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Sliding Polycarbonate Split Lid for Anodising Tank – Ergonomic Redesign for Single Operator Use

Introduction:
The anodising process is an important stage in the treatment of aluminium components, it is a necessary step in ensuring the durability and appearance of the components are up to standard. During this process components are submerged into a stainless-steel tank filled with sulphuric acid and maintained at a controlled temperature. A lid must be placed over the tank when it is not in use to ensure that health and safety standards are met, this is to prevent the exposure to hazardous fumes and reduce the risk of accidental contact.
As of now the lid is constructed from 5mm thick stainless steel and requires two people to lift it due to its weight and size. This has been identified as a health and safety hazard as it is inefficient and awkward to lift due to its outdated design. This report presents a complete redesign of the tank lid system, changing it into a lightweight, split, sliding lit mechanism designed to be operated by a single person. The new concept eliminated the need for overhead lifting and significantly reduces the manual handling strain while maintaining its functional integrity and compatibility with the existing tank dimensions.
Interpretation:
The key requirements outlined by the client include:
· The lid must allow for safe, single person operation.
· Clearance above the tank must be maintained to allow component loading and unloading via hoist systems.
· The tank structure and dimensions must be unchanged.
· The lid material and mechanism can be re-designed, provided they meet durability safety and chemical resistance standards.
This report interprets the brief by proposing a split lid design contructed from a lightweight, corrosion-resistant material. The design allows each side to slide open horizontally along low friction rails, similar to a drawer, thus eliminating the need for lifting. The design prioritises user safety, simplicity of operation and ease of manufacture, while offering repeatablility across the companys sites.









Design Specification:
Functional requirements
	Specification
	Requirement

	Operation
	Must be safely operated by a single person with minimal physical effort

	Mechanism
	Lid must slide open horizontally along low-friction guides or tracks

	Accessibility
	No interference with overhead clearance to allow hoisting of components in to the tank

	Closure
	Lids must fully cover the tank opening when closed to prevent vapour escape or accidental contact.



Physical and  Dimensional Requirements
	Specification
	Requirement

	Tank dimensions
	1770 mm x 1020 mm x 1000mm

	Lid Configuration
	Two-piece split down the width, each panel is 885 mm x 1020 mm

	Panel thickness
	5 mm

	Weight per Lid
	Should not exceed 15kg for ease of manual sliding

	Travel Distance
	Each panel should slide open at least 885 mm 



Material Requirements
	Specification
	Requirement

	Base Material
	Lightweight, corrosion-resistant material

	Chemical resistance
	Must withstand prolonged exposure to sulphuric acid vapour

	Thermal resistance
	Must remain stable and dimensionally consistent at 25°C operating temperature



Safety Requirements
	Specification
	Requirements

	Manual Handling
	Eliminates need for overhead lifting; force required to open lid should not exceed 100 N

	Pinch Point Prevention
	Sliding tracks and edges must be designed to avoid hand traps or sudden movement

	Durability
	Materials and components must withstand frequent daily use in a manufacturing environment

	Edge Safety
	All exposed panel edges must be deburred, chamfered or capped for user safety




Manufacturing and Assembly Requirements
	Specification 
	Requirements

	Manufacturing Volume
	Design should be cost-effective for batch production

	Ease of Installation
	System must easily be fitted onto existing tanks with minimal modification

	Component Sourcing
	Materials and rails must be commercially available and standardised

	Maintenance
	Sliding mechanism should require minimal maintenance and allow easy cleaning.



Legislation and Safety Considerations:
The proposed sliding split-lid system has been designed in line with Uk legal requirements, with an emphasis on improving ergonomics, reducing handling risks and providing chemical resistance for long term reliability. This section hightlights the key legislative frameworks that notified the design process.
Manual Handling Operations Regulations 1992
This regulation requires employers to avoid hazardous manual handling operations wherever possible, and where they cannot be avoided, to assess and reduce the risk of injury (Health and Safety Executive, 1992). As the current tank lid iss heavy and awkward to handle, it poses a significant handling risk. The new sliding design I have implemented removes the need for lifting all together, reducing operator strain and risk of injury.
Provision and Use of Work Equipment Regulations 1998 
This regulation ensures that all equipment provided for use at work is safe and suitable for its intended purpose (Health and Safety Executive, 1998). The new lid is safer by default, with no lifting, reduced effort, a simple design and a lighter material.

Control of Substances Hazardous to Health Regulations 2002
These regulations focus on preventing or reducing exposure to harmful substances such as sulphuric acid vapour (Health and Safety Executive, 2002). The new lid system helps limit exposure by fully covering the tank when not in use. By making the lid easier to use, it also encourages consistent compliance with safety practices.

Health and Safety at Work etc. Act 1974
This overarching legislation places a duty of care on employers and designers to ensure the health and safety of the employees where possible (Health and Safety Executive, 1974). The redesigned lid supports this duty by reducing manual effort and eliminating heavy lifting.



Risk Management in the Design
	Risk
	Design Mitigation

	Heavy lifting injuries
	Sliding mechanism eliminates lifting all together

	Pinch/trap points
	Smooth edges and enclosed runners increase safety

	Acid vapour exposure
	The tank is fully covered when not in use, this reduces inhalations risk and exposure.

	Fatigue from repetitive use
	Smooth sliding action requires less than 100 N of force

	
	



Material Considerations and Compliance
The resultant lid material, expected to be a polymer such as a polycarbonate, will be selected for these properties:
· Chemical resistance to sulphuric acid
· Thermal stability at 25°C
· structural integrity during frequent use
· safety in failure (e.g., does not shatter when broken)
These design choices ensure that the design complies with the aforementioned legislative requirements.
Research:
The lid is inspired by a company called Impact Environmental Group with the product Evaguard pivoting roll off system. This is used primarily in large bins, handling materials and storage applications. The system features lids/roofs that slide or roll back into a compartment making it compact and neat as well as easy to handle. Through thorough observation, the design of a horizontal sliding mechanism would be ideal for the anodising tank. This offers a safer low effort resolution to the former lid. A clear video of a roll off lid is represented through the following link: https://www.youtube.com/watch?v=1FVN-p8Xz7o 
Concept development:
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In this drawing, the idea was to hydraulics through liquid. Although this is a good idea to use for this scenario, it isn’t the most efficient way to make the lid as it may not be easy to maintain. It isn’t cheap to make either. The way it would work would be pushing down a piston that would push the lid up by 90 degrees. This would leave space for any material to be dropped in to the acid, however, it is prone to malfunction and would not be optimal for usage.
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In this drawing, the method is manual handling via a crane. In this one you’d open the lid by rotating the handle to the side until it rolls away from the tank. This would be done via tracking although it may be useful and simple to make, the lid could be a negative factor due to the weight, this can cause the handle to break. It also takes more than the recommended manual labour regulation which is 25kg per person. Ultimately this method is unlikely to be used unless a material is found to make the lid more lightweight and less prone to damage.
Final Design:
[image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.][image: A screenshot of a computer

AI-generated content may be incorrect.]
Given the inspiration that was stated above, this was our primary resolution the tank lid, with this you can slide the doors to each side with ease. It is slick and has enough space so it wouldn’t get jammed and would be light enough to glide through. The lack of moving parts ensures low maintenance standards, and the light polycarbonate material reduces the cost of manufacture and reinforces the effect on the safety legislations.

Materials and Manufacturing:
Material Selection
The final lid will be created using BPA-based polycarbonate sheet, specifically Lexan or Makrolon. These polycarbonates offer excellent clarity, toughness and machinability; ideal for use in environments where material strength and chemical resistance are both significant.
Material Details:
Name: poly(bisphenol-A carbonate)
Operating temperature: up to 100-105°C
Chemical resistance: resistant to up to 75% sulphuric acid
Impact strength: Up to 250 times stronger than glass	
Visibility: Has the option to be transparent as it allows the visibility of the tanks contents.

	Component
	Process
	Details

	Lid panels
	CNC or laser cut
	Precision cutting from 5 mm Lexan sheets

	Sliding tracks
	Stock stainless steel 
	Mounted to tank rim for smooth sliding

	Handles
	Injection moulded polymer 
	Fixed with countersunk bolts

	Mounting hardware
	Stainless steel fasteners
	They are acid resistant for long term usage



The edges of the components could be chamfered or deburred to get rid of sharp edges and improve safety.
Design Justification:
The final design, a split manually sliding polycarbonate lid, was chosen after reviewing several alternative designs, including a hinged lid, pulley assisted lid and hydraulic powered lid lifting systems. This solution was chosen for its simplicity, cost effectiveness and alignment with the clients aim of scalability.
Safety and Ergonomics:
· Eliminates the need for lifting entirely, getting rid of the main health and safety risk.
· The sliding motion is easy for a single person to operate and reduces the physical strain that employees would have to endure.
· The smooth runners and addition of handles further reduce the required manual effort.

Material Advantage
· Lexan offers excellent acid vapour resistance, suitable for sulphuric acid exposure.
· It’s impact resistance and thermal stability make it suitable for the heated chemical tank.
· The transparency of the material can be used to visually monitor the tank, improving awareness of the procedure and efficiency.
Manufacturing Efficiency
· All components can be made with standard equipment such as CNC routers, with minimal tools required.
· Assembly is straightforward and can be performed on site using common tools.
· The use of standardised guide rails reduces the need for custom parts and it simplifies the procurement.
Cost and Maintenance
· Compared to hydraulic or mechanical lid systems, the sliding design has lower production and maintenance costs.
· The simplistic design and lack of moving parts reduce the likelihood of mechanical failure.
· Polycarbonate is very durable and has a long-life span and does not require frequent replacement, making it ideal for use across multiple sites.
Conclusion and Further Work
This report showcases a comprehensive design solution to the problem presented by the client. The proposed system, a split sliding lid made from BPA based polycarbonate, provides a durable, safe and ergonomically secure alternative to the heavy awkward stainless-steel lid.
The design fulfils all the clients’ key requirements:
· Single person operation with minimal effort
· No overhead obstructions for the hoisting apparatus
· Improved safety through reduced manual handling
· Compatibility with existing tanks across the clients’ facilities
Further work
· Material testing: confirm the longevity and long-term durability of Lexan in the anodising tank environment.
· Prototyping testing: evaluate the ease of use, rail wear and operator feedback
· Optional enhancements, eg Locking mechanisms to prevent unintended opening now that the weight of the lid is significantly lighter.
· Feedback collection from users to support continuous improvement before mass production.
The result is a design that not only solves the immediate health and safety concerns but also offers a repeatable, cost-effective solution across all facilities using anodising tanks.



References
Ashby, M. and Johnson, K., 2014. Materials and Design: The Art and Science of Material Selection in Product Design. 3rd ed. Oxford: Butterworth-Heinemann.

Covestro, 2023. Makrolon® GP Polycarbonate Sheet – Product Overview. [online] Covestro AG. Available at: https://www.covestro.com/en/products/makrolon-gp-sheet [Accessed 15 Apr. 2025].

Cross, N., 2008. Engineering Design Methods: Strategies for Product Design. 4th ed. Chichester: Wiley.

Health and Safety Executive (HSE), 1974. Health and Safety at Work etc. Act 1974. [online] Available at: https://www.hse.gov.uk/legislation/hswa.htm [Accessed 15 Apr. 2025].

Health and Safety Executive (HSE), 1992. Manual Handling Operations Regulations 1992. [online] Available at: https://www.hse.gov.uk/msd/manualhandling.htm [Accessed 15 Apr. 2025].

Health and Safety Executive (HSE), 1998. Provision and Use of Work Equipment Regulations 1998 (PUWER). [online] Available at: https://www.hse.gov.uk/work-equipment-machinery/puwer.htm [Accessed 15 Apr. 2025].

Health and Safety Executive (HSE), 2002. Control of Substances Hazardous to Health (COSHH) Regulations 2002. [online] Available at: https://www.hse.gov.uk/coshh/ [Accessed 15 Apr. 2025].

Kalpakjian, S. and Schmid, S.R., 2014. Manufacturing Engineering and Technology. 7th ed. Harlow: Pearson Education.

Pugh, S., 1991. Total Design: Integrated Methods for Successful Product Engineering. Wokingham: Addison-Wesley.

Polymer Properties Database, 2022. Polycarbonate (PC). [online] Available at: https://polymerdatabase.com/Polymer%20Classes/Polycarbonate.html [Accessed 15 Apr. 2025].

SABIC, 2023. LEXAN™ 9034 Sheet Product Datasheet. [online] SABIC. Available at: https://www.sabic.com/en/products/polymers/engineering-thermoplastics/lexan/lexan-sheet [Accessed 15 Apr. 2025].

image3.jpeg




image4.png
File

[n

Paste

Page 1 of 1

Home Insert Draw Design Layout

[aptos (Body) -

B I U~ x
< Format Painter

Clipboard 5

Owords [} Engish (United Kingdom)

P Type here to search

References  Mailings  Review
AR Aav A

X A 2-A-KO
Font El

% Accesivily:Invstioate

View

Help

Acrobat

Paragraph

SOLIDWORKS Manage

RefWorks - RCM

Normal

No Spacing

Heading

Styles

Heading 2

Title

5

PFind ~

& Replace

I seect~
ating

s loaded successfully

| comments | | & Editing ~

&

Request
Signatures

o,

Create and Share
Adobe PDF

Adobe Acrobat

5 Focus

(]

Dictate.

Voice

&

Editor

Editor

Fsooworks v A D-F-B-8-9- 0[50 B @®- myterie work * B ool A ® @ - B F x
@ & P sweptsoss/ase @ & @ @swtcr D ER Jro & wee Wy
BRI covcs 1o mommae | SO, RO G ot | L o ) | R O DD
Bg @ soundary Boss/Base . @ souncayct | -+ (@ shen [ mimor - &
Addins Festures [ St | Mirkup | Evolte | VB Dimensons | SOUDWORKS Add-s | Siatn | B[ SODWORKS CA | SOUDWORKS CAM T | Ay reprtion
o |~ _ PERPEB-T- - BT
) Ble[&.
v
@ " my terrible work (Default) <<Defa
» [ History
[ sensors
» B Awotatins
» @) Solid Bodies(3) [c; £l

5 Materal <not specified>
[t Front Plane
[] Top Plane
[t Right Plane
1., orgin
> @) Boss-Extrudel
» @ Cutbxtrudet
[ Plane2
- @) Boss-Extrude2
4] sketch?
5K Mirrrt J
[ Plane3.
» &) Boss-Extrudes
O spi
» @] Boss-Extrudes
» @ CutBrrude
1 Planes
» &) Boss-Extrudes
B Cutbxrudes

< >

“Left

Extrudel

[RTEIET] Model [ 30 Views | Motion Study |

instructional Use Only





image5.png
a o Fssouoworis > AD-B-@-8-w--[5/0 Ba- myterie work * B ool A @®® - B I x
@ 8 P sweptsosymase @ @ @ Bswetcr @ B JHre &G we °

Fle ~Home Insert Draw Design Layout References Mailings ~Review View Help Acrobat ~SOLIDWORKS Manage  Reforks - RCM | &= comments | | ¢ Editing R o e Fe o B o - s G
— — Cossfome Dovsfimse & toftedBosmse OGRS ToL RO O totea cin Fatern B Orat 2 intesect | GO

) ) ) X fw N 3 A @ soundary Boss/Base R @ souncayct | -+ (@ shen [ mimor - &
Normal Nospacing  Heading Heading 2 Title || ¢ sesce Cresteand Share Request  Dictate | Editor  Adc-ins Features | Sketch | Markup | Evaluate | MED Dimensions | SOLIDWORKS Add-ns | Simulation | MBD | SOLIDWORKS CAM | SOLIDWORKS CAM TBM | Analysis Preparation 00 _ & x

Ly selecte AdobePDF  Signatures |~ 5 APEEB- - - S@-T-

2

f"D . (Aptos Boa 2 A A Aav A *y
P{mSF . I u-®x XA 22 A-EO®

Clipboard 5 Font 5 Paragraph ® Styles " Edting Adobe Adtobat voice | ator | addins | ¥ g Blo &

@ " my terrible work (Default) <<Defa

> [®) Solid Bodies(3)
£ Material <notspecified>
] Front Plane
1 Top Plane
] Right Plane
L, origin
@] Boss-Bxtrudel
B Cut-xtrudet
[ planez
@) Boss-Betrude?
1] Sketch

B Mirrort J

[ planes
> ] Boss-Extruded
@ spi
@) Boss-Extrudes
B Cutbaruder
1l planes
@) Boss-Extrudes
B Cutbarudes

< 5| *Top
[T Model [ 3D Views | Motion Study 1 [
Pageof 1 Owords [ English (United Kingdom)  §k Accessibilty:Investigate £ dsins loaded successtuly B8~ ——#———+ 100% SOLIDWORKS Education Edton - nstructional Use Only

P Type here to search




image6.png
1





image7.png
[—





image1.png
University of Wales Trinity Saint David

Wales Institute of Science

Prifysgol Cymru
Y Drindod Dew! Sant

University of Wales

Trinity Saint David





image2.jpeg




