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Abstract
This project presents structured continuous improvement that focuses on reducing variation in cover width measurements within a roll-forming process that manufactures construction products. An increase in customer complaints related to incorrect geometrical tolerances highlights that coverwidth measurements are a critical quality characteristic that requires improvement. DMAIC framework is used in this report, applying Factory Process Control data, statistical process control, measurement system analysis and process capability analysis in order to understand process variation.
Initial capability analysis showed a capable process that could be improved (Cpk =1.30) with sources of variation linked to measurement technique, set up inconsistency, material gauge and operator opinion. Root Cause Analysis showed a wide range of improvements that could reduce variation within the process such as standardisation of measurement process, visual standards, and enhanced data validation. These changes were trialled over a short period of time and results showed and improved Cpk value of approximately 2.88, with improved measurement consistency.
All improvements were validated by senior management to become standard operating procedures, and were embedded into current processes, ongoing statistical process control continuously measures performance to ensure the process stays centred and makes it more obvious when there are anomalies within results. This project shows that reducing variation across the processes can reduce customer complaints and lower the cost of quality.
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[bookmark: _Toc228818922]Figures and Tables
[1] Complaint figures categorised by type in ‘Salesforce’ – BSUK complaints reporting tool
[2] Complaint figures classification for product quality in ‘Salesforce’ – BSUK complaints reporting tool
[3] GANTT chart created in excel for timeline of the project
[4] Process map including decision boxes and parties responsible
[5] Scatter graph created using raw data, showing Upper and lower control and specification limits long with the mean and the aim.
[6] Normal Distribution curve showing distribution, and upper and lower control limits
[7] Frequency graph showing how many times each width was measured
[8] Boxplot of coverwidth
[9] Line graph showing coverwidth average by gauge of material
[10] Line graph showing monthly averages and number of samples taken within the month
[11] Combined bar chart and line graph comparing averages of each operator and how many samples each operator had measured
[12] Fishbone diagram created by ET after RCA meeting with stakeholders, created in word document
[13] Meeting minutes from brainstorming session captured in excel, using colour coding for whether it was already implemented, not feasible, can be looked at in future or scope to look at with immediate effect
[14] FMEA revision created in excel
[15] Cost/benefit analysis created in excel
[16] Matrix Diagram created in excel showing correlation between improvement and task
[17] Should be/future state map created in excel
[18] Normal distribution of improved process
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Building Systems UK is a TATA Steel Enterprise that operates within the Manufacturing sector, supplying roofing and cladding products for the construction industry. Some products include roll formed steel products for flooring, roofing or wall applications. Products are produced on roll forming lines where Factory Process Control is carried out through a series of measurements of dimensions exclusive for each product, ensuring compliance to relevant standards such as BS EN 1090 (BSI, 2018). The business supplies to a wide range of construction customers and operates in a very competitive market where product quality and customer satisfaction are important.
Recently, there are an increasing number of customer complaints relating to the geometrical tolerances of products, where coverwidth has been highlighted as the most common complaint. These issues are only identified after it reaches the end customer which amplifies the complaint cost especially when delays occur or labour is claimed for. Complaints data shows product quality issues related to geometrical tolerances make up a significant proportion of complaints and directly contribute to cost of quality.
This project was initiated as a structural approach to understanding the causes of coverwidth variation. By focusing on FPCs, documentation and standards, the project aims to reduce the complaints numbers by 50% by October 2026.
The benefits of this project include improving process consistency, reducing likelihood of out of specification measurements, fewer customer complaints, reduced rework, lower materials and labour costs. Right first time also supports reducing late deliveries and aids internal scheduling. From a business perspective it reduced cost to quality, enhances customer perception and increases morale of employees due to bonus performance figures related to cost of quality.
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[bookmark: _Toc228818925]Problem Statement
There is increasing number of complaints across profiles products that originate from products being out of specification for geometrical tolerances. This problem occurs once the product reaches the end customer. The aim of this continuous improvement project is to reduce the number of Factory Process Control complaints by 50% by October 2026 by improving documentation and standardising processes.

[bookmark: _Toc228818926]Voice of Customer/critical to quality
Complaints data since April 2025 shows there have been 15 ‘Wrong Size’ for ‘Dimensions (Geometry)’ complaints, this represents approximately 10% of the product quality complaints with a direct cost of £30,826.65 that has been credited to customers, this does not include time taken to remake orders or material used for these remake orders.
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When a customer files a complaint regarding product quality there several potential outcomes: credit for the faulty product, remake of order and redeliver, credit for on-site costs due to delays with equipment and labour, or no credit required but a loss in reputation. Often there is a combination which all contributes towards the cost of quality.
The site services team (RT & AM) roles are to visit customer sites where products are not fit for purpose or up to standard to help make a decision as to whether the customer complaint is justified. With external customers being affected as described above, internal customers are also affected. The internal customer of the products created on the profiles lines are the transport department, they can be affected by incorrect products needing to be remade which can cause delays and in turn will impact delivery dates for other customers. Whilst profiled products have an internal customer, they are also the internal customer of the ‘Steel Processing’ lines, the purpose of these lines are to slit down coils that are too wide for the profiling lines. If there are any issues with coil, then the internal customer (profiling lines) are affected and will have to adjust schedules accordingly to make sure delivery dates are met.
[bookmark: _Toc228818927]Project Charter
The focus for this project is improving profiled products, their documentation and reduce the number of complains associated. Reducing the number of customer complaints will save money not only on reimbursing for defective products or site costs, it will reduce the material needed to purchase to make orders and the added labour costs of remaking an order and not being paid for it. This also improves customer perception and reputation of the company as there will be less complaints. With the aim to improve profiled products, not only will it reduce customer complaints, it will improve right first time which leads to a reduction of scrap costs. 
SIPOC:
Suppliers: Coil supplier, packaging supplier, haulage company
Inputs: Coil, roll formers, procedures
Process: Roll forming, packing
Outputs: Finished profiled products
Customers: Construction customers for roofing and flooring products
Scope: 
· Technical teams for engineering drawings of products
· Amendments to factory process control forms
· Profiled products (roofing and decking products) tolerance capability
· Operations teams who carry out testing and measurements
· FPC procedures
· Potentially include conformity checks (more in dept testing of FPCs, but carried out by quality)
· Progress of continuous improvement for evidence provided to external auditors
However what will not be included is: 
· Customer services
· First part checks (not to be confused with factory process control) 
· Products made on panel lines
An added motivation for cross departmental involvement for this project would be the quarterly bonus that is calculated which is based on several factors, where cost of quality is considered. This alongside poor customer perception will impact the bonus as there will be no financial gain for any employees if there are no orders due to poor customer satisfaction plus high cost to quality.
The GANTT chart below indicates a general timeline for the project
[image: A screenshot of a computer
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The stakeholders for this project include but are not limited to:
· Quality Department (Engineers, Manager)
· Less customer complaints, less concessions, more successful conformity audits
· Technical Department
· Improved processes & communication, FPC forms that conform to regulations
· Operations (operators, team leaders, shift managers)
· Improved processes to follow, more informed regarding testing, less time remaking orders, better performance
· Customers
· Good quality product, better service from supplier
· Transport department (including haulage companies)
· Less delays, schedule becomes consistent
· Customer Experience Teams
· Happier customers, less complaints
· Sales Teams
· Improved sales as customer perception and company reputation is improved
· Logistics
· Schedules are followed, less material needed as right first time improves
· Material Management 
· Less chance of material picked for orders being used when non-conforming product is made
· Site Services 
· Better relationship with customers

[bookmark: _Toc228818928]Measure
[bookmark: _Toc228818929]Identify Measurement Variation
Looking at the data that is measured by operators and the frequent complaints made by customers, cover width is often the reason for the complaint therefore it was decided that this would be the focus of the report.
[bookmark: _Toc228818930]Process mapping 
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This process map implies that the final result is the customer receiving the product, it shows the flow of the process and any decisions through different stakeholders. It shows where measurements are taken (factory process control checks) which is where variation may originate from. Factors that must be taken into consideration are different operators taking measurements over a single run, over different ranges of products, with different levels of experience and different measurement tools being used.
[bookmark: _Toc228818931]Determine Data Type
Coverwidth data is continuous as it represents measurable values with decimal precision.
[bookmark: _Toc228818932]Develop Data Collection Plan 
	Measure Name
	Data Type
	Operational Definition
	Stratification Factors
	Sampling Notes
	Who and How

	FPC Data
	Continuous
	In-process measurements to verify conformance to BS EN 1090 Annex D (BSI, 2018)

	By operator, start of run, coil change, every 500m
	Sampling for every order, coil change or every 500m
	Team leader reviews measurements during file upload

	Cover width
	Continuous
	Edge to edge width of the formed profile 
	By operator
By quality engineer

	Measured by operator, data manually transferred to excel 
	Quality engineer verifies tolerance and data transfer

	Tag ID
	Discrete
	Unique identification number for each coil 
	By operator
By quality engineer

	Measured by operator, data manually entered into excel
	Quality engineer verifies accuracy

	Sales/Works Order
	Discrete
	System generated 
	By operator
By quality engineer

	Automatically generated in SAP and transferred to excel 
	Quality engineer verifies accuracy

	Profile Type
	Discrete
	Product designation including application and crown height
	Automatically printed on order sheet
	Order sheet

	Quality engineer verifies accuracy

	Aim
	Continuous
	Target dimension for the measured feature
	Order sheet

	Defined per profile and measurement 
	Quality engineer verifies accuracy

	Min/Max Tolerances
	Continuous
	Permitted limits as per BS EN 1090 Annex D (BSI, 2018)

	Order sheet

	Defined per profile
	Quality engineer verifies accuracy


(GoLeanSixSigma.com, 2023)
[bookmark: _Toc228818933]Data Collection 
The critical to quality characteristic was defined as cover width. Across 4 different products the CTQ measured was cover width. After analysis of the results, it was shown through data analysis of process capability that the product CF60 had the most process variation and the least capability so this is where the project focused. Cover width of CF60 product has an aim of 600mm, with customer and standard specifications of +/-6mm (594-606). A total of 100 measurements were taken from production results over 4 months, December 2025 to March 2026 across several shifts. These results were taken over the course of normal production so it reflects true behaviour of both operators and process.
[bookmark: _Toc228818934]Perform Measurement System analysis
Prior to collecting this data, a Gage R&R study was carried out using Data from 3 different operators, 10 different parts with 2 repeats. The result of %GR&R of 60.77% indicates high measurement variation however, the absolute measurement error is small relative to the +/-6mm tolerance for this characteristic, the gage represents the best available method. Measurement variation was decided to be acceptable for capability assessment and an variation contributor was detected.

[bookmark: _Toc228818935]Process Capability
Process capability analysis uses Cpk and is widely applied to assess short term process performance relative to specification limits (Montgomery, 2019). The characteristic analysed was the coverwidth of roll formed panels, the data obtained was from routine factory process control measurements that are taken during normal production runs. The data is continuous and consists of individual measurements collected under normal operating conditions. This dataset includes measurements taken at the start of runs, after coil changes and every 500m. The specification limits are defined by BSI (2018) which specifies the geometrical tolerances of rolled steel products. The upper and lower limits as defined by this standard were applied to this data set to assess process capability. The metric used to asses process capability was Cpk as it evaluates variation within the process and how centred the data is compared to its specification limits. The calculation used within subgroup standard deviation and subgroup range data. The calculated process capability was Cpk = 1.300184, indicating a capable and centred process under normal operating conditions, this establishes a baseline and shows room for improvement.
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[bookmark: _Toc228818937]Process Analysis Methods
A review of the process map was conducted to understand the full process flow from start to finish. It was ensured that all steps in the process were identified, including any decisions that needed to be made and all who contributed to this process. This review identified any gaps in the process and provided a clear understanding of the full process in practice, and where any variation could be introduced.
Departmental handovers were analysed, this identified that variation could be introduced between shift changes where one operator starts the order and another finishes, the data shows that there may be a difference in measurements due to operator interpretation. It was discussed that where possible this should be reduced and that orders should be completed within shift, and by the same operator to reduce this variation.
A review of measurement points was also undertaken, this product is made on the same production line, under the same lighting conditions using the same measurement equipment. The measurement equipment is unique to that line which reduces variation across equipment. This relates to the Gage R&R study, showing that the process is stable with little process variation.
Potential sources of variation were identified as the following: 
· Operator
· Environmental differences (time of year)
· Equipment set up
The observed measurements were compared to the requirements return a Cpk value of 1.300174, this confirms the process is capable under the current conditions.
[bookmark: _Toc228818938]Review Analysis Methods
The purpose of the analysis was to understand the process performance, variation, process capability and identify variation contributors, the analysis methods used were chosen based on the data being continuous. Descriptive statistics used were mean, median, range, quartiles, and standard deviation all calculated from the coverwidth data. This clearly shows where each of the quartiles of data sit and is a good visual tool for understanding where the spread of data lies, it also makes it easy to spot outliers or skewed data. Box plots, averages by operator, range based charts and normal distribution charts were used to illustrate the data distribution and any variation. These graphs were used because they represent the data in a illustrative form to easily identify patterns however not all information is represented for variation factors such as whether the data was collected from run start up or steady state running. The measurement analysis system showed a high percentage Gage R&R, which normally indicates that the measurement system is unacceptable however in this case the process variation was minimal therefore it was decided along with the process capability figure to proceed as the measurements were not used for tight tolerance measurements. Process capability was calculated using specification limits from the British standard EN 1090 Annex D along with Cpk for sort term capability. Data was stratified and compared across operators and shifts because it identified human influences on variation but also considered sample size due to lower sample size being more susceptible to outliers. This supports indication of human influences but avoids limited data. Measurements were grouped by factors such as operator and gauge and were reviewed individually to help isolate specific sources of variation. Informal hypothesis thinking was used to asses whether the variations observed were common cause or special case, this provided logical framework for interpreting results without having to apply formal hypothesis testing where the volume of data is limited.
[bookmark: _Toc228818939]Graphical Analysis Tools
 [5](Thomas, 2026p)

The graph represents the data collected for cover width where the aim, lower and upper specification limits, mean, lower and upper control limits and the raw data. The specification limits are dictated by customers and British Standards. All data falls within the customer and BSEN limits however, 3% of results exceed the control limits which indicates an opportunity for improvement. The mean sits slightly higher than the aim meaning that the cover width is generally measured wider than the aim indicating the tooling is marginally high.

 [6](Thomas, 2026m)

The distribution data is approximately normal with a symmetrical and narrow shape which suggests clustered measurements. Three measurements lie outside the three sigma limits 3% of the data is outside 3 sigmas, however, the process capability and the Gage R&R study shows that there is very little variation within the process, indicating these may be isolated outliers. The wide specification tolerances supports that overall process variation is low.
 [7](Thomas, 2026h)

Frequency analysis shows that 602 mm is the most common recorded value which reinforces that the process runs slightly above the aim, this trend is consistent across the data set.

 [8](Thomas, 2026a)

This box plot diagram confirms tight process variation due to the interquartile range being 1mm which means that 50% of the data falls between 601 and 602mm. A small number of outliers can be seen but do not represent typical process behaviour.
 [9](Thomas, 2026j)

Analysis by material gauge indicates a relationship between gauge and coverwidth with thicker gauges showing higher average values. This tells us that the process is less controlled when the material is thicker in gauge.


 [10](Thomas, 2026k)

Monthly averages show some variation linked to the number of samples taken where months with fewer measurements show higher averages which is expected due to higher sensitivity to individual readings and are more susceptible to outliers. More data is more representative of the true behaviour of the process.

 [11](Thomas, 2026c)

Finally, operator analysis indicates small differences in average measurements that ranged from 600mm to 603mm. The operators who have high measurement counts show more reliable averages, while those with limited data are susceptible to skew. This supports operator variation but confirms that the overall process remains consistent, more balanced sampling across operator would allow for a more robust assessment of true operator bias. 

[bookmark: _Toc228818940]Identify Sources of Variation
The graphs above show how different factors can cause variation. This indicates how certain elements of the process can introduce variation, this is why it is important to standardise processes and reduce as much variation as possible in order to get consistent, reproducible results. It is evident that operator related variation is proven to exist within this process, this can be due to experience or technique. Variation is also introduced during the process from coil changes as there can be slight differences in width and gauge, this can also happen upon start up as different operators and shifts may set up the production line differently. All products are set up differently due to the tooling used however in this project, only one product was observed, and this showed that one tooling set is used for this project whilst always being run on the same production line. Run conditions may change during temperature differences across different times of year however this is difficult to control, even though there are ambient temperature limits. Process capability is determined by how large the process variation is relative to the specification limits and how well centred the process it.  With variation describing how much the process output or results spread, and capability describes how well that spread fits within the specification limits. Therefore, as variation increases, capability decreases.
[bookmark: _Toc228818941]Root Cause Analysis
A root cause analysis using a fishbone diagram (Ishikawa) was carried out with the relevant people to understand what causes the cover width to be incorrect, and why there is variation. Potential sources of variation were identified across people, process, environment and equipment. These findings indicated where the improvement actions needed to focus.
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This RCA confirms that cover width variation is primarily driven by operator measurement technique, set up consistency after coil change and material change, rather than inherent machine instability.

[bookmark: _Toc228818942]Improve
[bookmark: _Toc228818943]Generate Improvement Alternatives
A structured brain storming session was carried out including: operators, team leaders, quality engineers and engineering department. 
[image: A screenshot of a computer
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From this session the following practical improvements were selected for further evaluation:
· Standardise where on the profile is measured, including a visual reference
· Introduce a check at the end of a run (eg last panel) to ensure it has not drifted
· Refresher training on correct measurement technique (using magnets to reduce pressure variation) and measurement frequency/time
· Keep operator consistent through runs
· Standardise roll former sequence and set up rather than relying on experience including centring coil on input
· Review incoming coil width consistence and flag any issues to supplier
· Measure panels more frequently, and separate start up measurements from steady state measurements.
It also includes ideas that need large funds to carry out or more resource in future.

[bookmark: _Toc228818944]Visual Workspace
Visual controls were introduced at the measurement station to standardise how and where the cover width should be measured. This included clear visual guidance as to where the measurement should be taken to avoid operator interpretation and this should improve consistency of results if all are taken at the same place across shifts, this will reduce variation introduced associated with measurement location. Visual management and standardised work are recognised as effective methods for reducing operator based variation. (Liker, 2004)
[bookmark: _Toc228818945]Kaizen
Kaizen improvements were also applied which encouraged continuous improvement that was driven by the operators. Minor adjustments to measurement timing after coil changes and a confirmation step for early run measurements. These small changes were implemented and validated which resulted in improved measurement consistency without disrupting the process. 
[bookmark: _Toc228818946]Proposed solution
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The FMEA was revised to how some of the risks identified were addressed, focusing on some of the high risk and relevant failure modes. The risks were prioritised by severity x occurrence x detection consistent with established FMEA methodology (Group, 2019), and post FMEA revision, the risk priorities had reduced numerically mainly through occurrence and detection. 
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[bookmark: _Toc228818948]Cost/Benefit Analysis
Below table shows a decision making comparison evaluating the implementation cost, the effort required, quality and risk reduction benefit and the clear decision outcome.
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[bookmark: _Toc228818950]Should be/Future State
The proposed solution below addresses different sources of variation and the improvements made.
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[bookmark: _Toc228818951]Pilot proposals
The pilot focused on one product of CF60, applying the proposed standardised method of measurement and position of method, combined with visual instructions and standardised set up. This trial involved one shift of operators and the normal Factory Process Control measurements. This trial was carried out over 2 weeks where this product was solely run, this period of time was too short to take the same number of measurements however there were enough taken to analyse. The aim of the trial was to see whether coverwidth measurement consistency improved with no increase in workload.

 (Thomas, 2026i) [18]

The pilot data above shows that the measurements are well within three sigma, and when calculating process capability the result returns as 2.88424 which means the process is highly capable and well centred. This has had a major improvement from the original figure of 1.300174, showing that the process is now more consistent since the operators have started to adhere to the new methods and standard operating procedures. A gap that was observed was some of the more experienced operators were slower to adjust to the new operating procedure compared to newer operators, sometimes it takes time for operators to adjust. This gap was caused by behaviour rather than the design of the solution.
Within the pilot plan, there were things that worked well and things that didn’t. The things that worked well were: standardising measurements in order to reduce operator interpretation, visual aids improved consistency. What required more work was needing a familiarisation period for the new procedure so that operators had time adjust.
The results of the pilot and comparison to the plan were communicated to team leaders and shift managers through feedback discussions and presentations of all work carried out.
Change management is very important in this organisation, there is a management of change system where no process can be changed without a review of all risks and how to mitigate them. This management of change review was carried out with all stakeholders in order to collect opinions and ensure no risk was left undiscussed. All discussions with operators and team leaders were productive due to their first hand experience and insight into the processes. The engagement from all parties involved helped make the process smooth and limited risks to a minimum with the sole aim to reduce variation with prospect to reduce the number of complaints from customers. The original stake holders was analysed and it was discussed that there were no new stakeholders however it was reinforced that operations involvement was key to the success of this project.
The pilot shows that the proposed solutions that were progressed effectively improved the consistency of measurements and reduced variation. Once escalated to senior management, the solutions were approved for implementation across all products.

[bookmark: _Toc228818952]Validate Improvements
The order of implementation was as follows:
1. Introduce standardised measurement methods, including visual aids to align measurement position. 
2. Implement verification of set up following a coil change
3. Update data recording template and verification step
Each step was implemented during normal production activities.
Resource plan: 
Involved – operators, team leaders, quality engineers, engineering for support
Resources required – measurement tools, printed visual standards, checklists and Data templates.
Constraints – no significant resource or equipment identified
The key stakeholders were identified and engaged throughout, through briefings prior to implementation, constant informal feedback sessions and group reviews of results. This ensured understanding of the important and impact of the project. Risks were assessed through Management of Change reviews and FMEAs where focus was placed on failure modes that were most significant and how to introduce standardisation of processes without affecting the job, the product or costs where possible. No new risks were identified and current risks that related to variation of results had reduced in occurrence. The ongoing control of these improvements will be achieved by continue monitoring of FPC measurements, using standardised methods as standard, review of measurement data by Quality to confirm process capability and using the existing non-conformance process and concessions process.
This validation shows that the improvements that have been implemented have improved the variation of measurements which will make outlying results more prevalent so that investigations into any variations will be performed to prevent the measurements consistence straying from its current value. This process remains stable and is well centred which is an improvement and therefore the process shall continue with these improvements as standard practice.



[bookmark: _Toc228818953]Control
[bookmark: _Toc228818954]Statistical Process Control
Statistical Process Control was applied to confirm that identified improvements resulted in sustained control of cover width variation. The enables early detection of variation that is not expected so that action to correct it can be taken before measurements breach specification limits.
[bookmark: _Toc228818955]Control Chart
The control chart that bests suits this data and process is X bar-R control chart. This is because the data is continuous, there are rational subgroups and it focuses on both centring and spread. This particular chart can detect drifts over time, changes in coil, changes to spread, loss of process consistency or measurement instability. Other charts such as X bar-S chart would not be suitable as the subgroup sizes would need to be larger.
If the control chart limits are breached, production will be stopped, all set up and measurements are to be reviewed and corrective actions are recorded for the non-conformance process
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Measured Coverwidth and Control Chart
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