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Introduction 
Tata Steel Trostre Packaging produces tinplate, chrome and polymer coated steels for the packaging industries [2] such as aerosol cans, paint cans, food, fish, dairy and ends of cans [1] This project is being carried out to improve the R-Value and Proof strength of one of our products namely, T57, as some tensile results were either failing or at the bottom end of the specification limit set out. 
This resulted in our product becoming not fit for purpose for our customer. This led to  customer complaints due to a failed product and the rescheduling of the coil from a prime order to a stock order (loss in money). 
The benefits that will come from this project would result in the tensile strength and R-Value improving, ranging in the higher midpoint of the strength limits giving (fewer) tensile failures, fewer customer complaints and lowering the loss in money due to the rescheduling.



















Define 
Problem Statement 
One of Trostre’s temper (a material grade) is seen to have decreased the proof strength giving a poor formability. The customer affected by this is William King. In the early months of 2020, it was identified that R-Value and proof strength, which are measured on the tensile testing machine at Trostre, had shifted downwards since December 2019. This was highlighted by the majority of T57 valve cap material for William King, failing the test as not meeting the minimum accepted R-Value of 1.2. The number of materials affected due to low R-Value and low proof strength were 177 coils, which is approximately 1,77 kt over the past two years. [1]

Voice of the customer/Critical to Quality 
The external customer (William King) had specifically asked for the tensile strength to increase due to the poor formability and to maintain the R-Value in order to be above the minimum limit. The internal customer has requested to solve the low strength, changing the recipe to increase the tensile strength. The changes that will be made will improve the quality of the product and retain customer loyalty. 

Project Scope 
The scope of this project is to improve the tensile proof strength and to maintain the R-Value >1.2 on the T57 product for aerosol valve caps. The project deliverables is to collect data and analyse. The task is to change the recipe to meet the scope of the project. The aim is to implement the changes as soon as possible as once the recipe change is successful the coils that are delivered to William King are then fit for purpose. The cost of the project will be £20,000. This accounts for the coils used, the testing costs and the PPE required. There is a contingency as there could be a lot of trial and error. [1]








Project Charter 
	Project Name: 
Increasing R-Value and Proof Strength Value on T57BA Aero Valve Caps William King Material 

	Project Description:
	Trostre’s temper is seen to have decreased the proof strength and R-Value giving a poor formability to the customer affected by this (William King). 

	Project Objectives:
	To increase the R-Value and Proof Strength of the material to avoid poor formality 

	Project is considered successful when:
	The R-Value and the proof strength have increased. 

	Project participants:
	Title:
	Name:

	
	Q&PD Manager
	M. Mainwaring

	
	Customer Complaints Manager
	D. John

	
	Metallurgist 
	Gruff Saer

	
	Metallurgist 
	T. Jones

	
	Recipe Controller
	R. Thomas 

	
	Equipment Manager
	M. Lewis

	Available resources:
	Budget: £20,000
Testing environment: Main Lab/ET Lab, Habourside PT 

	Milestones:
	Status: 
	Due:
	Deadline:

	
	1. Increase in R-Value
2. Increase in Proof Strength 
	15.03.2022
21.09.2022
	31.07.2022
01.03.2023

	Potential risks:
	1. Team unable to meet deadline.
2. Unable to find an answer/solution to the problem - costly/further failures and more complaints.

	Approval:
	Title 
	Name:
	Date:

	
	Q&PD Manager
	M. Mainwaring
	14.03.2022



 






SIPOC Process Mapping for Project
	Supplier
	Inputs 
	Process
	Outputs
	Customer 

	Port Talbot
Trostre  

	Steel recipe. 

Budget of £20,000.

Process Route of T57BA Valve caps at Trostre. 

Hot Mill temperature.

Type of Batch Annealing gas.

Calibration of tensile machine.

Quality Control Plan. 
	1. Review Tensile data. 

2. Make articulate plan to solve the problem statement. 

3. Follow plan and carry out testing. 

4. Compare to see if there is an improvement. 


	Increase in R-Value and Proof Strength


Update Process.

Imply control measures.

Inform customer of the changes made.  



	William King 
















Measure  
Data collection plan
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The sources of variation in this project are:
Calibration is essential to all testing as the testing is void if the calibration is out. To avoid this, there’s a yearly service on the tensile machine performed by Zwick and a daily standard is pulled every 12 hours, one on the day shift and one on the night shift. 
Another factor to consider is the method of prepping and testing the tensile and to check if employees are following the standard procedure in QA. A tensile must be pulled on a longitudinal grain direction. If the rolling direction of the tensile is on a slight angle, this could affect the tensile result. 
Depending on what time of year it is, the temperature can affect the grain structure of the material. The factors to consider are whether there are more failures during the summer months rather than in the winter months as the temperature overall is higher, resulting in a possible higher count of failures in the summer.  
The final factor to consider would be human error, such as following correct procedures, possible over ageing of the sample in the oven,  unintentionally damaging the sample during the sampling and testing process. 






The Pareto Chart shown below displays the problems and the impact of                                                                                                                                                                         these problems. This chart will be used to determine which problem to address first. 
The chart highlights the problems that may or may not occur in order. 
	Problems 
	Frequency

	Customer complaints 
	60

	Low Proof Strength (Failure)
	40

	Low R-Value (Failure)
	35

	Reschedules of coils 
	30

	Incorrect Gas/Chemistry
	10

	Incorrect procedure from technician  
	2





From the Pareto Chart, the biggest problem from the current steel grade is the high number of customer complaints from William King for poor forming cans. 
As of 01 January 2022, 21 coated coils (2 ECCS and 19 ET) of this type had failed tensile tests for R-Value, with a total of 272.35t affected (37.07t ECCS and 235.28t ET). [1]
This corresponds to a 26% failure rate for 2022 coils from January to March. [1]


An average of three coils of the William King T57BA valve caps were rescheduled from the prime order weekly into stock-plate order during 2021/2022 due to low proof strength. Given this data, there was an average of £30,000 a week loss, giving a total loss of £3,120,000 over the two years. *Some of the coils were rescheduled due to surface quality* technicians [1]
Tensile failures on the William King T57BA product showed low proof on the tensile test data. This resulted in the coils being rescheduled. Some tensiles passed on retest with the proof coming into customer specification.  Yet, some tensiles passed the proof within specification, whilst some ended up failing at the customer plant during forming. 
Between the 01 September 2022 and December 2022, 780T of this type had failed tensile tests for low proof strength out of total of 6000T, giving a 13% failure rate. [1]
The sampling process to measure R-Value and proof strength would be to sample a black plate form on coil prep, 1 metre length, front, middle and back of the coil. Five tensile samples from the centre would be tested using a standardised and calibrated Zwick tensile testing machine. This process would be repeated after the coil has been coated and sampled at CIL. 
As for chemistry analysis, a sample would be taken from the centre of the same sample used for the tensiles before and after coating. A front, middle and back end sample of the coil would be required 














Analysis 
Fishbone diagram -  
The fishbone diagram shows numerous effects that can contribute to the low R-Value and proof strength. 
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R-Value Analysis 
In 2020, the data from Spotfire showed the average R-Value reading was 1.21. In 2021, this data showed a decrease in the average of 1.18, 0.02 below the specification limit. In 2022 the average R-Value dropped to 1.14, 0.06 below the specification limit. [1]
As the type of gas can influence the R-Value result, the coils from the Valve caps order showed a mixture of coils, some of which used Ebner gas and some that used Salem gas at the batch annealing process. The coils that were annealed using the Salem gas showed the R-Value was significantly lower than the coils that were annealed using the Ebner gas. To confirm this, a trial on the coils was carried out. One coil was annealed using Salem gas, and the other annealed using Ebner gas. Round robin exercises were carried out on the material concerned between Trostre, Harbourside and Ijmuiden. The results demonstrated that the coil that was annealed using Salem gas was significantly lower giving an average of 1.12, which is a fail.  Whereas the coil that used Ebner gas to anneal, came out averaging 1.42, which is well above the minimum limit. 


Proof Strength Analysis 
Mechanical properties meetings occurred weekly. The 2019 data provided on Spotfire showed a drop in the Proof (strength) of the temper T57BA aero valve caps steel recipe 3562, giving an average reading of 195 MPa for a minimum limit of 210. The steel grade was made obsolete due to the total volume of the demand of 3560 before 2020, resulting in the steel grade no longer being made. [1]
Due to this, the company was forced to use the TS260 (T55) steel recipe in 2021 – 3362. Yet an improvement in the average value of Proof strength read at 210 MPa. Using this recipe, the feedback from the customer reported that several coils with strengths less than 220 MPa had poor formability. The reason behind what could be the cause of the issue, is the route process of the coil at Trostre and the chemistry percentage in the cast that the material is made of. [1] audit assurance 
A discussion was held in the mechanical properties meeting on the concept of creating a new steel grade recipe by increasing the carbon percentage to improve the proof strength. 
Process Mapping 
A process mapping was carried out so see the workflow of the project over the year. The diagrams below show the process mapping of the project that was carried out to improve the Proof strength and the R-Value. These are step-by-step guides to demonstrate how the project should be carried out. Technicians 

R-Value 
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Proof Strength 
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Improve 
Some suggestions that could be carried out to improve the low R-Value and proof strength could be:
· Purity of product
· Steel grade chemistry 
· Tensile machine
· Type of gas used at Batch Annealing
· Hot Mill temperature 

Validating Type of Gas used at Batch Annealing  
The material routed via Ebner gas instead of Salem gas at batch annealing showed an improvement, increasing the R-Value to 1.42, well above the minimum requirement. 	[1]	




Tensile Results pass rate of R-Value
The graph below shows a 0% pass rate in January 2022, a 38% pass rate in February 2022, a 30% pass rate in March 2022. A gas change on the batch annealing process from Salem to Ebner in April 2022 showed a turnaround, with a 95% pass rate, followed by a 100% pass rate in May and June of 2022. [1] To conclude, the routing process from Salem to Ebner at the batch annealing process, shows the improvement in the R-Value. A routing rule change was required in order for the current orders and any future orders of TS275 / T57BA Aero valve caps material to change from optional gas (Ebner or Salem) on the batch annealing process to Ebner only. 





Validating change in steel grade
The new steel grade recipe was introduced at Trostre as a trial coil for chemistry analysis, and tensile test before and after coating. Testing was carried out using the sampling process as discussed in the measurement section. The results  from the ICP spectroscopy showed an increase in the carbon by 9%. This resulted in the proof strength improving, hitting an average of 245 MPa on proof strength.  [1]





The graph below shows a 27% pass rate in September 2022, a 41% pass rate in October 2022, and a  steel grade change from 3362 to 3563 in November 2022.  This showed a turnaround with a 95% pass rate in December 2022 and a 100% pass rate in January and February of 2023. To conclude, an increase in the carbon percentage in the steel recipe has effectively increased the proof strength. [1]



At the end of 2022 a meeting with members discussed trialling a new steel recipe. This process was to inform the casting crew at Port Talbot to create a hot rolled product with a steel recipe 3563.

The change made in the steel recipe, as shown below, from testing the steel sample with the ICP spectrometry, showed an increase in the carbon percentage in the steel making process. By adding more carbon into the new steel recipe, this has increased the proof strength which was required.

Mean data of chemistry results (%) between the old and new steel grade recipe. [1]

	Steel Grade 
	Carbon
	Aluminium 
	Manganese
	Nitrogen

	3362 (Old)
	0.069
	0.030
	0.29
	0.0040

	3563 (New)
	0.078
	0.035
	0.297
	0.0050



The team and management involved in the project agreed on the continuation of the steel grade 3563 recipe for future T57BA Aero valve caps orders. The Spotfire data shows an increase of 30MPa in proof strength.  [1]
The table below demonstrates the improvement in the proof strength over the months before and after the change in the steel recipe for the T57BA aero valve caps. 
Since the changes have been introduced to improve the T57BA aero valve caps material, this has increased the R-Value and proof strength. Customer complaints from William King on poor formability have decreased by 95%. This proves that the change in the steel recipe and the change in the gas type at batch annealing from Salem to Ebner has been successful. [1]

Countermeasures Matrix of the project
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Control 
As set, the mechanical properties meeting is vital in order to control and analyse the tensile result. 
The control chart used for this project was the Spotfire. Spotfire is an AI based analytic platform, which retrieves every tensile data an each of its properties. This then gets plotted on the graphs. This is observed by the team weekly in order to ensure the data is carefully monitored within the limit set and any deviations, noted and resolved. This process will now be implemented for future control.
Another control measure that can be used is setting rules in the mainframe system so that the current and any future T57BA Aero valve caps orders display as a steel grade 3563 recipe. This will ensure that production systems at the Port Talbot works will be applied when making the hot rolled coils for Trostre, in order to ensure that the proof strength has a higher value. As for the R-Value, a route change can be made so that all TS275 / T57BA materials will use Ebner gas, not Salem gas during the batch annealing process.  This will be displayed to the operators on the batch annealing line for them to know what gas to use when the coils are required to be annealed.   
A test cert is a control measure that can be implemented from the EN 10204 reference, for current and any future orders under T57BA Aero valve caps orders. These will have a 3.1 test cert reequipment. A 3.1 test cert is Tata’s legal interpretation of ‘indication of results of specific inspection’ is one identity and one unique result. [1]
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TS275 Valve Caps for William King – r-value tests

Pass (r	>	1.2)	44562	44593	44621	44652	44682	44713	0	6	4	31	2	16	Fail (r	<	1.2)	44562	44593	44621	44652	44682	44713	2	10	8	1	0	0	



TS275 Valve Caps for William King –Proof Strength tests

Pass (Proof	>	205)	44866	44896	44927	44958	44986	7	10	31	2	16	Fail (Proof	<	205)	44866	44896	44927	44958	44986	10	8	1	0	0	
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