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Introduction
Precision Electronic Solutions Cymru (PESC) is a company that manufactures and supplies passive electronic components to a various original equipment manufacturer (OEM) company. PESC specialises in the mass-producing high precision Metal Film Resistors (MRFs), approximately 15 million annually. PESC copes with the significant processes and demand variation by implementing a conventional production planning strategy that is based around monthly forecasting and weekly 
However, PESC often struggles to meet demand and experiences unplanned downtime. This results in them being forced to use sub-contracting, backordering, and compulsory overtime. Additionally, PESC has been experiencing a high defect rate, which has led to customer complaints and increased costs. Due to these issues, this report has been issued to implement  the six-sigma methodology; a systematic and data driven method using the DMAIC (define, measure, analyse, improve, control) approach. Antony et al., (2003) described the fundamental principle of six sigma as ‘[taking] an organization to an improved level of sigma capability through the rigorous application of statistical tools and techniques’. 
The DMAIC approach can be broken down into the following steps:
Table 1. DMAIC Steps taken from (Kwak & Anbari, 2006)
	Six sigma steps
	Key processes

	Define
	Define the requirements and expectations of the customer

	
	Define the project boundaries

	
	Define the process by mapping the business flow

	Measure
	Measure the process to satisfy customer's needs

	
	Develop a data collection plan

	
	Collect and compare data to determine issues and shortfalls

	Analyze
	Analyze the causes of defects and sources of variation

	
	Determine the variations in the process

	
	Prioritize opportunities for future improvement

	Improve
	Improve the process to eliminate variations

	
	Develop creative alternatives and implement enhanced plan

	Control
	Control process variations to meet customer requirements

	
	Develop a strategy to monitor and control the improved process

	
	Implement the improvements of systems and structures



This report aims to investigate the problems that PESC are incurring, by applying a range of tools and techniques to evaluate the production process. A number of different improvement areas and techniques will then be suggested, using the DMAIC approach.
Defining the problem statement
Defining a problem statement, in the manufacturing process is crucial. This is due to it defining the areas that need improvement and ensuring targeted solutions, whilst enhancing the product quality and reducing defects. In the case of PESC, the problem that needs to be solved is the high defect rate, this has therefore caused increased customer complaints and financial costs. As a result, the company’s reputation is also at risk of being damaged. This problem is observed across both the operational and manufacturing parts of the company. Customers are impacted in terms of their satisfaction, and potential delays in their processes. Additionally, staff are impacted due to PESC using sub-contracting and introducing compulsory overtime.

Measuring key performance metrics and data collection
Several key performance indicators (KPIs) have been identified to measure the current state of PESC’s manufacturing process.
PESC were experiencing a high defect rate, which is the percentage of defective resistors or outputs that are being produced in a process or batch. Defect rates can be identified at many stages of the manufacturing production cycle, such as pre-process (Raw material inventory), in the process inspection, the finished product inspection, or can even be detected by the customer.  Measuring defect rates are essential for lean performance as they can indicate the efficiency and quality and of the process and products. Defect rates can help identify the root causes of the problem and can instruct improvements to the manufacturing process. They can be used to identify and reduce the origin and their causes of defects, by implementing corrective measures and preventive actions.
 Defect density can be expressed in parts per million (PPM), which is the number of defects per one million units, in this case; resistors. This will show the amount of cost, waste (material and hours), productivity, and efficiency PESC are wasting. This can have a major impact on profits within the company, and as stated PESC have been suffering with increased costs. Calculating capability of the equipment is important when dealing with high defect rates. PESC can do this by calculating the ‘cm’; the machine’s capability, in regards to the number of times the spread ratio (product) is aligned to specification. It is important to have a good machine capability index (cmk) as this shows that the product is at its highest specification tolerance. Where if the cmk is equal to cm this means there are slight defected product just within the range of the specification limit. Another, KPI that can be measured to identify defect rates is ‘first pass yield’, this measures the percentage of products that meet the specification criteria through the manufacturing process.
Measuring the quality inspection into PESC’s processing line could potentially reduce the amount of waste being produced by inspecting the defects they can be categorised into scrap, rework, or waste. These defects may not have reached the product quality specification (non-conforming, failed or defective), but with further processing could save the product from becoming waste or scrap. 
Production unplanned downtime is the duration and frequency of unplanned stoppages, which in turn affects the manufacturing production. There are many factors that can result in this such as: equipment failure, poor maintenance, lack of communication, and operator error. PESC have been experience frequent unplanned downtime, which can often cause problems down the production process that magnifies the severity of the situation. PESC should measure the Total effective equipment performance (TEEP) (Ivenic, 1998), to monitor the effectiveness of the production lines machinery, this will consider both the operational and non-operational time. 
It is important for PESC to identify the origin and reduce its causes of defects by implementing corrective measures and preventive actions, such as; planned downtime where there is predictable time required for shift change over, machine / equipment maintenance, and mold and tool changes. Downtime can be calculated based on lost time/revenue. Therefore, development strategies are needed for process improvement, in order to prevent the scenario occurring as frequently or completely. 
Cost of unplanned downtime and unplanned downtime can be calculated by:
Cost of unplanned downtime = salary (hours) x (asset downtime / total time) x employees affected due to unplanned downtime. 
Unplanned downtime = (asset downtime / total time) x 100
In terms of Machine Maintenance, cost per unit is an important lean manufacturing KPI, in order to optimise efficiency, as it demonstrates what produces most value whilst retaining reliability to the production line. Poor machine maintenance can lead to unplanned production downtime, which PESC suffer with. This often results in major economic loss such as costly repairs, reputational damage, delay orders, and overtime costs. Percentage planned maintenance (PPM) is a KPI used to measure the ratio of scheduled against unscheduled maintenance. This tool can be used to identify when the process machines require extra preventative maintenance and how quick the asset can be returned. This can be measured by planned maintenance hours x 100 / total hours for maintenance. Production volume can measure and document the total output PESC’s production process can achieve. This will help if any downtime occurs to see how much output you have lost. ‘Throughput’ is a KPI which can be used by measuring the machines production capabilities of how much can be produced over a specified time. This can be measured by: Number of units produced / time.
Customer complaints is when consumers express their dissatisfaction towards the product or service. It is important that PESC recognise the significance / importance of their customers’ requirements, as they have high defect rates and back orders. Total quality management (TQM) suggests that quality is defined by the needs and wants of the customer and that the quality of PESC’s products should meet these requirements (Ishikawa, 1985). The rate of return can be beneficial for PESC to measure as it provides the proportion of products being returned by the customers, which indicates the products quality and the customers satisfaction. This measure can help understand the reason for the return which can then provide them data to devise strategies to reduce the occurrence. PESC have a high amount of back orders, due to customers sending faulty products for replacement. PESC have a mean holding time of 6 days which in turn can slow down the rate of production. Takt time is a manufacturing KPI used when forecasting production rate at which a product or service should be produced to meet customer demand. This will allow production to be paced at a rate which can ensure products are manufactured at the right pace to comply with the customers wants and needs. Takt time can be calculated by: Net available time / customer daily demand.
Forecast accuracy is measuring the demand to the predicted demand. If not measured accurately, there may be imbalances between PESC’s supply and demand, which can lead to stockouts or excess stock. PESC have a mean holding time of raw materials to be 17 days and a mean of 6 days finished product. PESC have said they have implemented a conventional production strategy that is based around monthly forecasting and weekly scheduling but they may not be using the data to foresee their demand. This could be a consequence of incorrect inventory forecasting or dated methods to measure raw material inventory. PESC can measure their inventory with capacity utilisation which is a KPI that measures the capacity of raw materials being utilised towards the total capacity available. This can be measured by the actual factory utilisation / the total product capacity. This can indicate if PESC are utilising their production capabilities. This can also assist with forecasting productivity as this will show how much more demand they can handle or how back tracked they are on customer demand. It’s important to look into why PESC have a mean holding time of 6 days for finished goods as this could be the reason for their customer complaints. On time delivery, measures the percentage of products delivered on time to customers. This can be calculated by units delivered on time (batch size) / No units delivered. This will show if they are holding their finished goods for an excess period.
Internal staff / overtime and sub-contracting has been an issue for PESC, they have been utilising compulsory overtime to meet customer demand. Whilst this is an effective measure to increase production it can be an expensive tool to utilise often. This is why overtime rate should be measured, to identify inefficiencies in scheduling demand or staffing issues. This can be measures by overtime hours x 100 / normal working hours. Measuring revenue, production, or performance of internal staff e.g. shift rotas or stages in production, can be significant as this can provide insight into overall productivity and efficiency of the workforce. This KPI can show what areas of your workforce are excelling or underperforming. This data can then be used positively to help manage training, staff rotas and the hiring process.
Costs are a key component in in order for profits to be made. It’s important for PESC to understand the costs of making their products and should be broken down to an individual product. Without knowing how much your product has cost to make its impossible to know what to sell it for. This is why cost per unit is essential as this KPI takes into account all the costs associated with the production of that product. Once this data is collected through measuring units such as; raw materials, labour, and time. The cost can be divided by the number of units made. In this case 15 million. Material yield variance is another KPI used to estimate the amount of material required for the product, in this case required for resistors and other electronic components whilst maintaining a sufficient level. This can be measured by material use / expected material use. 
Analysing Reccomendations
There are several methods to analyse the data provided by the data measured (KPIs) that PESC are recommended to use;
- A fishbone diagram sorts possible causes of why customer demand is not being met, into various categories that can be used to understand why a problem is occurring. PESC could develop one like the example mock-up below.
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Diagram 1. PESC Example of a Fishbone Diagram
- The utilization of a value stream map is a process map that shows the products flow through the process and helps identify inefficiencies within the process, waste, and unnecessary process steps (Rother and Shook, 1999). This allows areas for improvement across the manufacturing process. 
- A scatter plot can be used to uncover relation between variables. These use data points and are a quantitative method for establishing if variables are correlated to another. This can be used to find out if certain causes are in relation to the problem on the fishbone. For example, if there is a correlation between finished product holding time and customer complaints.
- A 1-10-100 rule graphical representation can be created by using the data of where PESC have found their defects at. This can indicate where they might need to catch the defect at a certain point in the manufacturing process allowing them to attend to the failure mode. 
- An FMEA ((Boweles & Peláez, 1995) is a method used during product or process design to discover the potential defects and failure modes. This analysis method analyses potential failures, causes, and the consequences, if not solved based on a rating score of; severity (S), Occurrence (O), and detection (D). Once scored they are then multiplied together which will give the order of most important to address to first. It also covers the procedures and controls PESC have in place to combat each type of failure mode. 
Improvement Strategies
Implementing lean process optimisation would be an improvement for PESC. They batch their orders which means product is grouped together throughout the process, along with any defects that may exist from previous points in the production line. Making the process flow continuously instead, should reduce the amount of defects. Andon Cords (Toyota Blog, 2016) should be introduced, to allow production line workers to stop production and report to management if there is a significant issue. 
Making the flow continuous would result in asignificant improvement by introducing automation systems as this will free up workers on dangerous and time consuming tasks. The workers can then be placed at points for process control and error proofing, and poka-yokes should be introduced. This will eliminate the risk of human error by designing everything the workers use, impossible to incorrectly use. The addition of these will reduce the downtime process of getting an order to the customer as there is no wait for enough product to justify for a batch. 
Improving PESC relationship with heir material suppliers can be beneficial as strengthening supplier relationships and implementing direct quality control measures like material forecasting to ensure precise and consistent increments of material demand. It’s essential for PESC to have a proactive approach as this ensures their supplier is providing the highest quality raw material.
Implementing regular training courses like champions or black belts will improve rotas / employee skills and is one of the most essential improvements, as without a trained workforce there is a lack of quality and efficiency. Training will reduce mistakes, therefore, creating less waste time and rework. In the long term this will give PESC standardised regulations and procedures.
Control Measures
PESC can control their production line by introducing statistical control process (SPC) which uses machine data, product dimensions, and charts to monitor the process variability and detect deviations within the production line. This ensures that the line is performing as efficiently as possible and helps PESC understand variation within the process and will allow them to take the appropriate action required.
PESC have a long change over time, exacerbated by making various products. This could be reduced by using Single Minute Exchange of Dies (SMED); a lean tool used to reduce equipment changeover times in the production line.. This tool identifies and reduces the changer over by completing as many tasks while the equipment is processing. This effect can positively impact the rest of the production line as it increases capacity, reduces changeovers, reduced defects, and increases machine rate. 
PESC should conduct regular quality audits which are a systematic assessment to ensure all personnel understand and are compliant with the standardised regulations and procedures. They should be aimed at rectifying the current or emerging issues within the production line. This is a great way of interacting with the workforce and gathering their views and opinions. These can be carried out on their suppliers to asses their capability for the demand required.
As Part of lean manufacturing, actively developing your workforce can be effective. It’s important for PESC to give  adequate opportunities and training for their workforce to feel comfortable when giving their input on improving the process. Allowing the workforce time to put their training into practice is important as they are the ones that are experienced in their department. This can improve the effectiveness of the production. Therefore, can decrease defects, improve production time, satisfy workforce, and improve costs long run. This is effective if PESC reassure their workforce the acceptance of failure as this is a crucial part of the improvement process.
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