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This report evaluates the maintenance strategy for Robot 19, a robotic welding cell used in exhaust assembly production, and proposes improvements to enhance reliability and operational performance. The current time-based preventative maintenance approach was assessed using performance data, maintenance records, and a simplified Failure Modes and Effects Analysis (SFMEA). Analysis identified that availability losses and limited fault detection contribute to unplanned downtime and reduced equipment effectiveness.
To address these issues, an enhanced maintenance strategy incorporating reliability-centred maintenance (RCM), condition-based monitoring (CBM), total productive maintenance (TPM), and data-driven maintenance was proposed. A phased implementation plan was developed to support controlled deployment, alongside a cost-benefit analysis demonstrating that reducing breakdowns would provide significant financial savings and a short payback period.
The proposed strategy is expected to improve equipment reliability, reduce downtime, and support proactive maintenance decision-making. The findings demonstrate that transitioning to a data-driven, reliability-focused maintenance approach offers measurable operational and financial benefits for Robot 19 and similar manufacturing assets.
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[bookmark: _Toc226783948]Aim and Objectives of the Report

The aim of this report is to critically evaluate the maintenance strategy of a robotic welding cell and propose improvements based on reliability-centred maintenance principles. To achieve this, the report will assess the current maintenance practices applied to the system and evaluate their effectiveness in supporting operational performance. It will analyse the reliability and performance of the equipment, including identifying key failure modes and associated risks, and examine how existing maintenance strategies impact availability, quality, and overall equipment effectiveness. Based on this analysis, the report will propose improved maintenance approaches, including the application of reliability-centred, condition-based, and data-driven maintenance techniques. Finally, the report will assess the costs, resource requirements, and implementation considerations associated with these proposed improvements.

[bookmark: _Toc226783949]Company Background

Tenneco-Walker (U.K.) Limited is a subsidiary of Tenneco, a global Tier 1 automotive supplier employing over 60,000 people across 223 sites in 28 countries. The company supplies major vehicle manufacturers with products including emissions control systems, ride performance components, and aftermarket solutions, delivering directly to original equipment manufacturers such as Ford, BMW, and Jaguar Land Rover (Tenneco, 2025).





The Merthyr Tydfil site, part of the Clean Air division, manufactures exhaust systems for the light vehicle sector, primarily for Jaguar Land Rover, as illustrated in Figure 1. The facility employs over 200 people, operates a three-shift pattern, and produces approximately 4,500 assemblies per week. Welding operations, particularly robotic MIG welding cells, are critical to production efficiency, product quality, and overall equipment effectiveness.
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[bookmark: _Ref225524042][bookmark: _Toc226783970]Figure 1: Jaguar Land Rover Diesel Exhaust System

[bookmark: _Toc226783950]Review of Existing Maintenance Practices
[bookmark: _Toc226783951]Description of Equipment

The analysis in this report is based on Robot 19, an automated welding cell used in the production of muffler assemblies, as shown in Figure 2. The cell positions and clamps muffler shells around a central core assembly, after which the seam between the shells is welded to form a completed muffler box – a depiction of this process is illustrated in Figure 3.
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[bookmark: _Ref225526196][bookmark: _Toc226783971]Figure 2: Robot 19 Box Closing Cell
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[bookmark: _Ref225790424][bookmark: _Toc226783972]Figure 3: Robot 19 materials.

The system consists of an electrically servo-driven two-axis manipulator with upper and lower fixtures, actuated by two hydraulic cylinders supplied by a hydraulic power pack (Figure 4) capable of generating up to 20 tonnes of force. A MIG welding torch, rated at 400 A, is mounted on a six-axis robotic arm to perform the welding operation. Safety systems, including light guards, floor scanners, and interlocked access doors, are integrated into the cell. Overall system operation is coordinated through a programmable logic controller (PLC) and an industrial PC.
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[bookmark: _Ref226609338][bookmark: _Toc226783973]Figure 4: Hydraulic power pack.

[bookmark: _Toc226783952]Maintenance Strategy and Types Identified

Preventative maintenance activities for Robot 19 are scheduled and tracked using ShireSystem, a Computerised Maintenance Management System (CMMS). The system is used to log machine breakdowns, schedule planned maintenance tasks, and monitor key reliability metrics such as Mean Time Between Failures (MTBF) and Mean Time To Failure (MTTF). An example list of work orders recorded within the system is shown in Figure 3.
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[bookmark: _Ref225579787][bookmark: _Toc226783974]Figure 5: ShireSystem work orders for Robot 19.

Three types of planned maintenance activities are currently implemented on the cell. These include a generic robot-welding cell maintenance service conducted every 3 months, monthly welding gas checks and equipment data back-ups, and periodic robot and welding equipment inspections. These activities involve checks of electrical systems, mechanical components, welding equipment, and safety devices to ensure the cell continues to operate safely and reliably.


[bookmark: _Toc226783953]Performance Measurement

Tenneco’s primary metric for assessing equipment performance is Overall Equipment Effectiveness (OEE), which is calculated by multiplying availability, performance, and quality, and expressed as a percentage (Bicheno and Holweg, 2016). OEE is widely used in manufacturing as a quantitative tool for identifying production losses and highlighting areas for process improvement.
The average OEE for Robot 19 between January 2025 and March 2026 was 84.4% (Figure 4), which is close to the widely cited world-class benchmark of 85% (Dewi, Alhilman and Atmaji, 2020). Analysis of the OEE components indicates that availability is the primary source of loss within the system, with an average value of approximately 90%. As the cell does not require product changeovers, setup and adjustment losses are minimal, suggesting that downtime is largely attributable to equipment breakdowns. This is supported by Muchiri and Pintelon (2008), who highlight that availability losses are strongly influenced by equipment reliability and the effectiveness of maintenance practices. This suggests that the reduced availability observed in Robot 19 is likely linked to the effectiveness of the current time-based maintenance strategy.
[image: A graph with numbers and a line

AI-generated content may be incorrect.]
[bookmark: _Ref225789991][bookmark: _Toc226783975]Figure 6: Robot 19 OEE chart.


[bookmark: _Toc226783954]Strengths and Weaknesses

The current maintenance strategy for Robot 19 demonstrates several strengths. Planned preventative maintenance activities allow work to be scheduled in advance, minimising disruption to production and supporting consistent output. The structured nature of time-based maintenance also results in relatively low management costs and reduced spare parts inventory, as maintenance intervals are predictable. Additionally, the use of OEE provides an integrated measure of maintenance effectiveness, production efficiency, and product quality, enabling performance monitoring and identification of improvement opportunities (Muchiri and Pintelon, 2008).
However, the strategy presents notable limitations. Time-based maintenance relies on average equipment life and experience, which may lead to unnecessary maintenance or unexpected failures (Mobley, 2014). The absence of condition monitoring limits early fault detection, reducing predictive capability. Furthermore, the approach does not prioritise maintenance based on asset criticality, potentially leading to inefficient resource allocation. While OEE can provide useful insights into equipment performance, its effectiveness depends on data quality; poor data collection due to human error can reduce the accuracy and reliability of the results.

[bookmark: _Toc226783955]Justification of Current Strategy

Time-based preventative maintenance practices have been employed at Tenneco’s Merthyr Tydfil plant since its opening in 2014, with these legacy approaches being retained and adapted by successive maintenance management teams. This strategy provides a structured, predictable approach to asset management, supports production planning, and requires relatively low implementation costs compared to more advanced techniques. While discussions have taken place regarding the introduction of condition-based monitoring systems, resource limitations, initial investment costs, and the need for specialist skills have restricted their adoption. As a result, the current approach reflects a balance between operational reliability, cost control, and available organisational capability.
[bookmark: _Toc226783956]Failure Modes and Reliability Analysis

A simplified Failure Modes and Effects Analysis (SFMEA) has been applied to Robot 19 using the maintenance FMEA table to identify key failure modes, their causes, and associated risks (Table 1). SFMEA is a structured approach that evaluates failures based on severity, occurrence, and detection, enabling prioritisation through the calculation of Risk Priority Numbers (RPN).
The analysis highlights several failure modes within the cell, each assessed for its impact on production, quality, and safety. High severity ratings are assigned to failures that result in loss of function or production stoppage, reflecting their critical impact on throughput. Occurrence ratings are based on historical maintenance data and operational experience, while detection ratings reflect the effectiveness of current controls (Mobley, 2014).
The FMEA table indicates that many failure modes have limited detectability due to reliance on scheduled maintenance and operator observation. As identified by Chong, Ng and Goh (2015), improving detection capability is key to reducing overall risk, as enhanced monitoring can significantly lower RPN values by enabling earlier fault identification.
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[bookmark: _Ref225884548][bookmark: _Toc226571025]Table 1: Robot 19 Maintenance FMEA.
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[bookmark: _Toc226783957]Enhanced Maintenance Strategy and Future Approach
[bookmark: _Toc226783958]Reliability-Centred Maintenance (RCM)

Reliability-Centred Maintenance (RCM) is a structured approach used to optimise maintenance strategies by focusing on asset functions, potential failure modes, and the consequences of those failures. It seeks to ensure that systems continue to operate as required by selecting maintenance tasks based on risk and functional importance rather than fixed time intervals (Moubray, 1991). Applying this methodology, Patil and Bewoor (2022) demonstrated a reduction in total cost of ownership while improving the lifespan and safety of steam boiler systems.
The SFMEA conducted for Robot 19 provides a robust foundation for RCM implementation, as it identifies failure modes, their causes, and associated Risk Priority Numbers (RPNs). These outputs enable maintenance to be targeted towards high-risk items, particularly those with high severity and low detectability.
In practice, RCM could be applied to Robot 19 by introducing condition-based monitoring for critical subsystems identified in the FMEA. For example, vibration or temperature monitoring could be applied to the robot servo drives to detect early signs of wear or misalignment, while pressure or leakage monitoring could be implemented on the hydraulic system to identify loss of clamping force. Preventive maintenance tasks could then be adjusted based on failure criticality, improving reliability and reducing unplanned downtime.

[bookmark: _Toc226783959]Condition-Based Maintenance (CBM)

Condition-Based Maintenance (CBM) serves as the operational backbone of an RCM strategy, shifting maintenance from reactive or time-based intervals to real-time asset health assessments. By utilising non-intrusive technologies, CBM seeks to bridge the gap between theoretical research and practical industrial application to ensure machines operate within nominal limits (Hurtado Carreon and Veldhuis, 2025). This is achieved through a data-driven approach focusing on inspection, replacement, and prognosis (Quatrini et al., 2020).
As illustrated in the P-F curve for a ball bearing (Figure 6), the strategy relies on identifying the "Potential Failure" (P) point - where an incipient fault, such as a microscopic race defect, first becomes detectable via vibration analysis - before it reaches "Functional Failure" (F). For critical mechanical components like the bearings and gears in Robot 19, vibration monitoring remains the most predominant procedure to recognise these issues (Kumar et al., 2018). By monitoring this P-F interval, maintenance can be scheduled proactively, preventing catastrophic breakdown and maximising the asset's remaining useful life.
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[bookmark: _Ref226013395][bookmark: _Toc226783976]Figure 7: Example P-F curve for a ball bearing (Bengtsson and Lundström, 2018).

[bookmark: _Toc226783960]Total Productive Maintenance (TPM)

Total Productive Maintenance (TPM) is a holistic approach that integrates maintenance and production by promoting operator involvement in routine equipment care and continuous improvement (Yang and Yang, 2024). Unlike traditional maintenance, TPM encourages autonomous maintenance, where operators carry out basic “clean and inspect” tasks to identify early signs of deterioration (Borris, 2006).

For Robot 19, this could include regular checks of weld wire feed rollers for debris build-up (Figure 7), cleaning of the welding torch to remove spatter, inspection of safety floor scanners for contamination, and monitoring for hydraulic oil leaks. These activities improve fault detection and allow maintenance specialists to focus on more complex issues, ultimately enhancing equipment reliability and overall operational performance (Yang and Yang, 2024).
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[bookmark: _Ref226101967][bookmark: _Toc226783977]Figure 8: Wire feed roller (Mig-welding.co.uk, 2026).

[bookmark: _Toc226783961]Data-Driven Maintenance

Data-Driven Maintenance (DDM) utilises industrial data and advanced analytics to shift maintenance from reactive decision-making to predictive, optimised strategies. For Robot 19, this approach can build on existing performance data, such as OEE and historical breakdown records, to identify patterns in failure behaviour and support more informed maintenance decisions.
For example, automated machine criticality assessments can use production and downtime data to rank assets based on their impact on throughput and bottleneck creation, allowing maintenance resources to be prioritised effectively (Gopalakrishnan, Subramaniyan and Skoogh, 2022). This could be supported by the existing ShireSystem CMMS, which already captures maintenance and failure data but is not currently being fully utilised for advanced analytics, representing a clear opportunity for improvement. In addition, real-time data from sensors, such as motor current or cycle times, can be analysed to detect deviations from normal operating conditions and predict potential failures.
This approach aligns with Industry 4.0 principles, where interconnected systems and Industrial Internet of Things (IIoT) technologies enable real-time data acquisition and predictive maintenance through advanced analytics, supporting improved operational performance (Silvestri et al., 2020).

[bookmark: _Toc226783962]Proposed Maintenance Strategy

The proposed maintenance strategy for Robot 19 transitions from the current generic 3-month schedule towards a targeted, multi-layered regime informed by the SFMEA and specific reliability metrics. By quantifying equipment performance through Mean Time Between Failures (MTBF) and Mean Time to Failure (MTTF), maintenance intervals can be optimised to align with actual degradation patterns rather than arbitrary calendar dates. This data-driven approach directly improves Overall Equipment Effectiveness (OEE) by reducing both unplanned downtime and excessive "over-maintenance" during scheduled stops.
As detailed in the Proposed Maintenance Strategy Transition Table 2, the existing Shire PPM tasks have been reclassified based on risk, technical feasibility, and the specific configuration of Robot 19. High-frequency visual inspections, such as gas checks and torch neck condition, are transitioned to TPM activities performed by operators. This move empowers first-line machine operators and fosters a sense of "ownership," as identified in the TPM bottom-up perspective. Furthermore, low-value manual tasks, such as cell data backups, are automated via network-based scheduling to ensure 100% data integrity.
[bookmark: _Ref226273363][bookmark: _Toc226571026]Table 2: Proposed Maintenance Strategy Table.
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A critical strategy component is transitioning high-criticality assets, such as hydraulic motors, to Condition-Based Monitoring (CBM) to mitigate winding insulation and electrical failures. Rather than relying on elapsed time, this approach uses Motor Current Signature Analysis (MCSA) and continuous temperature monitoring to detect incipient faults, such as broken rotor bars or air-gap eccentricities. By identifying these issues within the P-F interval via current waveform analysis and infrared thermography, maintenance interventions for Robot 19 become data-driven and proactive. This optimised strategy prevents catastrophic motor failure while maximising the equipment’s remaining useful life (Kumar et al., 2019).

[bookmark: _Toc226783963]Implementation Plan

The proposed maintenance improvements for Robot 19 will be implemented using a phased approach to minimise operational disruption and allow validation at each stage. The first phase involves assessing the current system to confirm failure priorities and define monitoring requirements. Following this, condition-based monitoring (CBM) equipment will be procured and installed on critical components. Alarm thresholds and monitoring limits will then be defined, and baseline condition data collected to establish normal operating behaviour.
Subsequent activities include reprogramming Robot 19's control systems to support automated backups and improved data capture, developing TPM documentation, and updating Shire's planned maintenance instructions. Training will then be delivered to maintenance technicians, process technicians, and operators. A pilot implementation on one shift will allow performance evaluation and identification of corrective actions before full rollout across all shifts. The detailed implementation timeline is presented in Figure 8, with the total implementation period estimated at approximately 19 weeks.
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[bookmark: _Ref226354211][bookmark: _Toc226783978]Figure 9: Proposed implementation schedule for Robot 19 maintenance improvements.

[bookmark: _Toc226783964]Analysis of Implementation Costs and Resource Requirements
[bookmark: _Toc226783965]Implementation Cost & Resource Analysis

The financial justification for transitioning Robot 19 to an RCM-based strategy is rooted in reducing the significant "hidden" costs of unplanned downtime. In 2025, the existing maintenance configuration resulted in 58.5 hours of breakdown time, costing the business £13,338 annually – the actual figure is higher due to replacement parts, although this information is not readily available. This figure is primarily driven by lost contribution (£9,945) and unabsorbed overheads, far outweighing the direct labour costs of repair (Appendix 1).
The proposed implementation requires a total capital and resource investment of £4,816.50 (Appendix 2). This includes £4,050 for specialised hardware, such as ABB Ability Smart Sensors for motor monitoring (MKE Engineering Group, 2025) and automated TCP programming, and £766.50 for resource costs, including TPM training and CMMS integration.
By shifting to a combination of CBM and TPM, the strategy aims to reduce machine breakdowns by 50%. This reduction alone would save the business approximately £6,669 per annum (Appendix 3). Furthermore, by reclassifying tasks, the annual PPM resource expenditure is projected to drop from £578.20 to £306.60, despite the increased frequency of operator-led TPM checks. Consequently, the new strategy offers a Return on Investment (ROI) within approximately nine months. Beyond direct savings, this proactive approach stabilises OEE and mitigates the risk of catastrophic motor failures, ensuring long-term asset profitability.

[bookmark: _Toc226783966]Change Management Considerations

Successful implementation of the revised maintenance strategy requires effective management of organisational and behavioural change. Change management is defined as a structured process for transitioning from a current state to a desired future state while addressing the people-side of change (Galli, 2018). The proposed improvements introduce new responsibilities for operators, increased data usage, and condition-based decision-making, which may generate resistance if not managed effectively.
Kotter’s 8-step model provides a suitable framework, beginning with establishing urgency by highlighting downtime costs and reliability risks, followed by forming a cross-functional team that includes maintenance, production, and engineering personnel. Developing and communicating a clear vision ensures staff understand the benefits of CBM and TPM activities. Empowering employees through training and pilot trials supports adoption, while short-term wins from reduced breakdowns reinforce engagement. Sustaining improvements requires embedding updated procedures within Shire and standard work documentation, ensuring the new maintenance strategy becomes part of routine operations (Kotter, 2012).


[bookmark: _Toc226783967]Conclusions and Recommendations

This report evaluated the effectiveness of the current maintenance strategy applied to Robot 19 and identified opportunities to improve reliability, availability, and operational performance. Analysis of existing practices showed that the cell operates with an Overall Equipment Effectiveness (OEE) of approximately 84.4%, with availability losses primarily driven by equipment breakdowns and time-based maintenance limitations. The SFMEA further highlighted limited fault detectability and the absence of condition monitoring as key contributors to reliability risk.
To address these limitations, a revised maintenance strategy was proposed that incorporates reliability-centred maintenance (RCM), condition-based monitoring (CBM), total productive maintenance (TPM), and data-driven maintenance. This integrated approach enables maintenance activities to be prioritised according to failure criticality, improves early fault detection, and promotes operator involvement in routine equipment care. The proposed phased implementation plan supports controlled deployment, while a cost analysis shows that reducing breakdowns by 50% delivers significant annual savings and achieves a return on investment within the first year.
Overall, transitioning to a reliability-focused, data-driven maintenance strategy is expected to reduce unplanned downtime, stabilise OEE, and improve asset utilisation. It is recommended that the proposed implementation plan be adopted for Robot 19, with future expansion to similar robotic welding cells across the plant.
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[bookmark: _Hlk226449822]Appendix 1 – Annual costs for 2025 (PPMs and machine breakdowns)
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Appendix 2 – Revised maintenance strategy implementation costs
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Appendix 3 – Forecasted annual costs (PPMs and machine breakdowns)
[image: ]
2 | Page

image2.png




image3.png




image4.png
R19 P6 Muffler Assembly.

E





image5.png
Input Materials End Product

6
=T
iy




image6.png




image7.png
+ & 9 Y @ Work Orders

Flag WO Number Subject Description Work Type Assigned To Raised Date Planned Start Required By
I e e e S [ S P T
50028 ROB 19 - Robot Welding Machine Wire feed error Breakdown Nathan Jones 20/03/2026 20/03/2026 20/03/2026
49826 ROB 19 - Robot Welding Machine E stop has broke on the pallet lifter Corrective Ethan Hughes 13/03/2026 13/03/2026 13/03/2026
49741 ROB 19 - Robot Welding Machine Reported oil leaking Breakdown Bradley Whitrow 11/03/2026 11/03/2026 11/03/2026
49609 ROB 19 - Robot Welding Machine Gas Check & Backup [PPM] - - > [Monthly] Technician (Inspections) Process Technicians 09/03/2026 13/03/2026 20/03/2026
49560 ROB 19 - Robot Welding Machine Tig gun replaced on afternoons. Technician Callum Yeoman 06/03/2026 06/03/2026 06/03/2026
49473 ROB 19 - Robot Welding Machine Reported issue with Rob 19 making clunking noise Breakdown Bradley Whitrow 04/03/2026 04/03/2026 04/03/2026
49292 ROB 19 - Robot Welding Machine REMOVED LOTOTO LOTOTO Christian Sandry 26/02/2026 26/02/2026 26/02/2026
49289 ROB 19 - Robot Welding Machine issue with the asi module going into fault in the panel Breakdown Christian Sandry 26/02/2026 26/02/2026 26/02/2026
49278 ROB 19 - Robot Welding Machine LOTOTO on machine for issue with core out on slip ring LOTOTO Bradley Whitrow 26/02/2026 26/02/2026 26/02/2026
49272 ROB 19 - Robot Welding Machine Remove LOTO on E1, to trial machine LOTOTO Nathan Jones 26/02/2026 26/02/2026 26/02/2026
49271 ROB 19 - Robot Welding Machine Removed LOTOTO device SL009 From P1. LOTOTO Owain Williams 26/02/2026 26/02/2026 26/02/2026
49270 ROB 19 - Robot Welding Machine Removed LOTOTO from E1 Key ID SLO11. LOTOTO Owain Williams 26/02/2026 26/02/2026 26/02/2026
49269 ROB 19 - Robot Welding Machine Removed lock SL16 after work completed LOTOTO Keri Allen 26/02/2026 26/02/2026 26/02/2026
49260 ROB 19 - Robot Welding Machine LOTOTO DEVICE SL009 ON P1 PNEUMATIC ISOLATOR. LOTOTO Owain Williams 26/02/2026 26/02/2026 26/02/2026
49259 ROB 19 - Robot Welding Machine LOTOTO APPLIED LOCK SLO11 TO ET ELECTRICAL ISOLATOR SWITCH. LOTOTO Owain Williams 26/02/2026 26/02/2026 26/02/2026

49257 ROB 19 - Robot Welding Machine Carry on with refitting upper tube clamp from previous shifts Breakdown Nathan Jones 26/02/2026 26/02/2026 26/02/2026
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fluid contamination; 

bearing fatigue.

2

Pressure switch integrated 

into PLC program - a warning 

message is issued if the 

target pressure isn't 

achieved.

2 12

Hydrualic Pump 

Motor

To provide mechanical 

rotational energy (torque and 

RPM) to the hydraulic pump 

shaft by converting electrical 

energy.

Winding insulation 

failure.

Motor breaker 

tripping; lower 

torque output; cell 

stoppage.

7

Excessive heat 

buildup; moisture 

ingress; age-related 

degradation.

3

None 10 210

Hydraulic Press 

Cylinders

Converts hydraulic pressure 

into a linear force (up to 20 

tons) and stroke length to 

performing pressing 

operation.

Internal piston seal 

bypass.

Cylinder "drift" 

(creeping down); 

loss of pressing 

tonnage, resulting 

in poor weld seam 

quality.

4

Seal 

hardening/cracking; 

scored cylinder bore 

from particles.

4

Visual inspection of the shaft 

during 3-monthly PPM.

6 96

Welding Power 

Source Unit

Provides electrical energy to 

the welding torch and feed 

wire.

Voltage/current 

fluctuation.

Poor weld 

penetration; erratic 

arc; increased 

spatter; reduced 

product quality.

7

Failed capacitors; 

dust buildup on 

PCBs causing 

shorting; cooling fan 

failure.

2

The cooling fan is cleaned 

during the 3-monthly PPM.

4 56

Welding Wire Feed 

Unit

Converts input line voltage 

into regulated welding current 

and voltage (CC/CV) to 

maintain arc stability at 

specified parameters 

(Amps/Volts).

Slippage/irregular 

feeding

Arc "stuttering"; 

wire sticking to 

contact tip; burn-

back; reduced 

product quality.

5

Worn drive rollers; 

incorrect tensioner 

setting; clogged 

liner.

5

Wire feed unit inspection 

during 3-monthly PPM.

3 75

Welding Torch (Inc 

Push/Pull Unit)

Delivers filler wire, shielding 

gas, and welding current to 

the weld joint. Must maintain 

synchronized wire feed speed 

(push/pull balance) and 

provide wire oscillation at a 

frequency of 100 Hz.

Oscillation frequency 

drift

Inconsistent bead 

profile; lack of 

fusion in high-

speed modes; 

increased weld 

spatter.

5

Mechanical wear in 

the 100 Hz actuator; 

cable harness 

fatigue (broken 

signal wires).

5

Weld torch inspection during 

3-monthly PPM.

4 100

S
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Current Shire (PPM) Task Item Proposed Category

Justification & Application to 

Robot 19

Inspection Frequency

Electrical - Main Control Panel 

(External Cleaning & Security) 

TPM (Operator)

Basic cleaning and visual condition 

checks can be handled by 

operators to increase "ownership".

Begin with weekly. 

Reduce or increase 

based on findings.

Check contactors for wear / 

overheating 

Condition-Based 

Monitoring (CBM)

Use thermal imaging to detect high-

resistance connections before a 

functional failure occurs.

Begin 3-monthly 

inspection. Reduce or 

increase based on data.

1.0 Backup Cell Data (Welding & 

Pendant) 

Automated

Reprogram the control system to 

automatically perform scheduled 

cloud- or server-based backups.

No change - monthly.

2.0 Gas Check & Flow Rate (14L/min)  TPM (Operator)

Verification of gas flow and leak 

detection ensures weld quality and 

prevents wasted consumables.

Begin with weekly. 

Reduce or increase 

based on data.

1.110 / 1.210 TCP Check Automated

Implement an automated Tool 

Center Point (TCP) check routine 

using the robot's onboard sensors 

after set cycles.

20k cycles - equates to 

the existing 3-monthly 

inspection.

1.120 / 1.220 Torch Head / Neck 

Inspection 

TPM (Operator)

Frequent visual inspection for 

spatter buildup prevents arc 

instability and torch damage.

Begin with shiftly (every 

8 hours). Reduce or 

increase based on 

findings.

Tooling Beam Attachment Plate 

Checks

Remove

This task is not applicable to Robot 

19.

N/A

2.100 - 2.210 Wire Feed System 

(Liners, Rollers, Guides) 

MTBF-Based PM

Replace these high-wear 

consumables based on actual wire 

throughput data rather than a fixed 

3-month window.

Begin with 20k cycles. 

Reduce or increase 

based on findings.

Mechanical - Robot Axis Play & Wrist 

Checks 

Remove

Axis-load monitoring data from the 

robot controller identifies 

mechanical wear.

N/A

Safety - Scanners, Light Guards & E-

Stops 

Fixed Interval (PM)

Due to high severity and regulatory 

requirements, these critical safety 

functions must remain on a strict 

inspection schedule.

No change - 3-monthly.

Pneumatics - Cylinders, Hoses & 

Valves 

CBM / TPM (Operator)

Operators can perform leak "ear 

checks", while critical cylinder 

stroke times can be monitored for 

performance drift.

Visual/audible TPM 

checks - daily.

Cylinder stroke CBM 

checks - continuous.

Electrical Motor (Hydraulic Pump)

Condition-Based 

Monitoring (CBM)

Implement motor current signature 

analysis (MCSA) and temperature 

monitoring to detect specific fault 

types such as bearing wear, 

electrical imbalances, and winding 

failures.

Continuous.
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TASK

Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8 Wk 9

Wk 10 Wk 11 Wk 12 Wk 13 Wk 14 Wk 15 Wk 16 Wk 17 Wk 18 Wk 19

1. Assess the current system

2. Purchase CBM equipment

3. Implement CBM equipment

4. Define alarm thresholds & monitoring limits

5. Collect baseline condition data

6. Re-program Robot 19 control systems

7. Create TPM documentation

8. Update Shire PPM instructions

9. Train staff 

10. Pilot system on 1 shift 

11. Implement corrective actions 

12. Full rollout on all shifts
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Resource Task Freq Per Annum Task Duration (Hrs)Cost Per Annum

Maint Technician  Generic Robot Cell 4 3 £312.00

Process Technician Weld Gas & Back-Ups 12 0.25 £72.60

Process Technician Rob & Weld Equip 4 2 £193.60

Total 578.20 £                 

Item Cost Per Unit Usage Per Inspection Usage Per Annum Cost Per  Annum

Push/Pull Unit Wire Guides 4.00 £                                  4 16 64.00 £                   

Buffler Line 90.00 £                                1 4 360.00 £                 

Weld Torch Liner 30.00 £                                1 4 120.00 £                 

Main Harness Liner 180.00 £                              1 4 720.00 £                 

Push/Pull Rollers 8.00 £                                  2 8 64.00 £                   

Main Wire Feed Rollers 18.00 £                                4 16 288.00 £                 

Total 1,616.00 £              

PPH Profit Per Part Downtime Hours Idle Cost

17.00 10.00 £                           58.50 9,945.00 £              

Hourly Rate Downtime Hours Idle Cost

23.00 £                           58.50 1,345.50 £              

Hourly Rate Downtime Hours Idle Cost

35.00 £                           58.50 2,047.50 £              

Total 13,338.00 £            

PPM Resource Costs (2025)

PPM Parts Costs (2025)

Lost Contribution

Machine Breakdown Costs (2025)

Direct Labour

Overheads (Machine Rate)
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Category Item Est Cost

Thermal Imaging No cost - equipment already available - £                 

Cylinder Stroke Timer Programming 800.00 £          

ABB Ability Smart Sensor for Motors 300.00 £          

Industrial Gateway module 800.00 £          

Installation & Programming  1,000.00 £       

Automated back-ups Programming  400.00 £          

Automated TCP check Programming  750.00 £          

Total 4,050.00 £       

Task Resource Hourly Rate Hours Sub-Total

CBM Data Analysis  Maintenance Technician 26.00 £              8 208.00 £ 

TPM Documentation Creation Process Engineer 27.50 £              6 165.00 £ 

Shire System Update Maintenance Technician 26.00 £              4 104.00 £ 

Process Engineer 27.50 £              3 82.50 £   

Machine Operators (x3) 23.00 £              9 207.00 £ 

766.50 £  Total

Electric Motor Monitoring

Equipment & Programming Costs

Resource Costs

Training
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Resource Task Freq Per Annum Task Duration (Hrs)Cost Per Annum

Maint Technician  Generic Robot Cell 4 1 £104.00

Machine Operator TPM Checks 46 0.1 £105.80

Process Technician Rob & Weld Equip 4 1 £96.80

Total 306.60 £                 

Item Cost Per Unit Usage Per Inspection Usage Per Annum Cost Per  Annum

Push/Pull Unit Wire Guides 4.00 £                                  4 16 64.00 £                   

Buffler Line 90.00 £                                1 4 360.00 £                 

Weld Torch Liner 30.00 £                                1 4 120.00 £                 

Main Harness Liner 180.00 £                              1 4 720.00 £                 

Push/Pull Rollers 8.00 £                                  2 8 64.00 £                   

Main Wire Feed Rollers 18.00 £                                4 16 288.00 £                 

Total 1,616.00 £              

PPH Profit Per Part Downtime Hours Idle Cost

17.00 10.00 £                           30.00 5,100.00 £              

Hourly Rate Downtime Hours Idle Cost

23.00 £                           30.00 690.00 £                 

Hourly Rate Downtime Hours Idle Cost

35.00 £                           30.00 1,050.00 £              

Total 6,840.00 £              

PPM Resource Costs (Forecasted)

PPM Parts Costs (Forecasted)

Machine Breakdown Costs (Forecasted)

Lost Contribution

Direct Labour

Overheads (Machine Rate)
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