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[bookmark: _gg3s5xeaemmv]1. Introduction
Renishaw PLC is a global leader in metrology, healthcare, and additive manufacturing technologies (Renishaw, 2020). Its Miskin facility in Cardiff operates a complex anodising process line, a critical asset used to provide surface finishing for aluminium components. Maintaining this system is essential to ensure product quality, regulatory compliance, and safe operation (Renishaw, 2012).
This report evaluates the current preventative maintenance (PM) strategy and proposes targeted improvements based on condition monitoring and reliability engineering principles. Key areas of focus include flow monitoring of filtration systems, thermal inspection of electrical components, and improved maintainability through control panel redesign. These proposals align with modern maintenance approaches that prioritise data-driven decision-making to reduce unplanned downtime and improve asset performance (Gomaa, 2025; Afefy et al., 2019).
The report critically reviews existing practices, assesses proposed improvements, and considers their cost and implementation requirements before presenting practical recommendations. Given that downtime can cost up to £30,000 per day (Joynes, 2026), effective maintenance is essential to operational performance.


[bookmark: _5ojim08p3742]2. Critical Review of Current Maintenance Practices
[bookmark: _60p7y3ol5nn0]2.1 Overview of the Anodising Process Line
The Renishaw anodising process line consists of multiple chemical tanks, each serving a specific function within the treatment process (Renishaw, 2012), as shown in 
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[bookmark: _rd1f8097g1lq]
[bookmark: _7v4hrcruglrf]Figure 1: Layout of the anodising tanks
Each tank operates within controlled temperature ranges—from ambient up to 98°C—using heaters to maintain process conditions. The use of aggressive chemicals means that concentrations and parameters must be carefully managed to ensure product quality and safe operation.
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[bookmark: _w25dflpo5b69]Figure 2: Process flow diagram of the anodising process.
[bookmark: _gogqu538d6rk]2.2 Current Maintenance Approach
Maintenance of the process line is governed by a Planned Preventative Maintenance (PPM) schedule (ST01R) (see Appendix 1), based on fixed time intervals.
This reflects a traditional time-based maintenance (TBM) approach, where tasks are performed at scheduled intervals rather than in response to actual equipment condition (Syamsundar, Naikan and Wu, 2021).
[bookmark: _r2as9ahe3h0]2.3 Strengths of the Current Approach
The existing PM schedule has several strengths. Its structured format provides consistency and traceability, reducing the risk of missed tasks (Mobley, 2014). The inclusion of RCBO testing also demonstrates attention to electrical safety.
In addition, the requirement to consult operators recognises the value of frontline knowledge. This aligns with Total Productive Maintenance (TPM), where operators play an active role in routine inspection and are often best placed to identify early signs of deterioration (Ngoy and Israel, 2021).
[bookmark: _32aoa1v8e572]2.4 Weaknesses and Limitations
Despite its strengths, the current maintenance approach has several important limitations.
[bookmark: _ic1fc5uzbshz]2.4.1 Absence of Condition Monitoring
The most significant issue is the reliance on time-based maintenance without the use of condition monitoring. Condition-based maintenance instead uses real-time data to determine when intervention is required (Ahmad and Kamaruddin, 2012). Bloch and Geitner (1983, cited in Ahmad and Kamaruddin, 2012) highlight that most equipment failures precede detectable warning signs.
However, the current schedule does not monitor key parameters such as vibration, temperature, or flow rate, limiting the ability to predict failures in advance.
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[bookmark: _r3385ky5wb5d]Figure 3: Bathtub curve image (Ahmad and Kamaruddin, 2012)
This is a missed opportunity. While the bathtub curve suggests some failures are age-related, only 15–20% actually follow this pattern, with the majority occurring randomly (Ahmad and Kamaruddin, 2012). As a result, relying solely on time-based intervals can lead to unnecessary maintenance or unexpected failures (Zhu et al., 2020).

[bookmark: _gpwdikkbvy6e]2.4.2 Reactive Response to Filtration Blockages
The PPM schedule includes periodic cleaning of strainers (24 weeks) and replacement of feed pipes (48 weeks) (Bird, 2022), but does not monitor filter condition between intervals.
This means blockages are only identified once performance is affected or alarms are triggered, resulting in a reactive rather than proactive approach.

[bookmark: _qxp0k9oykwx6]2.4.3 Lack of Electrical Infrastructure Monitoring
The process line depends heavily on electrical systems, including heaters, controllers, and rectifiers. While heater replacement is documented (Renishaw PLC, 2010), there is no method for predicting failure.
Similarly, rectifier cables receive only visual inspection, despite being critical to the anodising process. Degradation can increase resistance, leading to localised heating, failure, or fire risk.

[bookmark: _jopoihnaph2y]2.4.4 Maintainability Design Issues
The push button control panels present a clear maintainability issue. Accessing electrical connections requires isolating and working under the tanks, resulting in significant downtime and safety constraints.
The fixed panel design makes even minor faults time-consuming to diagnose and repair. This contradicts Reliability Centred Maintenance (RCM) principles, which emphasise ease of access to reduce mean time to repair (MTTR) (Afefy et al., 2019). As noted by Aji and Uchendu (2025), minimising MTTR is essential for reducing downtime, and poor accessibility directly undermines this goal.

[bookmark: _gp957984ag06]2.4.5 Calibration Tolerance Gaps
The process relies on pH electrodes calibrated monthly (Renishaw, 2012), with corrective action triggered at a 0.5 pH deviation. Given discharge limits of pH 6–10 (Renishaw, 2012), this tolerance may be too broad for effective control.
Tighter tolerances would allow earlier detection of electrode drift and reduce the risk of non-compliance.

[bookmark: _ou775b6xbgx]2.5 Why Was This Approach Chosen?
The current time-based approach is likely a result of historical practice. Time-based maintenance was widely used before condition monitoring technologies became more accessible (Mobley, 2014).
Since the plant was commissioned in 2012, earlier limitations in available technology may have influenced this approach. In addition, regulatory pressures—such as legal requirements around effluent discharge (Water Industry Act 1991)—may have prioritised compliance at the output stage rather than proactive maintenance upstream.

[bookmark: _sh9yyspgjw9z]3. Evaluation of Proposed Improvements
[bookmark: _j8uhhxgtrgrl]3.1 Installation of Flow Monitoring on Filtration Systems
[bookmark: _3jv0w9lrphfs]3.1.1 Proposal Description
Install inline flow meters or differential pressure gauges on the outlet side of filters and strainers. These would allow periodic or continuous monitoring of flow, enabling trends to be tracked and gradual reductions caused by blockage to be identified early.

[bookmark: _t2ltpr65fe6l]3.1.2 Theoretical Justification
As filters become clogged, differential pressure increases while flow rate decreases under constant pump conditions (Juanico et al., 1995; Ma et al., 2024; Singh et al., 2016). In condition-based maintenance, monitoring parameters must align with the failure mode—in this case, flow or pressure changes caused by blockage (Shanbhag et al., 2021).
Sampling frequency must be sufficient to capture system changes (Shannon, 1949). In practice, weekly operator readings would likely be adequate, although continuous monitoring would provide more reliable data and allow alarm thresholds to be set.

[bookmark: _ul9cswu3s7kd]3.1.3 Implementation Approach
Low-cost mechanical flow meters (e.g., Key Instruments MR3000 Series) could be installed and recorded during routine inspections (RS Components, 2026). Alternatively, electronic flow transmitters (e.g., ICON Truflo UltraFlo 4000) could be integrated with the existing Mitsubishi FX2N PLC (Appendix 5) to enable real-time monitoring and alarms.
Costs range from approximately £100 to £1,500 per unit (Appendix 4), depending on the level of automation required.

[bookmark: _vn3l13wbqmu8]3.1.4 Expected Benefits
· Early detection of filter blockage
· Condition-based filter replacement intervals
· Reduced unplanned downtime
· Improved fault diagnosis through trend data

[bookmark: _ge4poux21hcl]3.2 Thermal Imaging of Rectifier Cables
[bookmark: _2w6c72xhgt9]3.2.1 Proposal Description
Introduce quarterly thermal imaging inspections of high-current DC rectifier cables supplying Tanks 8 and 8A. This would identify localised hot spots caused by increased resistance.

[bookmark: _9j8zhdm9d443]3.2.2 Theoretical Justification
Degraded or loose connections increase electrical resistance, generating heat that can be detected using thermography before failure occurs (Balakrishnan et al., 2022).
This supports a condition-based approach, enabling intervention before failure and improving mean time between failures (MTBF) (Maiorano et al., 2019).

[bookmark: _xg99mk6kuhno]3.2.3 Implementation Approach
A thermal imaging camera (e.g., Fluke or FLIR) would be required, with costs typically between £5,000 and £12,000 for a suitable mid-range model (Media, 2026; Appendix 6). Engineers could carry out inspections following basic training, with images stored and trended to identify deterioration over time.

[bookmark: _1zh5r3bxrc4l]3.2.4 Expected Benefits
· Reduced risk of electrical failure or fire
· Avoided production downtime
· Extended cable lifespan
· Improved compliance with electrical safety regulations

[bookmark: _gzk4jk1m9fzi]3.3 Tighter Calibration Tolerances
[bookmark: _pr1ens9ssdw8]3.3.1 Proposal Description
Reduce the allowable difference between neutralisation tank pH meters from 0.5 pH to 0.2 pH, and increase calibration frequency from monthly to fortnightly.

[bookmark: _d43gynjver9l]3.3.2 Theoretical Justification
pH electrodes gradually degrade, causing measurement drift over time (Wiora and Wiora, 2018). A 0.5 pH tolerance may allow significant deviation before corrective action, increasing the risk of process instability or discharge non-compliance.
Tighter tolerances would allow earlier detection of drift and reduce the likelihood of alarms or process interruptions (Renishaw, 2010).

[bookmark: _cytenxjdign0]3.3.3 Implementation Approach
Existing Eutech Alpha pH 200 meters are capable of higher precision (±0.01 pH) (ManualMachine, 2026), so implementation would require only procedural changes and slightly increased operator involvement.

[bookmark: _eosdq56mhb0w]3.3.4 Expected Benefits
· Reduced risk of discharge consent violations
· Improved process stability
· Earlier detection of electrode degradation
· Demonstration of environmental compliance
This approach could also be extended to sump pump pH probes.
[bookmark: _r50l23z7li3b]3.4 Redesign of Push Button Control Panels
[bookmark: _f6iwbtbttwo]3.4.1 Proposal Description
Replace fixed push button panels with removable units containing the same controls, designed for easy withdrawal from the tank cladding. This would provide safe and direct access to wiring connections.

[bookmark: _ro63rajzbs5p]3.4.2 Theoretical Justification
This proposal addresses maintainability—the ease with which equipment can be repaired. Push buttons are prone to failure due to chemical exposure and contamination, often becoming corroded and unresponsive
I[image: ][image: ]
[bookmark: _wbresvgaznsz]Figure 4: Images from tank 8 and its degraded buttons. 
The current design significantly increases mean time to repair (MTTR), as accessing wiring requires isolating the system and working in restricted, unsafe conditions. MTTR includes diagnosis, repair, and reassembly time (Aguilar, 2022), all of which are extended by poor accessibility.
A removable design would simplify this process, allowing rapid replacement with minimal disruption. As availability is a function of MTBF and MTTR, reducing repair time directly improves operational performance (Alavian et al., 2019).

[bookmark: _kxvjn3xzt9qf]3.4.3 Implementation Approach
Removable control boxes would be designed and installed across all tanks. Each unit would include:
· Multi-pin connectors for quick disconnection
· PTFE seals for chemical protection
· Quick-release fixings
· Extended cable looms for easy withdrawal
This would require a one-time modification to existing wiring.

[bookmark: _ci97rc151aug]3.4.4 Expected Benefits
· Reduced MTTR (from hours to minutes)
· Improved engineer safety and working conditions
· Easier preventative replacement of worn components
· Potential integration of temperature probe wiring for improved accessibility

[bookmark: _r5e4kws15qdn]3.5 Electrical Condition Monitoring for Submerged Tank Heaters
[bookmark: _e6jzhc09m7b]3.5.1 Proposal Description
Introduce a condition-monitoring programme for tank heaters using resistance, insulation resistance, and current measurements. These tests can be performed without draining the tank, avoiding the current reactive approach (Ellis, 2008).

[bookmark: _pskhh75uad35]3.5.2 Theoretical Justification
Heating elements degrade over time, with resistance increasing prior to failure. Small changes in resistance can act as early warning indicators (Livina, Lewis and Wickham, 2024).
Similarly, reduced insulation resistance indicates moisture ingress (Shankar and Dave, 2021), while a drop in current draw suggests reduced heat output (Bell, 2026). Monitoring these trends enables prediction of failure and supports condition-based maintenance (Mählkvist, Ejenstam and Kyprianidis, 2024).

[bookmark: _ci3khk5kbvmn]3.5.3 Implementation Approach
· Measure resistance monthly and trend against baseline values
· Conduct quarterly insulation (megger) tests
· Monitor current draw during operation using a clamp meter
Results can be logged in a simple spreadsheet to identify trends and plan replacements.

[bookmark: _3izbmerkzjfg]3.5.4 Expected Benefits
· Eliminates unnecessary tank drainage and cooling delays
· Reduces chemical waste
· Enables planned heater replacement
· Supports data-driven maintenance decisions (Gomaa, 2025)
This approach can also be applied to hot air box heaters.

[bookmark: _hbx9ucelkse9]3.6 Segmentation of the PPM Schedule
Restructuring the existing PPM schedule into smaller, area-based sections would improve maintenance effectiveness. Instead of completing all tasks at once, activities would be distributed across different areas and time periods.
This reduces time pressure and allows more thorough inspections. Rushed maintenance increases the likelihood of missed faults (Mobley, 2014), whereas a more focused approach improves detection of early-stage issues such as leaks or corrosion (Ahmad and Kamaruddin, 2012).
This change requires no additional resources but supports more consistent and effective maintenance, aligning with planned maintenance principles (Gomaa, 2025).

[bookmark: _i60ltcg49p70]3.7 Integration into Revised PPM Schedule
The proposed improvements would be integrated into a new single area (Process line) PPM schedule as follows. 
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[bookmark: _vbl45rb3ybel]FTable 1: Revised  copy of the PPM schedule for the process line.






[bookmark: _c4p9b2oyz04e]4. Consideration of Costs and Resources
[bookmark: _7nydcgf19t47]4.1 Direct Costs
[bookmark: _hpoc9abv81bz][image: ]
[bookmark: _xw0m1z84tcek]Table 2 Estimated  costs and pay back periods
[bookmark: _qpf5fa6glt3m]4.2 Indirect Costs and Savings
The maintenance literature consistently shows that condition-based approaches are more cost-effective than reactive or purely time-based strategies. Leoni et al. (2021) note that time-based maintenance can waste useful component life, whereas condition-based maintenance can reduce costs by up to 32.5%. Converting reactive tasks into planned, data-driven interventions therefore offers significant indirect savings.
For example, if the process line experiences two rectifier cable failures per year, each causing 8 hours of downtime at £1,205/hour (Section 1), this equates to an annual cost of £20,000. Implementing thermal imaging at an estimated cost of £6,500 (Fluke Ti300+; Appendix 5) could eliminate these failures, generating a net saving of approximately £13,500 in the first year alone.

[bookmark: _3iv2h2rzx4dm]4.3 Resource Requirements
[bookmark: _xgp7jkwyeu3p]4.3.1 Staff Training
· Thermography: One engineer trained from each shift trained in thermography. (Can then pass knowledge onto other engineers)
· Condition monitoring: Delivered in-house using existing materials
· pH calibration: No additional training required; procedural update only

[bookmark: _nz2dd9y099ay]4.3.2 Change Management Implications
Adopting condition monitoring represents a shift from time-based to evidence-based maintenance. Successful implementation depends on:
· Management support: Essential for approval of investment and resources
· Staff involvement: Engineers must understand the value of accurate, consistent data collection
· Data capability: Basic spreadsheet tracking may suffice initially, with scope to adopt dedicated software
Some resistance to change is likely, particularly if new practices are seen as additional workload. Clear communication of benefits and early involvement of maintenance staff can reduce this. As noted by Alfaro Solano and Preuß (2019), resistance should be treated as useful feedback rather than a barrier.


[bookmark: _6v1cdr1utz0t]

[bookmark: _oibdghuvo7yl]5. Conclusions and Recommendations
[bookmark: _pzmblhuyb6ve]5.1 Conclusions
The current preventative maintenance strategy provides a structured foundation but lacks the condition monitoring and maintainability improvements now widely available. This analysis identified six key opportunities to enhance performance:
· Flow monitoring enables early detection of blockages, shifting from reactive to condition-based maintenance.
· Thermal imaging identifies cable faults before failure, reducing safety risks and downtime.
· Tighter pH calibration improves process stability and reduces the risk of non-compliance.
· Removable control panels reduce mean time to repair (MTTR) and improve safety.
· Electrical monitoring of heaters enables early fault detection without tank drainage.
· Segmented PPM scheduling improves inspection quality and reduces missed defects.
These improvements are practical, cost-effective, and aligned with reliability-centred maintenance (RCM) and condition-based maintenance (CBM) principles.

[bookmark: _khif5f7enaxv]5.2 Recommendations
[bookmark: _nxn58c711ckb]Short-term (0–3 months)
· Implement tighter pH calibration (0.2 pH, fortnightly)
· Install mechanical flow gauges at critical points and begin operator logging
· Start heater condition monitoring using existing tools
· Restructure the PPM schedule into area-based tasks
· Procure a thermal imaging camera and train one engineer, then record baseline thermal images.
· Prototype a removable push-button panel on a low-risk tank
[bookmark: _dj5ft7r65fdr]Medium-term (3–12 months)
· Develop data trending and alarm thresholds
· Integrate condition-based tasks into the PPM schedule
[bookmark: _eknuie8yogzs]Long-term (12–24 months)
· Roll out removable panels across all tanks
· Upgrade to electronic flow monitoring integrated with the PLC
· Extend condition monitoring to additional parameters
· Track performance using KPIs (MTBF, MTTR, planned maintenance %, unplanned stoppages)

[bookmark: _yojiz78odpqt]5.3 Final Remarks
These improvements represent an incremental upgrade rather than a complete overhaul. By introducing targeted condition monitoring, improving maintainability, and refining existing practices, the process line can achieve greater reliability, reduced downtime, improved safety, and stronger environmental compliance.
As Moleda et al. (2023) highlight, maintenance strategy should be based on equipment criticality and available data, rather than a single fixed approach. Similarly, Farahani and Tohidi (2021) emphasise the need to integrate maintenance with production and quality decisions.
This report applies those principles in a practical context, presenting achievable actions that deliver measurable improvements in performance and cost.
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Appendices  
Appendix 1: Renishaw, anodising PPM Schedule[image: ]
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Appendix 2: An extracted version of the relevant parts of the Anodising training notes which just include the heater change procedure. 
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Appendix 3: An extracted version of the relevant parts of the anodising training notes which just include the PH probe calibration procedure.[image: ][image: ]

Appendix 4: Comparison table of different flow meters.
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Appendix 5: Control panel schematic diagram, highlighting the PLC Mitsubishi FX2N-128MR-ES/UL and its available inputs/ outputs.  
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Appendix 6: Comparison table for thermal imaging cameras
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Frequency

Key Activities (Existing + New Improvements)

Monthly

— Inspect tanks for cleanliness, leaks, distortion, physical damage.

— Check pipework, pumps, air agitation valves; replace if leaking/cracked.

— Check chiller fluid level; clean sump pump inline filter.

— Check all interlocks, isolators, guards, panel lamps, and the drench shower.

— Clean all level and temperature probes; verify each temp probe accuracy with a separate thermometer.
— Check automatic top-ups, high/low level switches, and low fluid heater cut-outs.

— Check PD meters on Tanks 8/8A (low resistance reading). 0.2A

— Calibrate neutralisation, outfall, and sump pump pH meters to 0.2 pH (reduced from £0.5 pH). Record drift.
— Measure submerged tank heater resistance and current draw; trend against baseline.

— Backup outfall logger data to Y:\Anodising SH outfall readings.

— Conduct thermal imaging survey of rectifier cables (Tanks 8/8A) and major electrical connections
— Check hot air box heaters; replace if indicated by resistance trending.

— Megger test between heater element and sheath for all tank heaters.

6-Monthly

— Check all trunking, conduits, connection boxes and wiring for damage.

— Clean inside and outside of electrical panels.

— Check condition of all electrical panel components.

— Check operation of all temperature controllers; reset if needed.

— Test all RCBOs by pressing the function button; rectify issues. Check with thermal camera for signs of degredation.
— Clean all transfer pump strainers.

Check oil level in diaphragm pump lubricator.

nspect removable push button control panels for corrosion, chemical ingress, and connector integrity.

— Carry out full Vibscan route (pumps/agitators)

Yearly

— Check all dosing rates of tank supply pumps; consult operators.

— Clean all tanks and remove buildup/debris.

— Full functional test of removable push button box multi-pin connectors and PTFE seals.

— Review annual condition monitoring data (flow trends, thermal images, electrical resistance logs) to optimise
replacement intervals.

— Recalibrate electronic flow transmitters (if installed) per manufacturer.
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Improvement Capital Cost (£) Ongoing Annual Cost (£) Payback Period
Mechanical flow gauges (critical

filter outlets) 500 — 1,000 0 Immediate
Electronic flow transmitters

(optional PLC integration) 3,000 — 5,000 0 (Calibration done in house 1-2years
Thermal imaging camera

(mid-range, e.g., Fluke Ti300+) 5,000 — 12,000 500 (training/software) 1-3years
Tighter pH calibration

(neutralisation, outfall, sump

pump) 0 0 Immediate
Removable push button boxes

(design + fabrication for 10 tanks) |5,000 (estimate) 0 2 — 3 failures avoided

Electrical condition monitoring
(resistance, megger, current draw

for tank heaters) Equipment already owned |0 (Calibration done in house) |< 1 year
Segmented PPM schedule
(restructuring only) 0 0 Immediate
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PPMSTO01-001

$T01/01 Anodising PPM Schedule
Monthly S5PM02 (1man 5 hours)

Process line

Inspect tarks for cleanliness, leaks Distorton or physical damage.
Check all ppe work and pumps for leaks.

Check the air agtation valves and replace ifcracked / leaking
Check allnterlocks and isolators are in working order.

Check all quards for damage and are securely fxed.

Check chiler for fluid evel and leaks.

Clean the sump pump fiter box.

Cleanreplace the sump pump inline fiter.

Check the operation of the drench shovier.

Check and clean alllevel and temperature probes in each tark.
Check each temp probe is accurate using a Separate thermometer.
Check the automatic top Ups are working correctly.

Check the reciifer cable connection on tanks & and 8a.

RENISHAW @

apply innovation™

Check the PD meters on both tanks & and 8a are switched on and reading low resistances L.

01A.
Check and clean the sump pump ph meter, Calibrate o +/- 0.5ph.

Check and clean the neutralisation and outfall ph meers, caibrate (o +/- 0.2,

Check the operation of the high and low lovel switches.
Check al panellamps/neon's are working.

Check the low flud level heater cut.ovts are working on each heated tark.
Checkif outfall water meter is working correctly and recording.

Carryout a ful vibscan route.

Check the neutralisation tank mixer is working and clean the motor fan.
Check the conditon of the hot air box heaters and replace where nceded.
Check the ol level in the lubricator or the ciaphragm pumps.

Take a backup of the outfallogger and save t to YilAnodising SH outal readings

Eume scrubber

Check all panellampsineon's are wiorking correctl.

« Check the external pipe work fo loaks,
= Empty the scrubber bund (outside).

« Lubricate the Fan dive bearings.

= Check and clean the ph probe, Calibrate 10 +/-0.5p1

« Clean outthe scrubber circulation pump striner, Replace if damaged.
« Check the drive belt aligament and belttension/conditon.

« Check the condiion of the mtor/pulley and guard fixings.

« Clean the ai intakes/fans on all 3 mors

« Checkiclean the flow gauge and check the low flow switch operation.
« Carryout a full Vibscan route.

« Check and run the backup circulation pump.

« Check the condiion and security of al fleible ducting joiners
Author- Martin Bird 1

Approved by- S.Brain.
Date- 08/08/2022
Issue number- 12
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PPMSTO01-001 RENISHAW.

Renishaw PLC - Plant apply innovation™
Maintenance

Dl plant
Inspect tarks and vessals for leaks and damage.

Check all pipe work for leaks.

Check al pancl indicator lamps/neon's are working.

Check and calibrate the conductvity meters for both vessels against a known sample,

Remove and clean the Regen effluent tank sirainer

Remove and clean the waste Acid and waste Akl dosing fiers.

24 week S5PM04 (1man 3 hours)
Process line
= Checkall runking, conduis, connection boxes and wiing fo damage.
Clean inside and outside of the clectrical pancis
Check the condition of allcctrial panel componers.
Check the operation of all temperature conirollers and reset f needed.
Clean all ransfor pump sirainers.
Test all RCBOS operation inthe elecirical panel by pressing the function button. Reciy al issues

Eume scrubber
« Check the conditon of al electrical panel componers.

Dl plant
Check the conditon of alleectrical panel componens.

Remove the n tank residue from the outfall and nevtralisation tanks.

Clean out the residue from the bottom of the Effuent tank.

Replace the waste acid and akali foed pipes.

Inspect acid and akal day tank non return valves in the feed ines.

Clean day tank inline fers.

48 week S5PMOS5 (1man 148hours).
Process line
 Check alldosing rates of the tank supply pumps f needed. Check with the operatars.

Eume scrubber
Drain the sump and clean out any debris/deposis

Checkiclean the extract pipe work nto the extractor, Remave any crystalisation.

Check the PAL ings, Replace if needed.

Check the water fite jeis, clean if needed.

Replace the scrubber bels,

Remove and clean the coalescing fiter.

Remove and clean the eliminator blades.

Other
Check the operation of the Auma emergency drain closure device,
Cloan out the sump if needed.

Author- Martin Bird 2
Approved by- S.Brain.

Date- 08/08/2022

Issue number- 12
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Heater Change work instruction.

PLAN VIEW OF THE STONEHOUSE ANODISING LINE.
This document isntended o provide information regarding tothe correct and safe method of
heater emoval and replacement n the companies Anodising Plant at Stonehouse.

‘Responhilties

2] 9
The Works Engineering Manager i responsible for the overall management of the safe working bEh R
practice outlined below. p q

B, A
The Senior Plant Maintenance Engineers are responsible for the management and Health and Safety. P 1idg
of all Engineers carrying out any of the tasks lsted below, and ensuring that they are equipped with ] q
‘and use all necessary personal protective equipment. ] {1
The Engineer carrying out any of the tasks lsted below s responsible for his Health and Safety and ] i

those working with him, an fo the correct use of al persona protectve equipment, he also has a

aspacaitiity o reun th Plrtina safeconditon rady for use !

Keveains T hE il
The Works Engineering Manager has overall responsibilty to ensure that any person / persons [ Ll
woring i this aea has had adequate traiingand  company “dring te” o prove tht they an

operat th plant na safe mannr,this s o b documented nthe appropratemanner, an upto fd o
date st is shown on page. I ]
‘The Senior Maintenance Engineers are responsible for the completion of the plant maintenance 1 G |
Engineers raiing nd dring et frthis lan,  ecordof hisneeds o be sent o the ik {1
Malntananca Cortrolra the Works Enineaing anagr i I
i the Departmentl plc toensure hat all Plant Maintenance Eniners e trained andae T} L

competent o cary out risk assessmens.

Any person working in Anodising must have
completed an Anodising driving test.

Page 119 Pace 120
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Heater change procedure for tank 1 (Caustic) and 3 (Phosbrite)

PPE needed.
1, Chernical suit (supplied with personal PPE )

2, Safety glases / splash mask.

3, Acid proof Welingtons (stored in chemicalspil ocker)
4, Gauntlet gloves (red) stored in Anodising.

Tooling needed.
1, Multimeter

2, Posi drive screw driver
3, 13mm spanner
4,Silicone gun

5, Scraper

6, Personal padiock

Procedure.

1, Tank heater must be switched off on the main panel and allowed to cool, transfer pumps

will ot operate above 30 degrees ( approximately 24 hours )

2, Pracess Manager to be contacted to confirm which tank the waste is to be pumped to.
3, Tank o be drained in accordance with Process lies safe working practice, this can be.

found in the Anodising manual a copy s held in Anodising.

4, Tank must be rinsed with fresh water once tank s drained and before work s started.
5, Isolate heater in main panel and lock off MCBs, check connectors to confirm power

solation using calibrated volt meter.

6, Release holding clamps (13mm bolts) on heater, and gently pull away from tank
7, Pull through all cabling and remove heater from tank and thoroughly inse with fresh

water.

8, Replacement heater i stored on the blue racking in the compressor room, this still needs

1o be booked out on COSWIN.

9, Check replacement heater for continuity and insulation resistance to earth before
terminal connection, this needs to be recorded on the job feedback
10, Lift heater into tank and feed support brackets into clamps and tighten, seal opening.

with silcane.

11, Reconnect heater terminals and replace al covers, remove MCB ock off.
12, Once the operators have refilled the tank turn on heaters and check rse time against
information on page 12 (Tank 1) and 14 ( Tank 3) of this document.

Tank 1~ Heater type, STF 3kw

(10ff) Support bracket for heater, relessed a rear of tank.

Tank 3 - Heater type, STF KW (2.0f)

Support bracketsfor rear
Sk hater, second set
octed infrontof tank.
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Heater change procedure for tank 8/ 8A(Sulphuric

PPE needed.
1, Chernical suit (supplied with personal PPE )

2, Safety glasses / splash mask.

3, Acid proof Welingtons (stored in chemicalspil ocker)
4, Gauntlet loves (red) stored i Anodising.

Tooling needed.
1, Multimeter

2, Posi drive screw driver
3, 13mm spanner
4,Silicone gun

5, Scraper

6, Personal padiock

Procedure.
1, Tank heater must be switched off on the main panel and allowed to cool, transfer pumps
will ot operate above 30 degrees (approximately 24 hours)

2, Pracess Manager to be contacted to confirm which tank the waste is to be pumped to.

3, Tank o be drained in accordance with Process lines safe working practice, this can be.
found in the Anodising manual  copy can be found in Anodising.

4, Tank must be rinsed with fresh water once tank s drained and before work s started.

5, Isolate heater in main panel and lock off MCBs, check connectors to confirm power
solation using calibrated volt meter.

6, Release holding clamps (13mm bolts) on heater, and gently pull away from tank

7, Pull through all cabling and remove heater from tark and thoroughly inse with fresh
water.

8, Replacement heater i stored on the blue racking in the compressor room, this still needs
1o be booked out on COSWIN.

9, Check replacement heater for continuity and insulation resistance to earth before
terminal connection, this needs to be recorded on the job feedback.

10, Lift heater into tank and feed support brackets Into clamps and tighten, seal opening.
with silcone,

11, Reconnect heater terminals and replace al covers, remove MCB ock off.

12, Once the operators have reflled the tank turn an heaters and check ise time against
information on page 19 of this document

Tank8 - Heater type, STF 3kw

12

(toff)

Support bracketsfor heater eleased at front oftark
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Heater change procedure for tank 11 ( Black Dye)

PPE needed.
1, Chernical suit (supplied with personal PPE )

2, Safety glases / splash mask.

3, Acid proof Welingtons (stored in chemicalspil ocker)
4, Gauntlet gloves (red) stored in Anodising

Tooling needed.
1, Multimeter

2, Posi drive screw driver
3, 13mm spanner
4,Silicone gun

5, Scraper

6, Personal padiock

Procedure.
1, solate heater in main panel and lock off MCBS, check connectors to confirm power
solation using calibrated volt meter.

2, Release holding clamps (13mm bolts) on heater, and gently pull away from tank

3, Pull through all cabling and remove heater from tank and thoroughly rinse with fresh
water.

4, Replacement heater i stored on the blue racking in the compressor room, thisstll needs
1o be booked out on COSWIN.

5, Check replacement heater for continuity and insulation resistance to earth before
terminal connection, this needs to be recorded on the job feedback.

6, Liftheater into tank and feed support brackets into clamps and tighten, seal opening with
slcone,

7, Reconnect heater terminals and replace all covers, remove MCB lock off.

8, Turn on heater and check temperature rise times (page 22 of this document)

Support brackets released at rear
of tank,(STF/2 SKW heater 10ff)
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Heater change procedure for tank 14 (Hot seal)

PPE needed.
1, Chernical suit (supplied with personal PPE )

2, Safety glases / splash mask.

3, Acid proof Welingtons (stored in chericalspil ocker)
4, Gauntlet gloves (red) stored in Anodising.

Tooling needed.
1, Multimeter

2, Posi drive screw driver
3, 13mm spanner
4,Silicone gun

5, Scraper.

Procedure.
1, solate heater in main panel and lock off MCBS, check connectors to confirm power
solation using calibrated volt meter.

2, Release holding clamps (13mm bolts) on heater, and gently pull away from tank

3, Pull through all cabling and remove heater from tank and thoroughly inse with fresh
water.

4, Replacement heater i stored on the blue racking in the compressor room, this still needs
1o be booked out on COSWIN.

5, Check replacement heater for continuity and insulation resistance to earth before
terminal connection, this needs to be recorded on the job feedback

6, Liftheater into tank and feed support brackets into clamps and tighten, seal opening with
silcone,

7, Reconnect heater terminals and replace all covers, remove MCB lock off.

8, Turn on heater and check temperature rise times (page 24 of this document)

Heatersupport bracke rleased
At rear of tank STF 12w 3 off)

Page |27

Heater change procedure for tank 16 (Minco clean)

PPE needed.
1, Chernical suit (supplied with personal PPE )

2, Safety glases / splash mask.

3, Acid proof Welingtons (stored in chermicalspil ocker)
4, Gauntlet gloves (red) stored in Anodising.

Tooling needed.
1, Multhmeter

2, Ponidrive screw driver
3, 13mm spanner
4,Silicone gun

5, Scraper.

Procedure.
1, solate heater in main panel and lock off MCBS, check connectors to confirm power
solation using calibrated volt meter.

2, Release holding clamps (13mm bolts) on heater, and gently pull away from tank

3, Pull through all cabling and remove heater from tank and thoroughly inse with fresh
water.

4, Replacement heater i stored on the blue racking in the compressor room, this still needs
1o be booked out on COSWIN.

5, Check replacement heater for continuity and insulation resistance to earth before
terminal connection, this needs to be recorded on the job feedback

6, Liftheater into tank and feed support brackets nto clamps and tighten, seal opening with
silcone,

7, Reconnect heater terminals and replace all covers, remove MCB lock off.

8, Turn on heater and check that temperature rises.

Pace 2
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Tank 8 - Heater type, STFSKW. (L off)

Page 12

Support bracketfor Sk
hester reeased st rear
of tank, (1 off].

Documentho: | WEADE e 01 [ome 25082015

ChemicalTransfer and Pipework Permit to Work

SimmaryScope:

This policy i intended to ensure that allwork involving chermical fluid tranfer outside of  hard pipedt
system and any chemical pipework modfcation / repair work i carred out as safely s possbleref
“chemical pipework and transfer” permit WEAOB

Reason or e  Natore of Change

New Procedure

Drbaton

Al Plant Maintenance persannel

see 130
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Summary

These standard forms and procedures have been developed to provide  forml mechanism for the
rainingrequired so that the job hlder can manage the requisiton of a permit o work safely and
efficienty.

poliey

it the paliy of the Works Engineering department to use the permit to work authorisation process
i allcases where specific works present  signfcant sk to personnel and property.

Critri for Use:

This DOP should be used at ] imes whenever chemical are being transferred manually or pumped,
whenever 3 repai is being undertaken to 3 ection of pipewark or pump that may have carred
chomicals. WE352 covers allchecks and PPE required for this task,only Engineers that have
completed a driving testfortis area (Anocising) are deemed competent to cary ou this work or
rase 3 permit

Control Method Details

s one of the departments health and safety procedures tis safe working practice s to befallowed
ataltimes, nthe event of an Engineer found to be n contravention o tis t wilbe dealt with using
the company's discplinary procedure

it theresponsibiltyof the Works Engineering Manager o ensure tha the permit to work
authorisation ystem s used i allnstances where works engineering personnelor their sub-
contractors ae responsibleforthe execution of works descibed i the defintions above.

It theresponsiiltyof the Senior Plant Maintenance Supervisor and Senior lant Maintensnce /
Senior Maintenance Engineers to ensure that n lant maintenance applications and where
applicable, appropriate permit o work systems are implemented and followed

[NOTE: Inthe event of  permit o work being required outside of normal working hours and when
there is o autharised persorinel avaable it i the responsisiity of the Job Holder to request the.
ecessary permit to work rom another authorised person pior to commening the works.If
necessary,an authorised person i to b contacted and called out to completethe authorisation
process.

It theresponsiilty of the Job Holder o assess and identify where the requirement for an
appropriate permit o work s applicable.

[EY

Where the Job Holder i responsibl for the management of sub-contractors; they must ensure that
allsub-cantractors under ther contol are aware o therequirement or the permitto work
authorisation process and of the procedures to follow:

it theresponsibiltyof al sub-contractors to Indentify the need for  permit o work authorisation
through thelr Work Method Statements and t request the necessary authorisaton prior to the
commencement of the work activity. No works may commence without the necessary auth
procedure being completed.

Jsation

procedure

it theresponsibiltyof the Job Holder, the Works Engineering Personnelor the Sub-Contractors
carrying out the acttes to ensure the procedure is completed correcty.

The Procedure s s follows:

(On dentifying the need for th ssue of a permit o work, the requirement must be brought to the
attention of one of the nominated authorises, nominated autharisrs arelsted on the PTW
(we3s2)

The originator must then printthe appropriate permit to work fom from the Works Engineering
rive. Theform should be completed with the appropriste Coswin job number,basic nformation
and activites necessary to enable the authorise to inpectthe site of works and o fully ssess
whether all he approprate safety messures have been implemented.

When satisfid, the authoriserwill then authorise the execution of the works. On compltion of the
warks,the riginator will request the authoriser toreinspect the works and fal s stisfactary,the
authoriser will lose the permit to work authorisaion.

(On compltion ofthe works t s the responsibily of the Job hlder to ensure that the permit to
wark form i passed tothe Maintenance Controller toscan agains the Coswin job detal

Definitions

WHAT 15 “Chemicalpipe work” ~ Chernical ppework or the purpose of this permit nly refers to
pipework thatis used withinthe Anodising acity for the purpose of transferrng a liguid between
tanks,vessels or bunds,

WHAT 15 “Chemical ransfer”

Chemicaltranfer forthe purpose o this document efers to the mavement ofiquid outside of the.
designed pipework system and can be ather manual o mechanica and n s quanity of more than
25116 per ctuity

WHY USE PERMIT TO WORK'?

To provide a safe system of working where are used as part of the work process outside of 3
designated safe working rea toprotect people and property.

[E
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Stonehouse Anodising Storage/Buffer tank function

Regen effluent tank

“This tank is used to collect all of the waste from the DI bed regeneration process. The tank
full constantly when a regeneration isin progress. It will il with “dirty” contaminated water
washed from the 4 media beds, fresh water used to rinse and also Acidic/ Alkali water from
the cleaning/conditioning process. Once the Regen process has finished the contents of the
effluent tank will be neutral or very slightly acidic(s.5-7pH). Because of this the contents can
g straight to drain via the neutralisation tank(6001/hr)

Rinse pump tank

This buffer tank is used to collect the overflow from all of the rinse water tanks. The water
weirs out of the rear of the tank and into this one. Once the water level rises to a set point
the pumps will process the water straight to drain via the neutralisation tank(20001/hr)

Mixed waste Acid and alkali tanks

Both of these tanks are filled from waste either from draining tanks to refill with fresh or
from the floor spillage pit pump. The tank slowly (15-18L/Hr) pumps the waste into the
Neutralisation tank when the Rinse pumps run.

Neutralisation tank

“This tank acts as a buffer vessel before the outfall tank. This is where all waste goes to be
neutralised by dosing with Caustic. Predominately all of the waste we produce is Acidic so
only Alkaline (caustic) dosing is required. There are two pH sensors on the tank as a fail safe
if one stops working or reads incorrectly. All water and pumps are automatically stopped
(bar the Caustic dosing) i the sensor is out ofits allowable working range.

Outfall tank

The last stop before the waste water enters the sewer system. Any waste going through this
tank will be neutral. In the event that there is 2 fault further upstream a pH sensor s fitted
252 “just n case” safeguard. All water and pumps are automatically stopped (bar the
Caustic dosing) if the sensor is aut of its allowable working range. The operating range
Renishaw have to stick to is a maximum water flow of 3500/hr to drain and it must be
between 6 and 10pH.
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Standardising pH electrodes - required at least monthly.

PH electrodes should be standardised monthly or whenever there is a difference of more
that 0.5 pH between the two pH meters measuring the pH in the neutralisation tank after
cleaning as described in 2.3.1 above.

Standardising pH electrodes using the Eutech Alpha pH 200 pH meter
First enter the password 011 as below

Entercaibration motde password 031 as follows:

Press ENTER twiceand the display il read POOO withthefirt i fashing.
Press enter o leave the fist digt steady at 0 an the second digt flashing

Press V1o change the second gt to 1

Press ENTER t leave the second digtsteacy at 1 and to fashthe tird dgit
Press o change the third digit to 1

Press ENTER and the whole cisplay wil flash

Press ENTER toconfirthe password POI 1, which alows ealibraton to proceed.
To Calibrate continue as below

he dispay serolls BUFF and ither 7,00 or .56

Use to select which buffer il be used.

mmersethe lectrode inthe buffer and alow tme to stablse.

Press ENTER and the nstrument il link with the uncalirated pH value corresponding to the m\ output of
the elctrode inthe frt buffer.

Press ENTER and the csplay twice blinksthe calirated value of the first buffer, then says DONE and moves on
tothe next buffer

Note: I the output of the elctrode is more than 1.5pH away from the firs bufer value Erlwil be displayed.
To clear Er press together

Useto selec the value ofthe secand buffer o be used rom the st 168, 4.01,9.18, 1001 and 12.45.
Immerse the lectrade inthe chosen second buffer and llos time o stabils.

Press ENTER and the nstrument il blink withthe uncalibated pH value coresponding to the mi./ output of
the elctrode inthe second bufter.

Press ENTER and the csplay twice blinks the calibrated value of the second buffe, then flshes DONE.

Press ENTER o return to the measurement mode.

Note: I the output of the electrode is more than 1.0pH away from the second buffr value Erlwillbe
dispiayed. To clear Er an return tothe clibration mode press together.
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Type Technology Key Specifications Key Features Approx. Price | Distributor / Link
Key Instruments MR3000

Series Variable Area Flow | Variable Area — Simple visual flow indication via | Manual reading, no power needed RS Components,
Meter (Rotameter) floating bal — Very low cost £101.12 2026)

— Electronic with 360° backlit LCD

— Lifetime warranty on paddie assembly

RS PRO Paddle Flow display — Low-drag Tefzel® paddle with RS Components,
Switch Insertion Paddle Wheel |- For pipe sizes %" to 24" ceramic bearings £390.48 2026) a

— PTFE or PFA liner with 316L

stainless steel electrodes. — Bidirectional measuring principle
Georg Fischer Signet — High-precision electronics, — Heartbeat Technology™ for RS Components,
2551 Magmeter Magnetic (Magmeter)  |4-20mA output diagnostics £1,453.00 2026) b

— Clamp-on / inline installation
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