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Introduction
For this assignment I am going to use the product development cycle to develop a model of an anodisation tank so that the tank can be operated by one operator rather than two to both improve the efficiency and safety of the plant. 

The system that is outlined in the client brief describes the system to be a stainless steel tank that contains 30% sulfuric acid (that is heated to 25°C). The removable lid on the stainless steel tank needs to be kept on the tank when it is not in operation and needs to be fully removed from the top of the tank when in operation as aluminium parts are hoisted into the tank from above. The lid is currently made from 5mm stainless steel and has 2 handles which two operators must lift the lid off the tank. The problem with this is that the lid is challenging to place on the tank, it is a high operational risk for staff to remove the lid, the tank needs to have clearance from above and the lid/cover of the tank needs to be removable by one operator rather than two. The tank dimensions need to stay the same, but the cover can be altered to best suit the task. 

Using the data I have created some graphs that proves the statements above:











To summarise this data above PVC would be an unsuitable material choose because PVC has the poorest degradation and decolourisation after immersion. Aluminium would then be the next material that I would find least suitable out of the two remaining choices next to stainless steel due to it withstanding below the desired acid concentration with a percentage of 10 where stainless steel has 15% and heat capacity of 20 degrees C opposed to stainless steel being 25 degrees C. Therefore, I believe the best suiting material to replace stainless steel to be polypropylene as it has similar properties to that of the stainless steel.

Some of the below highlight the key legislation considerations that we need to think about when carrying out product development such as this one:

Licensing – licensing would allow someone else to produce and use your product for a certain amount of time. This is something you would need to think about if you wanted your product to be produced by other companies. (Pivot international, 2016)

Product liability – The designer would be liable for any manufacturing defects and design defects of the product you are developing if anything was to happen to the product as a result of design defects or manufacturing defects. (Pivot international, 2016).

The Health and Safety at Work Act (1974) – This legislation states that any refurbished or modified machinery should be considered new. This means when designing a product, you need to ensure that its features conform to the Health and Safety at Work Act. (The Health and Safety Executive , n.d.)

Lifting operations and lifting equipment regulations 1998 (LOLER) –Under this regulation it needs to be ensured that any lifting equipment used is correctly serviced and maintained to comply with these regulations. (Inspection services (UK)ltd , 2020).

Provision and Use of work equipment regulations (PUWER) –Under PUWER employees must provide suitable training and maintenance of the equipment that will be used. (Machinery safety & complience services LTD, 2016). 

The below outlines the specification of the product being developed:
	Time 
	12 - 24months 

	Target Market 
	In house project for the production lines – a dozen tanks on the site. Likely to be rolled out to the companies many other sites. – likely to require volumes in the low hundreds. 

	Function
	Tank lid/ cover needs to be removable by 1 member of staff rather than 2.

There must be clearance above the tank for hoisting of parts into the tank as part of the production. 

30% sulfuric acid in the tank. 

Heated to 25 degrees Celsius.

	Design constraints 
	There must be clearance above the tank for parts to be hoisted into the tank.

It must be safe to operate.

It must be operated by 1 single person.

Tank dimensions and materials must stay the same.

The tank lid can be altered as seen fit.


	Size 
	Tank dimensions (must remain the same):
Height 1000mm
Length 1770mm
Width 1020mm 


	Aesthetics 
	Product is for a manufacturing facility therefore the need for aesthetics is low, but the tank cover/lid should look professional.

	Durability 
	The product should last as long as possible and require minimal repairs. 
May be a need to replace the lids of the tank throughout the tanks lifetime. 

	Materials
	The materials of the tank should remain the same. 

The tank lid can be altered as seen fit. 

	Safety
	The tank cover/lid should be safe for 1 person operation. 

The design should be safety features in place to prevent trapping of fingers when moving the removable cover/lid. 

Should conform to HSWA and the risk assessments carried out prior to the installation and operation. 

	Cost
	>£15000 for delivery, installation and testing of the first unit. Unit cost therefore after >£1000. 

	Environmental issues 
	Materials sourced locally. 

All waste parts should be disposed of responsibly. 

	Manufacturing 
	In the case of the first design components will be manually made to the design. 

In the future there will be need for large scale production of components for the hundreds of tanks this design will be rolled out across whereby a batch process of components will be better and more cost efficient to the company. 


	Testing 
	Equipment use testing: The tank cover/lid should be tested to ensure that the design is fit for the purpose allowing 1 person to easily remove and apply the tank cover without difficulties. 

Fatigue testing: the design should be tested over a period of time to ensure the functionality of the tank cover/lid over extended periods of time. 




For this assignment I have used the decision matrix method to justify which of my designs I have decided to proceed with:
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As you can see from the chart a redesign and change in material to the cover is the most suitable out of my designs as it scored the highest. 






Below shows a gantt chart created to show the tasks completed throughout this assignment:
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The below shows the tasks that would be added to the above gantt chart to show a time plan example for the product development of the tank cover:
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Design Concepts
1. [image: A drawing of a box

Description automatically generated]Splitting the stainless steel lid in half and adding two handles and putting the two stainless steel sheets on hinges. 

2. Changing the material to a polypropylene cover removed by a handle on tracks. – This design may be unsuitable due to the cover being nearly 2m long which could be difficult to manage as one operator. 
[image: A sketch of a box on a spiral notebook

Description automatically generated]

3. Splitting the metal cover in half with two handles on the outside of each sheet. The two cover halves have wheel on them to make the two halves of the cover to allow the sheets to be pulled/pushed easily. 
[image: A sketch of a box
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4. Change the material of the cover to polypropylene which can be manually rolled up into a canister at the end of the treatment tank. This model is inspired by chem tank covers (DYNATECH, n.d.). 
[image: A sketch of a rectangular object
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5. Change of material and the splitting of the cover in half with two handles on the outside of each sheet on runners that slide outwards. (Chosen design).
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CAD Model 
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Technical drawing (BS 8888)
[image: Image][image: Image]
[image: Image]
[image: Image]
Manufacturing processes 
The polypropylene cover will be manufactured using the extrusion process where polypropylene resin pellets are melted using an extruder, heat and pressure is applied. The melted polypropylene is then forced through a die which is designed to give the correct thickness and width of the tank cover. After leaving the die the polypropylene then enters a cooling system which then causes the melted polypropylene to solidify. To give the polypropylene the correct appearance and physical properties, the polypropylene is passed through heated rollers (calendaring). Finally, the polypropylene is accurately cut into the correct shape in this case half of the cover with a handle cut out of the plastic. (DESU, n.d.). An alternative process for this would be injection moulding however, it is more costly initially and is better suited to more complex parts. (Protolabs , 2024).

For the tank itself it would be made through a series of casting, hot rolling, cold rolling, annealing, pickling and cutting the sheets down to size for the products. The sheets to size would then be welded together to create the tank base. For the casting the steel could be sand casted into the slab before being hot rolled followed by cold rolled. 

The stainless steel runners would then be made using a casting manufacturing process such as sand casting. Sand casting could be used for this as it has a wide variety of uses. This is where the mould is made in sand, molten metal is poured into the mould cavity, the metal is allowed to cool then the mould is broken open to remove the final product. (IntechOpen, 2022). 

Conclusion and justifications 
Looking at the graphs produced from the data for my design I decided that I am going to change the material to polypropylene as this matches the stainless steel properties that it will be replacing. I have then decided that a 1770mm cover would be too challenging for a single person to remove so I split this design in half to make this job easier for the one operator. To add to the ease, I have added a set of runners that are welded length ways across the treatment tank to ensure the correct placement of the cover. The reason that I chose polypropylene to replace the stainless steel was as the polypropylene best matched the properties of the stainless steel in the sense that it could maintain similar tensile strengths, hardness, concentrations and temperatures as of that of the stainless steel. 

I believe this design to be a success as it meets the brief of the clients while keeping costs to a minimum and ensuring the safety of the employees. As a whole the assignment has been successful as I have used a variety of different sources which have been taken from credible and reliable sources such as government pages, regulation standards and articles that have been written by credible sources working in the specific fields with the correct knowledge that can be applied to this assignment. The sources that have been used are all relevant as they have been published within the last 5 years which ensures that they are up to date with current processes. 

There are some areas of the project which could be improved if this was to be repeated in the future. For instance, it would be beneficial to explore the options for using equipment such as pulleys and mechanical devices to aid in the original lifting of the stainless steel sheet. If I were to improve my design product I would split the tracks in half to ensure that the lid stops at the centre of the tank to improve the ease in operation and functionality of the cover. 
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This graph shows the weight change of each material (g)


Polypropylene (PP)	PVC (polyvinyl chloride)	Stainless Steel (SS304)	Aluminium (Al 6061)	-0.1	-5	0.1	0	

This graph shows the the tensile strength change of each material (MPa)


Polypropylene (PP)	PVC (polyvinyl chloride)	Stainless Steel (SS304)	Aluminium (Al 6061)	-1	-15	-2	-4	

This graphs the chaneg in hardness of each material (hrb)


Polypropylene (PP)	PVC (polyvinyl chloride)	Stainless Steel (SS304)	Aluminium (Al 6061)	-1	-20	-2	-2	

This graph shows the acid concentration (%) of each material

Polypropylene (PP)	PVC (polyvinyl chloride)	Stainless Steel (SS304)	Aluminium (Al 6061)	20	10	15	10	


This graph shows the temperature (Degrees C) of each material

Polypropylene (PP)	PVC (polyvinyl chloride)	Stainless Steel (SS304)	Aluminium (Al 6061)	25	20	25	20	
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