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[bookmark: _Toc104560487]Executive summary:

This report is a reflective report that analysis one of LLanwern steel works major projects known as “Furnace fall” which was carried out in 2021. The Report discusses numerous change and management theories that are incorporated into the project and ensures the project’s success and sustainability. Some of these theories include; Belbin character trait theories, Kurt Lewin Three step change, management techniques and use of different project management tools. 
The Review of the report shows how different management techniques can slowdown and even stall a project due to not being the correct management style for the project. As for this project an authoritarian management style was not the correct style for this project as we required the use of operator and other employees. Therefore an authoritarian management style would only cause resistance, therefore some of the leaders were changed to a democratic management style. This ensures that the employees feel empowered like they are a part of the project and using their experience can influence the project’s success. The report also analyses the different problem-solving techniques that were used to complete the project. These techniques are widely used across TATA and ensure that projects are completed on time and to a good standard. Some of these include Ishikawa diagrams, FMEA, A3 thinking, 5Y’s and using the Six sigma process.
This report also shows the weakness and strengths of the report. One of these strengths was due to the complexity of the project, multiple plants form India, France and Holland were contact and used their experience of the issue that was occurring. This one of the first times that there was a multi cooperation between multiple plants and ensured the success of the project. This report also highlighted several weaknesses including  
Due to the complexity the timeline for this project spanned over several months, to ensure that the project was completed within the time allocated to complete the project by the senior management. Therefore, the project team got together every two weeks for a PDCA, this ensured that the project was completed on time.
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[bookmark: _Toc104560489] Aim of the report 

The aim of this report is to analyse and review the competence of one of the major projects that was completed in the Llanwern steelworks by looking into the management techniques and project management being implemented. Also critique any of the decision-making process being carried out and recommend and improvements to the project. 
[bookmark: _Toc104560490]Objectives of the report 

The main objective of this report is to analyse and critique all management techniques and problem-solving methodologies that were used while understanding why different theories and techniques were used. This report will then suggest future recommendations on the next time a major project needs to be carried out in TATA.

[bookmark: _Toc104560491]Aims and Objectives of the Project:

The aim of the project is to reduce and eliminate one of the highest risks to quality and production within the Llanwern steel works, what is known as “Furnace falls”. This is a debris which falls from the furnace leaving a defect on the sheet steel. 
Quality is one of the most curtail variables that must be controlled within the steel industry, as there are various suppliers that can produce steel at a cheaper price per tonne(Industrial, 2020). Therefore, one of TATA steel’s core values are the quality and performance of the steel it produces (Ferriman, 2022).  The aim of the project is to eliminate the defect that is being created as only reducing the defect will still impact the company on a financial basis in yield and production.
The objective of the project is to use a six-sigma approach created by Bill Smith (Rosing, 2015) to problem solve and manage the project through to completion. Also, to ensure that the project can remain sustainable and ensure that the original problem will not return. The objective is to complete the project within a span of six months set by the senior management as the complexity offers several challenges that are difficult to overcome.


[bookmark: _Toc104560492]Introduction to the project and forming the team:

One of the most important drivers and to maintain a world leader of the steel industry especially being the automotive industry is to have perfect quality (industrial, 2020). In the automotive industry majority of the steel ordered is a galvanised steel with a zinc coating around 10 microns and being less than 1mm thick (TATA Steel, 2022). Majority of the steel is then used as body panels for cars for companies including Nissan, BMW, Jaguar, Land Rover, and many other companies. Therefore, the quality of the steel is imperative as the body panels are what the customer visually sees on the car’s, tractors, and lorries. The overall quality needs to be maintained all the way from the production of the steel, Blanking, Pressing and Build at customer. 
The overall project team was formed from members of the Zodiac department from different backgrounds including technical, engineering, production and electrical being members of the project team and the project being managed overall by myself.
When forming the team, it was understood that this was a complex project and required several different types of roles and expertise. According to RM Belbin (Batenburg, 2013) there are nine team roles that ensures that a project can work towards its highest potential. These roles include; Resource investigator, team worker, co-ordinator, plant, evaluator, specialist shaper, implementer, and completer finisher.  This is carried out by self-evaluating the individual strengths and weaknesses, the individual is then classified into a specific role. For the co-ordinator some of these strengths include confident, identifies talent, and clarifies goals, weaknesses include be seen as manipulative. Belbin suggests that all projects require majority of the roles to have the highest potential of success. but Belbin states that it becomes difficult when there are multiple roles. For example, if there are several personality types of co-ordinators as this can create conflict as contradictions may occur on how the project should be run. The Belbin test was caried out to determine that the team brought together was the best fit for the project (Batenburg, 2013).  This showed that majority of the team fitted into one or more of the traits, but when completing some of the Belbin roles were not filled. According to Belbin not all roles need to be filled as this is determinant of the project objectives and goals.
The management style that Llanwern management introduces on majority of problems and projects is one of an authoritarian and autocratic management style and follow a top-down structure on actioning next steps and delegating responsibilities. K.Landy (Landay,2017) suggests that this type of management style can often cause hostility towards the project and when completing the actions. This is due to this type of management style as it can create more resistance to the project as employees are being told what to do without option or judgement. According to M.Hannigan (Hannigan,2008) the workforce is unclear on where they stand during the changes and next steps, therefore causes an overall unclear direction as the work force as they don’t understand why the change is occurring or even what the change is. B.Dagher (Dagher, 2017) suggests that a bottom-up influence where the main workforce understood the change and would cause less resistance and even empower the workforce to think about the change and even create ideas and opinions for the project.

Zodiac Galvanising Line: 
The ZODIAC line based in Llanwern steel works is a continuous line, producing galvanised coils ranging from 1800mm – 900mm wide by 2.0mm- 0.6mm gauge. In a basic overview the ZODIAC line starts with cold reduced coil which is welded into the line in a continuous process by using seam welded to join the head and tail ends of the coils and an accumulator which allows timings to bring coils on and off the line.  The process starts with the cleaning section where sodium hydroxide is applied, and brush rolls are used to remove dirt, oils, and debris from the steel. 
The steel strip then continues through the furnace which is made up of several sections. The furnace achieves several functions including secondary recrystallisation, achieving mechanical properties, cleaning, Carbon reduction and adding an oxide layer. The next process is galvanising where the steel goes through a molten pot and coated in a zinc and manganese. The coating thickness is then controlled using a set on high pressure nitrogen knives. The coating is cooled with air coolers which allows the coating to solidify. 
[image: Diagram

Description automatically generated]The Zinc coated steel then goes through a temper mill which elongates and adds surface texture to the steel. And the final process is the inspection and exit where the steel is inspected for defects and then re-coiled on the exit. (TATA Steel, 2022)

                                                                  ZODIAC Layout Figure 1.0
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[image: ]In Zodiac one of the main defects that causes the most coil rejections and customer complaints is a defect called “furnace falls” this occurs when the strip enters the furnace, and a debris falls onto the strip steel. The debris then get rolled into the steel causing a large defect which then must be reworked and discarded. Before the project was carried out the management did not understand why there was debris falling from inside of the furnace or what the defect was made of.
Furnace Fall Cognex Image Figure 2.0
[bookmark: _Toc104560494]Furnace Fall Project Problem statement 

The problem statement of the project for calendar year 2021 furnace fall pick up rejections was at 0.37% (1657t) rejections. Which resulted in a loss of £414,815k loss to the business.
The objective of the project is to eliminate or reduce the % of furnace falls by 0.2% creating a savings of £150,000.
[image: ]











Furnace Fall KPI Figure 3.0
[image: ]Due to the high significance and complexity of the furnace fall project it was decided that the project was to be carried out using the six-sigma project management process. The project is being tracked using an A3 tracker. The A3 tracker is a project management tool that is used across TATA. The A3 tracker created by Toyota engineers shows various tools to ensure that the project is on track and that all next steps are being completed. The tracker shows who is apart of the team, KPI tracker, Gantt chart to track next steps and the project objective. The budget for the projects was ambiguous as the senior management knew the severity that the defects were causing. But when a monitory value had to be spent on the project there had to be a business justification to the senior management.




                                              Furnace Fall A3 Figure 4.0
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Furnace  Fall Gantt chart -  (Meardon, 2022)

When developing a project communication and updated are important to ensure success. It was decided that regular two weekly update should occur in a sit-down meeting format to go over any update and update the A3 tracker for next steps and the KPI. In TATA one of the key tools that is used is the Microsoft team’s application, this application enables for all member of the team to feedback, update and review all work carried out. This also stops any miscommunication from happening as some individuals may be unavailable for all project updates. Teams also allows for next steps with due date on which will also give out constant reminders, this ensures that all next steps are completed promptly. 
One of the change management techniques that is carried out in every one of TATA’s reviews is a plan do check act (PDCA) or known as the Deming process pioneered by William Deming (Mind, 2022) was created to identify why process have failed. It allows to formulate theories of changes that need to occur and review in a continuous feed back loop. This tool is used across TATA as due to the culture of the work force some actions and implementations fail, therefore this process is used to ensure sustainability of a project and reviewed regular. 
[bookmark: _Toc104560495]Furnace falls project Detail:

On the first stage of the project the team was brought together to understand what the defect is and what was coming from the furnace. The furnace fall is a defect that appears linearly across the steel strip in random event. We understand as a team that the debris that was falling must come from the furnace, as we have used slow motion cameras to show that the defects in not visible in incoming material, but it is visible once it comes out of the furnace exit. 
During the initial stages of the project, it was difficult for the team to work cohesively with each other as some personality types within the team contradicted each other as one of the members had an authoritarian management style. Tannenbaum and Schmit theory suggest that when a member of a team shows an authoritarian management style it creates hostility between the team and doesn’t allow for ideas to come forward from other team members as they believe that they would be ridiculed for the ideas. Tannenbaum and Schmit suggests that projects need a driving force to ensure next steps are being completed and ensure that the project is moving forward. But if a person displays heavy authoritarian management, then this can result in the project becoming stalled and even fail due to the team not showing ideas and results. 
The results from this were the member of the team that showed heavy authoritarian leadership was asked to leave the team as this created bubble that stalled the project as some members of the team were fearing the person. This help drive the project further forward as the people fearing this manager then showed ideas to drive the project forward. But even though the manager left the team, from the Belbin test we still had a co-ordinator of the team still driving and moving the project forward.





[image: ]Zodiac Furnace Figure 5.0
The image above is an exact layout of the Zodiac furnace, the decision was made on every bottom roll of the furnace is where the debris falls. What showed is the debris from rolls 4, 6 and 8 had similar debris analysis as the furnace fall sample taken. It was discovered that both SEM analysis showed Nickle and chromium in the samples that were taken. 
The analysis was discussed with Zodiac team, and we went over on what the results showed. Nickle and Chromium is made up of several parts of the furnace including the radiant tubes (RT) and cladding of the furnace. The radiant tubes are used to heat the furnace and maintain the temperatures within the furnace. The radiant tubes use mixed gas made up of nitrogen and oxygen as the fuel source for the RT tubes. The RT tubes are what are known as “W” shape tubes where the gas is ignited using a sparked ignition source. The RT tubes are enclosed and the radiant heat from inside of the tubes are used to heat the furnace up to 1100 degrees. 
During the next update meeting this information was discussed and it was decided that multiple next steps were to be updated within the Gannt chart. The discussions included research and investigation into the radiant tubes to understand why or if they are breaking down. Analysis into the way the furnace falls were falling and organisation of a complete furnace inspection on the next down day. 
[image: ]During the session one if the process that that completed was looking into all the variables that can cause the cause the furnace debris to fall. The way this was completed was completing an Ishikawa diagram. The Ishikawa diagram or fish bone diagram created by Kaoru Ishikawa (Lilina, 2016) in the 1960s to show the cause and effects of an event and is widely used in manufacturing industries. The Ishikawa diagram is split up into six ribs or known as the six “M’s” which most industries use. These include man, method, machine, material, measurement, and environment these are the variables that can influence the project outcome. 

Ishikawa Diagram Figure 6.0
The outcome from the session then showed several different variables that can influence the furnace falls occurring. From this analysis it showed that we still didn’t know why the furnace falls were occurring. The falls were random and didn’t show any pattern on the way they were falling.
Feedback was sent out to the Zodiac team and discussions took place in how to resolve this issue. Several ideas were discussed with project team, and it was decided that a full scale deep clean of the furnace was required. The process that they way the deep clean was to be carried out is a similar process to the “Lewin Three Step Change” (Cummings, 2015). Lewin (2019) suggested the organisation is unfrozen from its current state, the change is made and then the organisation is refrozen back to the changed state. The Zodiac line will be going down for a two-week period, the process will be frozen as no product will be going through the line. Then the changes will be made where the entire furnace will be deep cleaned, Radiant tubes and cladding will be repaired or changed. The process will then be unfrozen, and production will resume. The hope is that the three-stage process will reduce or eliminate any debris from falling as all the debris will be removed.
During the major shut the entirety of the Zodiac furnace was deep cleaned and radiant tubes taken out. When the radiant tubes were being removed from the furnace it was noticed that there was heavy oxidation on the tubes which resulted in an oxide layer built up allowing for the oxide to detach from the tube. Therefore, will allow the oxide layer or debris to fall from the radiant tubes once disturbed. 
The reason that nickel and chromium is used in the radiant tubes is since it doesn’t not oxidise under high and low temperatures, the radiant tubes also should not oxidise in alternative atmospheres including hydrogen, nitrogen, and oxygen rich (Merlin, 2020). The radiant tubes were cut up and sent over to the lab to be tested, the test showed a significant oxide layer built up on the outside few layers of the sample. 
Once the Zodiac line was started back up and back to normal running conditions there was a significant step change in the furnace fall severity, what showed was that the number of furnace falls and the severity of the furnace falls was reduced. 
The team was brought back together, and the results shown to the team. What was discussed was there was an unknown of the problem. This is due to two major changes were made to the zodiac to reduce or eliminate the furnace falls. Cleaning the furnace and changing all radiant tubes. As project managers this was a poor way to manage change as this does not reflect what enabled the step change. 
But from experience radiant tubes have been changed on a regular basis and the furnace falls still occur. Therefore, it was suggested that the deep clean was the result of the reduction into the furnace falls.

[bookmark: _Toc104560496]Review and sustain:

Due to the way the Zodiac process and due to unforeseen circumstances. For example, strip breaks and slow down debris is created within the furnace as micro oxidation occurs on the Radiant tubes due to the thermal shock after opening the furnace doors at 1000 degrees. This is something that the Zodiac cannot stop therefore it was decided that a major clean must be carried out to ensure that the debris does not build up to a level that will cause major rejections and complaints. Throughout the project several trials were also carried out to test if different parameters within the furnace effected the severity of the furnace falls. For example, tensions. This information was put into an FMEA Failure mode and effect analysis to ensure that when the severity of the furnace fall increase these parameters can be put in place to reduce the severity.
Including into the sustainability of the furnace falls, the Zodiac team discussed the strengths and weaknesses of the project. This is a standard process that I completed in Llanwern where this was created by the senior management when large projects are completed a review is sent across TATA. During this review the team discussed some of the implementation next steps where there was poor planning of cleaning down the furnace. As a lot of the equipment was not ready at the time of the day therefore delaying the jobs. This then delayed the zodiac start-up. On top of this there were several discussions into the management of the project where there were to many “leaders” and not enough people completing the jobs at hand. But this is something that is standard across TATA 
Also, we discussed the project successes and strengths. One of the key points that came out of the review is the multi cooperation of different sites throughout TATA where steel plants from Holland, France and India discussed theories and reasons behind the furnace falls and the experiences they had. This is a value as majority of the time TATA sites are siloed where they must help themselves. Some other strengths of the project included that there was no judgement when some of the ideas were being brought forward. This then allow different theories to become apparent and lead to the root cause of the project.
[bookmark: _Toc104560497]Recommendations

It is recommended when completing a major project like this in the future the senior management needs to move from a more authoritarian and autocratic management which causes resistance towards change and towards the projects being carried out, to a democratic management style. This style of management enables the managers to empower the employees to express their opinions and recommend any recommendations based off their years of experience. 
It is important that managers must stay agile as traditions leadership styles are required as authority is still required to ensure that the project stays on track and actions are being completed on-time and good quality. But due to changing demographics and a diverse workforce there needs to be a combination of different management styles and techniques to ensure that management are developing into 21st century leadership.
It is also important to manage the change that is occurring from a bottom-up change where the employees and middle management come up with the ideas for change and allow them to be apart of the project as they feel included. This is instead of a top-down change structure which creates resistance as the employees feel that they are just being told what t do and the management do not care about their ideas or beliefs.
It is also recommended when managing a large project there are several trials and next step being completed around or at the same time. This can cause confusion as if and when the change effects the metric it is difficult to identify what action was taken to create the step change. Therefore, it is recommended that trials are not completed at the same time even though the trials may last longer. Also, it is recommended that the trials are tracked using a timeline or run chart to accurately show all the trials being completed and the effect of the trials. Example below.
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To conclude the overall project was a majority success as the overall state of the furnace falls had a reduction in the severity and the amount of furnace falls that were being created. The problem-solving techniques using the six-sigma process was the right method as the complexity of the project required different processes to understand the different variables of the furnace falls, also to ensure that the project will become sustainable and ensure that the furnace falls do not return. 
After reviewing the management structure of the project, it was determined that some members of the team had to be changed to ensure that the project does not stall as some of the management styles were not the right fit for the project. Authoritarian style was not the right fit for the project as operators’ assistance was required, therefore we wanted to empower them to assist with the project and using their experience to ensure next steps are completed and ideas are generated from them.
Several change management techniques were used to implement high level changes including the Lewin 3 step change where during the major shut the process was unfrozen, changes were made, then the process was frozen to re processing again. This showed dramatic changes without creating safety issues or endangering the process by crating change while in production.
Due to the complexity the timeline for this project spanned over several months, to ensure that the project was completed within the time allocated to complete the project by the senior management. This was also due to the fact the issue was forming insode of a furnace we cannot see inside while running, therefore the Zodiac has to stop to go inside and make changes. Therefore, the project team got together every two weeks for a PDCA, this ensured that the project was completed on time and within the senior management expectationsl.
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