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[bookmark: _Toc188300261]Introduction
[bookmark: _Toc188300262]Aims
The aim of this design report is to display a final design of a solution to an engineering problem by following the product design cycle. The report will highlight the interpretation of a design brief and the correct stages of the design process. 
[bookmark: _Toc188300263]Objectives
· Interpret design brief 
· Investigate current designs 
· Research key legislation regarding specification requirements
· Produce GANTT of time plan for project
· Produce annotated sketches of multiple design choices
· Produce CAD model of final design
· Justify material choice and highlight manufacturing process for each component material
· Conclude project

[bookmark: _Toc188300264]Design Brief
The issue involves an anodising process for aluminium parts which are lowered into a stainless-steel tank. When not in use a lid is placed on top which requires two people, but the operators have complained it is difficult to manage. The lid has two handles and made from 5mm stainless steel plate with dimensions of 1770mm x 1020mm x 20mm. This suggests a 15mm x 5mm lip running around the underside for location. This puts the tank top perimeter at a maximum 1760mm x 1010mm, minus clearance for ease of lid removal. The tank is 1000mm in height with anodising fluid level at the 800mm mark. 
The design considerations are:
· The design must be safe to operate and by a single person
· The tank dimensions must remain the same, but modifications can be made.
· The lid can be modified to suit
· There must be clearance and full tank exposure to allow access for the parts.
· Volume of manufacture could be in the small hundreds





[bookmark: _Toc188300265]Research
Prior to any initial design ideas or sketches being made several factors were researched using sources such as the internet and design and material engineering books. Considerations were made for the following based on two main questions; can the existing lid be modified to meet the requirements, or would a complete renewal be required:
· The current design specifications and its limitations
· Tank lid designs and mechanisms for lid movement/removal
· Material selection and suitability for anodising process
· Density of materials 

[bookmark: _Toc188300266]Current design specifications and its limitations.
Figure 1 below shows a material comparison table used when the tank material was first considered. 
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Figure 1 – Material comparison table for consideration of original design


Due to the negative comments for polyvinylchloride, the only materials considered for the design are Polypropylene which has a density of 900 Kg/m³ (INEOS Olefins& Polymers USA, 2025); Stainless Steel 304, density 7930 Kg/m³ (Kloeckner Metals, 2021); and Aluminium 6061, density 2700 Kg/m³ (ASM Aerospace Specification Metals Inc., 2025)
The mass of the current lid and the potential alternatives using the above materials were calculated using equation 1:
Equation 1

 
 
Stainless Steel:


Polypropylene:


Aluminium 6061:


The conclusions were that if modification of the current design were in order then some form of mechanical assistance would be required to lift the stainless-steel lid. Depending on thickness, replacing the lid with polypropylene could make it possible to be lifted without aids.


[bookmark: _Toc188300267]Current tank lid designs
The internet provided design ideas for lid movement such as slide mechanisms, hoists, and hinges. The consensus was that, depending on the weight of the lid and the material selection, the designs would follow three themes considering all three materials. Whether it could be lifted using some form of hoist, or manually; pivoted using hinges and mechanical advantage such as gas struts or pneumatic cylinders; or slid out and either completely removed or folded away.
The bi-fold idea (KCH Engineered Systems, 2025)  used on large tanks was discounted due to the complexity of the moving parts and the runners that would require to be in good operation for smooth operation. Problems may also arise from contamination due to the gaps. 
[bookmark: _Toc188300268]Specification

[image: ]
Figure 2 – Functional Specification Sheet

[bookmark: _Toc188300269]Key legislation considerations
The general considerations from the relevant legislations below were that anyone manufacturing anything whether for an external company or for their own use, has a duty of care to supply machinery that does not pose a risk to anybody’s health and safety.
· Section 6(1) of the Health and Safety at Work Act 1974 (HSW Act) 
· Management of Health and Safety at Work Regulations 1999
· Supply of Machinery (Safety) Regulations
· The Provision and Use of Work Equipment Regulations (PUWER).




[bookmark: _Toc188300270]Product Development
[bookmark: _Toc188300271]Project Plan and GANTT
[image: ]
Figure 3 – GANTT Chart
[bookmark: _Toc188300272]Design Ideas
[bookmark: _Toc188300273]Design Idea 1 – Hinged lid with gas struts
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Figure 4 – Hinged Lid With Gas Strut Assist
This uses the existing stainless-steel lid and modifications to the tank of some brackets for the gas struts and hinges attached to the back of the lid.
Pros 
· Cheap to manufacture as utilising existing parts.
· The lid stays attached to the tank and so not misplaced or contaminated from floor debris.
· Gas struts reduce the force required to lift the lid

Cons
· Lid may get hit during anodising process


[bookmark: _Toc188300274]Design Idea 2- Slide and fold
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Figure 5 – Slide and Fold Design
Two side slide rails bolted to either side of the tank and a polypropylene lid slides back to expose the tank and swivels vertically keeping it off the floor and neatly stored. Handles attached for pulling the lid and for lowering and raising once back.
 Pros
· Straightforward design 
· Lightweight lid due to using polypropylene
· Safe to operate
· Only drilling required for assembly process

Cons
· Cost of replacing entire lid although PP is inexpensive



[bookmark: _Toc188300275]Design Idea 3 – Manual hoist
[image: A notebook with writing on it

Description automatically generated]
Figure 6 – Manual Hoist
This involves a shaft, and bearings mounted to the side of the tank with a hinge mechanism on top that a lever cradles. On one end of the lever is a short wire rope and hook that lifts the lid using a lifting eye attached to the centre. The operator attaches the hook and pushes the lever down. Once the lid is lifted the lever swings around to expose the tank.
Pros
· Straightforward operation

Cons
· Expensive to manufacture due to number of parts and processes required
· Control of lowering could be an issue
· May be awkward to operate hoist/swivel and replace lid.
· Lid would need a platform or such to be lowered onto
· Could not use existing SS lid due to weight. 





[bookmark: _Toc188300276]Design Idea 4 – Counterbalance Weight
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Figure 7 – Counterbalance Weights
Two straps of steel attached to a hinged lid and weighted blocks attached to the ends. The blocks would be overhanging by a specific distance reducing torque force on the pivot and the subsequent force required to lift the lid. 
Pros
· Straightforward design 
· Utilisation of existing lid
· Cheap 

Cons 
· Limited control of lid once weights take preference over lid weight.
· Damage to tank sides from weighted blocks.
· Parts stick out from side of tank and could cause injury.
· Finger trap points when lowering lid onto tank.

[bookmark: _Toc188300277]Design Idea 5 – Trolley Hoist
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Figure 8 – Trolley Pivot Hoist
Like the fixed hoist idea except on wheels and pulled back away from the tank once lifted. Pivots at the wheel and a floor stopper sits in front to prevent tipping.
Pros  
· Versatility
· Cheap if being used across site on multiple tanks

Cons
· Expensive to manufacture one trolley but negated if cost spread over multiple tanks and only one used.
· Stability – Could be awkward to manoeuvre and unpredictable with the weight on the end.
· Storage. Could be a problem finding it if not properly stowed away after use
· Sharing across site could be problematic.
[bookmark: _Toc188300278]Design Idea 6 – Split PP Sheet 
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Figure 9 – Split Lid
An uncomplicated design of 2 sheets of polypropylene each with 2 handles for lifting. Location on the tank would be with the use of location brackets or have the underside machined to form a lip to locate around the tank.
Pros
· Simple to manufacture
· Simple to operate
· Cheap materials

Cons
· Lifting considerations for weight / thickness of sheet
· Storage of lids once removed
· Contamination if lids not located properly





[bookmark: _Toc188300279]Evaluation
Both hoist ideas, the counterbalance idea, and design 6 were removed for consideration based on the cons versus the pros. 
To fully understand the mechanics and requirements involved for design idea 1, which on initial judgement was the preferred option, the design was modelled in CAD and calculations made for torque around the hinges and forces required to lift the lid and for gas strut requirements. Considering the weight of the existing lid this was an essential process.
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Figure 10 – Design 1 Model
After calculating the torque moments of the lid this idea was disregarded. The force required to lift the lid required significant assistance from the gas struts. Calculations showed that with 2 x 500N gas struts positioned a quarter of the lid length, it would lift with an initial force of 52N when closed and without assistance at 45 degrees. However, due to the lid needing to get to 90 degrees to allow full tank exposure, the force required to pull the lid back down was excessive for one person (around 250N) as at this point there was no assistance from lid weight. Any attempt to reduce this put extra force and momentum on the closing which meant the lift force increased but also closing with more force and momentum putting the operator at risk from striking and/or finger trap injury. 






[bookmark: _Toc188300280]Final chosen design
Design idea 2 is the final chosen design due to its feasibility in accessing the materials and parts and in its simplistic design. It may not be as cheap as design 6 but not the most expensive and far more practical in terms of efficiency. Polypropylene is also a very easily recyclable material and can be reliably sourced from reputable manufacturers. The design also poses the least safety risk as it requires the least amount of lifting, and the lid stowed safely when the tank is exposed.

[bookmark: _Toc188300281]CAD models of design
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Figure 11 – Tank Lid Positions
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Figure 12 – Side Slide Rails and Swivel

[bookmark: _Toc188300282]Final technical drawings
[image: A blueprint of a drawer

Description automatically generated]Figure 13 – Assembly Drawing and BOM
[image: A blueprint of a rectangular object
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[image: A blueprint of a metal beam
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[image: A blueprint of a metal beam
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[image: A blueprint of a metal handle
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[bookmark: _Toc188300283]Discussion
[bookmark: _Toc188300284]Operation
Using equation 1 and the known density value of 900 kg/m³, the lid has a mass of:





The co-efficient of friction for polypropylene over steel is 0.3μ (INEOS Olefins& Polymers USA, 2025). Therefore, the force required to pull the sheet is:
Equation 2



Therefore, the push/pull force required to move the lid is around 7.3kgf and manageable. The force required to lift the lid was calculated using turning moments (Torque) and found to be 119Nm. This equates to around 12kgf at the end of the lid, reduced to 8kgf due to the position of the swivel point closer to its centre of gravity.








[bookmark: _Toc188300285]Manufacturing Process

Polypropylene Lid
Thick polypropylene sheets are manufactured by heating pellets of PP and extruding through rollers or dies. For this projects requirement the PP sheet will be bought in the specific size requirement. The holes for the handles etc. will be drilled using a standard HSS drill bit.

Side slide Rails
Stainless steel angle iron and flat plate cut to size and welded using a TIG welding process. The slot running down the side cut using a horizontal milling machine and the holes drilled using Cobalt drill bits in a pedestal drill. 

Handles 
The handles will be bought as stainless-steel round bar and bent to shape by gentle heating and forming around a die. The end holes will be drilled using a Cobalt drill bit and tapped to the required size.
Tank
The tank will be drilled and deburred using Cobalt drill bits.


[bookmark: _Toc188300286]Material Selection
Stainless steel is strong, tough, has good corrosion resistance and partners well with the existing tank design. Polypropylene also has good corrosion resistance, good rigidity, light and has a low coefficient of friction with steel. 



[bookmark: _Toc188300287]Conclusions
The simplicity of the chosen design is its key attribute. As seen from the design ideas there are more creative design possibilities on the market and could be further automated with the use of fluid power and controls. However, the brief suggests volumes in the low hundreds so simplicity to reduce cost was one of the aims. Design 6 would have been the cheapest option but doubts concerning robustness due to the PP sheets thin section to reduce weight were a concern. The chosen design met all the design considerations from the brief and has satisfied the projects aims and objectives in solving the engineering problem.

[bookmark: _Toc188300288]Further Work
Over time the polypropylene lid may suffer from wear and sagging which may cause issues in closing as the lid may catch the tank. To resolve this, angle iron stiffening pieces could be bolted to the lid to pull the sag up. Alternatively, a small handle placed centrally at the end could be used to lift the lip over the edge. Both parts could be retrofitted to the lids in situ later if required. 
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