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At Tata Steel’s Llanwern plant, the ZODIAC hot dip galvanising line is currently experiencing a failure to meet its annual planned output. 20kt of predicted tonnage was lost due to speed of work (SoW) issues (not achieving target line speed) resulting in the company loosing £0.95 million. ZODIAC’s W cycle material which is the highly formable steels grade achieved a SoW of 94% which is below target of 98%. Throughout this report various tools will be implemented to understand why ZODIAC has failed its SoW targets for W cycle products.

Six Sigma methodology will be used throughout this report to help solve the problem.  This will be accomplished by using quality tools, metrics and statistical analysis to find problem causes. This project has used specific reference to the problem-solving tool DMAIC [1]. In this report the first two stages of DMAIC tool will be used;
· D – Define
· M – Measure

ZODIAC currently receives its feedstock from Port Talbots or Llanwerns cold reduction mills. ZODIC is a complex processing route which combines many processes. First, coils are underwound off two tension reels and are welded together using a spot welder to ensure the process is continuous. The strip will then be put through a cleaning process which is a sodium hydroxide solution that removes any oils, greases or dirt that has come from the cold rolling processes. The strip will be rinsed and dried prior to entering the furnace. This is critical to ensure effective bonding between the zinc and steel substrate further in the process. The furnace section is split into two parts, a direct fire furnace (DFF) and a radiant tube furnace (RT). The DFF section uses open gas burners which rapidly heat the strip up to temperatures of ~750°C. The RT section heats the strip at ~800°C which ensures the mechanical properties and microstructure will meet the desired requirements. Material for deep drawing will be held at higher temperatures to give increased ductility properties. To ensure a bright, oxide free surface the furnace has a protective gas which is highly reducing with a hydrogen content of ~ 15%. This is to ensure no flaking will be seen in further processing.  This strip will then arrive in the cooling stage of the furnace, slow air cooling is used to create the correct cooling rate for an equiaxed microstructure to form. Once this has formed the strip will be cooled at a quicker rate to ensure a temperature of ~470°C which is similar to the zinc bath. The strip will then leave the snout of the furnace and enter the pot of zinc.  The bath is held at a temperature of 450°C, the composition of the bath is critical but is monitored continually. The aluminium content is important as it’s used to control the alloying of iron and carbon which affects formability. The zinc coating will give the strip enhanced corrosiveness by acting as a barrier between the steel substrate and the air to prevent oxidisation. After the strip has been coated the coating weight is controlled by two jet knives which is again controlled automatically by a calculation between the hot and cold measuring devices. The strip will then go through the after-pot cooling (APC) section which cools the strip and ensures the zinc coating is cooled at the correct rate to give the desired surface finish. Extra mechanical properties are given in the next stage that is temper rolling or for some products, temper levelling. Temper rolling or temper levelling will increase hardness and strength by elongating the grain size but will also ensure the surface roughness. Finally, the strip is oiled or passivated depending on customer demands to further prevent oxidisation. The strip will be passivated on certain products to prevent white rust, chrome free coating is applied to make this certain.
[image: ]
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Continuous annealing depends on three parameters [3];
1. Time
2. Temperature
3. Chemistry (carbon content or alloy content)

These parameters are critical in achieving ultimate tensile strength, yield strength and elongation [3]. The type of material that is reported in this document are interstitial free steels (IF). To achieve the desired mechanical properties the annealing cycle needs to be a high temperature and processed sat the correct speed. If the furnace can’t achieve the desired temperature, the speed must be dropped to ensure the steel has enough time at temperature. This is why the SoW drops. Producing homogeneous mechanical properties throughout a coil is essential. This is manufactured by ensuring that a constant annealing/cooling rate is adhered so grain growth and grain size are equal [4].

Yield strength – The maximum point of elastic deformation.

Ultimate tensile strength (UTS) – Is the maximum stress that a material can withstand.

Elongation – This shows the materials resistance to ductility.

Customers choose specific steel grades to meet their needs, data is collected via samples which are from each end of the coil and tested using a tensile testing machine. It is important that we meet customer standards as if mechanical properties are not met, the coil will not be released which will result in a loss to the company.
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The first stage of the define phase is to produce a problem statement. The problem statement needs to be specific to the problem that is being solved. It must include problematic occurrences and outline a specific location of where the problem is appearing. The next stage is to produce a process map. This will ensure that a step by step flow of ZODIAC processing is determined to give an understanding of potential errors or variability. After this is completed, customers must be identified and parameters that are critical to quality must be outlined [5]. 
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For the financial year of 2019/2020 ZODIAC failed to meet its annually planned output of 54kT, which resulted in £2.2 million of missed opportunity. 20kT was lost due to speed of work issues resulting in £0.95 million of missed opportunity. ZODIAC’s high formability grade processing (W cycle) achieved a speed of work of 94%. This accounted for 1100T loss at a cost of £45000 which impacted the customer heavily as this induced line stops at their processing units due to lack of material.  
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The aim of the project is to improve ZODIAC’s SoW on W cycle by 4% to reach its 98% target. This will reduce the production delta by 550T which will increase profit by £22kT for the 2020/2021 financial year.
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[bookmark: _Toc57297997]Figure 3 - W cycle Speed of Work graph
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Looking at the graphs above it is clear that;
1. The main reason why ZODIAC ‘s W cycle coils are run slow due to not achieving furnace temperatures.
2. There has been a shift in ZODIAC’s ability to achieve their SoW on W cycle coils.
3. ZODIAC has induced a large amount of mechanical failures on W cycle coils.
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[bookmark: _Toc57297999]Figure 5 - ZODIAC Ishikawa Diagram

An Ishikawa digram was used to brainstorm ideas on how the problem of zodiac not reaching its SoW target could be resolved. Ideas are generated and are split into six different phases [6];

1. Method – Ideas that are related to SOP’s.
2. Material – Ideas that are related to process information needed to execute ZODIAC processing
3. Man – Ideas that are related to employees that are working at ZODIAC
4. Environment – Ideas that are related to the ZODIAC’s environment issues
5. Measurment – This releates to ZODIAC’s measuring devices throughout the process.
6. Machine – This releatesto ZODIAC’s hardware needed to processes the product.

The advised causes are highlighted in figure 5.
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A SIPOC diagram was used to show the process of the ZODIAC production line. A SIPOC diagram shows a processes supplier, its input, the processing conditions, outputs given by the process and customer requirements. It is critical that both the process and customer requirements are working together to reach the same goal. The SIPOC diagram clarifies when the process begins, what’s affected by the process and also what are the keys stages of the process [7]. The SIPOC diagram can be seen below in figure 6.
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[bookmark: _Toc57298000]Figure 6 - ZODIAC SIPOC Process Map
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A Gantt chart was used in this project. A Gantt chart is important for planning a project as it makes the progress visual for the team, it keeps everyone working on the same page and also shows how each other’s tasks are connected.  The projected manager used this tool throughout the project to ensure everyone was working to their timelines [8].
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The Measure phase of the DMAIC tool is to gather information about the problem so that improvements can be made. Various tools can be used in this stage to create ideas of how the problem can be solved. In this project, Measurement system analysis, process capability report, data analysis and a FMEA will be used to generate improvement plans [9].

[bookmark: _Toc57297987]Measurement system analysis

Furnace temperatures are monitored by pyrometers. The measurement uncertainty of these pyrometers is +/- 2°C. The repeatability of the data that is given off these pyrometers are very good as this equipment removes any human error and feeds live data every second into the works SPC software.

Line speeds are monitored by online tachometers, these produce data off driven rolls throughout the production line. This data gets stored and can be transferred into a excel spreadsheet very easily. 

Mechanical properties are measured via a tensile test. This tensile tester gets calibrated three times in a twelve-hour shift to ensure repeatable, reproducible and QA standards are met. After a tensile test is completed on a coil, the results get automatically saved in compass software which can be extracted for data analysis in the future.

From looking at the measurement systems, I am happy that the variation is coming from the process and not the measurement tools [10]. 
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It is critical that data is collected to make informed decisions to achieve root causes. Data is collected to show trends and provide detail to problems that are occurring in the workplace.

Data was collected from all coils run through ZODIAC with a W cycle condition applied to the furnace. To ensure the sample size was large enough, nine months data was extracted from ZODIAC’s software. 
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Below shows the current process capability of ZODIAC’s ability to achieve its SoW targets.
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[bookmark: _Toc57298001]Figure 7 - ZODIAC's Process Capability for line speed on W cycle coils
From the graph above, the mean line speed for W cycle coils achieved 135.96mpm when it needed to reach an LSL of 148mpm. The sample size was 207 coils, this is a large enough sample size to show true representation of how ZODIAC is performing. With the Cp value being less than 1, it is clear that ZODIAC is not meeting their SoW standards that will adhere to the customers’ requirements. Cpk values are again lower than 1 which implies that ZODIAC is not meeting customer requirements [11]. 

[bookmark: _Toc57297990]FMEA
The Failure mode effects analysis was undertaken which produced 95 potential causes of why ZODIAC wouldn’t achieve their SoW target. Due to the high amount of potential causes, a filter was used to select those with the highest RPN values. Actions have now been set in place for December and January to implement changes to resolve the problem. The high RPN potential causes can be seen in the table below.
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[bookmark: _Toc57298002]Figure 8 - Failure Mode Effects Analysis
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· The define stage shows that ZODIAC is not meeting customer requirements for SoW.
· Pareto analysis shows that the main reason for ZODIAC running slow is due to not achieving furnace temperature.
· Variation is successfully confirmed to be from the process and not measurement systems after MSA.
· Process capability has been highlighted and states than ZODIAC are not achieving the LSL.
· The FMEA has produced eight potential causes which relevant trials will take place in the coming weeks.
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