



Introduction
In this report, I will be writing about some of the Lean and Six Sigma methodologies, within the report I will identify some process improvements, in particular, a process I am involved with in my current role; Shift Manager at Zimmer Biomet. I will also give a brief overview, based on research conducted, of what Lean and Six sigma means to me.
The upper limit of this assignment is 2500 words so I will focus more on the improvements made in a process because of the use of the Lean and Six sigma systems and its tools. 

What is Lean Six Sigma? 

[image: What is Lean Six Sigma?]
If Lean and six sigma are both used effectively they can provide an advantage in the many areas; Process efficiency, customer experience and increased loyalty developing more efficient process flows drives higher bottom-line results switching from defect detection to defect prevention reduces costs and remove waste. 
(https://goleansixsigma.com/what-is-lean-six-sigma/) 
The most important foundation for the systems and tools of lean six sigma to work is culture. Six sigma and Lean when used together are a great compliment to one and other to drive process excellence
 (D Burritt, a six sigma corporate champion for caterpillar Inc, 2002).
There are many tools can be used within Lean six sigma, some examples are below.
· 5 Whys – used for root cause analysis 
· Pareto charts
· 5S – workplace organization
· Poka yoke 
· DMAIC 
5 Why example.                                                                                         Pareto chart example.
[image: See the source image] 
https://www.bing.com/images/search?viewWhys-Tape-Heads-GoLeanSixSigma.com
Wastes – What are they and what do they mean?
There eight wastes in lean six sigma. A waste in the lean six sigma world is anything that does not add value for the customer – this is known as non-value added. While researching them I came across this clever way of remembering them…. DOWNTIME.
(https://goleansixsigma.com/8-wastes/)
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Lean
Lean manufacturing was first pioneered by Toyota in the 40s before companies around the world adopted it after seeing how successful the system was. (J Womack & D Jones, the machine that changed the world, 1990) 
There are five key principles of Lean, they are, Value, value Stream, Flow, Pull and Perfection Womack and Jones believed that the 2 steps forward and 1 step back is “normal” and acceptable. What is not acceptable in a lean environment is remaining stagnant. (Womack and jones, Lean thinking, 1996).
The methods in “lean” are used to improve processes, to the point where you are near perfection. Many tools can be used in this approach to achieve excellence within your business. The ultimate goal is to create as much value as possible for your customers with only the amount of resource required, zero waste. Some examples of the tools that can be used to lean out a process below
Value Steam Mapping - this is a great way to begin, this can really help you visualize the process you are looking at. The impact value stream mapping can have is sometimes overlooked. By creating the value stream Map nothing will be overlooked, you should be able to find all waste, or MUDA, within the process and use the tools to eliminate. Below are some examples of what you should look for within your value stream map.
· Build-ups of inventory.
· Stock shortages.
· High scrap and rework rates.
· Long travel distances.
· Bottlenecks.
· Significant variations in cycle times or demand levels.      
· Different time basis compared with key customers.
· Lengthy checking or approval periods.
· Too few or too many staff in key areas.
· 5S and safety issues.
(https://citoolkit.com/articles/vsm/)
Planned maintenance – maintenance of the equipment you are using is paramount in a lean approach, if your machinery is not safe and reliable then your process is vulnerable. Within the company I work, we use software to monitor the performance of each machine; this gives us enough data to predict when we need to be maintaining each machine.
[image: Total Productive Maintenance (TPM)] 
	(http://www.sixsigmatrainingfree.com/total-productive-maintenance-tpm.html)
Pull systems – These will ultimately reduce inventory, and in turn cost for the business. With a good pull system in place, you will see a much better flow of product. A pull system will limit the WIP you have, that in turn will help with the lead-time on your product. This is widely known as a “Kanban” system. Kanban is a Japanese word meaning “Card”.  The Kanban system will normally use cards to indicate when WIP needs replenishing.
(Michael l. George, combining six sigma quality with lean speed, 2002)

Six Sigma
Six sigma is not only an improvement mythology; it incorporates process improvement with quality. With six sigma, you determine the capability of a process while implementing process changes to improve the quality of your products.
If you think of the name six (6) sigma, the six is the level within it, each level has limits to the number of defects allowed. Sigma means standard deviation so the statistical definition of Six Sigma is the number of standard deviations from the process mean to the nearest specification limit. Therefore, for a Six Sigma process, six standard deviations will fit into the process mean and the closest specification limit. This means the products and services from Six Sigma processes will produce a yield of 99.999966
(http://lean6sigmaproductivitysolutions.com/six-sigma-as-a-standard-deviation/)

Level 1 you would allow 690,000 defects per million giving a 31% yield
Level 6 would only allow 3.4 defects per million giving a 99.9997% yield 
This is where most companies aspire to be consistently (Level 6). This may sound like a very small amount of defects but you can put this in to perspective by using an aeroplanes engine manufacturer. If an aeroplanes engine manufacturer accepted even level 6 sigma on the production quality of an engine then more than 3 engines would fail – loss of life would be catastrophic, so you can see why perfection is the key. 
The six-sigma tool used in the improvement of this process was DMAIC. This is a very well known tool used across the globe. 

The project
The aim of my project was to improve the process within the plastics machining area. The current process has no structure and is constantly uncontrolled with a lot of waste. I will briefly run through the project.
On the initial assessment of the area, it was clear that the process would significantly benefit from a six-sigma improvement project. Key areas that would benefit are – Planning, Inventory, productivity and outputs.
Below is some of the wastes I defined on the initial assessment. The tool I decided to use for the improvement process was DMAIC, this stands for Define, measure, Analyze, Improve, Control. You can use tools from both Lean and six sigma within the DMAIC process and it is a very powerful process to maximize improvements.


· Machinery not utilized – 1 operator per machine with a cycle time of 15 mins, the operator waits for this time on each part 
· High WIP levels – no planning involved so the area would be producing parts even if there were no requirement.
· Operators walking in excess of 20 meters to get tools required for the job
· Inconsistent outputs across shifts
· Product left in cell for too long which is increasing back orders
· Efficiency below target of 85% 
· High scrap rate 8%

As you can see, there can be significant improvements that made here.


The define stage
This stage is the foundation for the remaining stages, you will select a team and all work on the goals you will be looking to achieve.

During this project, at the define stage; we looked at “what is the end goal”?  We wanted this project to significantly reduce waste in the area and give us the following.
· A Leaner, more efficient production area, tooling at work centers etc.
· Less waste 
· Outputs that are predictable and repeatable
· Controlled levels of WIP
· Improved lead times
· A planning process that is simplified
· Improved productivity whilst not over loading the operators
· Visual management
· Culture change
· New fixtures to eliminate scrap




The Measure stage

This stage is where we gathered the data on the current set up. When reviewing our goals from the define stage we decided on these areas to look towards improving.

· WIP levels within the area to be measured and costed
· Process MAP to ascertain waste on movement of people during the working day
· Survey for operator knowledge on Lean and six sigma – how much do our employees know about it
· Data for static or lost hours during cycle – reduce waste wherever  possible
· How are outputs monitored
· How do we plan the area
· Current productivity –target is 85% for the area
· New fixtures to eliminate scrap



Measure stage - WIP levels
On analyzing, the WIP levels of the plastic machining area it had been noted that some 102 batches were located to run four machines. This gives 1224 parts. The cost of this inventory is £97920. The root cause was due to stores issuing stock even if there was stock there because of a failed target. This can be significantly reduced. 
  

Measure stage - Process MAP
It was observed that the operator would need to travel 52m from the machine to the tolling cabinet to retrieve a tool required to set up each batch. The operator would complete seven batches in a 12-hour shift resulting in a total time of 12 mins wasted to retrieve and replace the tooling required.
It was also noted that the operator would need to walk 52m to retrieve a new batch of work after each batch resulting in another 12mins wasted time.

Measure stage - Survey
A Survey was conducted and it was clear that employees within the plastic machining area was not aware of lean or six sigma. 12% of operators knew about lean and six sigma, 52% knew about either lean or six sigma and 36% knew about both. From these results, we could see that a training event was required. 


Measure stage -Lost hours during cycle. 
It was noted that the operator running one machine was waiting, on average, 10 mins per cycle while the machine was running. With this in mind, it made perfect sense to trial one operator running two machines. The results were successful and had shown us that we could run the two machines and achieve an uplift of 36 parts per operator.

Measure stage - Output monitoring
It was noted that the outputs were taken at the end of each shift; some operators could not remember their outputs and often required the supervisor to generate reports to have an accurate end of shift report. 

Measure stage - Planning
There is no structured plan in place, operator pick the jobs they want in a rack of WIP that has been set at the start of the week. The planning department sets the weekly plan 

Measure stage - Current productivity
The current productivity within the plastics cell is 72%. The target for the area is 85%. This was automated via a tool used within the business.

Measure stage - High Scrap levels
The current scrap levels are at 8%, 80% of the scrap generated was because of the incorrect prats being placed in the machine. The other 20% was operator error or damage.










The Analyze stage – Here is where we really detail what we can achieve and finalize the ideas we had. 

Analyze stage - WIP levels
The WIP levels can be significantly reduced. When looking at the area, we discussed a Kanban system can for the WIP. A simple one trolley in, one trolley out system was agreed on and the WIP levels for the area would be reduced to 336 parts, this equates to £16800 for the cost of inventory. If the trolley has not been emptied for whatever reason then the stores operators would not replenish it. There will never be more than one trolley per machine.
[image: Screen Clipping][image: Screen Clipping]Finished parts trolley will be for product complete
WIP for processing would be given to the operator at shift start up

Analyze stage Process Map
By having a good map of the process we managed to eliminate a lot of waste, the 52m the operator was travelling each time they needed a new batch or tooling was cut to 1m. All WIP trollies have been placed in cell next to the machine and all machines were given shadow boards with all required tooling fitted to bench.


Analyze stage – Survey
It was clear from the survey there was a lack of understanding about lean and six sigma. For this reason, we decided we would set up a 3 hour event for the whole team. The event would show the benefits of a lean process by recreating a production process of a car by building Lego.

Analyze stage -Lost hours during cycle. 
A trial took place where we had one operator running 2 machines. The two machines would have different products to limit any risk of mixed parts. The results were successful and had shown us that we could run the two machines and achieve an uplift of 36 parts per operator.

Time and motion study conducted below.


[image: Screen Clipping]





Analyze stage - Output monitoring
This was very inaccurate and needed a structure. After debating on a new IT system, we decided we would put this as a long-term project. In the meantime, we all agreed that a visual management board would be placed in cell. The board would incorporate improvement ideas from the operators while requiring the team to input their outputs every 2 hours. By operators completing the board it would allow escalation in real time with any issues while giving the supervisor easy access to how the shift is performing throughput the day.



Analyze stage - Planning
We had a few meetings with the planning department and gave them the issues we are seeing and the planned improvements to the area concerning one operator running two machines. We all agreed they would come up with a proposal within 1 week.

Analyze stage - productivity
When we trialed the two operators running one machine we generated a report from an excel tool we use, daily dynamics. The report showed an improvement on our productivity of 20%, this way of working would ensure our metric of 85% is exceeded.

Analyze stage - High Scrap levels




As you can see, 80% of the scrap we accumulated was because the parts were placed in an incorrect fixture. A discussion was held around this and we agreed on the following preventative actions following a five why analysis.
1. Poka Yoke (mistake proofing) fixture to prevent the incorrect loading of parts, this has gone from a vice to a complex collet system that will only hold the correct size
2. Standard operating procedure (SOP) to give clear direction.



Improve stage
The Improvements we implemented during this stage are as follows


· Implemented a push/pull system – this has significantly reduced the WIP from 1224 to 336 parts

· Implementation of tool shadow boards at work stations – reducing the distance in which operators are required to walk by 51meters


· Conducted a Lean six sigma event for all operators  - this will help in the improvement of knowledge and culture around the systems

· Increased efficiency by conducting a time study – this enabled us to reduce our machining team by 50% on the products we trialed.


· Implemented a 2 hourly output board for process monitoring

· Weekly plan is now issued with a detailed daily target for each machine. 


· The implementation of the 1 operator running 2 machines has increased productivity to 88% - above out targeted KPI 

· Scrap has significantly reduced, a new poka yoke fixture has been put in place which has eliminated 80% of the scrap we were having





Plastic output board example
[image: Screen Clipping]
Control stage
New systems around the control of our new approach was minimal. The highlighted areas that required extra controls to be put in place were.

· Fixtures – Poka yoke fixtures implemented 
· Operating instructions – new SOP’s were put in place for clear guidance on set ups, changeovers and loading requirements.
· A feedback and escalation section on the output monitoring board
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