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[bookmark: _Toc99367071]Introduction
[bookmark: _Toc99367072]Aims
This report aims to select a known process issue within my site, for this report, I have selected a problem that occurs on a continuous process unit that makes a product for customers externally and internally. typically, during the start-up phase of the unit, low product quality (which will be referred to as product quality of parameter ‘A’) falls outside of the plant specification quality control limit. This leads to the product being fed to a rework tank and not forward to the in-spec tank that is fed to downstream processes. 
To show this problem, I have Collected data around the problem and will show by using quality tools to document and show graphically any correlations that indicate one or more issues that could be addressed with improvement suggestions. The report will be completed by using a cause-and-effect diagram, scatter plots, pie charts, line graphs and histograms.
[bookmark: _Toc99367073]Objectives
The research for this project will be from a set of data that will be collected from the QA lab sample results tool called sample manager and Pi process book process data tags that will allow me to gather, populate and carry out analysis and correlations within Microsoft excel. 
The objective is to show a strong correlation exists between a process parameter ‘E’ that is measured within the process as a variable against the product quality parameter of ‘A’. The theory is that the lower the process parameter of ‘E’ is, the lower the product quality of ‘A’ also becomes.
[bookmark: _Toc99367074]
Research
Problem-solving is the process of working through the details of a problem by applying appropriate technology, tools, and decision-making techniques to identify the root cause(s) and implement a solution. Root cause analysis (RCA) is a step-by-step process of observing, investigating, analysing, and determining the source of the problem(s) to prevent future recurrence of the same problem (Antony, et al., 2021).
Tools of total quality management (TQM)
TQM is a philosophy and an approach to quality management. TQM stands out for its commitment to continuous improvement, the involvement of all in the organization and focus on both internal and external customers. There are several approaches and tools for implementing TQM (Mukhopadhyay, 2020).
The seven basic tools of total quality management:
1. Check sheets
A check sheet is a quality control tool that allows the collection and compilation of data efficiently. It is used to record all the activities that happen during a specific time on the shop floor where the problem occurs in real-time. It provides the team with the information in a quick, easy, and efficient manner and is a simple way of maintaining records. A check sheet shows how frequently an event occurs during a defined period. They can be used to collect and analyse qualitative and quantitative data. A check sheet is also a powerful technique for performing stratification (Luthra, et al., 2020).
2. Histograms
Histograms are one of the simplest ways of understanding distributed data. They are represented as vertical bars showing the frequency of the data in graphical form. The bars of the histograms start from the horizontal axis (or x-axis) and the frequency/occurrence is plotted on the vertical axis (or y-axis). This type of graph can be used to represent large amounts of data in the bar type format. It will show maximum and minimum values, and the spread of the data, they are easy to see and understand (Luthra, et al., 2020).

3. Pareto diagram
A Pareto diagram is a special type of statistical chart. It is a problem-solving tool that decides the direction of efforts to solve issues or customers’ requirements. A Pareto is a combination of two graphs, a bar chart and a line graph. A Pareto chart contains a vertical bar chart in descending order or relative frequency which starts from extreme left to right. The horizontal (x-axis) contains the independent variable. 
The basic principle of the Pareto analysis rule of thumb is that in almost every process, 80% of the problems are incurred due to only 20% of the causes/reasons. By applying this principle, if focusing on the major causes, which are fewer in number, you can address the maximum number of problems. The Pareto analysis will show the most important and serious issue to focus on (Luthra, et al., 2020).

4. Scatter diagram
Scatter plots/graphs are one of the best tools for quality control. It uses cartesian coordinates to represent a set of data. The data is shown on the graph as a set of points. In this, the point is located on the horizontal (‘X’ axis) and the value on the vertical (‘Y’ axis). It represents the relationship between the points. It also shows the correlation between variables and gives a good idea of how two data points are related (Luthra, et al., 2020). In a scatter plot/graph, you can set intercept lines (line of best fit), equation and the R-squared value on the chart. The R-squared value is the statistical measure known as the coefficient of determination. Linear regression calculates an equation that minimizes the distance between the fitted line (line of the equation) and all the (X:Y) points (Quora, 2020).
R-squared provides a measure of how close all the points are to the line. R-squared can range from 0 to 1. The closer to 1 the value is, the better the variable can be explained without error by the predictor variable, this is a widely used measure of the strength of the relationship in regression (Kasuya, 2018).
5. Process flow diagram
Flow charts is a chart that shows how several essential processes interact with each other for a whole process. It is a picture of the separate steps of the process in sequential order. This process is widely used in industry and is regarded as one of the best techniques for quality control. It contains the sequence of operation or flow of material within a process. It is used to understand the basic knowledge of the process and can be used as a process improvement technique (Luthra, et al., 2020).
6. Cause & effect diagram or Ishikawa diagram
These types of charts help identify all the probable reasons & causes of an effect or problem. They provide a basis in which brainstorming sessions can help categorize ideas into useful solutions. It systematically represents the causes and their effect on a problem. These types of charts work well when brainstorming ideas as a team, particularly with the employees who are directly involved in the problem-causing processes (Luthra, et al., 2020).
7. Control charts/Run charts
Control charts are powerful techniques of quality control that are used to examine the behavior of the process. It is a statistical process control technique. It identifies the stability of the process to see whether the process is under control or not. Control charts will contain three horizontal lines known as the centre line, the upper control limit line (UCL), and the lower control limit line (LCL). The chart represents the nature of the process during a certain interval of time (Luthra, et al., 2020).

Problem statement
On the processing unit identified in the introduction, The unit encounters various out of specification results of the product quality. For this purpose of this report, it is referred to as Product quality parameter ‘A’. When the specification of the product falls below <2200 on a sample result, the processing unit is placed into rework mode and requires that the product be sent to an off-spec rework tank diverted away from the in-specification product tank that is shipped to customers (internally & externally). This can cause downstream disruption to customers and if the product tank inventories are low can lead to the extreme of the product tank itself failing specification limits (if the tank level is low and little material to blend from the upstream process). This also can influence the feed rate capacity onto the unit, if the product is out of specification, the front-end feed rate of the unit may have to be reduced (shown in figure.1 as the pink dotted line) until the issue is resolved and the out of specification material is reworked through the process to make in specification material and the rework tank has been reworked to a low level.
Using Data to show the problem statement
[image: ]The line chart below (Figure 1) Illustrates the data taken from the product quality parameter of ‘A’ samples over 11 months. I have taken this sample data into Microsoft Excel and plotted a line graph that shows the product quality ‘A’ values against the frequency (dates) of the samples. The sampled data is represented by the blue line and markers. The solid grey line represents the lower control limit of the product specification, the orange solid line represents the upper control limit of the product specification. The Green solid line is the average of the total data from the samples taken. The pink dotted line represents the process unit feed rate capacity alongside the sampled data points.
[bookmark: _Toc99366758]Figure 1 - Product quality parameter of 'A'
As the above line chart also illustrates is that a portion of the total sample results can be seen to be out of specification on the lower limit line. The total out of specification sample results is shown graphically in Figure.2 as a pie chart below.
[image: ]
[bookmark: _Toc99366759]Figure 2 - Total sample count out of specification
[image: ]Researching the technology for the process plant unit, I can also show that by using the data for process parameter ‘E’ which is variable, the effect this has on the product quality parameter of ‘A’ by representing this visually by using a scatter graph plot (figure 3). 
[bookmark: _Toc99366760]Figure 3 - Scatter plot of process parameter variation with product quality
The figure 3 shows the R² value to be 0.9614, this is a very strong relationship between the two variables as R² is near the value of 1, which would indicate a response variable that can be perfectly explained without error by the predictor variable. Having stated this process variable ‘E’ as the main process parameter we would control and adjust to maintain the product quality parameter of ‘A’, there are indeed additional process variables and potential plant unit running conditions that can also influence the result of the product quality parameter of ‘A’. Further research into the processing unit I was unable to locate a root cause analysis (cause-and-effect chart) or troubleshooting guide for the operations team to help identify and solve potential causes that can influence the product quality for ‘A’. For this, A cause-and-effect chart (Ishikawa diagram) has been created which illustrates other plant variables that can influence the results on product ‘A’ quality as shown in figure 4.
For further statistics and graphical representation of the data, I have also plotted a histogram with a normal distribution curve, this is further explained in appendix 1.

As the cause-and-effect chart shows, multiple process unit parameters or issues can also influence the product parameter of ‘A’, Even down to Quality lab testing equipment out of calibration error, online monitoring analysers drifting from correct measurements, and how the operations team start-up the unit and continually run the processing unit, Slight variations which can cause product quality drift and out of specification results.
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[bookmark: _Toc99366761]Figure 4 – Cause and effect chart








Improvement plan submission
The cause-and-effect chart helps to identify, sort, and display the causes of a specific problem or quality characteristic. It graphically illustrates the relationship between a given outcome and all the factors that influence such outcome; hence, it helps to identify possible root causes, basic reasons for a specific effect, problem, or condition (Suarez-Barraza & Rodriguez-Gonzalez, 2018).
Improvement suggestion 1
Update and improve the current process unit start-up SOP (standard operating procedure) to include how to control and set the parameters for the following:
· Flow parameter ‘A’
· Parameter ‘B’
· Process parameter ‘C’
· Process parameter ‘D’
· Process parameter ‘E’
which all have some direct impact on the product quality of parameter ‘A’. The current procedure is outdated and does not reflect today’s operating practice on how to control some of the above parameters whilst starting up the processing unit leading to potential long delays on the product quality coming into specification limits and being able to feed-forward to the product tank. Once the procedure has been updated and approved, the newer version will replace the older electronic version and all operators who are trained to run the process plant unit will get sent the newer version to read and understand with follow up sessions to include any additional training requirements captured for each shift and operator.
Improvement suggestion 2
Create a troubleshooting SOP document that will incorporate the Ishikawa diagram alongside actions that should be taken with the causes. For example, if the level is not set correctly on process parameter ‘D’, then set the level to the following **% for correct process control. If process parameter ‘E’ accuracy looks to be an issue, then take a manual process sample and send it to the quality assurance lab for cross-check analysis. There are several cause-and-effects within the chart that are not documented on plant troubleshooting documents but have relied on experienced operators to retain this knowledge and pass the knowledge on to less inexperienced operators within the team. This has also caused a problem as of late due to retirement plans within the team leading to less experienced team members who have not always come across some of the issues stated in the cause-and-effect chart.
Improvement suggestion 3
Improving process automation. During the troubleshooting stage, it became evident that some process control loops do not work well in Automatic mode. This leads the operators who control the process to often place control loops into manual and break the automatic feedback and control loop responses to such problems. After speaking with a sample of operators from different shifts, for each issue, they can interact in different ways with the plant and make different adjustments to process flows, levels in different manners. We have process automation engineers at the site, intention for this improvement idea is to engage the process automation engineers with the plant production engineer and operations team to see if some basic loop tuning and monitoring can be completed so that some of the control loops can run in ‘AUTO’ mode and help control the process parameters more closely with less reliance on the operators to control some of these loops independently.

[bookmark: _Toc99367075]
Conclusions
TQM (total quality management) tools help organizations identify, analyse and assess qualitative and quantitative data that is relevant to their business. These tools can identify ideas, solutions, statistics, cause-and-effect concerns, and other relevant issues that can impact the organization’s effectiveness and efficiency and help drive continuous improvements within the organization. They rely on teams working together to identify problems and document solutions.
On researching this report, gathering, and showing available data in graphical forms, I was able to show that there is indeed a strong correlation and relationship between the product quality of parameter of ‘A’ and the process parameter of ‘E’ by using the scatter plot and R² equation. Further to my research, it also came to light that a cause-and-effect chart or diagram was not available and therefore not translated into troubleshooting operating guides for the process team to use when troubleshooting out of specification sample results. This has been documented as an approvement action that would be greatly beneficial to the team and therefore help to reduce rework times and production rates through the processing unit which will increase yield and efficiency.
Together with the additional improvement ideas (process automation, control loop tuning and process start-up SOP and normal running SOP) these listed improvements should help drive the process unit and operations team to standardize how the processing unit is run from start-up to normal running, this will help reduce process variation in the sample results of product quality of parameter ‘A’ and reduce the total amount of out of specification samples which will also lead to increased plant efficiency.
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Normal distribution graph
Normal distribution graphs are normally represented by the horizontal axis representing a measurement, in this case it is the sampled measurements of product parameter of ‘A’, and the vertical axis representing a probability or frequency. They can often be referred to as probability density function. A Gaussian (or normal) distribution is characterized by three parameters (Brereton, 2014):
· The mean, which is the centre of the distribution
· The area, for a probability of frequency, this is 1 but otherwise depend on the measurement scale (intensity) and number of samples or sampling interval.
· The width, often measured at half height but sometimes expressed as standard deviation, which is linearly related to the half-height.
The normal distribution is symmetrical. Mean, median and mode are all the same value, the most popular values are in the middle of the graph with skinnier tales at both sides of the peak.
For the data used for the assignment. I 1st plotted a histogram bar in excel, then by selecting a combo type chart that allowed me to populate the normal distribution graph on top of the histogram as represented below on figure 6.
Additional data points were required for excel to allow the normal distribution curve to be plotted (the mean and standard deviation). below is a screenshot from excel of the data headings and values that were also inputted into excel (ignoring the normal distribution column) in figure 5. As the bell curve represents, the highest point on the curve is the highest probability of occurring, and the probability of occurrences decreases on either side of the curve.
[image: ]
[bookmark: _Toc99366762]Figure 5 - Excel data headings and values
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[bookmark: _Toc99366763]Figure 6 - Normal distribution curve
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