


Green belt project – TATA steel quality inconsistency and customer complaints
Introduction

Tata Steel UK is one of the leading steel producers in the UK. As a part of its continuous improvement efforts, the company has decided to undertake a Six Sigma Green Belt Project to improve its production processes. The objective of this Six Sigma Green Belt project is to identify the root causes of the quality issues and implement a sustainable solution to improve the quality of Tata Steel UK's products, reduce rework, and enhance customer satisfaction to boost sales and avoid a loss of business.
“Green Belt training provides students with an objective, time-tested approach to identifying and eliminating problems that prevent our processes from operating optimally. This course will introduce and cover the Define-Measure-Analyze-Improve-Control (DMAIC) approach to process improvement.” - Quality Support Group. (n.d.). Six Sigma Green Belt. [online] Available at: https://qualitysupportgroup.com/training/green-belt-training/#:~:text=Green%20Belt%20training%20provides%20students

Define 
Problem statement
The current problem faced by Tata Steel UK is the inconsistency in the quality of its steel products, which leads to customer complaints, rework, and loss of revenue. The company has received multiple complaints from its customers regarding defects in the steel products, such as surface irregularities, dimensional variations. These defects not only affect the quality of the final product but also impact the overall customer experience.
In addition to this, the quality issues have resulted in increased rework of 20% and scrap rates of 20%, leading to higher production costs and longer lead times. This has made it difficult for the company to meet its production targets and compete with other players in the market.
The problem has been identified through customer feedback, internal quality audits, and production data analysis. The root cause of the problem needs to be identified, and a systematic approach is required to understand the underlying issues.
Process mapping
SIPOC Process Map for Tata Steel UK
“A SIPOC (suppliers, inputs, process, outputs, customers) diagram is a visual tool for documenting a business process from beginning to end prior to implementation.” - SearchCIO. (n.d.). What is a SIPOC Diagram? [online] Available at: https://www.techtarget.com/searchcio/definition/SIPOC-diagram-suppliers-inputs-process-outputs-customers#:~:text=A%20SIPOC%20(suppliers%2C%20inputs%2C.
[image: ]


Voice of the customer/Critical to quality
The voice of the customer (VOC) refers to the needs and expectations of the customer regarding a product or service. In the context of Tata Steel UK and its inconsistency in the quality of steel products leading to customer complaints, the VOC would be the feedback, concerns, and expectations of the customers who have purchased or used the company's steel products. 
“Voice of Customer is the customer’s voice, expectations, preferences, comments, of a product or service in discussion. It is the statement made by the customer on a particular product or service.” - International Six Sigma Institute. (n.d.). Six Sigma Certifications Available at: https://www.sixsigma-institute.org/Six_Sigma_DMAIC_Process_Define_Phase_Capturing_Voice_Of_Customer_VOC.php#:~:text=REGISTER
Critical to quality (CTQ) is a term used in Six Sigma methodology to refer to the key characteristics of a product or service that are most important to the customer. In the case of Tata Steel UK, CTQs could include factors such as consistency of product quality, on-time delivery, competitive pricing, and customer service.
To identify the VOC and CTQs in this scenario, the Six Sigma Green Belt team would need to gather and analyze customer feedback, complaints, and other relevant data to determine the key factors driving customer satisfaction and dissatisfaction with Tata Steel UK's products. This could involve conducting surveys, analyzing customer complaints and warranty claims, and gathering feedback from sales teams and customer service representatives. Once the VOC and CTQs have been identified, the team can use this information to develop strategies to improve product quality, delivery times, pricing, and other key factors to meet the needs and expectations of their customers.
Project scope
To target specific areas for process improvements in Tata Steel UK, several variables and factors may be measured and analyzed:
1. Customer complaints and feedback: Analysis of customer complaints and feedback can help identify the specific quality issues that are most commonly reported, and the areas of the production process that are most frequently associated with these complaints.
2. Product quality metrics: Key quality metrics, such as dimensional accuracy, surface finish, and mechanical properties, can be measured and tracked over time to identify trends and areas for improvement.
3. Process variability: Analysis of process variability, such as variations in temperature, pressure, and chemical composition, can help identify sources of inconsistency in the production process that may be contributing to quality issues.
4. Scrap and rework rates: Analysis of scrap and rework rates can help identify areas of the production process that are most prone to errors or defects and may require additional attention or improvements.
5. Production efficiency metrics: Analysis of production efficiency metrics, such as cycle time, throughput, and downtime, can help identify bottlenecks or areas of inefficiency in the production process that may be contributing to quality issues.
6. Employee training and performance: Analysis of employee training and performance metrics, such as error rates and adherence to standard operating procedures, can help identify areas where additional training or process improvements may be needed to improve quality and consistency.
Overall, the specific variables and factors that are measured and analyzed will depend on the nature of the quality issues being experienced and the specific goals of the process improvement project. By measuring and analyzing these factors, Tata Steel UK can identify areas for improvement and develop targeted strategies to address quality issues and improve customer satisfaction.
Project charter
A project charter for a Six Sigma Green Belt project on Tata Steel UK and its inconsistency in quality of steel products leading to customer complaints may include the following:
1. Problem Statement: Tata Steel UK is experiencing inconsistency in the quality of its steel products, resulting in customer complaints and dissatisfaction. This inconsistency is negatively impacting the company's reputation and profitability.
2. Project Objective: The objective of this project is to identify the root causes of why the company receives so many complaints with regards to quality of the product and develop targeted strategies to improve the consistency and quality of Tata Steel UK's steel products, ultimately reducing customer complaints and improving customer satisfaction.
3. Scope: The project will focus on the production processes related to Tata Steel UK's steel products and will include the analysis of customer feedback, product quality metrics, and employee training and performance.
4. Deliverables: The project deliverables will include a comprehensive analysis of the root causes of the quality issues, targeted strategies for process improvements, a plan for implementation of these improvements, and a final report summarizing the project results.
5. Timeline: The project timeline will be beginning in 2021 and concluding in 2022/2023.
6. Expected Benefits: The expected benefits of this project include a reduction in customer complaints, improved customer satisfaction, and increased profitability for Tata Steel UK through improved product quality and customer retention.
7. Risks and Constraints: The risks and constraints associated with this project may include resource limitations, competing priorities, and resistance to change within the organization.

Measure
Techniques for collecting data about current performance in meeting Critical to Quality (CTQs) for Tata Steel UK's inconsistency in quality of steel products leading to customer complaints. 
The data for customer complaints over the last 10 years for Tata steel UK deliveries of products by the correspondence of our CSO’s (customer service officer). By collecting this data to measure it gives the company a good understanding of where we are in regards to meeting a target maximum of 0.20% customer complaints of delivered steel products from Tata steel UK. The complaints are most typical in the area of surface stains/bruises, mechanical problems, damage and NMI’s (non-metallic inclusion). The company and project goal is to tackle the problem and reduce the number of these defects to reach the company target of maximum complaints. In addition to collecting data on the customer complaints, we’ve also collected data on tensile testing failures and the number of line stops (Breakdown on the production line) that occurred as it will directly relate with the quality of the steel produced. The people responsible for looking and analysing this data are myself and the team in the metallurgy department in Tata steel UK. The data will be collected for 2021 performance of the company, and will implement changes from 2022.
Identify measurement variation
· Customer Complaint Data: Collecting data on customer complaints related to inconsistency in quality is an essential technique for understanding current performance in meeting CTQs.
· Manufacturing Data: Collecting data on manufacturing processes is another technique for understanding current performance in meeting CTQs. You can collect data on the production process, such as the number of line stops, which is when the production line stops when working on a coil, this causes inconsistency in the treatment for the coil when different parts of the coil undergo different temperature and speed treatment.
· Sampling Data: Collecting data through a sampling process is an efficient way to measure performance against CTQs. You can collect data by randomly selecting products from the production line and measuring their quality against the CTQs. An example of this is when we sample the steel products for tensile testing.
Data type
There’s various types of data can be collected to understand the current performance of the process and identify the critical-to-quality (CTQ) characteristics. The data type chosen relevant to the project is discrete data which is numerical data that can only take on specific values, such as counts or frequencies. This type of data is often used to measure defects or non-conformities in the steel products. Discrete data is typically analyzed using statistical tools such as bar chart and defect concentration diagrams.
Data collection plan
The data will be collected from customer complaints over the last 10 years for Tata steel UK deliveries of products by the correspondence of our CSO’s (customer service officer). By collecting this data to measure it gives the company a good understanding of where we are in regards to meeting a target maximum of 0.20% customer complaints of delivered steel products from Tata steel UK. The complaints are based off of surface stains/bruises, mechanical problems, damage and NMI’s (non-metallic inclusion). The company and project goal is to tackle the problem and reduce the number of these defects to reach the company target of maximum complaints. In addition to collecting data on the customer complaints, we’ve also collected data on tensile testing failures and the number of line stops (Breakdown on the production line) that occurred as it will directly relate with the quality of the steel produced. The people responsible for looking and analysing this data are myself and the team in the metallurgy department in Tata steel UK. The data will be collected for 2020 performance of the company, and will implement changes from 2021 to end of 2022.
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After looking at the data for complaints from 2010 to 2021 we can see that the deliverance of quality and good steel products is relatively good but not always consistently accurate, in addition to this, the company fails to fall under the maximum complaint target of 0.20%. This shows that improvements in the process are definitely required in order to meet customer satisfaction and compete in the market. In 2021 the number of Rockwell failures each month ranged from 20 to 35 which shows inconsistency in the mechanical properties of our material that isn’t going to meet customer expectations, however in these figures are relatively low compared the entire scale of steel products sold.
The number of line stops that occurred in 2021 each month ranged 29 to 42, which is the biggest indicator to where the process is failing. Line stops or line breakdowns can have a significant impact on the quality of steel products being produced on the production line. This causes variation in product dimensions where changes in the temperature, pressure, or other parameters in the production process, which can result in variations in product dimensions. This can lead to products that are out of tolerance or not within specification. In addition to this, line stops cause material defects because if the line stops or breaks down, it can cause the steel to cool down or heat up too quickly, leading to defects such as cracking, warping, or surface defects. These defects can affect the mechanical properties of the steel and can compromise the quality of the end product. Another negative impact is inconsistent quality. This can be due to variations in the processing conditions or differences in the operator's skill levels. Inconsistent quality can result in products that do not meet the customer's requirements, leading to rejected or returned products.

Analyse

When we look deeper into the complaints for the 2021, there was a total of 163 customer complaints, 82 (50%) of which were down to surface bruises and scratches. 41 (25%) complaints were down to mechanical problems, 21 (13%) due to damage of products, and 19 (12%) due to NMI’s (non-metallic inclusion) in the steel products. From looking at the figures of the complaints in 2022 we can see that half of the issue is purely down to surface scratches and bruises. 
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“A Pareto Chart is a graph that indicates the frequency of defects, as well as their cumulative impact. Pareto Charts are useful to find the defects to prioritize in order to observe the greatest overall improvement.” - Tulip. (n.d.). What Is A Pareto Chart? Definition & Examples. [online] Available at: https://tulip.co/blog/what-is-a-pareto-chart-definition-examples/#:~:text=A%20Pareto%20Chart%20is%20a.
5 whys
This data then justifies the need to use the 5 whys technique to figure out what and why this problem occurring. 
Why isn’t Tata steel UK failing to meet the complaints target of 0.20% maximum?
The company has failed to reduce the number of annual complaints, mostly due to surface bruises and scratches which accounts for 50% of the complaints, showing that it is a huge factor of impact.
Why is this? 
The main reasons for such a high frequency of surface bruises and scratches is rough handling of the steel during transport, loading, or unloading can cause surface damage. Improper use of forklifts, slings, or other lifting equipment can also cause scratches and dents. In addition to this, another factor is processing equipment used during processing, such as poor work rollers can cause scratches or bruises on the steel.
Why is this? 
Inadequate control of manufacturing processes such as improper machine settings, worn equipment or defective parts. Also human error is another cause as accidents caused by operator error or lack of attention, such as dropping or bumping the steel, can lead to surface damage.
Why is this? 
Lack of understanding, training and knowledge by some workers to spot these surface defects and know when critical damage has been caused that isn’t good enough to meet the customer quality standards. Some workers aren’t aware of what’s acceptable and what isn’t.
Why is this? 
Lack of recent investment into equipment and process lines to produce the best quality steel without defects, however in addition to this there’s also a lack of training and knowledge in surface inspections and human error plays a big role in not being able to recognize these surface defects.

Improve
In order to improve the current situation of the problem, which is failing to meet the target of maximum complaints of 0.20%, The company must look at the biggest contributor of the problem which surface bruises and scratches that covers 50% of the complaints. We know this from the help of the pareto analysis along with the 5 whys analysis, which has outlined the real root of the problem.
1. Reduce line stops: Tata Steel UK can enhance its quality control measures to identify and address quality issues before the steel products are released to customers. The company will be investing more money into the process lines to modernise and undergo maintenance on the old infrastructure which has become less effective over time. This will make the process faster, more effective and reduce breakdowns and line stops. Which will directly reduce the number of defected steel produced.
2. Standardize Production Processes: Standardizing production processes can lead to consistency in output and reduce the chances of quality issues. By implementing Standard Operating Procedures (SOPs) and work instructions, the company can ensure that all production steps are carried out consistently.
3. Training and Development: Investing in training and development programs can improve the skills of the employees and lead to better quality output. Providing training on quality control, root cause analysis, and statistical process control can help employees to identify quality issues and take corrective actions to prevent them from recurring. In the case of Tata steel UK, we’re introducing people link which is an online interactive training programme (People Link) used to educate and inform our workers.
4. To reduce the occurrence of surface bruises and scratches on steel products, it is important to implement proper material handling procedures, maintain and repair processing equipment, ensure proper manufacturing processes and procedures, provide training for operators, and use appropriate packaging materials and methods. 
5. The factory must change work rolls more regularly so that they minimize surface defects. The work rolls may have a different surface texture or be made of a different material that is less likely to cause scratches and bruises. In addition to this, the factory should test the new work rolls on a small scale before implementing them on a larger scale. This can help identify any potential issues and ensure that the new rolls are effective in reducing surface defects.
6. Better inspections: inspection processes is an effective way to measure performance against CTQs. To improve the process, we’re introducing a new programme called ‘parsytec’ which uses high quality cameras to inspect the coils for any defects or damage on the coils to reduce amount of poor quality steel leaving our site. This is a great improvement as it takes strain off of human error or tired eyes when inspecting the steel products.



By implementing these improvements, Tata Steel UK can reduce the inconsistency in the quality of steel products and improve customer satisfaction, as these improvements would directly help reduce or eliminate the number of surface defects, which would subsequently lead to Tata steel UK the company can also benefit from improved efficiency, reduced costs, and increased market share.
Validate improvements
Since implementing these changes you can see that the complaints for 2022 have fallen to 0.13% meet the desired target of 0.20%. This shows that these improvements that were implemented have directly reduced the complaints by addressing the root problems of surface quality. In addition to this the number of surface defects for 2022 dropped significantly from 42 in January to only 6 in December. Once again these figures correlate with the decrease in customer complaints since addressing the root problems with the improvements.



Control

In order to ensure a control over these improvements and changes, we must ensure that certain measures and in place. The way we can do this is through better monitorisation and inspection, which also ties back into some of the improvements of training people to monitor correctly with daily meetings and feedback to ensure that we keep the number of surface defects as low as possible. We monitor our checks and surface standards now with a weekly surface inspection with the use of a microscope and samples of the steel grade product and put the results into our database so that we can see clearly if there’s any inconsistences in the surface quality of our steel products, so that we can act to make any amendments to the improvements. 
“The Control phase involves: implementing the actual changes, whether they be physical, behavioural or both; rewriting procedures and work instructions; retraining staff on new procedures; putting systems in place to measure and monitor the new process, such as control charts; and writing an action plan.” - www.google.com. (n.d.). control phase for six sigma - Google Search. [online] Available at: https://www.google.com/search?q=control+phase+for+six+sigma&rlz=1C1CHBF_en-GBGB977GB977&oq=control+phase+for+six+sigma&aqs=chrome..69i57j0i22i30l5j0i390i650l2.14268j1j4&sourceid=chrome&ie=UTF-8
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Line stops 2021

Line stops 2020	January	Feburary 	March	April	May	June	July	August	September	October	November	December	33	39	42	37	29	33	34	31	32	38	32	29	Months of the year


Number of line stops for this steel grade



Rockwell failures 2021

tensile failures	January	Feburary 	March	April	May	June	July	August	September	October	November	December	20	29	33	28	31	35	26	27	31	25	33	26	Months of the year


Number of failed rockwell hardness for this steel grade 



Complaints year on year

Complaints as % of delivered	
2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22 	2022-23	4.7000000000000002E-3	3.5000000000000001E-3	4.4000000000000003E-3	3.3E-3	3.3999999999999998E-3	3.0999999999999999E-3	3.0000000000000001E-3	4.3E-3	3.2000000000000002E-3	2.8999999999999998E-3	2.7000000000000001E-3	1.2999999999999999E-3	Target	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22 	2022-23	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	2E-3	




number of surface defects 2022	January	Feburary 	March	April	May	June	July	August	September	October	November	December	42	36	33	25	23	15	9	7	11	9	10	6	Month


number of surface defects 
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