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[bookmark: _Toc186068461][bookmark: _Toc194695500]Introduction
This report tackles a challenge faced by an automotive equipment manufacturer during the anodisation process of aluminium parts. During the anodisation process the aluminium part is lowered into a tank which is 25°C and 30% sulfuric acid to achieve an aesthetic look to the part as well as provide protection against degradation. The issue arises when the tanks are not in use, when out of use the tanks must be covered for safety reasons, however the current lids to the tanks require two people to lift on or off and the staff have complained they find it hard to place correctly on. In addition to this the health and safety officer has raised concerns over the operation calling it a major risk to staff. The design brief has said they want a solution to be designed which can be operated by a single member of staff all while the dimensions and material of the tanks themselves remain the same. This solution must be efficient but also retain the clearance for the lowering of aluminium parts into the anodisation tank.
This report will go over the process of research, sketching and manufacturing to tackle this problem.
[bookmark: _Toc2037483034][bookmark: _Toc194695501]Interpretation of client brief
The client has mentioned the difficulty and danger to staff of manually handling such a large and heavy lid as being the driving reasons for changing the method of lid replacement. This new solution must be safer and capable of being done by a single person.
The main areas of focus for this redesign are:

1) Compatibility with the existing tanks

2) Safety of staff operating it

3) Operational by a single person

4) Access to the tank from above is unimpeded 

5) Low-cost solution








[bookmark: _Toc1399908867][bookmark: _Toc194695502]Key legislation
When designing a safer and more efficient solution for handling the lid there are several pieces of key legislation which must be adhered to. These regulations aim to limit the risks associated with the manual labour as well as the chemical exposure which come with the job of lifting the lid onto the anodisation tanks.

[bookmark: _Toc1489517400][bookmark: _Toc194695503]The Health and Safety at Work Act 1974 (HSWA)
The Health and Safety at Work Act 1974 is the main piece of legislation which governs health and safety in UK workplaces. It requires UK employers to adhere to strict rules to ensure the safety of both employees as well as members of the public. In this scenario the HWSA mandates the employer to eliminate risks associated with the manual handling of the heavy tank lids. To adhere to this key legislation the lid redesign must ensure the process will still be safe despite only now having one operator as well as improving on the functional design.

[bookmark: _Toc56775698][bookmark: _Toc194695504]The Manual Handling Operations Regulations 1992 (MHOR)
The Manual Handling Operations Regulations 1992 confronts the risks of manual handling of heavy objects in the workplace. Where dangerous manual handling cannot be avoided the regulations state that employers should try to automate or mechanise the process (MHOR, 1992). Thus, if a solution cannot be found which would drastically reduce the weight needing to be lifted by employees, a mechanical or automated system will need to be implemented.

[bookmark: _Toc993966][bookmark: _Toc194695505]Control of Substances Hazardous to Health Regulations 2002 (COSHH)
Control of Substances Hazardous to Health Regulations 2002 are regulations which set out both the employers and employee's responsibilities to keep the employees and others safe from hazardous substances such as chemicals. In relation to this task COSHH a paraphrased quote reads “Where it is not reasonably practical to prevent exposure to substances, the employer shall ensure that the exposure is adequately controlled. Ensuring that appropriate control measures are in place to prevent risk of injury or ill-health, and that the process, system, or equipment used is suitable for the task, considering the health and safety of employees during normal operation and when maintenance, repairs, or adjustments are being made.” (COSHH, 2002). 








[bookmark: _Toc80325795][bookmark: _Toc194695506]Specifications
There are several specifications the client has mandated as features of any solution to be implemented:
[bookmark: _Toc194695507]Compatibility with the existing tanks: 
The client has said that the company operates a number of these tanks in the low hundreds so changing the tank itself is not a reasonable solution due to costs.

[bookmark: _Toc194695508]Safety:
The company's health and safety officer has stated the current process is a “Major risk to staff.”. This new solution must be safer than the previous one by lessening the physical strain on the operators as well as the risk of dropping such a weight on themselves.

[bookmark: _Toc194695509]Operational by a single person:
The new solution must be operatable by a single person; this will free up an extra employee to tackle other tasks when they otherwise would have had to aid in the lifting of the lids.

[bookmark: _Toc194695510]Access to the tank: 
There must be clearance above the tank so the aluminium parts can be lowered in and the anodisation process can continue unimpeded.

[bookmark: _Toc194695511]Cost: 
The solution must be cost efficient as the number of modified/new lids will be in the low hundreds spread across several of the automotive companies' locations without compromising on safety of functionality.










[bookmark: _Toc1528595885][bookmark: _Toc194695512]Time plan
Below is Gant chart which lays out the time frame for this project from initial research to final customer feedback:
[image: ]
Table 1 - Timeline Gant Chart


















[bookmark: _Toc778392088][bookmark: _Toc194695513]Research
[bookmark: _Toc1731044884][bookmark: _Toc194695514]Materials
The current lid is made from stainless steel, which is likely a high-grade stainless-steel as it must have a higher degradation resistance at 25°C and 30% sulfuric acid concentration. This can be proved using a piece of software called Granta Edupack which allows the input of multiple physical properties of a material, only showing those which possess all the characteristics desired.  
	Filter
	Freshwater durability
	Sulfuric acid durability (10%)
	Sulfuric acid durability (70%)
	Industrial atmosphere durability
	Flammability
	Tolerance up to 150°C

	Score
	Excellent
	Acceptable
	Limited use
	Excellent
	Non flammable
	Excellent


Table 2 – Granta Edupack Filters
The results of these filters were then plotted on a graph of Price per Kg against sulfuric acid 10% score leaving just two materials: 

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Table 3 – Granta Edupack Results
Seeing as stainless steel performs just as well as pure titanium in the metric whist being significantly cheaper and being the material the lids are already made of; this will be the material the solution will use.

[bookmark: _Toc416701801][bookmark: _Toc194695515]Lifting weight
Max safe lifting weight for men is 25kg and for women its 16kg (H&S, 2025) so the weight the employees must lift should preferably be below 16kg so the job can be done by both male and female employees. This will also significantly improve the risks of that much physical strain on the employees.

[bookmark: _Toc1324733435][bookmark: _Toc194695516]Current health and safety
The current lid mass is calculated using its dimensions and different densities of stainless-steel. At 7500kg/m^3 the lid has a mass of 70.83kg and at 8000kg/m^3 the box has a mass of 75.55kg (thyssenkrupp, 2025). Taking the lightest result and splitting it between 2 employees still leads each to lift over 35kg each which is way above the previously mentioned safe lifting weight for both men and women.

[bookmark: _Toc1405590009][bookmark: _Toc194695517]Costs
The solution to this issue should be cost effective but it cannot compromise employee safety over saving money in any way. Assuming the average salary for a design engineer is £20.99/hour (indeed, 2025) and that they were needed on hand for 8 hours a day for 12 weeks of the planned 16 from start to finish of the project, the cost of the research and design for the project would be around £10,075. This is a cost which is fixed no matter what design is used, I believe a preliminary total budget of £40,000 would be appropriate, which is a manufacturing budget of about £250 per lid given the number of lids is in the low hundreds.



















[bookmark: _Toc161873218][bookmark: _Toc194695518]Sketches

[bookmark: _Toc500211726][bookmark: _Toc194695519]Idea 1 – Smaller pieces
[image: ]
Figure 1 – Sketch of idea 1
Using a lighter material such as polyethylene divide the original dimensions into 3. 
Pros: 
Will make it lighter to lift and easier to manuver into place. Cheap replacment.
Cons: 
Quite big to opperate by singleperson. Smaller lid pieces may fall in. May not have enough structural integrety to pass health and saftey tests.











[bookmark: _Toc1774663346][bookmark: _Toc194695520]Idea 2 – Sliding on rails
[image: ] Side View
Figure 2 – Sketch of idea 2 from side
[image: ] Top View
Figure 3 – Sketch of idea 2 from top
Add railings to the side of each box. This way you dont really need to massively modify the lid, you just need to cut the side lips off both sides and reattach one lip to the actual box opposite the railings so it ant fall off that side.
Pros: 
Reuses lid, cheap and quick solution
Cons: 
Takes up a lot of space next to each box. Still quite a heavy weight to pull even across wheels.

[bookmark: _Toc1229761261][bookmark: _Toc194695521]Idea 3 – mechanical lift
[image: ]
Figure 4 – Sketch of idea 3
Instead of completely rengineering the lid, weld on U-bolts to each corner and design a crane which can utilise pulley mechanical advantage so the operator has to lift significantly less weight.
Pros: 
Only need small modifications to each lid. Only then need 1 crane per factory. Crane can be repurposed for other jobs throught the day.
Cons:
Complicated solution. Could be dangerous if goes wrong. May be difficult to manuver.







[bookmark: _Toc1636455828][bookmark: _Toc194695522]CAD model of final design
[bookmark: _Toc194695523]Crane
Side View   Figure 5 – Side view of crane
[image: ] [image: ] Front View   Figure 6 – Front view of crane
Top View
[image: ] 
Figure 7 – Top view of crane
Dynamic View
[image: ] 
Figure 8 – Dynamic view of crane



[bookmark: _Toc194695524]Lid
Side
[image: ]
Figure 9 – Side view of lid
Front
[image: ]Figure 10 – Front view of lid
Top
[image: ]Figure 11 – Top view of lid









[bookmark: _Toc194695525]Tank support block
Side
[image: ]
Figure 12 – Side view of support block
Front
[image: ]
Figure 13 – Front view of support block
Top
[image: ]
Figure 14 – Top view of support block




[bookmark: _Toc194695526]Assembly
Side
[image: ]
Figure 15 – Side view of assembly
Front
[image: ]
Figure 16 – Front view of  assembly


Back
[image: ]
Figure 17 – Back view of assembly
Top
[image: ]
Figure 18 – Top view of assembly

Dynamic
[image: ]
Figure 19 – Dynamic view of assembly
Final render
[image: ]
Figure 20 – Final render of assembly

[bookmark: _Toc416181901][bookmark: _Toc194695527]Technical drawings
[bookmark: _Toc194695528]Tank block
[image: ]
Figure 21 – Technical drawing of support block








[bookmark: _Toc194695529]Crane frame and base
[image: ]
Figure 22 – Technical drawing of crane frame

[bookmark: _Toc194695530]Pulley housing 
[image: ]
Figure 23 – Technical drawing of pulley housing
[bookmark: _Toc2130864653][bookmark: _Toc194695531]Manufacturing
[bookmark: _Toc194695532]Process
The manufacturing process for the crane will be split between buying premade components and manufacturing them in-house. At each stage the components will undergo vigorous quality control steps to ensure their safety.
First the Frame components will need to be fabricated from stainless steel due to its strength and corrosion resistance to sulfuric acid. CNC machines will be used precisely cut the frame components within tolerance before being welded together to assemble into the core structure. The concrete blocks for under the tanks will be poured into moulds and then placed once solidified.
The block and tackle can either be bought from a company or manufactured piece by piece, using CNC or waterjet cutting machines just as the rear pulley wheel. If manufactured in-house it will all be made of stainless steel with either stainless steel cables or high strength ropes with a protective coating applied.
The counterbalance block will be ordered at a mass of 250kg to ensure the crane wont tip forwards when lifting the lid. Carabiners will be bought to attach the lids securely. The crane will be fitted with a wheel in each corner with inbuilt brakes.
After each crane has been assembled it will undergo testing to ensure it meets safety standards as well as the required load capacity before finally being delivered to the customer.
[bookmark: _Toc194695533]Costs 
As the brief states our facility has dozens of lids so assuming 24 in the factory the total cost for our factory should come to £1845.23 or a cost of £76.88 per lid.
[bookmark: _Toc194695534]Block and tackle
1 x £33.01 - https://www.amazon.co.uk/SALIFTFE-Tackle-Pulley-Upgraded-4-Wheel
[bookmark: _Toc194695535]Carabiner clips
2 x £9.99 - https://www.amazon.co.uk/Brotree-Carabiner-Locking-Hammock-Camping
[bookmark: _Toc194695536]Castor wheels
1 x £14.99 -  https://www.amazon.co.uk/Castor-Castors-Casters-Furniture-Trolley
[bookmark: _Toc194695537]Pulley block
1 x £14.99 - https://www.gsproducts.co.uk/steel-gym-pulley/
[bookmark: _Toc194695538]U-ring hooks
1 x £11.99 - https://www.amazon.co.uk/Stainless-Loop-U-Shaped-Sail-Hardware-Ceiling-Suspension
[bookmark: _Toc194695539]Counterweight
Assuming lead density is 11340kg/m^3 (KDM Fabrication, 2025) 0.2m x 0.7m x 0.16m x 11340 = 254kg which would be £254 (Greengate Metals, 2025).

[bookmark: _Toc194695540]Stainless steel frame
The frame uses 107kg of stainless-steel. Which at £ 3/kg (Kalp industries, 2025) will come to about £321. Which will need to be machined using a CNC machine. Assuming the rate in the UK is £30 an hour (Get it made, 2025) it shouldn't take more than 6 hours per frame leading to a CNC cost of £180 per crane. To assemble the crane as well will take a few hours, assuming 5 hours per crane the welding of the frame and assembly should come to £85.90 (Indeed, 2025).
[bookmark: _Toc194695541]Concrete blocks
Concrete can just be bought and poured into wooden moulds on site. Each box needs 0.22m^3, and at £150 per m^3 (Check a Trade, 2025) that comes to a cost of £26.40.

























[bookmark: _Toc883936476][bookmark: _Toc194695542]Conclusion and justifications
The crane solution incorporates all the required design specifications and more. It improves upon safety, practicality, ergonomics, time efficiency and versatile usage.
One of the primary reasons I chose this design was the 8:1 mechanical advantage it gives using a block and tackle with 4 pulleys in each. This significantly reduces the physical strain required to lift each lid allowing just a single operator to remove/replace lids. By reducing the lifting force required the crane also minimises the risk operators are exposed to from manually handling heavy loads.
The crane will also be mounted on locking wheels so the crane can be maneuverer from picking up the lid to dropping it onto the tank safely. This also means only one crane is required per factory as one crane can move next to each box and put its lid back on increasing efficiency. The wheels also allow the crane to be positioned precisely under the tank making it easier for the lid to be dropped on in precisely the right place each time. Being manoeuvrable also means the crane can be repurposed for other jobs when not being used for the lids to lift heavy loads.
The lid will have U-bolts welded on, one on each corner, for the crane to attach onto. The crane will use carabiners attached to rope to join the lower part of the block and tackle to the lid. This ensures quick and efficient attachment and detachment while also being easy to replace individually if they show signs of wear and tear.
The crane will have a 250kg counterbalance at the rear to prevent the crane from tipping over. This should be enough as the lid exerts a force of 741N at 1.11m from the pivot and the counterbalance will exert a force of 2453N at 0.5m from the pivot which is a net force of 406N turning back towards the counterbalance. Which will be enough to counter the weight of the crane arm however, to ensure no jolts will tip it, whilst hoisting and lowering the lid the member of staff must stand on the back of the crane.
The tanks will also be permanently lifted onto short concrete blocks which with a narrow channel in between which will allow the lower deck of the crane to narrowly pass through until it reaches the mast of the crane at which point the lid should drop directly on without issue. This optimises the space available while also enhancing rate at which lids can be replaced.
These design elements address every one of the clients' issues and more, making lifting each lid more ergonomic, efficient and safer than before.
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