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[bookmark: _Toc228561078]Abstract

This paper applies six sigma methodology to evaluate the excessive DFT variation and paint consumption between two coil coating lines. Increased DFT levels were identified as the main root cause early in the report which means financial and compliance implications to Tata Steel. 

Analysis of production data shows limitations in the process capability and the measurement system reliability. Where root causes have been determined to be from operator behaviour, process standardisation and line inconsistencies. Improvements such as an improved calibration, operator training and process standardisation have been implemented. 

Control measures such as SPC feedback loops and KPI monitoring have been implemented to ensure that this new process is sustained. 




[bookmark: _Toc228561079]Introduction 
Tata Steel Shotton produces organic coated steel products used primarily in construction (Tata Steel, 2024). Plastisol coatings are applied to improve corrosion resistance, durability and surface finish.

This project will focus on analysing the variation of plastisol DFT across Shotton’s two organic coatings lines. The historical data has shown a gradual increase in DFT levels which has resulted in levels higher than the sites annual plan standards for excessive paint consumption. Over the past three financial years this increase has resulted in a paint expenditure of approximately £775,000 over the annual plan standard. 

The objective of this project is to apply DMAIC methodology to identify the root causes of the excessive paint consumption and to implement improvements that can reduce the paint consumption to achieve sites annual plan targets while also meeting the regulatory compliance required. 



[bookmark: _Toc228561080]Define
[bookmark: _Toc228561081]Project Scope 
Problem Statement – Over the past three financial years (2022-2025), the average dry film thickness (DFT) of plastisol coatings on line one has increased by 1.56% and on line two by 3.68%, compared to the site annual plan standard. This increase in DFT has resulted in paint costs exceeding target by approximately £775,000. In addition to the financial impact, increasing the DFT variability has contributed to a rise in product downgrades due to non-conformances with the current fire performance legislation, negatively affecting profitability and customer satisfaction. 

Objective – 
1. Reduce DFT variation in 25/26 by up to 20%. 
2. Reduce annual paint costs by at least £200,000. 
3. Establish and optimised DFT specification range (190microns -210 microns).
4. Train Operators in the new implemented procedures within 3 months.

Scope – 
1. Analysis of current plastisol coating thickness
2. Cost analysis of paint usage 
3. Implementation of revised coating standards 
4. Measurement of plastisol DFTs across process lines

Out of scope – 
1. New coatings/ chemistries 
2. Renegotiations of specifications with customers
3. Steel Design Changes

Stakeholders – 
· Production manager 
· Quality manager 
· Operators 
· Finance department 
· Compliance teams 
· Customers 

Constraints – 
· Budget – no capital investment 
· Maintain production output 
· Compliance with fire performance regulations 


[bookmark: _Toc228561082]Process Mapping 
[bookmark: _Toc228560462][bookmark: _Toc228561083]Figure 1: A process map using SIPOC 
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Figure 1 shows a SIPOC (supplier, input, process, output, customer) diagram which is used to provide an overview of the plastisol coating process. 

The main suppliers include raw material providers such as paint suppliers and steel coil suppliers. Where the key inputs are substrate, plastisol paint, roller coater parameters and operator settings. The process itself consists of several different stages from coil preparation to final product inspection by lab operatives. The customers section includes a variety of Tata Steel customers that require a high level, high performance product supplied by Shotton. 

The use of these SIPOC diagrams highlight the potential sources of variation that in this project would impact the DFT. For example, variations in operator settings, line speeds and coating application parameters can all directly impact the DFT. By this high level mapping of the process, it is easier to identify where the key focuses of the project should be. 



[bookmark: _Toc228561084]Voice of the Customer (VOC)
The voice of the customer identifies key product requirements including consistent coating thickness, fire regulation compliance, corrosion protection and a high finish product. Failure to control the DFT variation leads to downgraded products or non-compliance with fire regulations. Therefore, controlling the DFT of the product is a critical part of ensuring customer satisfaction. 
[bookmark: _Toc228560463][bookmark: _Toc228561085]Figure 2: QFD analysis 
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A Quality Function Deployment (QFD) has been used to translate the customer requirements into measurable process parameters such as DFT control limits (figure 2) which is defined as the critical to quality characteristic as seen in this diagram. 

The VOC analysis highlights that the DFT control highlights not only financial but regulatory and compliance standards. Therefore, the VOC translates DFT as the primary critical to quality characteristic for this project as this directly affects corrosion resistance and regulatory compliance. 



[bookmark: _Toc228561086]Project Charter 
The use of a project charter is critical to this project as it is consistent with six sigma best practice according to Hessing (2013). The project Charter (figure 3) is a document that aligns the project, stakeholders and the objectives of the project to ensure that all of the stakeholders have a clear understanding of the problem being addressed and the expected outcomes of the project Hessing (2013). The project charter is important as it sets clear boundaries for the project while ensuring that the project’s focus remains on controllable line parameters. 
[bookmark: _Toc228560464][bookmark: _Toc228561087][image: A screenshot of a project management
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[bookmark: _Toc228561088]Measure 
The measure phase is used to quantify the current performance of the plastisol coating process to figure out a baseline for DFT variation as outlined by Montgomery (2019). The phase ensures that the data collected is accurate and suitable for analysis, allowing a deep analysis of the process capability. 
[bookmark: _Toc228561089]Identify measurement Variation 
The measurement variation for this project can be seen through the different measurement technologies used on the two lines such as the manual test method which involves scraping the top layer of paint off and measuring the scrape with a micrometer. Another method used is the automatic method by an in-line specmetrix that continuously measures the DFT across the coil.

There are variabilities through the use of these methods for example the calibration frequency and operator bias. Other potential sources of error could be due to the location/ use of equipment and surface roughness which would mainly be a problem on automatic systems. 
[bookmark: _Toc228561090]Determine Data Type 
The data type used in this project is mainly continuous numerical data which is displayed through power BI. Continuous data is often advantageous due the advanced statistical analysis that comes from specific calculations such as the mean, standard deviation and processing capability indices like Cp and Ck (Montgomery, 2019). 
[bookmark: _Toc228561091]Develop Data Collection Plan
For the data collection during this project there are many methods used such as the continuous data collection. The lab testers results have been carefully evaluated by collecting a range of full width samples from both lines and performing a gage R&R analysis with these test pieces. 

As the continuous data collection can be automated through power BI pulling the results straight from our lab testing screen there only needs to be a structured data collection plan for the gage R&R project. For the power BI data pulling it was determined that the following data was relevant:
· The three DFT measurements across the coil.
· The line number.
· The measurement method.
· Coil position measured.
· The coil ID.
· The date the coil was run. 


[bookmark: _Toc228561092]Perform Measurement System Analysis 
The measurement system analysis was carried out through a gage R&R study to evaluate the reliability of the samples measured manually by the lab tester on the lines. This involved comparing a variety of operator measurements on a small plastisol sample compared to that of 2 experienced lab testers. 
[bookmark: _Toc228560451]Table 1: Gage R&R Study – Results table 
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[bookmark: _Toc228560465][bookmark: _Toc228561093]Figure 4: Gage R&R Study – Calculations  
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Table 1 shows the measurement exercise carried out while figure 4 shows the calculations for repeatability and reproducibility. The reproducibility value is within an acceptable limit bring 2.1 however, the repeatability (GRR%) is above the desired limit of 30, showing that this process has a variation in measurements rather than the process (Montgomery, 2019). Therefore, making decisions based on the measurements obtained could be considered unreliable. This study could be improved by increasing the amount of measurements retested. 






[bookmark: _Toc228561094]Data Collection and Assess Process Capability 
Following on from the validation of the measurement systems in place (gage R&R), data has been collected using the DFT figures entered by lab operators into the LDE system by power BI over the course of 9 months across the two lines. The objective of this is to establish a base line and assess the process capability potential and the process capability index. 

The dataset collected then allowed line 1 and line 2 to be separated to understand fully where the variation is. Figures 5 and 6 show a simplified version of this data using the average DFT and standard deviation per month for each line. 
[bookmark: _Toc228560466][bookmark: _Toc228561095]Figure 5: Average DFT and standard deviations per month for 9 months on line 1
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[bookmark: _Toc228560467][bookmark: _Toc228561096]Figure 6: Average DFT and standard deviations per month for 9 months on line 2
[image: A screenshot of a spreadsheet
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The data collected in figures 5 and 6 shows that line 2 has a higher DFT average and standard deviation per month than that of line 1 which indicates that line 2 is more prone to excessive coating thicknesses which is a large contributing factor to the excessive annual paint spend. 


The process capability index (Cpk) was calculated for each line (figures 5 and 6) to see how centred the process is within the specification limits while the process capability potential (CP) was calculated to find out the potential capability of the process. The Cpk and CP should both ideally be ≥ 1.33 to be considered capable and stable (Montgomery, 2019). 

Line 1 does not show this as it has a Cpk of 1.075 and a CP of 0.9151 when compared with line 2 it shows a slight improvement to the Cpk and Cp with a Cpk value of 1.28 and a CP value of 1.137. However, both processes are not meeting the recommended threshold of ≥1.33 according to six sigma practice which is outlined by (Montgomery, 2019). This information highlights the importance of improving this process to meet the desired threshold and therefore improving the process capability. The control chart In figure 9 is also shows how line 2 does not consistently meet the specification.











 

[bookmark: _Toc228561097]Analyse 
The data analysis phase is a key area in six sigma methodology as stated by Hessing (2014) who explains how the analysis phase is critical to the understanding of the root cause of process variation and defects. During this section a variety of analysis tools are used to further the understanding of this project and show how the decision for this project has been made using evidence. 
[bookmark: _Toc228561098]Process Analysis Methods & Graphical Analysis Tools 
A combination of tools are used to identify the root cause of the DFT variation such as cause and effect diagrams, the 5 whys technique and pareto analysis. These techniques are a standard set of tools used in six sigma type projects which can be shown in the journal (El-Sebaie, El-Sharief and Ghaleb, 2015). 
[bookmark: _Toc228560468][bookmark: _Toc228561099]Figure 7: Cause and effect (fishbone) diagram excessive Dry Film Thickness (DFT) and high variation leading to excessive paint costs. 
[image: A diagram of an overview of an instrument
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A fishbone diagram (figure7) is a tool that is used to visualise the relationship between the factors that contribute to a problem as stated by Kumah. (2024). The causes in the diagram have been grouped into six sections, operator, machine, method, material, measurement and environment. The fishbone diagram highlighted several possible causes for the DFT variation such as inconsistencies between machines and operator experience. Machine causes could include coater head variation between the two lines and calibration drifts which lead to the inconsistent application of plastisol.

[bookmark: _Toc228560469][bookmark: _Toc228561100]Figure 8: Pareto Analysis. 
[image: A graph on a white sheet

AI-generated content may be incorrect.]

The pareto analysis (figure 8) shows that operator settings, line speed variations and calibration issues account for the majority of issues when the excessive DFT has been found and therefore these causes should be prioritised. This lines up with the pareto principle as stated by Raveendran et al. (2023), a small number of causes will contribute to the majority of defects. The results seen suggest that this problem is impacted primarily by controllable process parameters rather than environmental or material factors. 

The line speed variations combined with other process parameters such as the gap between the rolls and the substrate contribute to the excessive DFT because the time taken for the strip to move past the coater heads directly impacts the amount of paint that can be applied. 

The pareto analysis is consistent with the results obtained by the fishbone diagram and 5 whys analysis which also identified the same causes. 

[bookmark: _Toc228560452][image: ]Table 2: 5 whys analysis using the biggest contributors to the high DFT and excessive costs.

The 5 whys technique is used to deeply understand the root cause of a problem which has been identified using the fishbone diagram and pareto analysis as operator settings, line speed variations and calibration issues. The 5 whys analysis (table2) shows that operator error is linked to the lack of standardised procedures and limited reliability in the measurement process by the laboratory operatives rather than just operator capability 


[bookmark: _Toc228560470][bookmark: _Toc228561101]Figure 9: A control chart showing the DFT variation seen in May 2025 on line 2. 
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[bookmark: _Toc228560471][bookmark: _Toc228561102]Figure 10: A control chart showing the DFT variation seen in January 2026 on line 2. 
[image: ] (Tata Steel, 2026)

Process control charts are a vital tool when monitoring a process, Figures 9 and 10 show the differences seen using the online DFT measurement tool. Figure 9 shows how before this project the DFT range was much higher than during this project (figure 10). 


[bookmark: _Toc228561103]Review Analysis Methods 
The three main analysis methods examined are a fishbone diagram, pareto chart, the 5 whys method and the use of control charts. These are all significant tools that are very beneficial in evaluating the root cause of the problem. 

The fishbone diagram used is important as it displays the causes logically however, a major limitation is the causes displayed rely only on a solid understanding of the problem with no data to support or justify the causes as stated by Sakdiyah, Eltivia and Afandi (2022). 

The pareto analysis builds from the fishbone diagram using data to support the causes of the problem. This method allows us to determine the main contributing factors. Some problems with this technique can be seen in this project as some of the categories overlap such as operator behaviour and the method according to Egbe et al. (2024). 

The 5 whys method allows us to dig deeper into a problem until we understand the root cause of a problem. An example of this is where the surface level problem appears to be operator error where the deeper cause is the unreliability of the measurement tools. The limitations of the 5 whys model is that a problem can be oversimplified if not applied correctly which is highlighted by Card (2017). 

Control charts and other graphical tools are used as a way to monitor any changes and assess the extent of a problem. This is an effective way to make sure corrective action is only taken when it is needed. A limitation is these charts and graphs can be affected by wrong measurements so ensuring the measurement data is accurate is crucial to problem evaluation and improvement implementation as shown in the research. 

The analysis methods chosen for this problem were the right choices as these methods 
provide a balance of quantitative and qualitative data analysis. While each method shows limitations, they all help to gain an understanding of the root cause. Alternative methods could be used to increase the amount of certainty to judgements such as design of experiments (DOE) which will help quantify the relationship between process parameters and the DFT variation as outlined by Montgomery (2019).
[bookmark: _Toc228561104]Identify Sources of Variation 
The sources of variation can be seen through the different analysis methods used above. The first main source of variation is in the measurement system as the Gage R&R studied showed a GRR% value of 44.5 which shows that there is variation between the different measurements obtained by the different shifts and different measurement systems. This data implies that not all of the data used to make decisions is reliable. Showing that a key issue could be that the operators are adding more film to avoid being under specification. 

The second source of variation is the operator behaviour which has been highlighted through the 5 whys method. Highlighting that more operator training is required to improve their confidence in the results obtained in the lab. The third source of variation is processing differences between lines showed by the Cpk and CP analysis which shows line 2 has a higher DFT average and higher variability. 

The fourth source of variation is the material and environmental factors that is one of the less significant factors but should be considered as the environmental conditions affect how the paint will be applied as temperature will affect the viscosity.  


[bookmark: _Toc228561105]Improve 
The aim of the improve phase is to use the analyse to develop and implement procedures that directly impact the root cause found during the analysis seen in the report (Kowalik, 2018). 
[bookmark: _Toc228561106]Improvement Alternatives
The main root causes were found to be variation between measurement systems/ techniques, lack of standardisation, operator behaviour and differences between the two colour coating lines. Some improvements that could be applied to this problem are listed below:
· Tighter standardisation of DFT ranges between both production lines.
· Implementation of a tight window for process parameters (e.g. line speeds).
· An improved calibration schedule of equipment.
· Further operator training and refreshers. 

These improvements directly address the root causes identified in the analysis phase especially measurement system variation, operator settings and line differences to not only tighten the specification to limit high DFTs but will also reduce the high GRR% (44.5%) as improved calibration will increase the consistency. The advanced operator training will also help impact this as this should limit the variation from shift to shift. 

[bookmark: _Toc228561107]FMEA Phase 
FMEA standards for failure mode analysis which is used as a way of identifying potential failures in a process, evaluate their impact and prioritise the correct actions that should be taken to limit the risk explained by Kowalik (2018). A failure mode analysis can be seen in table 3 that assesses the risks associated with high DFT. The highest RPN results were for measurement system inaccuracies and lack of standardised operator settings. To reduce the RPN scores and mitigate these risks it has been determined that occurrence can be reduced through training and detection can be improved through the SPC feedback loops. 

[bookmark: _Toc228560453]Table 3: A FMEA chart for the variation of DFT. 
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[bookmark: _Toc228561108]Cost/Benefit Analysis 
There has been a high financial impact of the overcoating of plastisols over the last three years with an excessive of around £775,000. The proposed improvements spoken about aim to reduce the variation by up to 20% to create a net annual benefit of £131,880 as seen in table 4. Table 5 then shows the payback period of implementing these improvements being 1.8months repayment which is a relatively low amount of time compared to the potential savings making the improvements discussed low risk to this business for a potentially high return. 

[bookmark: _Toc228560454]Table 4: Summary of the costs and benefits.
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[bookmark: _Toc228560455]Table 5: The payback period 
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[bookmark: _Toc228561109]Future state Process Map 
The future state process map will be the same as the basic SIPOC map showed in figure 1 with the addition of the simple SPC feedback loop for the operators shown in figure 11. An example of what this future state process map would look like can be seen in figure 12. 
[bookmark: _Toc228560472][bookmark: _Toc228561110]Figure 11: SPC feedback loop.
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[bookmark: _Toc228560473][bookmark: _Toc228561111]Figure 12: future state process map. 
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[bookmark: _Toc228561112]Validate Improvements 
The validation of improvements is critical to ensure that the process is being followed, and the problem is being minimised. As seen in the control chart (figure 10) it can be seen that the variation has been limited however, this project requires significantly more effort from the team and the operators on the lines to ensure these standards do not slip. The fire performance has been validated already for the desired DFT range as we are not changing it, only tightening the release specification.

To continue to measure the effectiveness of these implementations the following steps should be taken:
· Continue to monitor the DFTs obtained using the process control charts.
· Carry out the same Gage R&R study, Cpk and CP analysis with the after data (once the process has been implemented for the same amount of time).
· Track the paint consumption per quarter to evaluate if there is becoming a reduction in spend.

The calibration and operator refresher training has been highly developed using an automated tracking system that alerts the trainers and technicians when a calibration or refresher training is due, these are sent as an automated weekly update to all of the relevant people helping to ensure accountability. 
· 

[bookmark: _Toc228561113]Control 
The control phase is an essential phase to ensure that improvements to the process are sustained over a long period of time. If the correct control measures are put in place, this will mean that the operators are not able to revert back to ‘old habits’ leading to the excessive DFT variation and paint spend. 

The statistical process control (SPC) seen in figure 11 is a vital tool to enforce on laboratory operatives on the lines as it shows a clear view for what needs to be followed in order to meet the new tighter specifications. Continuous use of the SPC charts will allow for early detection which means that correct action can be taken before it’s too late. 

The standard operating procedures should be updated to include the new specifications as a guide for laboratory operatives to follow. New calibration and maintenance schedules should also be included in this as well as the improved training schedule to ensure that the equipment is reliable, and the operators understand the new process parameters implemented. This improved calibration schedule will also remove the uncertainty seen in the gage R&R study. 

Performance based KPIs can be used as a way of controlling these improvements as they can be changed to include the average DFTs per line, the standard deviation and the paint consumption costs. This is particularly important as it gives everyone something to work towards while also keeping the conversation going meaning the details will be at the front of everyone’s minds. Auditing of the process is also an effective way of keeping everything consistent and continuously evaluating the process. 


 

[bookmark: _Toc228561114]Conclusion 
This six sigma project has applied the DMAIC to address the issue of the variation of plastisol DFT across the two production lines resulting in high paint consumption while also maintaining product quality and performance at Tata Steel. The measure phase applied a variety of key tools to evaluate the problem and conclude about the main root causes of the problem which was then improved using this data by tightening the specifications and process parameters while also implementing a better calibration and operator refresher training system. The control phase was then utilised to ensure that these changes are implemented and stay implemented over a period of time while also highlighting how this new system can be maintained moving forward. 

Overall, this project has successfully applied some of the six sigma tools to improve the process stability and reduce the financial implications. This project also highlighted how there is high potential for further work to be carried out to further improve the system. 
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ithin 3 months to mainatin optimised DFT leves.

Reduced Waste' in paint spend
Reduce downgrading of cois and complience with fire
reguiations.

[All ther e parameters wilbe standard
Substrate and paint quaty wil not change

Problem statement! project background

[Over the past three financil years (2022-2025), the
‘average dry fim thickness (DFT) of plastisol
coatings on fine one has increased by 1.56% and on
fine two by 3.68%, compared to the site annual pian
standerd. This increase in DFT has resuited in pait
costs exceedng target by appraxmately £775,000
per annum. In adition to the financial impect,
increasing the DFT variabilty has cortributed to a
rise in product downgrades due to non-
‘conformances with the current fire performance
leglation, negatively affecting profitabity and
‘customer satisfaction.

‘The project purpose to reduce our annual paint
‘spend on pastisol paint o achieve the annual target
of paint spend and reduce the variation across cois

Stakeholders

Production manager
Quaity manager
Operators
Finance department
‘Compiance teams
Customers

Sponsor

Plastisol Overcoating Brogan Carroll Tony Clark TechnicallManufacturing

Risks.

Aim for plastisol topcoat of 195um on Not & No2 for 200um plastisol
when more than one col per colour from March 2025

Whats rpact aigaton v
(Ayes o Garent plastiol coatng THGRsS
Gost anayss of pant age Montr!
Implementtion of reviee coein standrds | Defects from igh | Downgraded proct decrease e | cabartions
Wessurement o pasted DF T actoss BT patormance
rocess nes o e
Whats out reeshers
ot reqir
reieshers/
operators
New coatings/ chemistries Emboss (vsual spoken to
Renegostons of specticators wih | EM058 08U |0ororaged product = Fianc s & 200U changes
Custamers ecs from o Cotosion resitance |2 the
Stoot Dosn Granges mpotance
Pover BT aed]
o rack DFT
 application
im Membel Deli
Brogan Carrol, Darren England, Dan Shaw, DFT Analysis and vesigaton
Sroger G, Darr gl Don St puresacaso s it
rescol estsavins

Rhys Elis, Gareth Jones, Jake Hidden-
Devenson, Jue Baddock

Process improvemontraccomendatons

Project success wil be measured by achieving reduced plastisol DFT
without compromising coating qualty and deivering measurable cost
‘savings in paint consumption.

Project Status:

Problem breakdown

2. Breakdown the problem — No1 CoCo

Pre: 2022, Post: after April 2024
Sept 2024

No2 CoCo

Pre: 2023, Post: After

2. Breakdown the problem

e

Overanstatus:

Define the probiem - root cause Problom- High DFTs
Investigate e DF T for plastisol coatings Bc Gage RER
Data collction =)

Meaurement analysis Bc

Implement the new DF T specification on the lines. e

Create a power B tool for tracking DF T variation Re

[Cost Beneit anaysis Bc

[Continuous tracking of onine DFTs RPBCAL

Evaluate how the changes have affected paint costings.

Paint Overcoating
Notca

Prioriised Problem al POt of Ocourrence: Figh DFT on
200um piastisol on Not & No2 Colorcoat in Hi FY25

Current state

1853

Offce on the b Frame

IMS updated
Monitoring ongoing through Power BI monitor
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itemid Colour

A Re-Test DFT by ET Ad Re-Test DFT by BC Ad Difference hd Avt

624136 Barn Red 174 172 171 -3 172.3333333
693136 Anthracite Matt 197 182 182 -15 187
399036 Alaska Grey 180 175 176 -4 177
341136 Hamlet 183 183 183 0 183
400136 Goosewing 195 192 191 -4 192.6666667
114136 Heritage Green 195 190 191 -4 192
941136 192 190 190 -2 190.6666667
212136 Hamlet 180 173 175 -5 176
1351361 Anthracite 180 183 183 3 182
602136 Juniper Green 181 181 181 0 181
352036 Terracotta 189 193 193 4 191.6666667
164136 Moorland Green 195 190 190 -5 191.6666667
624136 190 186 185 -5 187
121136 Burano 195 202 200 5 199
744136 Goosewing 187 176 176 -11179.6666667
580036 Goosewing 188 185 184 -4 185.6666667
658136 210 220 218 8 216
931136 Graphite 81S 195 196 197 2 196
847036 Goosewing 175 175 175 0 175
658136 Terracotta 188 193 193 5 191.3333333
172236 Terracotta 200 198 199 -1 199
532236 Anthracite 180 172 170 -10 174
923236 Straw 182 180 180 -2 180.6666667
Average 188.3043478 186.3913043 186.217391 SF -2.08695652 F1 86.9710145

Range 36 48 48 23| 43.66666667
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Determine the average range of the three appraisers To calculate the %GRR = (total GRR / Total variation) x100

K (R__A "+"R B"+" R__C)/3 Calculate GRR =
R™=(36 + 48 + 48)/3 Repeatability* + Reproducability
R™=132/3 GRR = 44.05
R =44 %GRR = (44.05/99) x 100

%GRR = 44.5%

Determine the difference between the maximum appraiser average and the minimum appraiser average

X Diff =X _(App Max) - X _(App Min)

2.086956522
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2025/02 194.4 11.1
2025/03 193.4 10.3
2025/04 193.8 9.9
2025/05 192.2 9.7 Average Std Deviation for the 9months | 10.0777778
2025/06 192.3 11.2 Upper spec (USL) 230
2025/07 190.6 9.9 Lower Spec (LSL) 165
2025/08 191.2 9.2 Mean 192.666667
2025/09 192.1 9.4
2025/10 194 10,

Cp=(USL-LSL) / 60 Cpl=(Process Mean-LSL)/(3*Standard Deviation)
Cp=(230-165)/6x10.0777778 Cpl=0.9151
Cp=1.075 Cpu = (USL- Process Mean)/(3*Standard Deviation)
Cpu=1.23484
Cpk=Min (Cpl, Cpu)
Cpk=0.9151
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Month Average DFT (Microns) Standard Deviation per month

2025/02 196.4 10.4
2025/03 197.6 9.7 Average Std Deviation for the 9months | 8.46666667
2025/04 194.6 10.3 Upper spec (USL) 230
2025/05 193.4 8.5 Lower Spec (LSL) 165
2025/06 192.2 7.5 Mean 193.888889
2025/07 192.1 71
2025/08 193.3 71
2025/09 192.3 74
2025/10 193.1 8.2

Cp=(USL-LSL) / 60 Cpl=(Process Mean-LSL)/(3*Standard Deviation)
Cp=(230-165)/ 6 x 8.46666667 Cpl=1.137
Cp=1.28 Cpu = (USL- Process Mean)/(3*Standard Deviation)
Cpu=1.422
Cpk=Min (Cpl, Cpu)
Cpk=1.137
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FISHBONE ROOT CAUSE ANALYSIS
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hat

Cause Frequency K2 % Contribution K Cumutative %|

Operator settings % 35% 35%
Line speedvariation 62 23% 58%
Calibration issues 50 19% 77%)
Measurement error a7 18% 95%
Equipment differences 1 % 99%
Material variation 2 1% 100%

265

e the biggest contributors to the DFT variation and excessive costs?

Causes against frequency including the cumulative percentage

Operatr setings Une speedvatston Calbration ssues Messurementeror  Equipment derences Materiat varaton

—ries1 ——Seies2
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What are the biggest contributors to the DFT variation

Case

iny 1 [wny 2 wny3 wnya wny 5 oot cause

Becauss operatorsare SppYENer [Becauss Une spoeds and Coater setings are [ Because There o iandardised OperaUng argst | Becalse process ContioR are ot Ul [Becauss There s ot anough Tocus on proces Lackof standardisation and contralover
Operatorsettings | coatinghicinesses than target ot controted comecty across ines and operator raiing operstor setings

Because the Une speed aries g Because the operators ajust speeds o | Because there sno defined speed angs and hsisa _|Because process paramiersarenot | Because there 5. ackof rocess standardisation and | Lack f standard operating condtions
Line speedvarition _|production Imeet producion and per product ype | way of changingto meet aborato curey defined controt to0 many infences

Because the Gags RBR shows a 44.5% | Because there s poorrepeatabilty of Because there s ackol Becauss there Callraton and traning systemsare not
Measurementerror_|varaton manuat ecause te. method procedures contrts contoted
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Plastsol Overcostig

FAILURE MODE AND EFFECTS ANALYSIS
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Summery of the cost and benefits

Category Description Assumptions Value (£)

Current cost The Annual excesspaint spend 775,000

Target Savings Reduction in paint usage through improved DFT control 155,000

Implementation Costs Operator training and trainers time 20 operators and trainers for 2 days training at £200 a day 8000
Engineering/process development time 2 engineers for 5 days at £300 a day 3000
Calibration activities (labour and new resources) Estimate of equipment and labour 4000
Possible line down time havinganimpact on production [Estimate 5000
Monitoring 1 person, 3 hours a week for 6 months @£40 a hour 3120

Total Implementation Cost T 23120

Net Annaul Benefit

131,880,
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Payback Period

Category Value (£)
Implementation costs 23120
Annual Saving 155,000

Paybcak period 0.14916129 0.14916129x 12 = months 1.8months
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Make adjustments

Is the DFT withinthe | Yes DFT Measurement
limits?
vy
DFT Plots onto
control chart -

automated process
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Within Limits NotWithin Limits
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Akzo (Paint)
Beckers (Paint)

Tata Steel Port Talbot
(Steel substrate)

Tata Steel India (Steel
substrate)

Tata Steel Shotton
(Galvanised steel)

Inputs

Paint

Ovens
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Quench

Tension Leveller's
Roles

P

Process

« Organic coated steel
coils

c

Customers

Building Systems
Capital
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Trimo

SAB
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