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Assignment task description

You are required to write a report which focusses on Lean and Six Sigma methodologies for process improvement. Your report should clearly identify and discuss the main stages or elements of Six Sigma process improvement initiatives. The report should also discuss the principles of Lean implementation with a focus on how associated principles can be utilised to optimise operational performance. 

Wherever possible, identify examples of where such approaches could be used in your workplace.


Learning outcome
	
Understand the main elements of the six sigma methodology







My assignment is split into 2 sections; I will discuss Lean Principles first, and Six Sigma second.  In both sections I will refer to times in my career when I have encountered and/or practised Lean or 6S methodologies; hopefully this will satisfy the task requirement “identify examples of where such approaches could be used in your workplace”.

























LEAN

I have been working in the manufacturing sector for 20 years, I have been fortunate enough to have been presented with opportunities to work in the Engineering, Logistics and the Production departments of manufacturing sectors like Automotive, heavy industry (Steel) and now the manufacture of Medical Devices for Human Implantation.

During my career, I have been involved in various Lean activities and projects, and have a reasonable understanding of why we practise Lean Principles in manufacturing.  

There is a wealth of information on the Internet detailing the Lean philosophy, hundreds of websites and books that can explain the Lean methodologies in their own specific way.  However for me, I find the following explanation a basic and simple one, I quote this extract from the website sciencedirect.com:

Lean manufacturing is the optimal way of producing goods through the removal of waste and implementing flow, as opposed to batch processing. Lean manufacturing is a generic process management philosophy derived mostly from Toyota and focuses mainly on reduction of the seven wastes.

The main principles of lean manufacturing are zero waiting time, zero inventory, internal customer pull instead of push, reduced batch sizes, and reduced process times.

(https://www.sciencedirect.com/topics/engineering/lean-manufacturing, 17.02.2020)



We implement Lean methodologies to strive towards Perfection.  But what is Perfection?  

Perfection is perfect quality, zero waste, perfect customer satisfaction.
(J Bicheno, The Lean Toolbox, 2009, p.04).


There are Five Lean Principles:

1. Specify value from point of the customer.
2. Map the Value Stream (sequence of process). 
3. Create efficient flow (make value flow).
4. Pull (short term response to customers rate of demand, not over producing).
5. Seek continuous improvement (Perfection).


My understanding of the five Lean Principles can be explained overleaf, and I’ve added a paragraph to each principle explaining how I have actively engaged it during my career.



Specify value from point of the customer
Basically, value is what the customer is willing to pay for. It is important to determine the actual needs of the customer. Sometimes customers may not know what they want, so we use such methods as surveying, interviewing, or even analyzing the market to help us determine and understand what customers find valuable. By using these various methods we can determine what customers want, how they want the product delivered, and the price that they are willing to pay (or afford!).

During my days as a Process Engineer in the Steel Works, I went to visit one of our downstream customers to see if we could improve our service to them.  During the visit, we discovered that if we reduced the diameter of the reinforced bar by 2% (which was still within the British Standards specification), they would receive an extra 2 bars in the 2 Ton pack.  It wouldn’t cost us anything, the weight remained the same, but the customer received 2 extra lengths of bar because we reduce the diameter of all the bars in the 2 Ton pack.  This was of great value to the customer and was implemented immediately.


Map the value stream

The idea here is to map the process in order to analyse each step.  If you can’t map your process, you don’t understand it (Richard Morgan, 2019).  So we need to identify and record ALL the activities that contribute to the end product, activities that do not add value are considered waste.  The ‘waste’ can be broken into two categories: 

1. Necessary to the process,
2. Not necessary to the process.

The second category is total waste and should be removed from the process as soon as possible.  We cannot remove the first category BUT we should reduce it as much as possible. By reducing and eliminating unnecessary waste (processes or steps), we improve efficiency and cost; the customer will still receive what they specify, but we reduce the cost of producing their product. It’s a win-win situation.

When I was working in Automotive, we employed a truck driver on each shift to empty the 5 swarf bins of 5 CNC machines, per cell.  If the truck broke down, the 5 bins in each cell would fill up and stop the 5 CNC machines!  
The machines were in a line, so we removed the 5 bins and installed a single low level conveyor that transported the swarf from ALL 5 machines to a large bin at the end.  We found alternative roles for the 2 truck drivers and returned the truck to the lease company.   The conveyor was very reliable and easy to repair, we saved money and increased the machine uptime. A lot of waste activity removed!







Pull

The idea of a pull-based system is to reduce inventory and WIP (work in process), because inventory is considered a necessary waste in production.  For a pull-based system to work, we need to establish a just-in-time delivery of materials, and the products must be created at the time they are needed, in the exact quantities required.
So we start at the end of the process!   We need to determine what the customer wants, then by following the value stream ‘backwards’ through the production system, we can ensure that the products manufactured  satisfy the needs of customers.

In my incumbent role of Shift Manager in a medical device manufacturer, we reviewed the process from the end to the front, using the customers warehouse capacity as our main driver for Lean manufacturing.  Historically, we produced products by how fast the machines can run, availability of labour and raw material. We didn’t consider the limitations of the customer.  We had full WIP racks throughout the process, bottle-neck areas were swamped with WIP, and our inventory costs were significantly high.  
So, going against the grain and historic culture, we altered our process flow at certain areas to prevent high levels of WIP at bottle-neck areas.  We are now supplying the warehouse with products that satisfy their capacity, and our inventory levels are significantly lower.  This activity also released labour to be trained in the bottle-neck areas, thus WIP even further.


Continuous Improvement

Waste is reduced and eliminated through the success of the first four steps.  However, the fifth step of pursuing perfection is the most critical for this to succeed.  We have to adopt Lean thinking and continuous improvement, instill it into our culture, at ALL levels throughout the organisation.  Every employee should be looking at their tasks and surroundings to make them better, to strive towards perfection in the execution of their duties.

In the Automotive company I worked in, they introduced a Kaizen Specialist, he used to take a small group of operators from the shopfloor for a couple of months, train them in Lean Thinking and return them to the shop floor, take another small team of operators for training, and so on.  Initially this had an impact on production outputs, but as time passed by, the rewards became obvious.  I thought it was a courageous move at the time because this guy was being blamed by other managers for impacting production, that was until the production line became a Lean and efficient one, envied by sister companies in the group.







Seven Wastes

The information I quoted from sciencedirect.com touched on the seven wastes, these are categorised as:

[image: ]

A brief explanation of the 7 wastes:

· Inventory – undelivered products or parts (WIP). Overstocking with equipment that may be in need somewhere in the future.
· Waiting – waiting for goods to be delivered (time management of operators).
· Defects – broken parts or defected parts that need to be reworked.
· Overproduction – too many items produced “just in case”.
· Motion – unnecessary movement of employees or machinery.
· Transportation – moving parts and materials from one place to another.
· Over-processing – spending a lot of time on a given task. Adding a feature that doesn’t bring value

(https://kanbanize.com/lean-management/value-waste/7-wastes-of-lean/ 17.02.2020)


In an attempt to remember these 7 wastes without referring to literature to aid the memory, an employee at Cooper Standard, Plymouth, came up with the caption “Who is TIM WOOD”, the name being an acronym for Transport, Inventory, Motion, Waiting, Over-processing, Over-production, Defects.  (J Bicheno, The Lean Toolbox, 2009, p.21).

I suppose that if we follow the 5 Lean Principles, then these 7 wastes will be tackled.  For example, inventory will be tackled when implementing the Pull principle.  Motion and  Transportation will be tackled when mapping the value stream.  And so on.





Muda/Muri/Mura.

Three terms often used together that collectively describe wasteful practices to be targeted and eliminated (or reduced).  Again, they are part of the 5 main Lean Principles:


Muda
Muda means wastefulness and uselessness.  Muda will be satisfied when actively ‘mapping the value stream’.  Muda talks about value added and non-value added  work and items in the process.

In my current employment, an example of non-value added work is QA inspection, it does not directly add value to the final product, however, it is necessary to ensure the product satisfies the customers’ requirements.  Our products are implanted, it is absolutely paramount that we inspect the parts before shipping them.


Mura
Mura means unevenness, non-uniformity, and irregularity. Mura will be satisfied when the seven wastes are successfully carried out, or when reviewing a Pull system, bottle-neck areas will be identified and over production will be targeted.


Muri
Muri means excessiveness, overburden or even unreasonableness.  Muri exists when machines or operators are utilised for more than 100% capacity. Over a period of time, Muri can result in employee absenteeism, illness, and breakdowns of machines. 
Standardised work, or time studies can help avoid Muri, we can plan the process and evenly distribute the workload to prevent overburdening an operator or machine.

I have done this activity when working in the Steel Works, we noticed that the welding machine used to weld a small pin to the 2 Ton pack of bars, which secured  the production information label, started breaking down more frequently.  We discovered that as we increased production, no thought was given to this small machine working overtime, and it subsequently failed.  
We introduced second welding machine, so both machines would work at 50% capacity each, thus preventing any further failures.  However it took some time to install due to inter-departmental bickering of “who’s paying for it” and “who’s running the cables to install it”, etc.!



----





Six Sigma

First, let us understand what is the difference between LEAN and SIX SIGMA….

Lean is a philosophy, a guiding principle for businesses to improve their processes.  Lean focuses on reducing time spent on activities that add no value to the customer or business. The goal is to make small, incremental improvements in processes to improve efficiency, cost and quality.

Six Sigma is a methodology, a defined system that provides businesses with a structured method for solving complex and chronic problems.   It seeks to identify and eliminate root causes of problems, thus reducing errors and defects. It analyses processes to make them more precise, so that products can be delivered that are capable and reliable.

(https://www.kaizenkulture.com/blog/whats-the-difference-between-lean-and-six-sigma,  18.02.2020)


For  me, how I understand it is this, Lean manages the bigger picture, the overall process.  Six Sigma is data oriented and used to target a specific issue within the process.  
Lean is a blanket tool to cover the process from beginning-to-end, whereas Six Sigma is used to deal with a problem somewhere within that process.  Six Sigma is strongly based on statistics and conducted by people qualified in Six Sigma.


Six Sigma improves and stabilizes processes by using DMAIC, which stands for define, measure, analysis, improvement, and control – Similar to the Plan-Do-Check-Act methodology.


[image: ]


(https://goleansixsigma.com/wp-content/uploads/2012/02/DMAIC-The-5-Phases-of-Lean-Six-Sigma-www.GoLeanSixSigma.com_.pdf  14.02.2020)
A brief explanation  of each step of the DMAIC process:

Define.
We define the problem and how it is affecting the current process, then define the goal.  We need to map the process and define the customer and their needs to understand the problem and its impact.

Measure.
First we need to map out the current process and determine how it performs by measuring the data.  By examining the current process that is already in place, and identifying what isn’t working, we can begin finding ways to make improvements.  However it is important to confirm the data is reliable before we start making any improvements.

Analysis.
Now that we have measured all of the current data, we can begin analysing it to get to the root of the problem.  By closely analysing the data, we can brainstorm potential causes of the problem, and eventually verify the root cause.

Improvement.
This is the step where we brainstorm ideas and come up with solutions, test our solutions, select the best solution and implement it.  Make improvements (if required) to the best solution, and measure the improvement to confirm we have achieved the goal set in step 1.

Control.
Once we have implemented a new process, we need to continue to make improvements over time using the Lean Principles. We must check the new improvement is being monitored and measured correctly, and apply it in other areas should we need to. Finally, celebrate the success!

(https://goleansixsigma.com/wp-content/uploads/2012/02/DMAIC-The-5-Phases-of-Lean-Six-Sigma-www.GoLeanSixSigma.com_.pdf  14.02.2020)


We use Six Sigma to correct problems and reduce or eliminate defects, diagram below to illustrate the levels of Six Sigma and what each level can achieve.
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(http://www.leansixsigmadefinition.com/glossary/six-sigma/  14.02.2020)
In my 20 year career, I have not been part of a Six Sigma project, but I was aware of one happening in my department when I worked in Automotive.  One of the QA Engineers had been trained to Black Belt level, he was undertaking a Six Sigma event on the Heat Treatment process.  He discovered we were using 4 furnaces at 60% capacity each, after some detailed measuring and analysis, he worked out we could switch one furnace off and still manufacture the same amount of parts, by  increasing the capacity of the remaining 3 furnaces.  It was always spoken of, but no one ever produced the hard evidence, the calculations, to justify such a bold decision.
The savings on gas alone were huge, not to mention de-commissioning a furnace which saved thousands on maintenance costs, parts, environmental implications, etc.

I remember the Finance Manager had to sign his project off, in order for him to receive his Six Sigma accolade and recognition.




FMEA

Failure Modes and Effects Analysis is a tool to help us predict the most likely failures that will impact a customer. It also helps us estimate the significance of such an impact.

FMEA is employed during the Analyse phase of the DMAIC cycle.  It can help us identify areas that are more prone to potential failure. Using the FMEA process, we can improve product quality, and reduce errors by modifying our processes, or even create a new process, to correct potential defects.

FMEA’s can measure the impact that the failure has on the customer, and is in line with Six Sigma’s focus on improvement, which is usually driven by the customer.

Project teams typically apply FMEA in a series of steps:
· Compile a list of failures that could happen in each step of the process.
· Measure the impact of every failure by asking: What happens when this failure occurs?
· Determine how serious the failure is by rating it on a ten-point scale. A 1 is a defect the customer doesn’t even notice; a 10 is a catastrophe. This measures severity.
· Use the 10-point scale to measure the likelihood of failure. 1 indicates no chance; 10 guaranteed failure. This measures occurrence.
· Establish the probability of discovering the error before the customer does. If a failure is easy to discover it gets a 1. Undetectable failures are assigned a 10. This measures detection.

(https://www.sixsigmadaily.com/failure-modes-and-effects-analysis-fmea-and-six-sigma/ 18.02.2020)


Other examples of FMEA are SFMEA (System), DFMEA (Design) and  PFMEA (Process).


We completed a basic DFMEA in class last year for the hand torch.  Working in a group, we identified all the possible failures the torch could develop and scored each failure using the 10-point scale.  This allowed us to calculate a Risk Priority Number (RPN) which allowed us to focus our priorities  on the highest scoring failure.  I can see how this would work in manufacturing, especially when looking at expensive failures.


In addition to the FMEA process, there are many other Root Cause Analysis tools available,  for example data collection can be recorded and analysed using Scatter Diagrams, Pareto, Histograms, Flowcharts, Run Charts, Inter-Relationship Diagrams, Ishikawa (Fishbone), 8D, Control Charts, etc.
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