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The function of the system is to submerge aluminium parts within a tank in order to anodise components. The system consists of a steel walled tank, containing 30% sulphuric acid which is heated to 25ᴼC. The issue pertaining to this system is due to the cover placed on top of tank between operations. It has been stated that this cover is currently made of 5 mm thick stainless steel and consist of 2 handles on either ends to lift component. However, due to the nature and design of the cover it has been concluded that it is difficult to lift and can pose a major risk to staff involved.
The aim of this project is to design a more appropriate solution to cover the acid filled tank in order to create a safer and more efficient system for the company and employees. The constraints stated clearly demonstrate that the final design must meet dimensional requirements, in this case the tank proportions cannot be changed however can be modified if needed. The lid may be changed but must be able to have clearance above in order for aluminium components to be lowered into tank. In addition to this the company would like the cover to be operated by a single person and made safe to operate for the individual. Thus, many opportunities arise whereby alterations can be made to the lid, experimenting with numerous materials and designs to improve function of the current system. 
This report will investigate numerous mechanisms to achieve a design to suit the needs of the client. Looking into functionality and manufacturing of parts.









[bookmark: _Toc188210096]Key Legislations Consideration
There are several elements to consider when delivering a client brief including the guidelines set by engineering bodies ensuring professionals adhere to practices such as honesty and integrity, accuracy and rigour and respect for life (Engineering Council, 2020). Thus trademarks and patents would need examining thoroughly ensuring honesty and integrity are met. Additionally, knowledge of Control of Substances Hazard to Health (COSHH) would be appropriate for this brief ensuring personnel are aware of the dangers associated with chemical (Health and Safety Executive, no date c). The limits set to ensure one person operates the design would add further legislation, as the force exerted by a female for a continuous load cannot exceed 70 Newtons, whereas a force of 150N is acceptable to start and stop a load, thus these factors would have to be accounted for to ensure safe working practices (Health and Safety Executive, no date a). Lifting Operations and Lifting Equipment Regulations 1998 (LOLER), states the importance of safety when taking the load of an item. Factors such as trained personnel and deterioration of equipment is critical for safe practices. Accessories and equipment should also be considered for example chains and eyebolts, as these will all impact the strength and force imparted on the system, thus will need to be calculated accordingly (Health and Safety Executive, no date b).
Further to this it is crucial that all designs follow standards, including that of the design drawing itself. For example, the International Organisation for Standards ISO 2768 states the importance of tolerance when creating items (International Organization for Standardization, 1989)(Team MFG, no date). Another crucial standard to comply with would be the BS8888 which ensures that designs are all standardised, limiting and enhancing components created. This is especially helpful when using modelling systems or computer aided designs to ensure clear representations of components (British Standards Institution, 2020).
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[bookmark: _Toc188210093]Table 1 - Specification
	Time
	3 - 4 months for research, development, design and installation of 1 unit

	Target Market
	In house project for 1 system. Potential for additional units - further discussion required

	Function
	Lid should fully cover tank of acid whilst not in use, be easy to remove and replace between operations

	Design Constraints
	· Dimensions of tank remain unchanged 
· End design to be single person use
· Clearence above tank for parts to be lowered
· Modifications to tank can be made
· Lid can be altered

	Size
	Lid size (W x L x H)
1020mm x 1770mm x 20mm
5mm lip along edges

	Aesthetics
	Professional finish

	Durability
	· Withstand corrosion from acid below
· 5 year lifespan
· Service 3 monthly, visual checks and replacement if damaged

	Materials
	· Acid resistant
· Corrosion resistant
· Easy to clean
· Lightweight (unless not manhandled)

	Safety
	· Removal of sharp edges
· Compliance with HASAWA (Health and Safety at Work Act)
· Appropriate weight for single person-use
· All joints and fasteners torqued correctly
· Relevant paperwork of guidelines and considerations taken to meet brief
· Risk assessments carried out before and after installation

	Cost
	Target of £7000 for project and to install first unit in-situ. Additional units priced at £800.

	Environmental Issues
	· Use locally sourced materials if possible
· Non-hazardous components 
· Waste to be disposed of correctly

	Manufacture
	First product created using manual machining methods, further works would consider use of CNC and more advance machining to create greater numbers efficiently.

	Testing
	· Removal and replacement of lid in situ.
· Fatigue testing over period time, exposure to chemicals and movement
· Leak test ensuring fit is similar if not better than existing lid
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Description automatically generated]Investigating current designs aligning with the clients brief it can be seen in figure 1 that a shutter system would work well. Using a PVDF- coated PVC film of 0.021 inches, this device allows a sheet to cover tank when not in use, using rotational motion to turn gears (Dynatect Dynamic Equipment Protection, no date). 
[bookmark: _Toc188210078]Figure 1 - Sheet Cover (Dynatech Dynamic Equipment Protection, 2023)
This is a patented design, so would need further research to investigate the restricted elements. 
Following this, gears and pulleys would also work effectively to achieve clients brief, using systems such as a davit arm, with the correct dimensions to take the load of the stainless-steel lid (if material were to remain unchanged). In order to produce a design to support this a force of 723.97N would need to be achieved to overcome the density 7930kg/m3 (Solitaire Overseas, no date) and mass (73.8kg) of the lid.


[bookmark: _Toc188210079][image: 150 kg capacity Vertical Steel Pole Lifting Davit with up to 1.3 m reach - PAA-150 -1.3]Figure 2 - Davit Arm (DLH Online Lifting and Handling Specialists, no date)
In order to purchase this item above (figure 2) it would cost around £2000 for all the components seen this would allow full rotation of the mast for clearance for items to be lowered into tank. Furthermore, the crank force would require 72N (DLH Online, 2023) to reduce cable length and lift lid, which would not comply with health and safety standards for a women exerting continuous force (Health and Safety Executive, no date a). 
A hydraulics mechanism could be another viable solution to the issue, similar to that of a car boot system. This would use gas struts with correct extension and force to enable full clearance for operation (Camloc Motion Control, no date). For this system the force need by two gas struts would need to surpass 723.98N, to ensure safe working standards. For extension the length would need to be justified based on the dimension of the lid and tank. 
[image: A black metal rod with a screw

Description automatically generated with medium confidence]
[bookmark: _Toc188210080]Figure 3 - CAD Gas Strut Dimension (SUSPA, no date)
The figure above (figure 3) shows the dimensions required in order to lift 500N at an extension of 783 mm, thus if two of these were used it would be sufficient.
Possible material consideration could include the use of polypropylene used in figure 1, as this is known to have advantageous qualities in both chemical and mechanical properties. With resistance to acid and alkali materials and the high tensile strength exhibited (SSP, no date). Additionally, it’s working temperature can range from -20°C to 100°C (MGC, 2023), thus if this were implemented in the final design would work effectively as a gasket to provide extra protection from chemical exposure. The use of stainless steel is currently used as the primary materials this is due to its corrosion and temperature resistance. Stainless steel 304 is also cost effective and is used in a wide range of applications (Solitaire Overseas, no date), therefore it can be assumed that this material is sufficient to its design and is easily accessible.
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[bookmark: _Toc188210081]Figure 4 - Shutter Concept
Figure 4 demonstrates a system similar to figure 1, using gears within an end cover to rotate cover over tank. This design would look to use stainless steel as the cover to ensure tighter clearance to edge components. 
[image: A diagram of a machine

Description automatically generated]
[bookmark: _Toc188210082]Figure 5 - Pully and Gear Concept
[image: ]Figure 5 above uses a davit mechanism with the pulley attached to an eyebolt or holding at the opening of the tank. This would then be lifted using a crank force defined by limits set by The Health and Safety Executive to achieve a force no greater that 70N when in motion (Health and Safety Executive, no date a) on an individual. To compensate with the force differential gear ratios would be calculated to ensure accuracy. 
[bookmark: _Toc188210083]Figure 6 – Internal Gas Strut Concept
Follow the initial two designs figure 6 was created, a lip was added internally to hold lid plate in place as well as the addition of gas struts on either end of tank. However, after consideration this idea was determined to be unachievable as full clearance inside the tank would not be achieved for aluminium components to be lowered. Therefore, developments were made to sketch a design which included gas sturts externally as well as a casing around and handles to assist, as seen in figure 7.
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Description automatically generated]Figure 7 - External Gas Strut Concept
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[bookmark: _Toc188210085]Figure 8 - Tank Lid Technical Drawing
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[bookmark: _Toc188210087]Figure 10 - Hinge Leaf 1
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Figure 11 - Hinge Leaf 2 
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[bookmark: _Toc188210089]Figure 12 - Hinge Pin
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[bookmark: _Toc188210090]Figure 13 - CAD Model Gas Strut (SUSPA, no date)
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Description automatically generated]Figure 13 above was created externally therefore technical drawing was not required for manufacturing.
[bookmark: _Toc188210091]Figure 14 - CAD Model of Final Design- Rear View
[bookmark: _Toc188210092][image: ]Figure 15 - CAD Model of Final Design- Front View
Figures 15 and 14 show the final design created on SolidWorks with elements from all technical drawings seen above (Figures 8, 9, 10, 11 and 12).
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The final design was chosen due to its simplicity compared to the others. As seen in figures 2 and 5, numerous components are needed to create this concept, including elements to attach the shaft to the ground, creating future problems if the floor were designed in varying materials. The gears and pulleys would also need to be checked more frequently by maintenance teams, ensuring they didn’t fray or deteriorate rapidly due to the constant friction when in motion, poor design systems and lack of maintenance are the leading cause for belt drive problems (TEXROPE, 2016), adding additional failure mechanism to the system. Although there are many over engineered element to the davit proposal figure 5, the concept followed the brief and generated a system that could be operated by one individual using a hand wheel. The element of the stand added rigidity to the structure and thus creating a concept that would work effectively in-situ, however with the added elements, additional cost strains would need to be accounted for. Therefore, this design was disregarded.
The final design was influenced by the element of polypropylene (PP) seen in figure 1 (Dynatech Dynamic Equipment Protection, 2023), as the edge material. This concept was further developed for the final design to allow a lip to cover the circumference of the tank adding an extra layer of protection from the chemical used within seen in figure 9. Although this isn’t closed with additional force (torquing) this measure saw the introduction of a chemical resistance material, which can be replaced often without damage to existing design. To source PP gasket tape a manufacturing process would be advisable to ensure correct fit and dimension, this would use PP pallets and injection moulding to compress molten plastic to desired shape (Prototool, no date). If sourced online, adhesive PP tape would be used on the perimeter. Figure 4 was not used as the final concept as patented elements were present in the system.
In order to create the final design, components such as hinges and gas struts will need to be manufactured using figures 10, 11 and 12 or sourced. Additionally, 5mm steel sheets will be used to create lip edges around the tank and casing to house the hydraulics, seen in figure 9. These will be plastically deformed using force against a die or tool. It’s important to note that friction and heat transfer can play a role in deforming material as well as tooling used. A common way to deform sheet metal is bending, hemming and rolling (TEXROPE, 2016). In this instant bending would predominantly be used to create enclosure for gas strut to sit as well as the lid itself. This is produced with a die ram against a cavity producing the desired angle (TEXROPE, 2016). 

There are many manufacturing ways to create hinges, these include casting, extrusion, deformation and cutting (RMG, 2020). For this scenario, extrusion would work well to achieve a stronger and thicker hinge, using high pressure to shape to desired parameters (RMG, 2020). A suitable hinge for this design would cost around £22 (Perry, no date). These will be fillet welded to the lid and tank, using an external weld on both hinges and casing preventing the need to disrupt the integrity of the tank from the addition of bolts and fastening methods, limiting stress point and leakages to occur. 
Gas struts can be purchased online to meet requirements, (force exceeding 723.97N), these would cost around £4-5 (Sindy, no date), making the mechanical system cost effective. Pins were added externally on both tank and lid aid as seen in figures 8 and 9, to help with locating gas struts when installing, and to fix items into position. The mechanical advantage of the system would correspond with required quantities. As output force of 723.978N over input force of 150N (allowed for women to start and stop a load, (Health and Safety Executive, no date a)), would achieve a figure 4.8. The area of tube over area of piston would numerate the to same 4.84. sufficient for this system.















[bookmark: _Toc188210105]Conclusion and Further Works
The final design chosen complies with client brief, redesigning a system to allow a single person to operate and allowing clearance for aluminium parts to be lowered. With the gas struts located externally the design did not impede the function of the system, health and safety implications were also considered to ensure force did not exceed the guidelines set. With additional measures taken, introducing PP gaskets, to ensure safer working environment. BS8888 was also regarded when creating technical drawings and CAD models.
The leading material was kept the same as the corrosion resistance was sufficient for the task (Solitaire Overseas, no date), this didn’t need adapting as the force needed to lift the lid was supported with the use of gas struts. Standardised parts were used such as hinges and struts to allow ease of manufacture and cost efficiency.
To further develop design, it would be recommended to automate systems and allow pneumatic drive hydraulics, eliminating need for manual handling of tank lid.
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