmec who are utilised by competitors such as Ferrari and McLaren. 
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Figure 11 – Door Assembly Pneumatic Manipulators. (DALMEC- Industrial Manipulators and Material Handling (2016)

By optimising designs for manufacturability at small scales, manufacturers can reduce lead times, minimise waste and ensure high quality output. This also applies to the manufacturing methods of sub assembling automotive doors, as small scale manufacturers can create suitable methods to allow assembly of the door such as specialised trolleys. As demonstrated by Figure 12, for the production of the BMW ‘I8’ variant, bespoke assembly trolleys were utilised to allow technicians to build up the door assembly without the need for large conveyor systems, (Farish, M. (2019)). This method of door sub assembly is also better suited to the production of Valhalla, as the low volume of ‘999’ units means that the cycle time does not facilitate the need for automated systems such as conveyors. Another benefit of the use of assembly trolleys, is that the footprint required is far smaller and can also allow manufacturers to have more flexibility in production. To allow more flexible manufacturing, the production layout must account for varying production volumes and differing types of manufacturing such as production lines or cell manufacturing. A detailed analysis of the proposed manufacturing flow for both Valhalla and the DBX, can be found in Appendix A. 
[image: ]
Figure 12 – Door Sub Assembly of BMW I8 on Trolley. (Farish, M. (2019)

[bookmark: _Toc197625936]2.2 RFQ & Scope of Equipment
With the consideration of large volume and small volume manufacturing techniques for door assembly and fitment, suitable methods must be identified for the production of Valhalla. Due to the low production volume, more manual methods of manufacture are better suited to the production of Valhalla as automated methods cannot be justified with the small volume and long cycle times of Valhalla production. The automated methods of manufacture such as robots and conveyors, only allow for cost savings over long periods of time and the requirement of efficiency to complete processes within very short cycle times. As a result of these findings, a request for quotation or ‘RFQ’ document was sent to both DALMEC and Expert Technologies Group with the scope of the Valhalla door processes to engage both parties for involvement in the project.
To allow the fitment or removal of the Valhalla door assembly from vehicle, manual lifting equipment must be sourced due to the large mass of the assembly. The most common type of manual lifters used within the automotive industry are pneumatic assistors, such as those supplied by DALMEC and discussed in Section 2.1. The main element of the scope that was presented to DALMEC includes a 27 degree fitment orientation, which was defined by the door assembly design team as the optimum orientation to aid fitment or removal. Other elements of the scope include a suitable method of obtaining the door from or to the build trolley, lock functions and use of suction cups that will not damage carbon or painted surfaces. Figure 13 shows a section of the RFQ document that was sent to DALMEC to obtain quotation.

[image: A car with its doors open
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Figure 13 – Section of RFQ Document Presented to Dalmec for Door Assistor Scope. 

For the build-up of the door assembly, a manual method that is suitable for the low volume of Valhalla is also investigated. As highlighted by the production of the ‘BMW I8’ a door trolley is utilised to help the operator build up the door assembly for fitment on the production line. To create a suitable trolley for the Valhalla door assembly, the ‘Expert Technologies Group’ were engaged due to their extensive experience in the automotive industry. The key element of the door trolley scope was to create a suitable method of transferring the door assembly from the assistor to the trolley. Other aspects of the scope include suitable materials to withstand a mass greater than 40kg, poke-yoke location blocks and a suitable ergonomic position for the door assembly. Figure 14 demonstrates a section of the RFQ that was supplied to Expert, to gain a quotation for the design and manufacture of multiple door trolleys to support the production of Valhalla.

[image: A blue car door with text below
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Figure 14 – Section of RFQ Document Presented to Expert for Door Trolley Scope. 

[bookmark: _Toc197625937]2.3 Initial Design Review
The initial concept for the door assistors is produced using the scope provided in each RFQ, which defines the strategy of the door fitment and removal processes and key functions that the assistor carries out. The key aspects of the assistor scope include a ‘27’ degree axis that will allow the door to be positioned correctly during fitment or removal, lock mechanisms that will hold the door adequately and the ability to rotate the door for picking or dropping the door onto a build trolley. The concept demonstrated in Figure 15, is the initial design of the assistors from ‘DALMEC’ that will be used for both fitment and removal of the door assembly. A floor mounted assistor will be placed on each side of the production line for operators to safely handle the door assembly, this method is deemed to be suitable for the defined cycle time and will account for any increases or decreases in process timings.
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Figure 15 – Concept of Door Assistors for Fitment or Removal of Valhalla Door. (DALMEC (2024))

The initial design of the trolley includes location blocks to suit the aero-dynamic door design, locking mechanisms to hold the door and also a suitable holding orientation that will allow ergonomic working when building up the door assembly. This method of manufacture is suitable for the low volume production of Valhalla as the trolley can be pushed into a separate build area, to sub-assemble the door while the vehicle is progressed down the production line. This will allow for efficiency and suit the defined cycle time, as the door can be built up simultaneously with the rest of the vehicle and then be fed into the production line. It is important that the design of the door trolley is developed in conjunction with the design of the assistor, as trolley must allow for ease of drop and pick of the door using the assistor. The initial concept of the door trolley is demonstrated by Figure 16, which has been developed by ‘Expert Technologies Group’ to suit the scope supplied by AML.
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Figure 16 – Concept of Door Trolley for Build-Up of Valhalla Door Assembly. (Expert Technologies (2024))

[bookmark: _Toc197625938]2.4 Machine Failure Mode & Effects Analysis
Machine failure mode and effects analysis or ‘MFMEA’ is a structured risk assessment tool used to identify and mitigate potential failure modes in manufacturing equipment to ensure reliable and efficient production. Each failure is analysed for its impact on production efficiency, worker safety and product quality. Using severity, occurrence and detection ratings, a risk priority number or ‘RPN’ is calculated to prioritise risks, leading to the implementation of preventative measures such as predictive maintenance. By proactively applying MFMEA, manufacturers can minimise machine downtime, reduce maintenance costs, enhance worker safety and improve product quality to ensure a more stable and efficient manufacturing process. This is supported by the source, (Stamatis, D.H. (2003)).
When introducing new equipment within Aston Martin manufacturing facilities, an MFMEA must be carried out on each design to eliminate risks to operators and potential failures before approval of the equipment for installation in plant. The example for the pneumatic assistors that carry out fitment and removal of the door assembly, are demonstrated by Figure 17 which shows the use of an AML standard document that is used for MFMEA’s.
[image: A close up of a text

Description automatically generated]Figure 17 – MFMEA for Door Assistor Concept using AML Standard Template. (AML, Microsoft Excel (2024))
From the MFMEA of the door assistors, the potential for the assistor releasing while the fixings are being secured has been identified as a risk which is not controlled with prevention and detection controls. There is currently the potential for the operator to manipulate the assistor before the fixings of the door have been secured, therefore potentially causing harm to the user or damaging the assembly. As a result, a recommended action is to introduce a secondary safety lock to hold the position of the door while the fixings are secured to the vehicle body. Once the secure process of the fixings has been completed, the user can then press a button on the manipulator to unlock the secondary safety and release the door carefully. This demonstrates an effective use of the MFMEA, to identify potential risks before the equipment is introduced and prevent harm to the user. The MFMEA studies were carried out by the AML manufacturing engineering team, which can be found in Appendix B.
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Description automatically generated with medium confidence]Figure 18 – MFMEA for Door Trolley Concept using AML Standard Template. (AML, Microsoft Excel (2024))
From the MFMEA study of the door trolley initial design, a potential failure has been identified regarding the risk of the trolley clamps releasing the door assembly during cycle or movement. This potential failure could harm the user or damage the door assembly significantly due to the heavy mass of the structure. Therefore, a recommended action of a pin lock has been suggested to the supplier, as a safety function to stop the clamp mechanisms from releasing without warning. The user will have to lift the pin lock to release the clamps safely, allowing the user to have more control over the door assembly lift and drop processes. This safety feature will give a sufficient prevention control to avoid the failure from occurring, as well as giving the operator a clear detection control to ensure that the pin lock is engaged.
[bookmark: _Toc197625939]2.5 Creation of Design Risk Assessment
A design risk assessment or ‘DRA’ is conducted to identify, evaluate and mitigate potential risks in equipment design before finalisation, it is usually carried out by the manufacturer of equipment to ensure compliance with industry standards and regulations. A DRA and MFMEA are both used in a similar way, but they differ in scope and methodology. However, a DRA is a broader assessment that identified general design risks related to safety, compliance and usability. It is conducted in the feasibility stage using qualitive methods such as checklists and risk matrices. Figures 19 and 20, demonstrate the risk assessments carried out by each supplier and refer to the design of their equipment.

The design risk assessment carried out by Expert for the door trolley shows various risks associated to its use, as demonstrated by Figure 19. The Expert group has created a bespoke scoring system for risk rating, which is utilised for all designs that the manufacturer produces. Each identified risk has a control measure in place and has accounted for in the design of the trolley. The control measures that have been introduced into the design of the trolley such as clamp units and mechanical locks, have reduced the risk rating from ‘very high’ or ‘significant’ to a ‘very low’ or ‘low’ level of risk. 
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AI-generated content may be incorrect.]Figure 19 – DRA for Door Trolley Concept. (Expert Technologies Group (2024))

For the design of the door assistors, Dalmec has utilised its own DRA method and is demonstrated by Figure 20. This DRA also uses a scoring system to categorise the risk level associated to each potential failure of the equipment during use. Through the introduction of counter measures such as compressed air reservoirs, load balancers and gripping functions, the risk level associated to the door fitment processes have been reduced significantly. All of the associated risks are at a ‘low’ level, allowing users to safely operate the door assistors without a high probability of harm.
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Figure 20 – DRA for Door Fitment Assistor Concept. (DALMEC (2024)) 
[bookmark: _Toc197625940]2.6 Final Design Review
The final design buy off is a critical milestone in the equipment development process, marking the official approval of a design before manufacturing of the equipment begins. It serves as the last review stage, ensuring that all design requirements, safety standards and functional specifications have been met. Actions created through the MFMEA and DRA must be completed and then checked during the final design phase, to ensure that all identified risks have been eliminated through necessary measures.

The final design of the door trolley includes various features to aid the manufacture of the door assembly. Demonstrated by Figure 21, the design includes location blocks which are produced using a high impact nylon, that can withstand the heavy mass of the door assembly. These blocks also create an error proof loading strategy of the door assembly to the trolley, to prevent damage to the door or harm to the user. For ease of movement around the facility, the design features a handle and multi-directional castor wheels that will aid the technician in moving the trolley around the production areas. To provide an ergonomic working state for the sub-assembly of the door, the trolley orientates the door at a 30-degree angle so that the operator will not be over-strained when working on the assembly.
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Figure 21 – Final Design of Door Assembly Trolley. (Expert Technologies Group (2024)) 

From the development of the MFMEA and DRA for the door trolley, an additional safety feature was required to eliminate the potential for disengagement of the door from the trolley. This has been achieved through the introduction of a safety pin that locks each clamping mechanism of the trolley, highlighted by Figure 22. One of the locking mechanisms locates to the door hinge, while the other locates to the door latch striker. This method of retention will ensure that the door assembly can be secure for safe transfer and build-up, while preventing damage to the carbon and painted surfaces.

[image: A blue and white drawing of a blue object

AI-generated content may be incorrect.]
Figure 22 – Final Design of Door Assembly Trolley Locking Mechanisms. (Expert Technologies Group (2024)) 

The door trolley also give sufficient space for the use of the fitment assistor, the final design of the assistor features four suction cups that grip the door with a supporting location block that can hold a maximum mass of 50kg, shown by Figure 23. To error proof the obtaining process of the door, a location pin is placed on the side of the door applique panel to prevent misalignment of the assistor which is critical to quality and safety of the process. The technician operates the assistor with the use of the control panel, this has numerous functions that allows rotation, grip, release and locks to maniuplate the door assembly safely and with ease. The control panel also has handles so that the technician can manipulate the door easily with full control of each movement required for the fitment of the assembly.
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Figure 23 – Final Design of Door Fitment Assistor. (DALMEC (2024)) 

Once the door has been safely obtained and lifted from the trolley, the assistor allows the door assembly to be rotated into a 27-degree angle for fitment to the body. The door is then floated into the fitment state on each hinge, from which a safety lock is applied on the assistor to prevent the assembly from falling unexpectedly. Once the fixings have been secured to the door and body, the assistor can be unlocked with the use of a button function as a form of verification. This Safety function has been introduced into the design, as a result of actions produced by the MFMEA and DRA. To remove the assistor, the door is manipulated into a closed position with the control panel and then released to complete the fitment process. The flight path and closure of the door assembly is demonstrated in Figure 24.
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Figure 24 – Demonstration of Door Fitment Flight Path with Assistor. (DALMEC (2024)) 
[bookmark: _Toc197625941]2.7 Process Failure Mode & Effects Analysis
Process failure mode and effects analysis or ‘PFMEA’ is a systematic approach used to identify, analyse and mitigate risks in manufacturing processes. It helps prevent defects, improve production efficiency, and ensure high quality product in a similar way in which the DFMEA is utilised. The process begins with mapping out each manufacturing step and assembly, then potential failure modes can then be identified and analysed for their impact on quality, safety and production efficiency. Each failure mode is also assessed based on severity, occurrence and detection, which an RPN can be calculated from to prioritise risks. By applying PFMEA, manufacturers can significantly reduce defects, minimise production costs, enhance safety and support continuous improvement, ultimately leading to a reliable and high quality final product. This is demonstrated by the source, (Chrysler LLC, Ford Motor Company and General Motors Corporation (2008)).

The PFMEA is conducted after the final design of equipment as it focuses on identifying and mitigating risks within the manufacturing process rather than the equipment design itself, which is covered in the MFMEA. Since the finalised equipment design determines machine capabilities, process sequences and operational parameters, PFMEA ensures realistic failure identification based on actual machine functions rather than assumptions. This timing allows for accurate assessment of process risk such as misalignment, tool wear or operator errors, therefore aligning with process validation. Conducting PFMEA after equipment design is defined also prevents unnecessary redesigns by focusing on real-world production risks. From the final design of the door assistor, a PFMEA can be created for the door fitment processes, this is demonstrated by Figure 25.
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Description automatically generated]Figure 25 – PFMEA for Door Fitment Processes using AML Standard Template. (AML, Microsoft Excel (2024))
Within Figure 25, the PFMEA utilises a risk level matrix or ‘RLM’ score for each potential failure mode. This is a tool to assess and prioritise risks associated with different failure modes, the RLM score is calculated by using the score of the RPN to categorise failures into a level of low, medium or high. From Figure 28, it is clear that all processes associated to the use of assistors are within the medium to low risk category which is acceptable with suitable prevention and detection measures that are included in the design of the equipment. 

The use of PFMEA is also demonstrated for the processes of the door sub-assembly and use of the build trolley. This is highlighted within Figure 26 and also covers the other processes involved with the build-up of the door assembly. The processes associated to the door trolley have an RLM score of ‘2’ or ‘3’ which is at a medium to low level of risk. With the necessary design features implemented into the trolley such as poka-yoke location blocks, clamps and a data tag, the risk level has been reduced to a suitable level for use in production for Valhalla. 
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Description automatically generated]Figure 26 – PFMEA for Door Sub-Assembly Processes using AML Standard Template. (AML, Microsoft Excel (2024))
From the use of the PFMEA, significant benefits can be provided in manufacturing processes such as improvements in product quality, reduction of defects and enhancement of process reliability. The PFMEA can help to minimise rework, scrap and downtime, therefore leading to a reduction in production costs. It also enhances workplace safety by identifying hazards and ensuring compliance with industry standards such as ‘ISO 9001’ and ‘ISO 45001’. Additionally, PFMEA facilitates continuous improvement by optimising processes over time and encourages collaboration among design, production and quality teams. 
[bookmark: _Toc197625942]3   Implementation of Equipment into Production
The implementation of equipment into the production facility ensures a smooth transition from the design phase into use of the equipment in production of Valhalla. This process includes installation, commissioning and set up of preventative maintenance to optimise the manufacturing processes and enhance efficiency. The installation phase of equipment began in September of 2024, with the aim of completion by the end of September for the beginning of Valhalla production in October of that year. This highlights the crucial importance of executing a highly efficient installation and commissioning phase.
[bookmark: _Toc197625943]3.0 Safe & Effective Installation of Equipment
The safe and effective installation of equipment is essential to ensure operational reliability while minimising risks to personnel and the workplace. The process involves careful planning, risk assessments and adherence to safety protocols. Key to this is the use of risk assessment and method statements or ‘RAMS’ to identify potential hazards and outline safe working procedures for installing the equipment within the Valhalla facility. The first section of the RAMS procedure is a risk assessment that identifies potential hazards in a task and the associated risks to determine control measures. The second section of the RAMS procedure is a method statement which provides a step-by-step guide on how a task should be performed safely, detailing procedures and equipment. 
The RAMS procedure is utilised to ensure a safe installation and introduction of both the door trolleys and assistors into the Valhalla production area. With examples supplied by each supplier and demonstrated by Figures 27, 28, 29 and 30.
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AI-generated content may be incorrect.]Figure 27 – Risk Assessment for Delivery of Door Trolleys into Production Area. (Expert Technologies Group (2024))
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AI-generated content may be incorrect.]Figure 28 – Method Statement for Delivery of Door Trolleys into Production Area. (Expert Technologies Group (2024))
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AI-generated content may be incorrect.]Figure 29 – Risk Assessment for Installation of Door Assistors into Production Area. (DALMEC, (2024))
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AI-generated content may be incorrect.]Figure 30 – Method Statement for Installation of Door Assistors into Production Area. (DALMEC, (2024))
The use of RAMS helps prevent accidents by identifying hazards and implementing control measures before the installation of equipment is carried out. It also helps ensure compliance with legal and regulatory requirements such as the Health and Safety at Work Act and ISO standards. The risk assessments for both door trolley delivery and installation of door assistors are required in compliance with the HSE, as their online source outlines that, “employers are required to make an assessment of the health and safety risks to which employees and others are exposed on construction sites.” (HSE (2025)). While the method statements are not required by law, the HSE highlights their importance in the same online source, “While not required by law, method statements are also prepared for many other construction activities and are proven to be an effective and practical way to help plan, manage and monitor construction work.” (HSE (2025)). Aston Martin have also outlined their commitment to the safety of workers, the company policy can be found in Appendix C.
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AI-generated content may be incorrect.]The RAMS documentation provides engineers with a clear plan for installation within the Valhalla production area, helping to reduce errors and subsequent delays which can affect project timings. From the use of the safe working procedures such as RAMS and method statements, in September of 2024, both the door assistors and trolleys were successfully introduced into the Valhalla production area without any concerns raised regarding the health and safety of each individual involved. This successful installation is demonstrated by Figure 31.
Figure 31 – Images of Installed Door Assistor and Trolley in Valhalla Production Area.
[bookmark: _Toc197625944]3.1 Validation & Commissioning of Equipment
The first equipment validation activities are the inspection and load testing of equipment, which is essential in order to comply with laws and regulations such as ‘LOLER’ and ‘PUWER’. The provision and Use of Work Equipment regulations of 1998 or ‘PUWER’, are a set of regulation within the UK which ensures that all workplace equipment is safe for use and properly maintained. To ensure that the installation of both the door trolleys and assistors comply with the regulation 6 of PUWER, they must be inspected upon delivery and installation on site at Aston Martin. Regulation 6 states, “Every employer shall ensure that, where the safety of work equipment depends on the installation conditions, it is inspected— (a) after installation and before being put into service for the first time; or (b) after assembly at a new site or in a new location, to ensure that it has been installed correctly and is safe to operate.” (Health And Safety Executive (2014)). Therefore, upon delivery a PUWER inspection of the equipment is carried out by an Aston Martin engineer, in this case the report is carried out by Matthew Dewhurst and demonstrated by Figure 32.
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AI-generated content may be incorrect.]Figure 32 – AML PUWER Standard Inspection Document for Door Trolley. 
The lifting operations and lifting equipment regulations of 1998 or ‘LOLER’, are UK specific regulations design to ensure the safe use of lifting equipment in the workplace. Under the LOLER regulations, there are specific details regarding the installation and marking of equipment that is used for lifting such as the assistors. A notable requirement from the LOLER regulations is that every employer should ensure that, “lifting equipment is of adequate strength and stability for each load, having regard in particular to the stress induced at its mounting or fixing point.” (Health And Safety Commission (1998)). Therefore, upon installation and initial inspection, the fixing of the equipment to the floor within the area must be adequate for the load that will be lifted. This is shown within Figure 33, as the fixings and mounting strategy are listed by the installation engineer to ensure compliance with LOLER. 
Another requirement of LOLER is regarding the marking of equipment to state the safe working load or ‘SWL’. Regulation 7 of LOLER states, “Every employer shall ensure that - (a) subject to sub-paragraph (b), machinery and accessories for lifting loads are clearly marked to indicate their safe working loads; (b) where the safe working load of machinery for lifting loads depends on its configuration.” (Health And Safety Commission (1998)). The safe working load of the assistors is verified using a load test, in which the equipment is overloaded and inspected over an extended period of time to identify any failures. As demonstrated by Figure 33, the load applied to each assistor was 48kg to confirm the specified safe working load of 45kg that the assistor has been designed to withstand. The load is applied at the maximum radius of 2820mm, with the assistor arm fully extended to test the equipment at its most adverse condition.
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Figure 33 – Load Test and Inspection Certificate Issued for Door Assistor. (DALMEC, (2024))
[bookmark: _Toc197625945]3.2 Implementation of TPM
To ensure that the newly installed door assembly equipment operates at the optimum level of reliability and efficiency throughout its life span, it is important that each component and system is maintained sufficiently. Implementing Total Productive Maintenance or ‘TPM’, can integrate maintenance and operational efficiency to reduce equipment breakdowns by up to 98% (Nakajima, S. (1988)). Planned preventative maintenance schemes are a crucial aspect of TPM, which can be created through collaboration with the equipment manufacturer for optimal maintenance intervals. To create effective planned preventative maintenance schedules for both the door assistors and trolleys, guidance can be taken from the manufacturers manuals to identify components that must be accounted for in regular maintenance activities. This is demonstrated by Figures 34 and 35.
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Figure 34 – Door Trolley Manufacturer Preventative Maintenance Guidance. (Expert Technologies (2024))
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Figure 35 – Door Assistor Manufacturer Preventative Maintenance Guidance. (DALMEC (2024))

Within the manufacturer’s maintenance guidance, there are numerous activities that must be carried out on a daily basis. Most of which are simple inspection tasks that help identify potential issues before they develop and cause equipment failures and downtime. These daily inspection tasks can be carried out as a part of an autonomous maintenance scheme, which is another pillar of TPM. The implementation of autonomous maintenance for door manufacturing equipment, can be found in Appendix D.
[bookmark: _Toc197625946]4   Conclusion of Thesis
To conclude the report, an analysis of the initial aims and objectives will be conducted to evaluate the project’s success in achieving a safe and repeatable build of AM003 door concept. This analysis will utilise a range of assessment tools to measure the outcomes of each aim and objective, providing a comprehensive evaluation of the project’s effectiveness.
[bookmark: _Toc197625947]4.0 Evaluation of Equipment Effectiveness
Prevention of Health and Safety Concerns
The first objective of the report was to ensure that there was no safety concerns raised, or accidents caused during build and fitment of an AM003 door assembly. This can be measured through the use of the Aston Martin accident and incident reporting system or ‘AIRS’. This is the system in which safety concerns or incidents are formally raised, so that root cause analysis can be conducted to understand how the incident occurred and create counter measures to prevent it from re-occurring. 
Since the beginning of Valhalla door production, only one near accident has been reported for use with the equipment over a production total of 12 vehicles or 24 door assemblies. Shown by Figure 36, a concern was raised regarding the top door hinge being a potential risk to the operator’s head during build. Upon review, it was determined that the operator involved in the report had a height exceeding the 95th percentile (1855mm), based on the anthropometric data (Pheasant, S. (1996)). As such, individuals of this stature were not originally accounted for in the trolleys design parameters. To address this issue and prevent recurrence, a containment action was implemented through the addition of a leather protector which is also demonstrated in Figure 36. This modification has effectively mitigated the risk, but a permanent corrective action should be identified to eliminate the risk completely.
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AI-generated content may be incorrect.]However, the door assistors have proved to be effective in mitigating the risk of safety concerns regarding the heavy mass of the door assembly. This is proven through the absence of concerns have been raised within the AIRS system regarding the door assistors or fitment processes. This is evidence that the design of the assistor was successful in achieving a safe process for fitment and removal of the door assemblies, over the 24 units already produced. This outcome reflects positively on the initial design intent and validates the engineering controls put in place to manage the associated risks. 
Figure 36 – AML AIRS System Report of Potential Risk to Operator During Door Build.

Prevention of Poor Ergonomics
The second aim of the project is to prevent any health issues associated to poor ergonomics during the build and fitment of Valhalla door assemblies. This can be measured through the use of a Sue Rodgers Ergonomic Job Analysis, which has been adapted by AML to standardise the audit for ergonomic working during manufacturing processes. This method has been chosen to analyse the ergonomic state of each process instead of standard audits such as those demonstrated in the textbook, “Work Study and Ergonomics” (Lakhwinder Pal Singh (2018)), due to the effective scoring system which is utilised in the Sue Rodgers analysis. Rodgers introduced a Muscle Fatigue Analysis to evaluate the accumulation of fatigue in muscles under different work patterns. The hypothesis suggests that rapidly fatiguing muscles are more prone to injury and inflammation, making fatigue reduction key to minimising risks (Suzanne H. Rodgers. (1992)). Each body regions risk factors are rated based on effort level, duration and frequency which is an effective method of identifying processes which put a technician at risk of injury. This is demonstrated by Figures 37 and 38, in which the job analysis is undertaken for the door manufacturing equipment.
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Figure 37 – Sue Rodgers Ergonomic Job Analysis for Door Trolley Processes.
From the Sue Rodgers study for the door trolley, it is apparent that the overall station severity score is poor with a score of ‘3’. This is due to numerous high severity ratings for processes that require the operator to bend down excessively to access components such as the door harness, speaker and switch for fitment. As highlighted by the report of Sue Rodgers, this could lead to an increased risk of injury and inflammation. The complex design of the door assembly has resulted in difficult fitment processes for many components and each high risk operation should be analysed separately to identify possible improvements. 
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The study of the door assistor shows a more positive result in terms of ergonomic severity, with an overall score of ‘1’. The use of the door assistor has successfully streamlined the ergonomic fitment of the door assembly, which is highlighted by numerous low severity scores for each process during fitment. This study has also helped to prove that by utilising the assistor, the risk of handling the heavy 40.18kg door mass has been reduced, thereby lowering the likelihood of injury and inflammation. The select few job elements that have a higher severity rating in this study, are not a result of the door assistor but also a consequence of the complex design of the Valhalla. This is due to the door components such as the bolts, being located in areas that have poor access for fitment and tooling. This could have been prevented through effective communication between manufacturing engineers and the design team but should be accepted as a lesson learnt for future vehicle development projects.


Achieving Proposed Production TAKT Time
The next objective is the adherence to the production cycle time which has been proposed for the production of Valhalla, this cycle or TAKT time is 3 hours and 7 minutes. With the manufacturing equipment and processes are in place, the cycle time for door fitment and manufacture can be measured using an AML standard process timing procedure. The AML standard process timing document is effective in tracking the timing of each process and defining process wastes or non-value-added activities. It must also be used as it is a standard document, which is recognised across numerous departments within AML. However, other useful tools such as those demonstrated within “Lean Production Simplified: A Plain-Language Guide to the World's Most Powerful Production System” (Dennis, P. (2017)) could be utilised to track the efficiency of manufacturing processes. 
Highlighted by Figure 39, the timing study for the door’s fitment, with the use of the door assistors accumulated a total timing of 60 minutes and 27 seconds. This is far lower than the proposed TAKT time for Valhalla production, with a time saving of over 2 hours for the door fitment station. This proves the effectiveness of the door assistors in allowing an efficient process for fitment of each door assembly. As a result of the significant time saving, the remaining time allocated to the door fitment station can be utilised to carry out other fitment processes required for the assembly of Valhalla. However, there are some elements of the process that could be considered ‘waste’ or wasted time, which refers to any human activity which absorbs resources but creates no value (Womack, J.P. and Jones, D.T. (2003)). Some of the wasted activities shown in Figure 39, include difficulty applying the grip function of the assistor and during fitment to the hinges, which should be investigated to help further improve efficiency.
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Figure 40 – AML Standard Work Analysis of Door Assembly Processes on Trolley.[image: A close-up of a document
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To analyse the door assembly process timings, the AML work standard analysis is also utilised and demonstrated in Figure 40. This analysis covers the entire sub assembly build-up of the door assembly, with the use of the trolley and will create an understanding of the effectiveness of the equipment in creating efficiency. The analysis in Figure 40 shows that the door assembly build process has a total process timing of 155.10 minutes or 2 hours, 35 minutes and 10 seconds. This process timing is also significantly lower than the proposed production time of 3 hours and 7 minutes for Valhalla production. This time saving of around 32 minutes could be considered to be a direct result of the equipment effectiveness, as the trolley allows efficient sub assembly of the door assembly and fast delivery to the production line.
In the second quarter of 2025, the production rate of Valhalla could potentially increase depending on customer demand. Therefore, it is important that each facility installed in the production area has the ability to allow a shorter TAKT time. The current TAKT time of 3 hours and 7 minutes creates a total of 18 units per week, however this volume could increase to 21 units per week with a TAKT time of 2 hours and 47 minutes. This emphasises the importance of creating time savings through efficiency, such as those created by the door assistors and trolleys.

Achieving Six Sigma Level of Quality
The last objective outlined in the beginning of the report is the target of achieving a Six Sigma level of quality for the door assembly, through the use of the door manufacturing equipment. A Six Sigma level of quality equates to fewer than 3.4 defects per million, or a percentage of 99.99966% of defect free units (Jones, E. (2014)). However, as of March 2025, only 12 Valhalla units with 24 door assemblies have been produced in the Gaydon facility, with the use of the installed equipment covered in this report. To assess the defects recorded for the 24 door units of Valhalla, the FLAGS data can be reviewed. The FLAGS system is an AML internal quality audit tool, in which quality inspectors on the production line will log any defects that are identified. These defects can be a variety of different issues, such as damage, poor appearance and inoperative components. The defects recorded through FLAGS can be refined to assess particular zones or areas of the build, which is beneficial for investigating the door assembly defects. Figure 41 demonstrates the end of production line audit results for all door assembly defects of Valhalla builds between November 2024 and April 2025. 
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Figure 41 – FLAGS Audit of Valhalla Door Assembly Defects flagged at EOL. (FLAGS (2025))

To evaluate process performance, the FLAGS data has been utilised across the 24 door assemblies to help identify that a total of 35 defects have been recorded. This results in a Defects Per Unit (DPU) of approximately 1.46. To further quantify the process capability, the Defects Per Million Opportunities (DPMO) metric was calculated. Opportunities can be defined as any individual chance for a defect to occur (Pyzdek, T. and Keller, P.A. (2014)). The door assembly is inspected over a total of 42 potential defect opportunities, such as door trim quality, door functionality, paint quality, exterior fitment quality, seal fitment and carbon finish. Therefore, over the 42 potential defect opportunities, the total number of defect opportunities for the 24 door units is 1,008. Based on this, the calculated DPMO is approximately 34,920, which corresponds to a Sigma Level of 4.4 (McCarty, T. (2005)). This indicates that while the door manufacturing processes are performing at a relatively high level, there is still room for improvement to reach the Six Sigma level, which is a DPMO of 3.4 (McCarty, T. (2005)).

[bookmark: _Toc197625948]4.1 Identification of Future Improvements
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AI-generated content may be incorrect.]As some of the aims and objectives of the report were not met, it is of paramount importance that future improvements are identified in order to address existing shortcomings and ensure the successful achievement of project goals moving forward. The first improvement that could be considered to improve the ergonomic working and safety of door manufacture, is the increased height of the door trolley. The only safety concern that was raised in regard to the door manufacturing equipment, was the potential for the operator’s head clashing with the upper door hinge. In addition, it was identified through the Sue Rodgers ergonomic working study, that the door sub assembly had a poor ergonomic severity rating. Figure 42 shows the current and improved door trolley conditions, with a 95th percentile male for reference (Pheasant, S. (1996)). Demonstrated by Figure 42, an increase in the height of the door assembly by 200mm, could significantly improve the working height of the assembly as well as eliminating the upper hinge safety risk.
Figure 42 – Comparison of Current & Improved Door Trolley Working Height. (Siemens Teamcenter (2025))

With the improvement in working height of the door trolley, the ergonomic working state can be re-evaluated using the Sue Rodgers Ergonomic Working Analysis. The analysis can be carried out through the use of CAD and the improved state is shown in Figure 43. This improved ergonomic working state could have been captured during the early stages of design and development, through a site acceptance test or ‘SAT’ which is the validation of equipment at the supplier’s facility to ensure that the equipment specification has been met. However, an SAT could not be performed during the design and development of equipment for Valhalla, as a result of no availability of parts for testing. This ultimately resulted in an inability to validate the suitability and effectiveness of the equipment until it was delivered to the Valhalla production area. The cost of implementing an increased working height for each door trolley could amount to a figure between £5,000 and £10,000, due to the additional design, manufacturing and installation costs.
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Figure 43 – Sue Rodgers Job Analysis with Improved Door Trolley Height.

Another objective that was not met is the achievement of a six sigma level of quality, as a total of 35 defects were identified on the first Valhalla builds. The resultant Six Sigma level has been calculated as a DPMO of 4.4, which is above average but has potential improvement to reach the Six Sigma level of a DPMO of 3.4. The 35 defects identified through the quality audits could be a result of in process damage or equipment misuse and to find the root cause of these defects, a range of problem solving tools can be used such as the ’Ishikawa diagram’ or fishbone diagram which helps to identify all causes and effects. Cause and effect diagrams are tools used to organise and graphically display all of the knowledge a group has relating to a particular problem (Pyzdek, T. and Keller, P.A. (2014)). An example of a fishbone analysis is shown by Figure 44.
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Figure 44 – Ishikawa Diagram of Electrical Appliance Manufacturing Issue. (Pyzdek, T. and Keller, P.A. (2014)).

One aspect of the Ishikawa diagram involves an analysis of the assembly, in an effort to identify potential root causes of an issue. This analysis can be carried out to understand if the use of the newly installed door assistor and trolleys are the root cause of any defects that have been identified in Valhalla production. To investigate the effect of the door manufacturing equipment, a heat map style of diagram can highlight the touch points of the equipment. This will indicate if any of the areas with identified defects have any correlation with the equipment engagement points and can be seen in Figure 45.
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AI-generated content may be incorrect.]Figure 45 – Diagram to Compare Equipment Engagement Points & Defect Areas. (FLAGS (2025))

From Figure 45, the engagement points of the door assistor highlighted in yellow, could have resulted in the cause of 1 defect on the door roof section, as one of the suction cups is located in the same area as an identified scuff. The door trolley engagement points could also have resulted in the cause of 12 defects, which have been identified in the areas of both the location blocks and the engagement pins, highlighted in red. The other 21 defects which have been identified on the door, could be considered as a result of other process damage or supplier quality issues and can be investigated through the use of the Ishikawa analysis. Further investigation should be carried out to identify how the equipment could be causing some defects, such as inadequate material use or lack of care from the technicians during production.

[bookmark: _Toc197625949]4.2 Final Gantt Chart
To evaluate the final project timings, the updated Gantt chart provides a comprehensive overview of the success of each project task, highlighting achievements and overall adherence to the schedule. The initial stages, comprising design and development activities, were successfully executed in line with the proposed timing plan. This was largely due to the effective identification of suitable door manufacturing methods that matched Valhalla’s production volumes, along with the prompt selection of reliable suppliers. This early success laid a strong foundation for the remainder of the project.
Once specifications were established, detailed design work commenced and was efficiently managed, with weekly reviews ensuring steady progress and alignment with the original design requirements. The timely production of PFMEA and design risk assessment documentation further demonstrated the commitment to quality and risk mitigation. Thanks to proactive collaboration by the manufacturing engineering team, all potential failure modes and associated risks were thoroughly identified and addressed. This crucial step allowed for effective feedback loops with suppliers, ensuring that all necessary countermeasures and design improvements were implemented well before final approval. 
However, several key tasks experienced delays during the installation and commissioning phases, largely due to high demand on suppliers, which led to unforeseen setbacks in the manufacture and delivery of door manufacturing equipment. This resulted in a two-week delay to the installation, which in turn affected the validation phase due to limited technician availability and restricted access to essential parts. To recover lost time, the preventative maintenance setup period was shortened to one week, increasing the risk of procedures being missed or improperly executed, potentially impacting long-term equipment reliability. These delays may have been avoided through earlier supplier engagement and detailed capacity assessments to identify lead time issues.
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Figure 46 – Gantt Chart to Display Final Project Timings.
[bookmark: _Toc197625950]4.3 Conclusion
To conclude, Aston Martin Lagonda has collaborated with suppliers such as Dalmec and Expert Technologies to create effective and efficient door manufacturing equipment and processes. Overall, the project has been highly successful in achieving its primary goal, establishing a safe and repeatable door build process. Through a clear focus on safety and standardisation, Aston Martin now has a method of manufacture that ensures consistent quality and efficiency while minimising risk to operators. 
Clear communication and strong collaboration between Aston Martin and its suppliers have ensured that the manufacturing equipment required for the door build was installed safely and on schedule to meet the production timings. This success is largely attributed to the effective application of processes and procedures, including Risk Assessments and Method Statement (RAMS) and the Permit to Work system, ensuring full compliance with relevant legislation such as PUWER and LOLER.
However, the availability of parts for Site Acceptance Testing (SAT) presented some challenges. Delays and inconsistencies in part delivery complicated testing and validation phases, underlining the need for stronger supplier alignment and contingency planning in future projects. Addressing these challenges early will be critical to minimising impacts on both project schedules and equipment performance. In future, on-site testing will enable Aston Martin to identify potential defect areas and implement effective countermeasures, such as design modifications or material changes. This proactive approach to defect identification and resolution will support the achievement of a Six Sigma level of quality, driving continuous improvement in process capability and product output.
It is also worth noting that elements of the door manufacturing equipment were potentially over-engineered relative to the needs of the process, resulting in equipment consistently outperforming the original TAKT time targets. While this excess capacity provides operational flexibility and future-proofs the system to an extent, it also highlights an opportunity for closer calibration between design specifications and production requirements in future projects. Other low-cost and simple solutions could be investigated to reduce the project costings, while still achieving the initial design specification and TAKT time target. From the AML budget tracker shown in Figure 47, the door manufacturing equipment required significant investment. The door trolleys also exceeded the initial budget due to the complex clamping system that was required, but this investment could have been significantly reduced through the use of simplified or existing equipment on the market.
[bookmark: _Hlk197351776][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 47 – AM003 Project Equipment Budget Tracker.

In summary, the project has been successfully delivered to create a foundation for stable production of Valhalla units while also revealing important lessons about parts readiness and the balance between flexibility and efficiency. These learnings will be invaluable as we move forward into future builds and continuous improvement initiatives.
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[bookmark: _Toc197625952]6  Appendix
[bookmark: _Toc197625953]6.0 Appendix A: Proposed AM003 Manufacturing Flow
[image: A computer screen shot of a computer

AI-generated content may be incorrect.]In section 2.1 of the report, methods of door manufacturing are discussed in an effort to identify a suitable process for Valhalla. The proposed production layout for Valhalla production is demonstrated by Figure A1. This layout shows the production flow for the door assembly, starting with the door removal process that is carried out with the use of manual assistors. The door assembly is then transferred to the sub assembly area in which the door is built up on trolleys. The finished door assemblies are then transferred on the manual trolleys to the production line, where the doors will be fitted to the build with assistors.
[image: A diagram of a factory

AI-generated content may be incorrect.]Figure A1 – Proposed Valhalla Production Layout for Door Manufacturing Areas.
Figure A2 – AML St Athan DBX Production Layout for Door Manufacturing Areas.
To demonstrate another example of door manufacturing, Figure A2 shows the Aston Martin ‘DBX’ production line which is the companies ‘SUV’ that is produced in St Athan. This production line has a higher rate than the Valhalla project, with a TAKT time of around 30 minutes which is similar to the sports car production. Therefore, this production line requires a larger production buffer and a greater work in progress amount or ‘WIP’. It uses similar methods of manufacturing such as trolleys, but on a greater scale with a vast amount of space for each manufacturing process to take place. Each door trolley for the DBX is transferred from a mezzanine floor to the production line with the use of a lift, highlighting the difference in scale between the production of the DBX and Valhalla.
[bookmark: _Toc197625954]6.1 Appendix B: AML Manufacturing Engineering Team
An MFMEA is also carried out for the design of the door trolley that will be utilised for the sub-assembly of the door. The team that carried out the MFMEA studies is shown using Figure B1 and the initial study is completed by the manufacturing engineers, Matthew Dewhurst and Richard Boor. The project lead and manager will then verify the study, adding their input for the completion of MFMEA document and is then issued to the supplier.
[image: A green screen with white text

AI-generated content may be incorrect.]Figure B1 – Manufacturing Engineering Team for Valhalla Production.
[bookmark: _Toc197625955]6.2 Appendix C: Aston Martin’s Health & Safety Policy
Aston Martin’s health and safety policy of 2024, claims that they are committed to the provision of safe and healthy working conditions for the prevention of work related injury, occupational disease and to ensure employee wellbeing (Ranson, G. (2024)). The Aston Martin health and safety document is demonstrated by Figures C1 & C2.

[image: A document with text and a box

AI-generated content may be incorrect.]
Figure C1 – Aston Martin Health & Safety Policy 2024. (Ranson, G. (2024)).

[image: A document with text on it

AI-generated content may be incorrect.]
Figure C2 – Aston Martin Health & Safety Policy 2024. (Ranson, G. (2024)).


[bookmark: _Toc197625956]6.3 Appendix D: Implementation of Autonomous Maintenance
[image: A screenshot of a computer

AI-generated content may be incorrect.]Autonomous maintenance empowers operators to take an active role in maintaining equipment, which begins with establishing daily equipment checks to inspect, clean and lubricate equipment regularly. Operators should be adequately trained to detect early signs of abnormalities, such as leaks, unusual noises and damage to allow for timely intervention before major failures occur (Borris, S. (2011)). This can be implemented within the AML facility to maintain the door assembly equipment effectively, with the use of the company standard First Line Maintenance Instruction Sheet or ‘FLM’ and demonstrated by Figures D1 and D2. Autonomous maintenance can create many advantages for manufacturing facilities, such as lower maintenance costs and improved quality control. To ensure that the FLM’s are carried out on a daily basis, each FLM document can be displayed on the process screen in each necessary build station.
Figure D1 – AML Standard FLM Document for Door Assistor.
[image: A screenshot of a instruction sheet

AI-generated content may be incorrect.]Figure D2 – AML Standard FLM Document for Door Trolley.
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2.1 General Process Overview

1. Assistor utilised to aid the fitment of AMO003 door processes to the vehicle on production
line within Gaydon Facility, to incorporate the following;
a. Safe lifting of door assembly that does not pose potential harm to the user.
b.  Provides the ability to lift door assemblies with a minimum total mass of 40.19kg
c. The ability to rotate the position of the door during the lft at a 27 degree angle, so
that the door hinges can be routed into home position effectively.
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2.1 General Process Overview

1. Trolley utilised for the build up and transfer of AM003 door assemblies on a production
line within Gaydon Facility, to incorporate the following;
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lsecured [safety (10) strength maximum weight of tooling & productto | calculations. los this was considered in |release to manufacture
be lifted with a safety factor of 2 |design prior to DFMEA





image22.png
g tne
s
g e

Lo I





image23.png
The sk (%) antty ha been quarifed sig thefrmula R =P x|
. pe- ;
e

Probabitty

Proventon and prtection.

it e s o,

ERsSEERRES=
G TBE W SRR
[ S
E B ms CEEEEssetconzs o0
g B Sene ool mmsmemm——
nns T
CoR =il f e R |
i b
e T [ [





image24.png
Handle for
ease of
movement.

Multi-
directional
castor wheels
for ease of
movement.

Door orientated at
30-degree angle
for ergonomic
working.

Location
blocks for error
proof fitment to
trolley.
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Sliding cylinder to
mount to door hinge.

Sliding block to mount
to door latch striker.

pin to
secure
mounting
cylinder.

Safety

pinto
secure
mounting
block.
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Suction cups
to allow grip of
door assembly.

Location pin for
error proofing

when obtaining
door assembly.

Handles of

Location Block
for supporting

control panel
for ease of use.

underside of
door assembly.
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[Extremely unlikely 1 |Minor injury (frst tme visit) 1 1 2 3 | 4 5
Tethologes [ty 2 [Moderae nry (st e accdent) 2 1 I .
Group 2 2 4
oy 5 [Serous mry (RODOR epriaie) 3 ‘B
T oy 4V fry (RDOOR roratie B 14
|Aimost certain 5 |Catastrophic injury (fataiy) 5 5
PlantLocation: Dept/Area: ‘ActivitylProcess Assessors: Date:
being assessed:
Trolley
AML, Gaydon Production Area (TRIM) e Angela Martin 08/09/24.
elivery

Activity/Process

Site access

Current Risk
Rating
(LxS=
Total)

Persons Affected
(Employee, Contractor,
Vidior,Young Person.

1. Slips trips and
falls

2. Contact with
moving plant
and vehicles

3. Falling objects

EICNV

Control Measures

Only inducted personnel allowed on the shop

floor wearing the correct PPE stated in
Section 5. Good housekeeping and cable
management at all times. Do not walk and talk
on mobile phone at same time.
Always make eye contact with vehicle drivers
before you cross traffic routes. Do not walk
behind forklift trucks or stand in their blind
spot. Aways stand minimum 2 metres away
from plant and moving vehicles at all times.
Avoid work areas where other machines /
manufacturing lines are being installed or
operated and do not enter without permission
from the Lead Fitter. Follow  instructions
displayed on signage around the workplace
and do not break fence lines.

. Walking under raised MEWP baskets and
suspended loads strictly forbidden. Working

Revised
Risk
Rating

(LxS
Total)

Manual Handling

2. Strains,
sprainsand |3 (3 | o
pulled muscles

EC

7. Mechanise where possible with pump truck or

forkiit. Do not lft more than 20kg per person
(10kg for a woman). 2 person lifting / kinetic
lifing techniques. Keep back straight & lift
with legs. Ensure firm handhold. Suitable
training & instruction. Wear cut resistant
gloves when handiing kit with sharp edges.
Plan_your route in advance and ensure
suitable ground conditions.
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7 General Safety

The work area will be monitored on a regular basis by Expert's Lead Fitter to ensure that safe
‘working practices are fully adhered to.

All personnel will be provided with the correct PPE as outlined in section 5. Workers have a
duty to take care of their PPE and report any defects immediately to the Lead Fitter.

Al areas will be left clean, tidy and fit for purpose upon completion of work. Rubbish will be
removed by manual methods and disposed of into dedicated waste receptacles.

There will be no deviation from approved RAMS unless a ‘dynamic risk assessment’ is
completed and approved by AML.

Al tools and work equipment will be in good condition, visually inspected before use and
subject to regular testing by a competent person.

Accident & Near Miss Reporting: - All accidents and near misses must be reported to your
Lead Fitter immediately, who will then inform Expert's Project Manager and AML Engineer at
the earliest possible opportunity. All accidents and near misses will be recorded in the
Company’s accident book (and Client's accident book where necessary) and thoroughly
investigated to find the route cause and to prevent a similar incident occuring in the future.
Al accidents will be recorded and reported in line with RIDDOR 2013,

Evacuation Procedure: In the event of fire and upon hearing the fire alarm, evacuate the
premises via the nearest emergency exit and follow the green running person sign to your
designated fire assembly point (to be confimed during induction).

Remember:

Always use the nearest available emergency exit (remember, this could be behind you)
Proceed to fire assembly point

Report to AML's fire warden for roll call

Do not re-enter the building until you are permitted to do so by AML

oNs

8 Use of Forklift Trucks

Forklift trucks will be checked and serviced in accordance with LOLER & PUWER 1998.
Forklift trucks must not be operated without a valid thorough examination in place (dated in
the last 12 months) and must be visually inspected before use with the findings recorded on
the daily plant check sheet. Lifting accessories must be thoroughly examined every 6 months.
If any defects are detected the forklift must be taken out of service and the Lead Fitter informed
immediately. Only personnel holding a valid licence are permitted to operate forkit trucks.
The SWL shall be strictly adhered to at all imes. Nobody is allowed to stand on or underneath
raised forks.
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METHOD STATEMENT

Al workers must attend AML site induction f applicable

Al workers must read, understand and sign these RAMS prior to starting work
Lead Fitter to confim there are no other ongoing activities by third parties that could

interfere with commissioning and testing activities
Display copy of RAMS prominently in immediate work location
Ensure area is safe, clear and free from hazards

5 P.P.E (Personal Protection Equipment)

The following PPE shall be issued to all Expert employees (note some PPE is task specific).

Safety Shoes /Boots | Mandatory at all times on the shop floor

Full Face Shield Task specific (e.g. disc cutling and grinding)

Hard HaUBump Cap | Task specific (e.g., inside an automated cell

High Vis Jacket Mandatory at all times on the shop floor

Hamess Task Specific (e.g. working within 2m of an open
edge or operating a MEWP)

Gloves Task Specific (e.g. when handiing production
parts, sheet metal, cable trays)

Overalls Task specific

Legs must be covered at all times on the shop floor and long sleeves and cut resistant gloves
‘worn when handling sharp material. Further task specific P.P.E. will be issued and utilised

depending on the task or working environment.

6 Anticipated Tools and Equipment

Standard Equipment

Tick items as required

Personal Protective Equipment
Safety Hamess (for MEWPS / accessing overhead
platforms)

Site box (containing first aid kit, fire extinguisher)
LEV & RPE (welding)

Battery charger (PAT tosted)

Forklift Trucks

Cherry Picker/Scissor Lifts

Temporary Fiying Leads.

Robot teach pendant

Battery Power Tools (Grinder, Drill, Rocip Saw)
Horas Fence

¥ Tick as required
I™ Tick as required
™ Tick as required
I™ Tickas required
@ Tick as required
W Tick as required
™ Tick s required
I~ Tick s required
™ Tick as required
@ Tick as required
™ Tickas required
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PART A:

The following plant & equipment wil be used
during the above work activity. The licences
required to operate such plant and equipment
are referred to where relevant

Fork Lift Truck
Hook Attachment

SDS Max Hammer Drill
Hand tools

Battery Power Tools
Vacuum Cleaner
Lifting Sling

PART B:

Personal Protective Equipment which shall
be issued and worn as required:

Protective footwear, overalls, hi viz vest,
safety glasses (whilst drilling)
Other PPE specific o the site

PART G: GENERAL STATEMENT

‘Company safo systoms of work aro included In the Hoalth & Safety and Environmental Policy.

which have been ssued to all employses. A copy of the company policy wil be made

available o the Customer upon request. The company agroes to comply it the torms of the

Hoalth & Safety and Environmental plan or this project (i applicable). The person named on
Introductory page ofthis document s the company's representative on sie or all maters,

i Hoalth & Safoty and the Environment. Allenquiries should bo dioctod to thi

person inthe st nstance.

Proof o competency of employaes i e. CSCS card, FLT & MEWP licances tc. wil bo

provided as part of the Hoalth and Safely Pack accompanying this document.

PART C:

Materials that may be used or encountered
during the work. The use of some materials
may require further assessment. Refer to
appropriate assessment

NOT APPLICABLE

PART D:

Permits to work o other permissions which
must be obtained before or during the work
process are listed as follows:

Permits to work to be obtained as per site
rules

PART E:

The following environmental concems have
been identified and shall be controlled as
described. - Environmental concerns include
noise, dust, fumes, spilage and disposal

Dust from drilling Concrete
Vacuum cleaner to be used

PART F:

Dalmec and / or client is responsible for the
provision of the following facilities, which
must be free from defect, safe and not pose a
isk to health

NOT APPLICABLE

PART H; METHOD STATEMENT.

“The sequence in which work s to be conducted. ncluding datalls of how it willbe done (and
any safoty and environmental) measures s as follows:

1. Oblain any permits to work required.

Move tools and squipment to work

2 using FLT
3. Cordon off work area with bartir tape.

4. Mako suro tho area i cloar of obstructons.

ot using hand tools and remove column using FLT with

hook attachment and sings.

6. Move colum into positon using FLT with hook attachment and sling

7. Dil holes nto floor 18mm through base, it M16 studding, level column and secure
o foor using resin tghten studding using hand tools

8 Liftthe machine from the transport pallt using FLT with hook atachment and sling
9. Install machin on o colum withfxing bols using hand tools.

10. Lift the terminal
with ca

i into posiion manually and insalin parallogram head. Secure
d nut and cirlp using hand tools.

1. Insall the tooling on to the terminal arm using FLT with hook attachment secure
using fxng bolts and hand tools

12. Make air connections on swivel assembly
13, Connact o main ar supply

14, Commission and test machi

15. Check all saety systems.

16. Tidy work area.

17. Sign off work permit
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Programme: Assembly Line: Equipment Vender: EXPERT

Equipment Description: DOORTROLLEY Station Number: Responsible Engineer MDEWHURST

Regulation Equipment Condition

Required ~ Acceptable.
(YES/NO) _(VES/NO)
Is the equipment suitable for designintent? vES ] Process study carried out.
s the equipment being used as per design intent? YES R Process study carred out.
(RSP STSR ME i the cquipment located within asuitable environment?
equipment ES S Located on Ml - clear and safesub assembly area
| This includes ventilation requirements and or local exhaust ventilation.
s the equipment design sutable for ergonomically use?

Comments / Evidence

[Doororientatedor easy access

Is this equipment covered via a lanned preventative maintenance scheme? Expert to provide preventative maintenance forlocking mechanisms and location blocks

ORIV S . oy parts of the equipment subject to condition monitoring?
s there a maintenance log maintained?
[Are people carrying out the maintenance operation competent?

Locking mecharisms and location blocks
[Maintenance to carry out scheduled checks
[All competent to work on trolley

Has the equipment been nspected before being putintouse for the firsttime? [RE SN i pected upon delivery tosite.

Fias i been nspected before being putto work afer being relocated fo anew
Regulation 6: Inspection location?
s the equipment subject o statutory Tspection”

Ifyes, state which regulation applies e.g. COSHH, LOLER etc.
Isthe use of this equipment restricted to specifi trained personnel? [Trained personnel only ~for use with assistor
Are repairs, maintenance, orservicing of the equipment restrcted to
adequately trained persons who have been designated to performthose
operations?
[Are training nstructions available?
[Are maintenance instructions available? insharedarea
s there a standard operating procedure available?
Has training necessary for competency to operate this equipment been
evaluated?
Regulation 9 Training Are the relevant competencies identified i the training assessment or training
instructions?
Has ofher relevant training been carried out when necessary?
Has the equipment been bult o supplied after 31 December 19927 built and supplied n 2024
Fias the equipment been bult or supplied before 31 December 1992 BuE eher
LESRRR N R been significantly modified or refurbished after that date?
‘Community requirements.

Regulation7: Specificrisks

Regulation 8: Information and
instructions

Iniialtraining required at TT

EASE Process to provide adequate training

Does the equipment comply with the community directives e.g.does it display

2 CE or UKCA mark and hasa declaration of conformity been ssued? NIA

[Are all dangerous parts of the machinery guarded so.3s to prevent s
reasonably practicable the risk on entanglement?
[Are all dangerous parts o the machinery uarded 5035 to prevent s
reasonably practicable therisk on ips with counter rotating machine parts that Pin mechanisms all moved by hand
 could pinchskin or parts of the body?
[Are alldangerous parts o the machinery guarded so.3s to prevent as
reasonably practicable the sk of trapping with parts of he bodly?
[Are all dangerous parts ofthe machinery guarded 5025 fo prevent a5
[EREESR LR RE SN casonably practicable the sk of impact with anyone in the viciity?
machinery

Pin mechanisms all moved by hand

Pin mechanisms all moved by hand

Pin mechanisms all moved by hand

Are al dangerous partsof the machinery guarded so as to prevent as
reasonably practicable the risk of contact of any parts of the machine thatthe | N/A
operator could come i contact with that may have sharp points or blades?
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|[ d dalmec]
Load Test Certificate

[SS220824-1
[Customer name [Aston Martin Lagonda
[Address [Banbury Road
[Gaydon

[Warwickshire

[cvas oos

e

[Mode! & Serial No. [PEC 2463539
[Working Air Pressure __|8.5 bar after booster
[Floor Mounted [ves

[45 Kg @ 2620 mm Radius
[48 Kg @ 2620 mm Radius
=

Load test carried out after installing new machine to customers concrete
floor using Hilti HIT-HY 200A resin, LOT number 1536732 and Hilti M16
bolts.

Floor bolts torqued to 80 Nm column flange bolts torqued to 290 Nm and
tooling flange bolts torqued to 25 N

Name Signature Position

[Machine tested by

Simon Spacie Service Engineer
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Teemnologies MAINTENANCE =

Group

s a— REQUIREMENTS ASTON MARTIN

Fixture Seral Number: [ETEZURAVUITY
[ I DOOR BUILD TROLLEY
Fixture QTv: [REIIG]
[¥ 057102020
[y Harris

Malntenanceto be performed e
Check

Action

[Checkfor i and Debts around and on e oty Cean it damp ot

[Cneck et surtaces fo damage [Remove and Replace et with imm tickadhesive et Tm i scabel

[cneck operatonof camps ooenandciss s ctas, s s wclamong s i
conecty.

Malntenence to be performed every 6 morths (or 100 cycles, whichever s sooner)
‘Check

‘Action
[Check Matchmarking on altbotts

[Fghton and remark rany have come loose
[Use Siicone Lubrican, apply thin ayer to moving parts ofthe clamp (not the
oot Camp Hinges ctomp mytars AND NOT CLAMP SHAFTS , a these have a oess bush which

couta be damagea ubricant, pen aclose the clamp severa times to work the
utricant in

Malntenance to be performed.
Check

12 months (or 250 cycles, whichever s sooner)

Action

Lubricate Castors sce e websit for detais: htps: . lckte.co.uk/product information
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MAINTENANCE AND TROUBLESHOOTING

82 SCHEDULED MAINTENANCE

A suitable planned maintenance schedule is a prerequisite requirement for safety, Manipulator lite and
correct operating. For this reason we recommend a list of controls and actions to be carried out only by
‘maintenance staff.

‘Satety devices check ]
Nowretum valve .
Satotyvaive o
Antrolease vae .
Ploted noneum vave o
Prossuro mier .
Bimanual conrl o
Siopvaive .
Presence sonsor o
Lock davi .
‘Double vacuum aircut o
‘Soundisualdevice .
losing device o
Antumping device .
Antal devico i case o electic power loss o
- Forthe type of device mounted and how tocheck 1, please refer 10 chap. 7

Emyoon  Emy oo
Routine operations. et e N e
(Gheck that bots and screws of the Maripulator, of the gripping tooling and of the possible
‘suspension system and molorizatin are tghty fastened

"Remove the condensate rom the preumatic reservoir using the specia 2p .

Cleaning of the silencers (f the manipulator working environmen i dusty, senvicing intervals
shouid be shorter)

Check the brake system .

‘Garry outa general check of the fitings and hose, checking that the connoctons are fastened .
tightly and that there s no airloss

Check the suction cups g
Checkthe baoster .

‘After a period of inactivity of the Manipulator, before using it, carry out the check of the safety devices.
In case of replacement of spare parts important for health and safety itis necessary to use Dalmec origi
‘spares. For the part specifications refer to the list o the pneumatic components (see par. 9.2).
When ordering spare parts, please refer always to the Manipulator serial number.

Should replacement prove difficult, please call Dalmec Maintenance Service or Dalmec authorized
technicians.
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[Process or Equipment Changing Budget /£ Committed  [REMAINING  PCR's Pos [comments.
00014662 £336,551.08 required for control system.

£22,552.56 required for Desoutter controller
pLC £ 364,171 359,104 £5,068100014721

modification to enable profinet

100020196

£2,171.49 re-balance profinet modules
PBS AGV Repogramming £ - £0) £10,000 reallocated - PLC
PBS Modifications £ - £0) £50,000 reallocated - PLC
Tub Trolley x15 £ 76,158 76,158| £0) a43584[51538184  [1/30f PCR
Front End Trolley x15 £ 76,158 76,158| £0) a43584[51538184  [1/30f PCR
Rear Structure Trolley x15 £ 76,158 76,158| £0) a43584[51538184  [1/30f PCR
Additional Build & Panel trolleys for UPW £ - 76,039] “£76,039] __ 100011397[500007766__|Additional trolleys to support increased UPW & WIP.
Trim 1 interlocks & controls £ - £0) £70,000 reallocated - PLC
Door Assistor £ 100,000 94,020 £5,980 441184(51538320  [split Specific lines from PCR
Clam Assistor Ie - 0| 50000 - reallocated to build trollies
Cake Stand £ 5,000 £5,000
Pantograph - tub transfer £ 10,000 £10,000)
Powertrain Structure Lifters £ - 74,597] “£74,507] __ 100011507|500007767 _|Powertrain Structure Lifters
Front Structure Lifter £ - £0)

¥ a
Bodyside Assistor x2 £ 56,480 13,500) £42,980) arngalsisagazy  |FA%0 tansferredto 1P Assistor
odyside Assistorx: 3 & & Remainder of Dalmec costs (design, install, standby

Build Log & label printer £ - £0)
Golderest Gun £ - £0)
Door trolley LH x15 £ 30,000 49,89 19,804 246578]51540810 __|£19,894 Reallocated to from Bodyside Fit Assistors
Door Trolley RH x15. £ 30,000 29,894 ~£19,894] 246578|51540810 __|£19,894 Reallocated to from Bodyside Fit Assistors
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Group Framework Policies

ASTON MARTIN LAGONDA GLOBAL HOLDINGS PLC.

HEALTH AND SAFETY POLICY

PoLICYTITLE: HEALTHANDSAFETY POLICY
EFFECTIVE DATE: FEBRUARY 2024

LAST REVIEWED: FEBRUARY 2024

POLICY OWNER ‘SENIOR MANAGER, HEALTH AND SAFETY
ISSUENO: Version2

REVIEW DATE: FEBRUARY 2025

ECPOLICYSPONSOR CHIEF INDUSTRIAL OFFICER

1. INTRODUCTION

‘The safety and wellbeing of its employees s of fundamental importance to Aston Martin, and the
Company is committed to providing a safe and healthy environment for its employees, customers,
suppliers, and any other person who works on or otherwise visits our facilities worldwide. This
Health and Safety Policy (“Policy") sets out how we intend to meet those commitments and the
responsibilities of individuals to also protect themselves and others.

“This Policy applies to Aston Martin Lagonda Global Holdings plc, together withits affiliates and
subsidiaries (“the Company”).
2. PURPOSE AND SCOPE

‘The purpose of this Policy is to:

« setoutthe Company’s commitments and the scope of the health and safety management
arrangements at the Company; and
« setoutthe responsibilities of those working for the Company in observing and upholding our
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position on management of health and safety.

3. WHONEEDS TO COMPLY WITH THIS POLICY?

“This Policy applies to all officers and employees of the Company (whether permanent or fixed
term) based in any country and extends to consultants, contractors, agency staff, casual workers,
agents or any other person working for the Company, or any of its subsidiaries, wherever located
(C'staff’).

4. GENERAL PRINCIPLES
41 Company Commitments

‘The Company manages its business in a way that is designed to ensure maintenance of the
highest standards of health and safety which are reasonably achievable throughout our
operations. A safe, healthy, and well-planned business environment is important to the long-
term sustainable growth of our business. As such we recognise and support the collective and
individual roles played by each employee in providing health and safety leadership within
their areas of responsibility. We encourage a strong safety culture and continuous
improvementin matters of health and safety.

‘The Company’s senior leadership team endorses and supports this Policy and is committed to
fulfilling legal and other requirements and working towards best practice throughout its
‘operations, adopting as a minimun the standards mandated by UK legislation for our UK sites
and operations. For our sites and operations outside the UK, we comply with local legislative
requirements as a minimum and, where operationally practicable, UK standards where these
are higher.

‘The Company expects anyone working for, or with the Company, to maintain the highest
health and safety standards for themselves and others and adhere to any instruction or policy
provided.

42 Workplace Conditions

‘The Company is committed to the provision of safe and healthy working conditions for the
prevention of workrelated injury, or occupational disease and to ensure employee wellbeing.
‘The Company has developed appropriate policies and safe systems of work and appropriate
procedures and organisational structures are in place to implement these arrangements,
detailed in the health and safety management system.

‘The Company recognises that employees and visitors are also expected to work safely and to
exercise a duty of care regarding their own health and safety and that of other persons who
‘may be affected by their activities whilst at work. The Company will provide a safe means of
access and egress to and from the place of work and ensure that the necessary measures for
evacuation, fire safety inspections and arrangements for first aid are in place and maintained.

43 Health and wellbeing

‘The Company believes in providing an environment where people can bring their best selves
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UNCONTROLLED WHEN PRINTED

== FIRST LINE MAINTENANCE INSTRUCTION SHEET

DESCRIPTION:

ISSUE DATE. REF No. AREA/ STN No:

DOOR ASSISTOR LH & RH

15/10/2024 3000 & 3050 MA1 - 3000

KEY POINTS:

Check for dirt and debris - If identified then report to LT.

Check for cuts or damage to protective pad — If identified then report to LT.

KEY POINTS:

Check for dirt and debris - If identified then report to LT.

Check for cuts or breaks in the rubber - If identified then report to LT.

+ FLM SPECIFIC PPE REQUIRED:

SPECIAL EQUIPMENT/TOOLING REQUIRED:
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MAINTENANCE INSTRUCTION SHEET

DESCRIPTION:

ISSUE DATE. REF No. AREA/ STN No:

DOOR TROLLEY LH & RH

15/10/2024 3500 MA1 - 3500

KEY POINTS:

Check for dirt and debris - If identified then report to LT.

@  Check for cuts or damage to felt material on location blocks — If identified then
report to LT.
KEY POINTS:

Check operation of door striker clamp - If locks or over clamping is insufficient
then report to LT.

@  Check operation of door hinge clamp - If locks or over clamping is insufficient then
report to LT.

SPECIAL EQUIPMENT/TOOLING REQUIRED:

NO TASK OUTSIDE THESE INSTRUCTIONS SHOULD BE ATTEMPTED.
IF ANY NOK CONDITION FOUND ALERT GL or LT IMMEDIATELY
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