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Abstract
The task is to redesign the current anodising tank arrangement so as to make the removal and refitting of the lid a one-man task and remove the current health and safety risk. The solution is to be applied to all tanks in the company which is in the low hundreds of units.
Current Design & Client Brief
Lid Construction
The tanks have a stainless-steel lid which requires two people to handle. It is difficult to align correctly and has been identified as a health and safety issue. 
The table below estimates the weight of the current lid design, assuming 904L Stainless Steel which is designed specifically for Sulphuric acid resistance (British Stainless Steel Association, 2026).
	Component
	Quantity
	L(M)
	W(M)
	H(M)
	Density (Kg/m3)
	Total Weight (Kg)

	Top
	1
	1.77
	1.02
	0.005
	8000
	72.22

	Long Side
	2
	1.77
	0.015
	0.005
	8000
	2.12

	Short Side
	2
	1.02
	0.015
	0.005
	8000
	1.22

	Handle
	2
	0.35
	0.015
	0.015
	8000
	1.26

	
	
	
	
	
	
	76.82


Table 1: Lid Weight Calculation
Static loading Finite Element Analysis (FEA) with 10KN as vector in the centre of the lid results in minimal deflection and the material remains withing the elastic zone. The Factor of Safety (FoS) is 3.667. This suggest the current lid is over engineered.
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Figure 1: Tank Deformation at 10KN
Evaluation of Current Design
The current solution suffers from the following drawbacks:
· The current lid is a two-person lift and is beyond recommended handling guidelines. 
· The method of stowing the lid when not in use is not specified. This could present additional hazards due to it’s weight and potential to be contaminated with acid.
· The lid is difficult to fit due to it’s weight and lack of locating features beyond the vertical sides.
· There is a risk of the lid entering the tank during fitting resulting in a burn risk.
There are several features of the current design which should be maintained:
· Stainless steel in a suitable grade (likely Austenitic 316 or 904L) is highly resistant to Sulphuric Acid, heat and impact
· The design would likely prevent a person falling on to the tank from breaking through the lid.
· The steel would have a very long service life and would be easily recyclable.
· The design can be modified for future requirements using common engineering methods.
Relevant Health & Safety Legislation
The health and safety issues noted in the design brief are likely to concern the following three areas.
COSHH- Care of Substance Hazardous to Health
A key element is the safe storage and handling of chemicals. The fitting of the lid is a precaution to prevent people or items being exposed to the acid. The strength of the lid could prevent a fall into the tank.
A risk not mitigated by the current design is the  accumulation of acid vapours on the lid due to evaporation. When the lid is removed this condensate could burn the workers or pool on the floor.
As the current process is a challenge, the risk of dropping the lid into the acid and suffering burns from the splash is high.
Safe workplace- Manual Handling
The weight of the lid is estimated below to be 75kg at a height of 1 metre. The Health and Safety Executive (HSE) give general guidance that the risk of injury is low if the weight is below 25Kg for men and 16Kg for women at this height when the weight is kept close to the body (Health & Safety Executive, 2026). These weights are reduced for higher and lower levels or where the body must twist.
The current design is beyond the recommended 2 person limits.
The weight and sharp profiles means injury from dropping the lid or trapping hands could be severe.
Safe workplace- slips and spills
The condensate formed on the lid is not currently managed, this presents a slip risk alongside the burn risk.
The stowage of the lid when not in use is not detailed but may increase the risk of trips and injury.
Specification
The following specification fulfils the requirements detailed in the brief:
Manual Handling 
· The lid can be removed and refitted by a single person in line with HSE guidelines.
· The lid will self locate to reduce the risk of injury or accident.
· The lid will stow into a position which does not require the user to apply excessive force at the low or high levels ( as per HSE guidelines).
Dimensions
· The original tank will be used, modification is acceptable.
· The lid will retain comparable dimension to the original so as not to obstruct existing workflows.
· Clearance above the tank will be maintained.
Environmental Conditions
· The lid material will be suitable for continuous contact with 30% sulphuric acid at 25 degrees Centigrade.
· External components will be corrosion resistant for occasional contact with acid.
· The lid will exhibit comparable strength to current solution and so will be durable in an industrial environment.
Project Timeframe
The operation is highlighted as a major risk to staff and so the solution must be implemented as a matter of urgency. 
As such;
· Materials will be available from stock holders. 
· Processes can be performed locally and from a number of suppliers so that short lead times can be found.
· Commercial Off The Shelf (COTS) components will be used where possible to reduce manufacture time.
· The solution will be retrofitted with tanks in situ, ideally without needing drained.
· Manufacture and delivery will be in baches, volume TCD with customer.
	Task
	Start
	End

	Technical Study
	1/12/25
	5/12/25

	Preliminary Design
	6/12/25
	2/2/26

	Material Orders
	3/2/26
	3/3/26

	Prototyping
	4/3/26
	18/3/26

	Testing
	19/3/26
	2/4/26

	Batch Production
	3/4/26
	-

	Delivery
	3/5/26
	-


Figure 2: Project Plan

Design Approaches
The main issue with the design is the risk from handling a large and heavy item around a hazard. The three approaches to mitigate this would be:
Reduce Lid Weight
Reducing the lid weight to under 25Kg would make operation a one person task. This could be achieved with:
Change material
An Ashby chart can be used to identify alternative materials (University of Cambridge, 2026). Polymers or Composite are likely options in regards to strength and density. The requirement for acid resistance would suggest Polymer were the better choice.
[image: ]
Figure 3: Ashby Chart for Material Selection

The Fig 4 shows the lower density polymer would result in a deeper and slightly larger lid which would need some reinforcements to match the originals strength. 
[image: ]
Figure 4: Polymer Lid Design

The choice of plastic would likely be ETFE or similar as this can tolerate long term contact with strong acids (CP Lab Safety, 2026) but further research is required.
Change Lid Design 
The reenforcing ribs shown in Figure 4 would allow a thinner steel sheet to be used. This would be a challenge as a 70% reduction in weight is required.
Reduction in the lid weight will reduce the manual handling risk but not the COSHH related ones.
Mechanical Advantage
The use of pulleys or leverage would reduce the lifting effort, this would be combined with a means of controlling the lids movement and so ease fitting and removal. It would be possible to incorporate condensate drainage.
A counter-weight could also be incorporated to prevent the rapid closing of the lid.
The pulley or linkage solutions could be automated with the addition of a motor or hydraulic ram respectively.
[image: ]
Figure 5: Mechanical Pulleys & Hinge
Chosen Design
The chosen design incorporates a linkage which moves the lid on complex path to clear the tank edge and stow it in a position where the condensate can drain safely.
A constant force gas spring is used to store the gravitational potential energy lost during the closing of the lid. This energy is returned to assist with the opening. 
The spring holds the lid in the stowed position with sufficient force to prevent accidental closing. It also provides a breaking force which slows the closing of the lid. 
Six bar linkage
Below is the motion path for the front and rear internal edges of the lid. The rear edge shows some movement towards the tank initially then a vertical movement. The rear edge moves inward and over the tank to safely allow condensate drainage.
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Figure 6: Rear Edge Motion Paths
The front edge shows a subtle arc with movement forward, away from the tank.
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Figure 7: Front Edge Motion Paths
	

Bearings
As stainless steel in contact in susceptible to galling where bonds are made between surfaces, bearings are used to provide smooth and resilient operation.
316 Stainless steel bearings were chosen due to their good chemical resistance. An ID of 20mm and OD of 42mm with a depth of 12mm. ISO 286 specifies tolerances to ensure part interoperability (BSI Group, 2026). A press fit of the bearing into the links requires a  H7 hole tolerance, this equates to a lower deviation (EL) of 0 microns and an upper deviation (ES) of 250 microns (machiningdoctor.com, 2026)
Linkage Motion Study
A motion study of the assembly showed the range of motion of the lower link is -13 degrees to 77 degrees. 
[image: ]      [image: ]
The lower link is 125mm so the swept area of the pivot is:
0.5pi x 62.5mm =  98.17mm
The pivot sweeps 90 degrees with so vertical and horizontal displacement are both equal to the length of the link: 125mm. Most force is required when the lid is horizontal so the gas strut is fixed perpendicular to the minimum link angle of -13 degrees. It pivots to the final position of 77 degrees which is the hypotenuse of the horizontal and vertical displacement. Therefore the required stroke of the gas strut is:


Lid Motion Study
The lid undergoes some vertical displacement but the pivot point is assumed to be fixed to simplify the calculations.
The lid is approximately 85Kg including the linkage, assuming the centre of gravity is along the centre line then the initial force to lift the lid from the closed position is:
(85 * 9.81)/2 = 416.93N
The mechanical advantage of a linkage is the ratio of the output torque exerted by the driven link to the required input torque at the driver link. (www.roymech.co.uk, 2026)
There are two handle positions, the original location at a maximum 0.65 from the pivot and the new outer edge handle at 1.1M. Assuming a maximum equivalent lift from the user of 20Kg, this gives 127.7 N/M and 215.8 N/M respectively. 
The front handle is used for initial opening of the lid and the side handles for when the lid is inclined such that front handle is beyond chest height.
	Lid Angle
	Load Force (N)
	Load Torque(NM) 
	User Torque (NM)
	Equivalent Kg Lift @ 1.1M
	Equivalent Kg Lift @ 0.65M

	0
	784.80
	393.18
	218.18
	20.22
	34.16

	10
	772.88
	387.21
	212.21
	19.67
	33.23

	20
	737.47
	369.47
	194.47
	18.02
	30.45

	30
	679.66
	340.51
	165.51
	15.34
	25.92

	40
	601.19
	301.20
	126.20
	11.69
	19.76

	50
	504.46
	252.73
	77.73
	7.20
	12.17

	60
	392.40
	196.59
	21.59
	2.00
	3.38

	70
	268.42
	134.48
	-40.52
	-3.76
	-6.35

	80
	136.28
	68.28
	-106.72
	-9.89
	-16.71

	85
	68.40
	34.27
	-140.73
	-13.04
	-22.04

	90
	0.00
	0.00
	-175.00
	-16.22
	-27.40


Table 2: Spring assist for 1300N Strut
Table 2 shows moving from front handles to side handles at 50 degrees requires minimal support. Preferred opening limit is 80 degrees to minimise force required to close lid. If 90 degrees is required then resizing the gas strut to reduce the closing force would result in increase of the opening force.
The table shows assist for total spring force of 1300N, this would be implemented with 2 x 650N struts. The struts are often not truly linear force with the force reducing near full extension. This would benefit the design.


[image: ]
Figure 8:Lid in Stowed Position
Manufacturing processes
The below table details the manufacturing process for each part.
All parts to be deburred if no other edge finishing performed.
	Part
	Quantity
	Material
	Process 1
	Process 2
	Process 3

	Lid Pivot Plates
	2
	5mm 904L Steel Sheet
	Laser Cut
	-
	-

	Tank Pivot Plate
	2
	5mm 904L Steel Sheet
	Laser Cut
	-
	-

	Tank Strut Base
	2
	5mm 904L Steel Sheet
	Laser Cut
	-
	-

	Handle Base
	4
	5mm 904L Steel Sheet
	Laser Cut
	-
	-

	Link RU
	2
	12mm 904L Steel Plate
	Laser Cut
	Reamed for Press Fit. Threaded for M8 fixing.
	Bearing Press Fit

	Link OT
	2
	12mm 904L Steel Plate
	Laser Cut
	Reamed for Press Fit
	Bearing Press Fit

	Link TSQ
	2
	12mm 904L Steel Plate
	Laser Cut
	Reamed for Press Fit
	Bearing Press Fit

	Link USP
	2
	12mm 904L Steel Plate
	Laser Cut
	Reamed for Press Fit
	Bearing Press Fit

	Lid Pivot
	4
	28mm 904L Steel Round Bar
	Turned for R10 step
	M12 Tap
	-

	Tank Pivot
	4
	28mm 904L Steel Round Bar
	Turned for R10
	M12 Tap
	-

	Tank Lower Stop
	2
	20mm 904L Steel Round Bar
	Parted off on bandsaw or Lathe
	-
	-

	Strut Mounting Boss
	2
	20mm 904L Steel Round Bar
	M8 Tapped & parted off on Lathe
	-
	-

	Linkage Coupler
	6
	24mm 904L Steel Round Bar
	Turned for R10 step 
	M12 Tap
	Part rotated for second M12 Tap

	Handlebar
	4
	15mm 904L Steel Round Bar
	Formed on press brake
	-
	-


Table 3: Manufacturing Operations
Bill of materials
The items detailed below are commonly available.
	Part
	Quantity
	Specification

	20mm ID 37mm OD 3mm Washer
	8
	316 Stainless Steel

	20mm ID 42mm OD 12mm Bearing
	14
	316 Stainless Steel

	70Kg 500mm Extended, 200mm Extension Gas Spring
	2
	316 Stainless Steel

	M12 1.75 20mm Flange Nut
	8
	316 Stainless Steel

	M12 1.75 12mm Flange Nut
	12
	316 Stainless Steel



[image: ]
Figure 9: Pivot Seating Detail
Assembly and fitting
Pivot Plates
Pivot plates have pivot welded in place using locating holes. 
Figure 9 shows the pivot and stops located in mounting plates, each are welded in place.
Linkage
Linkage has coupler to provide 3mm spacing between links and isolate inner and outer bearing surfaces. M12 10mm flange bolts join all links.
Linkage is mounted to Pivot plates with 3mm spacer washer and M12 20mm flange bolt.
Gas Spring
Gas springs incorporate M8 Ball socket. Mounting boss and Link RU are threaded to accept this.
 Conclusion & Further Work
The design satisfies the brief as it has removed the health and safety risks and greatly reduced the need for manual handling. The re-use of the original lid and tank means the core process has not been changed in anyway.
The design of the link is complex and could be optimised further, the addition of a lever to open the lid would be an improvement.
Automating the operation would simply involve replacing the gas spring for an hydraulic ram.
The force required by the operator is at the very upper end of the HSE recommendation, ideally this would be reduced.
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