Reviewing the assets involved in the decline of Johnson Controls manufacturing lines of sprinkler Heads.
Charlotte Stroud, Fire Suppression Design Engineer.
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Figure 1 - TYCO TY3934 Rapid Response Sprinkler Head
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[bookmark: _Toc160626766]Resources
Resources used to fulfil the requirements of this report include internal reviews and findings within Johnson Controls. Guidance and requirements from HSE, along with references to the manufacturer’s literature also contributed to the findings and output of the report. 

[bookmark: _Toc160626767]Introduction
Johnson Controls, Inc. we pride ourselves in being one global leader’s in fire suppression solutions. Starting as a temperature regulation company in 1885, many strategic company mergers have enabled Johnson Controls, Inc. to propel us to being some of the world leaders in smart building solutions, including the design and installation of cutting-edge fire suppression systems.
In the production of fire suppression systems components, excellence is non-negotiable. At Tyco, a Johnson Controls, Inc. division, we specialise in the production of critical components necessary for fire suppression system functions. Our portfolio includes highly sought-after items such as control valves, sprinkler heads, and pipes – all crafted to the highest standards of quality and reliability.
Despite our position of leading global suppliers of fire system components worldwide, a significant issue in our current manufacturing process in our Stockport Facility is affecting the production line of our most popular Sprinkler Heads. This disruption, reoccurring issues with the threading CNC machine, lead to delays or complete halts in production, necessitating the use of the Rigid Compact machine for threading and grooving, albeit with significant delays on current and potential future projects. 
Given the criticality and urgency of the concerns, an immediate and comprehensive review of the maintenance practices associated with the problematic equipment, particularly the CNC machine, is imperative. This is crucial in overcoming the ongoing battle of inadequate stock levels of popular sprinkler heads hindering our abilities to meet demand and maintaining adequate stock. This prompt assessment will aim to eliminate and overcome contributing factors to the shortfall in our position of inconsistency. This project will ensure that timelines are consistently achieved, upholding our commitment to sustaining high-quality fire suppression system components, meeting customer expectations, and maintaining our leading position in the industry.




[bookmark: _Toc160626768]Contributing Factors to Plant Failure.
[bookmark: _Toc160626769]Failure
Failure, considered a state of not functioning, can occur for a number of reasons. Reviewing failure is critical as it facilitates a comprehensive understanding of the issue, directing to appropriate responses and solutions. Root cause analysis serves as a method to identify the type of failure, as some issues present clear indications of their origins.
Degradation failure refers to a deterioration in functionality or performance over time due to various factors such as wear and tear, aging, or exposure to environmental conditions. Insufficient maintenance procedures can exacerbate degradation failure.

[bookmark: _Toc160626770]Reliability
Reliability encompasses both the anticipated duration of a product's usefulness and its expected performance. Certain products come with warranties that guarantee their lifespan when purchased new, but to maintain reliability over time, ongoing maintenance of products, machinery, and processes is essential. Reliability serves as a valuable tool for recognizing failure patterns and assessing the rise in unforeseen downtimes. For instance, the bathtub curve can precisely highlight when failure frequency increases.[image: 8.1.2.4. "Bathtub" curve]
(NIST, 2024)
The bathtub curve diagram provides a straightforward classification of failure types. For instance, during the "Early Failure Period," typical observations might reveal equipment failure stemming from manufacturing defects, adversely affecting our plant's performance, referred to as ‘infant mortalities’. The "Intrinsic Failure Period", or also referred to as ‘Random Cause Failures’ signals a need to revise current maintenance procedures, which are proving ineffective and require further precautions to be taken to eliminate or reduce this. Instances occurring in the "Wearout Failure Period" denote plant failures occurring beyond their anticipated lifespan despite proper maintenance, also referred to as ‘Fatigue’. This phase is commonly associated with aged plants experiencing heightened failure rates.
[bookmark: _Toc160626771]Reliability Testing
To maximise the value of the purchased product, the aim is for optimal performance, but correctly basic function as a minimum requirement. Assessing the lifespan of a product is often constrained by time limitations, requiring waiting for the period to complete before confirming ongoing reliability and proper function. To overcome fatigue issues, replacing maintenance-related components slightly before their projected lifespan ends serves as a preventive measure against potential repairs.



[bookmark: _Toc160626772]Current Maintenance Practices Review
Effective preventive maintenance routines are essential for ensuring optimal performance, longevity, and precision accuracy of machinery and processes. Maintenance routines typically include daily minor checks and annual in-depth inspections to uphold operational standards. As stated, “a good maintenance schedule relies on daily, monthly and long term tasks” (Uriartie, 2020) to ensure machine reliability and longevity.
However, our CNC machine, critical for mass producing sprinkler heads, is experiencing frequent unplanned downtime. This disruption is resulting in unkept timelines, reduction in our excellent standards and damage to our reputation.
It is estimated that manufacturing facilities lose “$20 to $60 billion each year due to unscheduled downtime and poor asset quality” according to (Trout, 2019). The findings also found that “76% of respondents from the survey currently use preventive maintenance” which we will use to identify how we compare to the standard found from the survey.
A review of the process will offer insights into the upkeep of the plant, the day-to-day maintenance, and the component lifetimes. This will ensure reliability of the product is optimised, particularly for items integral to the manufacturing process line. 
[bookmark: _Toc160626773]Objective Definition
Before undertaking the critical review of process, first the objective of the project must clearly be defined. These objectives may include the overall cost reduction, enhancing plant efficiency and manufacturing processes, ensuring operational safety, or optimizing processes to maximize product output. Additionally, establishing clear and measurable goals can provide a roadmap for evaluating the effectiveness of any proposed changes or improvements.
The report objective is to develop a new maintenance procedure aimed at decreasing the frequency and severity of plant failure, thereby contributing to the reduction of ROI. Whilst still not ideal, partial failure is more desirable from its reduced downtime than that of a complete failure.
[bookmark: _Toc160626774]Research Plan
The research plan aimed at comprehensively understanding of the cause and contributing factors to the increased unplanned downtime of the plant will facilitate the adoption of an appropriate approach to achieving the desired outcome, that is determining the cause of unplanned downtime and reducing the frequency and severity.  
[image: ]A research plan provides guidance and clarity of purpose, establishing a clear focus for the report. Maintaining clarity and a structured report ensures the report is conducted in a systematic manner. These will contribute to efficient use of time throughout the data collection and review stages. The research plan is the roadmap for the successful conduction of the report, from initial ideas to reviewing and concluding the results. 

[bookmark: _Toc160626775]Critical Review of Current Maintenance Practices
[bookmark: _Toc160626776]Data Collection.
Gaining an understanding of the current maintenance practices involved reviewing relevant documentation and noting any documentation deficiencies. The maintenance documentation is reviewed to determine if the maintenance procedures are sufficient and identifying areas of improvement. Where a lack of documentation is present, interviewing the engineers responsible for maintenance is essential. Discussing with the engineers will also aid in contributing to the understanding of whether the maintenance process align with established procedures.
During the data collection stage, the focus is on defining the type of maintenance implemented, named preventive and corrective/reactive. The data collection determined that the type of maintenance currently used is predominantly corrective. Engineers have adopted a mindset of “not fixing what isn’t broken”, the justification of this was past practice influences. Before the merger with JCI, Tyco employees were informed that financial constraints meant that preventive maintenance wasn’t budgeted for and corrective maintenance was adopted, thanks to the fast turnaround time and low cost of parts. 
However, the previously achieved fast turnaround time is no longer sustained due to ongoing environmental and political global issues, meaning the increased delay in sourcing replacement parts as part of the corrective maintenance.

[bookmark: _Toc160626777]Conduct interviews with Departmental Heads
Departmental heads, responsible for overlooking equipment maintenance, should actively participate in reviewing adherence to the process, identifying deviations, and formulating solutions in case of process failures. This collaborative effort should involve discussing encountered challenges and proposing pivotal improvement strategies.
After discussions with department heads, presented with the documentation of maintenance procedures in place, it was evident that no enforcement of maintenance practices is carried out beyond HSE standard practices. The document entailing maintenance procedures to be followed directly contradicts the plant engineers’ approach of instructed corrective maintenance. It’s clear that the lack of communication, checking and validation regarding the plant checks has caused a significant contribution to the severity and frequency of plant failure. Official records lack review of unplanned downtime or cost analysis associated with plant failure. Informal discussions and the necessity of preventive maintenance enforcement instead of constant corrective maintenance initiated this analysis report.

[bookmark: _Toc160626778]Performance Review
Evaluate methodologies for performance review relevant to maintenance procedures, including metrics like Mean Time Between Failures (MTBF), Mean Time To Repair (MTTR), and associated costs, such as repair expenses and downtime costs. Compare these metrics against history data and established benchmarks to assess effectiveness and identify areas for improvement.
As previously mentioned, longer turnaround times of the components used in corrective maintenance, have resulted in a substantial increase of the MTTR figure, of over 300% in the last year, compared to the corrective maintenance procedures initially implemented in 2008. The average downtime of the CNC machine had increased from 6 hours to 28 hours.  The MTTR results further highlight the requirement for preventive maintenance procedures. 
The performance review concluded that a significantly high number of plant failure fall within the ‘Random Cause Failures’ section of the Bathtub Failure Curve in subsection ‘Reliability’ further indicating maintenance procedure review for the implementation of preventive maintenance.

[bookmark: _Toc160626779]Visual inspection
Besides reviewing standard operating procedures (SOPs), it's essential to perform both random and scheduled visual inspections to identify signs of wear, damage, and deterioration, as they could indicate potential future equipment defects. These inspections also involve comparing the work standard within tolerances. This proactive approach can mitigate risks and prevent costly breakdowns by addressing issues before they escalate.
Visual inspections determined that one-third of components exceed the satisfaction rate for preventive maintenance and would require immediately on 2 of the 5 visual inspections conducted, 3 planned and 2 random.

[bookmark: _Toc160626780]Root cause
Having reviewed the procedures, a visual inspection, and interviews with both the engineers involved and the authoritative figures making decisions regarding the procedure, identifying the root causes to the issue will conclude the research of the existing procedure of maintenance and lead us to the production of the new, improved maintenance schedule.

[bookmark: _Toc160626781]Devise new procedure.
Upon concluding the research phase, we developed a new maintenance procedure. This new procedure incorporates both health and safety protocols, manufacturer recommendations, industry benchmarks, and insights from personnel overseeing smoothly operating processes with the same plant, considering their transferable skills.


[bookmark: _Toc160626782]Proposed Changes
The proposed changes to be implemented post-review entail a procedure developed from the factors outlines in the subsection titled "Devising New Procedure." This evaluation extended beyond just data collection to include critical analysis of cost implications and consideration of short- and long-term objectives.

[bookmark: _Toc160626783]Objective Focus
Referring to subsection ‘Objective Definition’, we outlined the aim of developing a new maintenance procedure, due to the inadequacy of the current one, with the target of reducing severity and frequency of unplanned downtime. Additionally, we will aim to replenish some of our stock levels, ensuring that when minor issues arise promptly, we have resource to keep orders being fulfilled and our customers satisfaction.

[bookmark: _Toc160626784]New Procedure
Through evaluation of resources, it was proposed to enhance the enforcement of the maintenance following the process review. The review determined that the maintenance procedure was serving short term goals, but further efforts were required to align the plant maintenance procedure for long term goals. To enforce the maintenance procedure a supervisor overlooking the maintenance practices, acting as witness, is to maintain a record book to confirm successful completion. Documenting any replacement parts before the scheduled maintenance is essential to minimise waste, as well as a specific description of the location and part number to indicate visual inspection required before automatic replacement.
An additional measure suggested to implement is to “keep an inventory of the long lead time products”, ensuring if unplanned downtime occurs, the only delay is replacing the part from inventory (Willoughby, 2024).

[bookmark: _Toc160626785]Cost & Resource Considerations
The expenses associated with implementing the outlined procedure above have minimal impact but are crucial for maintaining a proper maintenance protocol, rendering the minor costs justified.
The cost of revising the maintenance schedule to align with long-term goals can be considered negligible, as it will be handled internally, incurring no additional expenses apart from the hours contributed by senior staff members. External resources, such as manufacturers and industry contacts, can also be enlisted for assistance without incurring extra costs.
The cost incurred by allocating time for maintenance will indeed affect the production rate. However, with proper forward planning and scheduling maintenance during downtime, the impact on CNC machine productivity should be significantly less than the unplanned downtime resulting from the absence of maintenance procedure implementation.


[bookmark: _Toc160626786]Conclusions/Recommendations
The findings of this report indicate that the lack of enforcement from departmental heads, coupled with engineers' unclear understanding of requirements, significantly contributed to the high unplanned downtime hours. This oversight should have been addressed during the merger to prevent the issue from escalating. As a result, our low stock levels of popular sprinkler heads have led to customer losses and decreased sales.
The issue stemmed from the CNC machine experiencing frequent and severe unplanned downtime, as indicated by breakdowns identified in the bathtub curve analysis. The short-term goals of reducing unplanned downtime will ultimately lead to achieving longer-term objectives, including improving plant lifespans, reducing expenses, enhancing plant reliability, and minimizing plant failures.

[bookmark: _Toc160626787]Condition Monitoring 
If the proposed method fails to achieve the set objectives, alternative options such as Condition Monitoring (CM), a predictive method, can be explored. CM is a more proactive maintenance approach that involves constant monitoring of vibrations, viscosities, and acoustics to predict when parts need servicing or replacement. Although CM requires a significant upfront investment and ongoing maintenance costs, it offers benefits such as precise component monitoring, reduced human error, and uninterrupted plant operation during maintenance. “65% of respondents use predictive maintenance” according to the previously reviewed ‘Reliable Plant’ report (Trout, 2019).
Implementing the findings and recommendations of this report is essential for ensuring a more successful, effective, and efficient operation of the manufacturing line process.
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