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[bookmark: _Toc131175416]Executive Summary 
We at Tyco, pride ourselves in being one of the top providers for Automatic Fire Suppression System design in the country. Our most demanded services being standard wet sprinkler systems, wet and dry firefighting breaching risers, dry sprinkler systems, deluge systems and wet foam systems. Over the years Tyco have built fantastic relationships with our customers and clients, which led us to begin to question the lack of contract success in bidding stages.  

In January 2016, having received feedback from a former loyal and returning client of ours, NSG, addressing why we weren’t receiving many of the jobs off them that were quoted for, as typically expect. They informed PM’s that they were not winning any sales to operation jobs due several significantly costly factors to the client, which weren’t expected and weren’t present in our competitors quotes. Upon further discussion, they disclosed that one of our largest competitors have significantly lower design hour allowances. 

Having began an investigation into the reasons behind losing jobs and the six sigma team determined that our estimating and pricing materials, design and install costs a lot higher than our competitors. Through other investigating, research showed that competitors were saving design and calculation hours by using Fully hydraulic software to downsize their pipes to save costs on not only pipes, but also fixings, equipment and install.  

Our Six sigma strategy team assessed the most optimising cost saving approaches and methods we can adapt moving forward to ensure we don’t miss out on any sales quoted jobs. Following the assessment, we were able to determine that one part of the process that was budget draining was that the pre-Calculated systems were taking too much of our allocated hours to do by hand, furthering the workload if design modifications were needed post approval or fabrication stage. The Six sigma team worked with the design department to determine a better approach to the calculations. 

NSG also highlighted the ever-growing need for more distribution centres with the higher demand for fresh food and fast online shopping accelerating, securing FHC jobs was not a possibility, given the lack of the means of designing a sprinkler system for that hazard and classification competently as per LPC BS EN 12845 7.2.3.4. Due to the FHC requirement of any category of storage ST4 or above, or any simultaneous operation of warehouse roof and intermediate racking needing to be fully hydraulically calculated, these types of projects were beyond our abilities. Several feedback reports and training providers also indicated that when doing FHC calculations, array systems were faster to calculate, with remote areas having better results, resulting in smaller pipes, smaller, cheaper fixings and equipment subsequently resulting in less design hours than our competitors. 

As a result, a Fully Hydraulic Software was created using the C factors and Equivalent lengths from TB210.10 to allow faster calculations to be produced for the systems, but also enabling our calculations to be used to downsize the components as much as possible. 

The other process determined to be financially draining projects was our lack of ability to produce fully hydraulic calculated systems. Not only did this limit us to LH and OH jobs, but if a system is FHC, pipe sizes could be decreased to the smallest sizes possible, saving money on pipe, fittings and supports, as well as smaller plant needed on site, in accordance with BS.EN7.3.2.6 as opposed to pre-calculated table scheme systems as per TB229.T9. 



Our sales-to-operation rate prior to 2017 was 8:1. From January 2017 we began to implement the FHC training, starting with estimators and sales, allowing them to produce system arrays much quicker and quote for an accurate Water supply system too. 

From mid-2017, having been provided with adequate training, our design teams will be able to implement the other recommendation from our Six Sigma Strategy team, being able to produce and sign off fully hydraulically calculated systems. Since this being considered in the estimating stage, and the positive effect on allocated design hours, the sales-to-operation ratio has potential to be as low as 1:3. 
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[bookmark: _Toc131175418]Introduction 

Despite being one of Europe's top providers for Automatic Fire Sprinkler Systems for decades, specialising in wet and dry automatic sprinkler systems, wet and dry firefighting breeching inlet risers, and the manufacturing of a wide range of LPCB approved components; in late 2015, a cause for concern was raised when our bidding teams weren’t achieving as many successful Sales to operation contracts as previously recorded. An investigation was required to determine the contributing factors to this revenue damaging revelation.
 
In January of 2016, NSG, a Tyco former returning and loyal customer, offered us some feedback as to why we were not winning many of our estimated jobs. Greatly accepting of the feedback, our bidding teams liaised with NSGs purchasing team and discussed reasons behind the lack of sales-to-operation jobs acquired over the last few months. Through their feedback the six-sigma team centred the main points of improvement.  

Six sigma is used for process improvement and variation reduction in any processes with unknown sources. It is a disciplined approach focused on improving customer satisfaction, which directly correlates to profitability. From the data collected, the Six sigma strategy team conducted a full investigation and searched for resolutions to the issues holding us back from achieving better sales-to-operation figures. 

Presenting a report of the six-sigma steps taken to the general manager, of why our Sales-to-operation figures were so low, and ensuring the figures stay above our goal in future. The team were able to implement the recommendations provided to achieve the end goal, of an increase in sales-to-operation figures. DMAIC is a six-sigma problem solving strategy which is an acronym of define, measure, analyse, improve, and control, which is applied to an existing problem with unknown causes to improve it. The six-sigma team used various methods typically associated with the process – DMAIC - to find the issues, measured the impact, provide solutions, and assess how they performed before controlling the problem to ensure it does not repeat.  
Six Sigma often leads to customer retention, customer satisfaction, value to customer, employee development, reduction in errors and a standard, simplified process. 
 
  


[bookmark: _Toc131175419]Define 
[bookmark: _Toc131175420]Problem Statement
The first step of the process is to identify the problem. This can be executed using several methods, the focus is to determine the critical steps stopping us from having an effective, successful process, which satisfies the customers' needs when hiring our services. To achieve customer satisfaction, we need to be aware of exactly what it is our customers expect from us.  

Critical Customer Requirements. 
Our customers are companies employed by building management departments of larger ops teams. We are employed to work for them, designing a sufficient fire suppressant sprinkler system, that complies with relevant rules, gains approval from their insurer and is designed in co-ordination with other services. To improve our sales-to-operation ratio we must listen to the customer's needs. The six-sigma team are the voice of the customer, allowing them to apply this method will ensure what is critical to the customer, (CTC) is applied at every applicable stage of the process. 
[image: ]
Figure 1
 
Producing a QFD house of quality chart, in Figure 1, we can be certain of what it is that they consider to be a customer critical requirement (CCR) when working with us. By producing the QFD we are proving to the customer that we, the six-sigma team, are the voice of the customer, and their QCC is considered at every step.  

 
[bookmark: _Toc131175421]Process Mapping
Understanding the process and how each step plays a part in the end result is a fundamental requirement for six sigma to be done. Using a process map, we can identify each stage and later go into depth on how each stage plays its part in the complete project, considering whether the stage might have a variation, and how we can measure and detect it. The process map in Figure 2 is a typical process in which a sprinkler system is designed. 
[image: ]
Figure 2
 
Considering the company's typical programme will allow us to assess that if in the practical process applications, we are straying away from the realistic programme, we can see where, and apply appropriate measuring systems to identify the variation cost. In future ensure we are only doing what is necessary in this project to complete it without exhausting our hours on unnecessary tasks but still maintaining the customer satisfaction in the process. 

[bookmark: _Toc131175422]Business Risk Management & Project Benefits. 
The completion of this six-sigma green belt project will ensure we are using time effectively and working efficiently. Any variation improvements can be carried forward onto if not all, then all relevant jobs in future. Not only will we identify the source of the hours wasted but the six-sigma project will help us identify any other abnormalities/variations and areas with room for improvement. If we were to continue, at the rate we are in our unsuccessful job securement, the Fire Suppression department will put a financial strain on the entire company. Possibly having effects on Manufacturing and install too. 
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[bookmark: _Toc131175424]Data Collection Plan
The foundations to recording any changes, to assess the severity and to gain a full understanding of the problem/s trying to be resolved, measurements must be taken throughout the project. To ensure data collected is a true reflection, a data collection plan is crucial. Data collection plans ensure the questions are asked to get the answers required. Data collection plans help with understanding the resources and information available to the collectors and help understand the type of data being collected. Knowing what type of data is required is important to know which approach taken is best in terms of gaining full understanding and finding the root cause. 
The data collection plan followed the considerations of root cause in the opinion of the customer and clients, root cause in the opinion of the department, assessing the estimated to actual hours, assessing the area in which has the most room for improvement. 
Whilst in the process of data collections, a vital part is to consider the Customers Critical Requirements, and always ensure they are applied where available.
 
[bookmark: _Toc131175425]Data Collection Methods and Their Types. 
Pre-six sigma recommendations implemented to start establishing the baseline is key and can be done using a simple attribute data count method. The first step in the data collection process is to do a simple count to determine if the correct ratio of wins to losses of contracts is correct. This information can be displayed in a simple pie chart, as the data is Qualitative and only has 2 options 
of outputs.
 [image: ]
Figure 3
 (Institute, 2023)
 
Knowing the primary issue of lack of contract winning success, the root cause evaluation is required. To determine this, we can use the ‘5 Why’s’ among the company progress meeting to get inputs from everyone. This should direct us to the source of the variation issue, the root cause. The data collected from this is quantitative and so one of the ways to compile the information found is by an Ishikawa diagram, as exampled in figure 4. The data found in ‘5 Why’s’ detailed on the Ishikawa diagram for a straightforward way to visually represent the root cause/s of the variation/defect. 
 [image: ]
Figure 4
 
 
Considering our CTC, using feedback, the six-sigma team can investigate the ultimate downfall in S-T-O success. Going to former and regular customers of Tyco, the six-sigma team requested more feedback from the customers on the jobs in which we costed for them in the last 18 months, regardless of the win success status. This allowed our team to assess the information which the customers considered important to them, they then created a visual representation of the significant issues in the form on a Pareto chart, highlighting the cause of the variation/defect in the eyes of the customer. 

As the issue highlighted at first was regarding the process and hours required of design and calculations, a Gantt chart of systematic data, would be extremely beneficial. To ensure the data collected is sampled unbiased, the six-sigma team determined that from 40 contracts to be assessed from a sample size of 400. This means every 10th job with 1-5 installations time of programme compared to what was estimated. By picking every 10th job it allows the data collection to be unbiased and systematic, using this method will allow us to see a true representation of the extent of the variation. Considering this with the company goal process flow chart, we will determine the key drivers which have considerable influence on the process results. 

[bookmark: _Toc131175426]Measurement System Analysis 
Using an MSA will allow us to compare the internal standards and processes of work with the standards of which our customers expect, ensuring the CCR is considered. MSA is also a useful resource to use to compare existing measurement systems and the effectiveness of a new system and will highlight any standardisation required. The main use of MSA is to improve the quality of the measurements given in data collection processes, ensuring data collected is accurate and true, not giving false output and presenting an issue to be larger or smaller than it is. Using the MSA to study the percentage of variation in the process caused by the measurement system, identifying the variation’s variation. 
 
[bookmark: _Toc131175427]Analyse 
[bookmark: _Toc131175428]Process Analysis Methods 
[bookmark: _Toc131175429]Win/Loss Ratio
Following the Data Collection Plan, the system measurements started, to determine the source of the variation and defects resulting in the reduced S-T-O figures. Starting with the simple attribute count, using a chart of job wins and loses and producing a pie chart with the results (figure 5). The figures came from our sales department and measured during the discussion of the walk-through process. 

Figure 5

The above data collected shows the percentage of job to win rates. This is essential to have the starting point and first measurement to be able to measure progress and the reduction in variation.

[bookmark: _Toc131175430]Root Cause Analysis
Next in the DCP was to analyse the feedback from the various process teams and produce an Ishikawa diagram with the findings. As the feedback data was qualitative continuous data, it gives various reasons which customers and clients might consider to be the reason to not hire us for our services. The idea is that on the left of the diagram we have the reason of concern and investigation and on the right, we will have the variation result. Coming off the diagram between both are reasons highlighted. The Ishikawa/cause and effect diagram in figure 6 shows the root cause of not winning enough jobs with our customers and former customers.  [image: ]
Figure 6

As highlighted in the Ishikawa diagram, some of the points given might be factors in their own for the reduction in S-T-O- numbers, but essentially, they all point to the bigger picture which is design and calculation hours.

[bookmark: _Toc131175431]CCR Findings

Contacting the customers and former customers of ours and requesting their feedback to produce a pareto chart (see figure 7). The comments were insightful and not all feedback was what we were expecting to see. 


[image: ]Many of our clients came back with similar comments and recommendations. Whilst many gave detailed feedback, it was clear where the main issue stems from. Zeroing in on the most reoccurring and impacting issues was the focus of the six-sigma strategy team.Figure 7






 











The six-sigma team produced a QFD house of quality diagram given the feedback from customers, former and present, to highlight the CCR’s. Producing the QFD house of quality chart allowed the customer and design teams to determine that whilst there are requirements considered critical to the customer, not all are achievable with each other, and that other qualities of the produce inevitably go together.
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               [image: ]

Using all feedback received from clients of ours, we were able to pinpoint the biggest factors resulting in us decreasing losing STO jobs. Discussing with the various teams as mentioned in the process map involved in the full process and discuss areas where hours and costs can be reduced to a minimum. 


[bookmark: _Toc131175432]Internal Findings
The process walk allowed us to discuss programmes in the form of Gantt charts with the project managers. Overseeing the whole project and seeing how it performs, allowed us to produce the Gantt chart (figure 8) by liaising with them. Unable to compline the 40 selected projects into one Gantt chart, to review the process and times, the project manages collectively decided to use the below as a typical representation of how jobs have gone in the last 3 years. 
[image: ]
Figure 8

Instead of all the information compiled on a singular Gantt chart, giving a typical example and the below scatter diagram shows us by sketch how often we come in at or over design hours allocated. 0>
Hours allocated
Hours used

[image: ]Projects
0

Figure 9
 
 In the above chart complied with data by the project managers, data was extracted from timesheets of the designers involved in the process. It Is clear here how little the design hours are met. This highlights our design hours being the issue in our reduced S-T-O figures.

Furthering the process walk and liaising with the design team and project managers to discuss hours costed for contracts. Both processes are in agreement that design hours are too many estimated and too many costed. Using the 5 Whys with the designers led us to their reason of exceeding design hours.  
Figure 10
Design hours exceeded
Design and calculations are time consuming
Hand calcs take a long time to calculate and are subject to change
Hand Calc method is out-dated and in effective way to calculate
Software’s out there do calcs for you and are easily revised

Through the 5 Why method, it is clear the driving factors behind the excessive design hour consumption and the root cause pushes further beyond just hours, and consideration of the method in which hydraulics are calculated needs to be evaluated. Through applying the 5Why’s from another perspective, it allows us to get to the actual root cause, not the one which we previously thought it to be, highlighting the critical stage applied. At this stage, it is clear the source of variation is the ineffective calculation method. Whilst the ineffective calculation method doesn’t seemingly affect the customers, when further investigated, it produces a domino knock on affect. To apply what is CCR here would be to say the hours are critical but in practical processes, the hours are exhausted due to tedious tasks such as co-ordination and re calculating the system.

[bookmark: _Toc131175433]MSA 
As the data was extracted from timesheets and concluded to be time spent efficiently worth booking, there is no variation in the variation measurement, just a simple transfer of attribute data.



[bookmark: _Toc131175434]Improve 
[bookmark: _Toc131175435]Improvement Alternatives.  

Given that the variation is the in effectivity of hydraulic calculation method, the solution needs to improve the effectivity and the hour output. Whilst producing a more standardised chart, the designers can use for calculations would improve the time taken for hydraulic calculations for port approved changes, nonetheless, this improvement alternative is still ineffective and there are more efficient solutions. 

[bookmark: _Toc131175436]FMEA
To devise effective solutions and improvements to the issue, a FMEA chart was produced by the six-sigma team after liaising with both project management teams and design teams.
[image: ]
Figure 11

The FMEA highlights a number of issues, notably the bottom two have very similar recommended actions, but applying them to the first problem would also have the same, if not better affect than the already recommended actions.  Producing the spreadsheet/chart for the hydraulic calculations can be seen as a temporary improvement while developments are ongoing for the FHC software. Whilst the charts aren’t as efficient as FHC, using them would reduce variations such as human error of incorrect input of figures extracted from table TB229.T9

By implementing an FHC software, we would save time and increase the jobs hours effective use. The standard FHC software has cross compatibility which would allow the programme to not only calculate the requirements for any set of rules, but the layouts can be copied, so once a drawing is produced, it is also used for calculations. 

Going forward on design and co-ordination, it is to be made clear to the client that once we gain their approval on a design, if further co-ordination or secondary protection as per BS. EN 17.4.6.2. This guarantees that any design layouts and subsequently hydraulic calculation costs are to be covered by the client if the co-ordination cannot be revised in a rule of obstruction compliant way.
[bookmark: _Toc131175437]Cost/Benefit Analysis
For tender costing, the typical job is to allow 37.5hrs per installation for design, 15hrs per installation for hand calcs. FHC would require 37.5 hrs per installation for design,1.5 hrs for calcs per inst if no complications, and 0.5 hrs per installation for list files and hydraulic summaries. 
Comparing the significant difference in 15hrs for hand calcs, compared to 2hrs for FHC calcs, consider the job to be, on average, a 6-installation job, that’s a saving of 78 hours per 6 installation contract.  
Despite the FHC coding, training and constant maintenance being a significant cost with costly annual upkeep, the figures clearly show that the recovering of upfront costs will soon be achievable, with the annual costs a small fraction of the profit to be made.

Whilst the profit from the time and cost hours is ideal, the other factor is the equipment, if the FHC allows pipes and PH equipment to be pushed to its lower limits, there are great savings to be made in the costs associated with them too. This would mean savings on components, smaller, cheaper hangers, less hangers due to pipe reductions, cheaper labour for install, faster install and keeping in line with the clients install programme. Which was highlighted by 6% of the reasons in the Pareto chart as to not winning jobs from sales stage.
Also highlighted in the pareto chart was our inability to produce FHC systems. By implementing the FHC software production and use, the benefits could be astronomical, with the FHC inability being the second most voted reason for not winning jobs 30% of our jobs costed by implementing FHC software, we would eliminate the top four reasons for not having good S-T-O numbers.
 
 



[bookmark: _Toc131175438]Control
[bookmark: _Toc131175439]Control Measures.
Control measures are implemented to allow the recommendation actions taken follow operating instructions, they allow standardization and understanding through the improved process stages. Proceeding forward with the recommendations implemented in the improve face would be worthless without the control measures to ensure the progress isn’t reversed. Some control measures implemented can include updated process control flow charts, the production of standardized resources to be used, conducting regular process audits.
Standardizing the resources would include the hand calculation spreadsheet recommended in the improve phase, standardizing the way the calculations are made to reduce human error, and the make the process faster. The control measure would be to ensure every designer is using the same spreadsheet. Raising the issue and checking could become part of the process in the checking stage.
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Job win/loss of last 400 jobs in 18 months



Win 12%	Loss 88%	45	356	
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