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Chapter 1 – Introduction

Efficiency is critical in large scale production. It is the role of designers to create the most effective method for completing a task, no matter how simple or complex. Unfortunately, not everything is achieved on the first iteration of design, there may have been an oversight from the original design that wasn’t addressed during development, so tweaks and changes can be expected during a product or components lifespan. 

This report will act as a representation of the design process typically undergone by designers working with manufacturers to create a solution to an existing problem. It will cover everything from initial planning of the design, looking at what the design needs to achieve through the use of a brief and specification, to a full rendered Computer Aided Design (CAD) drawing and accompanying orthographic drawing. There will be three different design concepts initially produced with one of them being used as a final design with any tweaks made at the request of the customer.

Chapter 2 - Criteria

2.1 Design Brief
An original equipment manufacturer (OEM) is looking for a more efficient way of removing a steel cover from a tank that can also reduce the number of people required to operate the cover to one. Figure 1 shows the anodization tank and cover already in use by the OEM. 
There are multiple tanks at each production facility so there is the possibility for a modular design. The cost of manufacture should be kept relatively low as total volumes for production is expected to be low hundreds. As these tanks are part of an automotive mass production assembly line, efficiency and reliability is another important aspect to take into consideration.
There have been multiple complaints from staff at various locations regarding the safety of moving the covers by hand using the small handles at either end. Health and safety officers have also highlighted this as a major risk to those operating it. Therefore, the time window in which a suitable solution can be implemented is of significant importance as the current method could cause injury.
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Figure 1: Original tank and cover design including dimensions and features









2.2 Design Specification
	AESTHETICS
	Aesthetics are not really a primary concern given that the tank will be used on a mass production manufacturing scale and be under near constant operation so any time taken out of improving functionality to work on appearance would benefit neither parties.

	COST
	As the number of changes allowed to be made to existing features is very minimal, the financial cost will be primarily spent on design development and prototyping, with the real cost being time. Ideally, the new system should be operational in no more than 5 months. A reasonable target would no more than £800 a unit with a research budget of £10,000.

	CUSTOMER
	The customer is an automotive OEM that has multiple manufacturing sites. In total, the customer would be expecting at a minimum a few hundred units, but higher volumes could be expected if other OEMs decide to adopt the design as well.

	ENVIRONMENT
	Much like aesthetics, the environmental impact isn’t the biggest concern with this. Regarding the environment the lid will be in, the tank contains a solution of sulfuric acid which is highly corrosive.

	SIZE
	The tank and cover must retain the same dimensions but the external room for any mechanisms is unlimited, within reason. There should be some considerations to keep any design compact as this will be used as part of a production line which includes dozens of these tanks. There is also the limitation of the size of the facility and any other system already in place for other parts of the production line. There is a forced height restriction as parts to be anodized are lowered from above.

	SAFETY
	Without handles the cover weighs approximately 74kg, so safety of the workers is important as the weight makes this a possible hazard. Any design needs to consider the weight of the lid as well as the safety of any workers operating the tank or in the surrounding area.

	FUNCTION
	The original method of moving the cover requires two people to lift it up using the handles at either end. The main goal of the redesign is for the lid to be removed and refitted by a sole worker, due to its weight and size, some sort of mechanical assistance system would need to be put in place.

	MATERIAL
	The original cover is made of 5mm stainless steel and must be kept as such. But anything used in creating mechanisms or additions to the over can be made from whatever. There should be focuses on strength and weight of the materials as they will be in near constant operation for the design’s lifespan.

	TIMEFRAME
	Ideally, the new system should be operational in no more than 5 months. Most of this time should be in development and testing. There is nothing explicitly stating that the solution needs to be a universal rollout day 1, it could be implemented site by site which would slightly increase the overall timeframe but allow for fine tuning or adjustments to be made to later installations.





2.3 Legislation Considerations
There can be multiple hazards when working on a production line, especially with one that may feature a lot of automation such as one use to produce vehicles, including companies such as our OEM client. Governments and industry standards have implemented strict guidelines and rules for manufacturers to follow, below are a couple of examples of the most common legislations in place in a production line setting:

2.3.1 Health and Safety at Work Act 1974
The main goal of this act created in ’74 was to ensure companies and manufacturing facilities provided workers with adequate equipment and training as well as a safe working environment. Risk assessments are another important part of maintaining a safe working environment; with any designs produced, it is important to take any possible risks into consideration and try to minimize both the number of possible risks and the severity of them as much as possible. 
“It shall be the duty of any person who undertakes the design or manufacture of any article for use at work to carry out or arrange for the carrying out of any necessary research with a view to the discovery and, so far as is reasonably practicable, the elimination or minimisation of any risks to health or safety to which the design or article may give rise.” (UK Government, 1980)

2.3.2 Manual Handling Operations Regulations 1992
This regulation goes hand in hand with the Health & Safety Work Act, focusing on ensuring employers carry out appropriate measures and training to protect workers from injuries caused by moving heavy loads. There is a section on the use of lifting aids to reduce risks to employees. This regulation is very relevant to this project as any designs may include machinery to provide mechanical assistance to workers.  
“Each employer shall, so far as is reasonably practicable, avoid the need for his employees to undertake any manual handling operations at work which involve a risk of their being injured; or where it is not reasonably practicable to avoid the need for his employees to undertake any manual handling operations at work which involve a risk of their being injured.” (HSE, 2016)


Chapter 3 - Research

3.1 Existing Solutions 
The best designs are ones already in use, they would have undergone the same research and development as this report will be carrying out. So, looking at what the client’s competitors use could reduce a lot of development time as the project would not be starting from square one. Volkswagen (VW) and Ford have both revolutionised Automotive manufacturing in multiple ways throughout history, making them suitable companies to research into to understand how they have solved the issued faced here. However, like all OEMs, Ford and VW keep a lot of their manufacturing processes under wraps, making it very difficult to research what systems they use. Large scale anodization performed on industrial production lines most commonly use hydraulic or pneumatic actuators to lift or remove tank lids.

3.2 About the Designs
Each design concept will take inspiration from somewhere in the construction or distribution sectors as they prioritise efficiency and reliability. Each design will get a small blurb on where the inspiration has come from.
 Forklifts and telehandlers are commonplace in warehouses and distribution facilities as they are a simple and reliable way of moving heavy loads. The forks all have standard sizes and are adjustable in height, angle and separation of all the ideas, this would most likely be the cheapest and simplest, with forklifts starting at around £12,000 a unit (Conger Industries Inc. - Wisconsin’s Material Handling Experts, 2024). The only issue with this is the requirement to be forklift certified in order to operate the machinery as stated under the 1974 H&S Work act (get-liscenced.co.uk, n.d.).
Thinking outside the important as a design engineer, and that can mean taking inspiration from unusual areas. The idea to use Hydraulic rams with rotational joints has come from a videogame of all places. Poly Bridge is a game designed to “test your engineering and problem-solving skills” (Dry Cactus, 2023) through the use of complex level designs which can require intricate solutions to solve a problem. There are two types of hydraulic rams, simple and telescopic. Whilst telescopic rams offer considerably longer extension as a percentage of original length, they are a lot more expensive, complex and require more frequent and thorough maintenance due to the higher number of moving elements (DHF, 2025). 
Shipping ports are some of the busiest work environments around, with cargo constantly coming in and out in incredible volumes	large overhead cranes fitted with powerful electromagnets are used to pick up and move shipping containers which can weigh upwards of 24,000kg in the case for 20-foot containers (Parsons Containers LTD, n.d.). The cranes operate on rail systems, allowing for multi-directional movement. Due to their size, they operate on a single, linear rail on the ground, allowing them to move forwards and backwards, with another rail at the top perpendicular for lateral movements (DGCRANE, 2024). Due to the smaller scale, the design for this project will be entirely ceiling mounted, bar any supporting structures, to maximize floor space.

Chapter 4 – Initial Ideas

4.1 – Fork Tunnels
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4.2 – Hydraulic Rams
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4.3 – Crane Hoist
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Chapter 5 - Final Design

5.1 CAD Model

5.1.1 Lid Closed
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5.2.2 Lid Open
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5.2 Technical Drawing
5.2.1 Individual Components
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5.2.2 Assemblies 
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5.3 Manufacturing Process

A good portion of the components in the mechanism are preexisting items or fixings to minimise the amount of ‘manufacturing’ required to produce this. 

The hydraulics used are commercially available and are part of a collection of various sizes. The ones used in this design are double acting cylinder 1000mm stroke rams (Hydraulics Megastore, 2025) but one of the companies slightly shorter hydraulics could be suitable, and slightly cheaper.
The I-beams used to support the lid in the open position are standard dimensions (grade BSEN10025-2 S355J00) ad are very cost effective to buy in bulk. I-beams offer high strength in multiple directions, and their flat sides allow for objects, such as the tank lid in this case, to slide smoothly over the top. Obviously, these beams would need the be supported, whether that be through brackets, support pillar/columns or a mix of both is up to the client.
All fixings (both to the floor and joints) are compliant with BSI standards, but brackets would most likely have to be custom.

The large triangular arm and brace attached to the lid would both need to be custom fabricated, increasing the cost per unit. As these components are considerably basic shapes, they could be plasma or waterjet cut out of aluminium. If the parts are too thick for this, a CNC mill would be a good, but much more expensive alternative.

5.4 About the Drawing & Justification

The best way to maximise human safety is to remove the humans entirely. By having a fully standalone system, it completely mitigates any hazards to employees - providing they stand clear of moving parts. 
The idea is that, at the push of a button, the hydraulics will extend, rotating the arms which pull the tank cover back, sliding along rails made of I-beams and roller bearings. To close, the hydraulics contract, pulling the rotating arms which push the lid back across the top of the tank. 

Chapter 6 – Conclusion

Whilst this is a completely functional design, and it does solve the problem issued by the client very well, it is a little bit overkill and unnecessarily complex. With each piston offering just over 44kN of force, downsizing would definitely be possible whilst still keeping the desired pushing length especially since the mechanism only uses around 60% of the pistons stroke.
Out of the three designs initially produced, the design chosen to take forward does accomplish the design brief to the fullest, but there are a couple areas where the design falls short, particularly in low manufacturing cost but also reliability as hydraulics are susceptible to a couple of issues. There is also the matter of their operating life which could be a limiting factor of the design.
Though, overall the design is completely functional and would be very safe for workers, as well as the possibility to be modular by sharing hydraulic rams between modules. These factors outweigh any minor oversights, especially considering the ‘negatives’ are that it is over engineered.
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