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The aim of this report is to create an understanding of the main steps used in Six Sigma to improve existing manufacturing processes and how Lean principles are implemented to optimise operational performance. 

The Six Sigma methodology is a quality initiative that has a main aim of reducing variation within a process. Six Sigma is customer focused and data driven decisions are made to solve problems. The 6 term is a statistical quality measure which can be translated into 6 standard deviations within a process. By reaching 6, a company has a maximum of 3.4 defects per million opportunities (DPMO).
The lean methodology is focused on reducing waste by removing Non-Added Value activities to improve or optimise operational performance. There are tools and techniques in place to help achieve this, these include: 
· 3 M’s of Waste – Muda, Mura and Muri
· Kaizen approach
· Good Housekeeping (5S)
· Takt Time
· Standardised Work
· Heijunka – Production Levelling
· Single Minute Exchange of Die (SMED)
· Poka-Yoke – Error Proofing
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When a Six Sigma project is carried out, the problem solving DMAIC approach is used for improvement of existing processes. This is used to tackle variation in a process or product from the customers specifications. The DMAIC process can be split into 5 phases: 
· Define
· Measure
· Analyse
· Improve
· Control
[bookmark: _Toc94876174]Define

Once the problem has been identified and before time and money has been spent, it is important to understand why this is a problem. Information about the problem can come from many different areas of the process such as employees or even from customers. It is key to plan with management before commencing the project so that all the tools and information are in place to be successful. This can be detailed using problem statements, which are a simple but specific statement describing the problem and how it is costing the company money such as employee labour costs, product re-work or scrap. These financial issues are otherwise known as Costs of Poor Quality (COPQ). This ultimately leads on to goal statements, which are just as brief and concise but sets out an estimate goal of what the project plans to achieve. These are reviewed later in the process to understand if the goals are still achievable. As Six Sigma is a customer focused methodology, it is key to understand how the customers are being affected by the problem. This is identified by using Voice of the Customer (VOC), it defines what the customers preferences and expectations are of their product through a discussion or statement. SIPOC is a brief process map to help all understand the key principles to a process. SIPOC is split into five different sections – Suppliers, Inputs, Process, Outputs and Customers (Fig.2). A business project charter is used to detail all the key information within the define phase. This includes – Project task, Team Structure, Problem and Goal Statements, COPQ, VOC, Project Scope, Stakeholders and estimated completion date (Brook, 2017). Once this has been reviewed and approved by stakeholders, the project team moves on to the next stage. 
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Fig.1 – Example of SIPOC process map for DC armature winding (SIPOC.info, 2016)
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The measure phase aims to identify the baseline performance of a process through the development of key measurement systems (Brook, 2017). Key Performance Indicators (KPI) help to understand the process performance by using customer specifications as measurement standards when collecting data. Check sheets are a common data collection method, these are a recording tool that are usually completed by process operators. The operator will mark the check sheet if the product contains a specific defect. This data is collected over a set period, to return results of process performance and to also highlight key areas for improvement. To create a visual aid for the data collected, 7 basic quality tools are used which are listed below:
· Histograms
· Pareto Analysis
· Scatter Diagrams
· Control Charts (Fig.2)
· Process Flow Charts
· Fishbone diagrams
· Check Sheets
The most common graphical tools used are Histograms or Pareto Charts. Histograms make interpreting data easier by understanding the shape of graph distribution or if there are anomalies within the data. Pareto charts are organised into most common defects down to least common. Cost of Quality (COPQ) can also be measured, which provides information on how much money the defect is costing the company. The 80-20 rule from the Pareto principle states that 80% of problems arrive from 20% causes and the aim is to focus improvements on these ‘vital few’ (Summers, 2010). To reduce the effect of using suspect data then it is vital to use Measurement System Analysis (MSA) during the Measure phase of the project. (Brook, 2017). MSA allows to split failures into Precision and Accuracy categories. Accuracy errors are a shift in data that produces offset results and precision errors are random points of variation that do not coincide with the true variation. After all data is proved to be reliable and accurate then it is possible to calculate the current and potential process capability. With these tools in place, it helps towards the next step of analysing information and identifying the root cause. 
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Fig.2 – Recorded data of half moon defect comparing % by different coiler.
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The analyse phase is used to validate and then remove the root cause of the problem instead of treating the symptoms and the issue re-occurring. Brainstorming is a technique used to identify root causes. The sessions are kept short and ideas are precise to the given task, the results are then ranked to certain categories such as importance, cost and time. Also, the 5 whys are another cause finding technique, stating the problem then asking the question ‘why?’ can lead a project team on a journey to potential root causes. Other potential root cause analysis includes cause and effect diagrams (Fishbone) and Failure Mode and Effect Analysis (FMEA). All the techniques above are known as the Process Door route, the objective is to gain an in-depth knowledge of the process and involves the employees who understand it better than most. By doing this, the team get clues directly from the process (Brook, 2017). The Data Door route is used to find root causes from the data that was collected in the measure phase of the project using the basic quality tools. The Hypotheses test is measured by probability, so by repeating the experiment multiple times the data should shadow the previous experiments. Meaning that there is a high probability that this area is causing the key output variables. This newfound knowledge helps with further data recording experiments, resulting in potentially finding the root cause.
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The first part of the improve phase is the ability to generate multiple solutions to improve KPI’s. As mentioned in the Analyse phase, brainstorming is a technique that can be used to generate new ideas. Advanced solutions contain error proofing, if the root cause is removed then this can prevent or reduce the probability of failure. For example, different shaped fuel caps and nozzles are designed to stop filling a vehicle up with the wrong fuel (Brook, 2017). When trying to select the best solution to implement, cost benefit analysis is considered to compare improvement ideas. Ideally the perfect outcome is to have a low cost solution with a reduction in variation, resulting in an increase in profit for the company. Before implementing the best solutions, it is important to update the FMEA table to understand if the solution will reduce the risk of failure. The selected solutions are then put through pilot studies, which are trials that return detailed data feedback before full implementation. It gives official results on the usefulness of the solution; the results are then related back against predicted results to understand if the solution will be effective.
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Description automatically generated]When the solution has been applied to the process, the next phase is used to evaluate, monitor and sustain the improvements (Summers, 2010). Measurement systems are integrated into the process to understand if the solution is stable. Statistical Process Control (SPC) charts are used to analyse the process variation within customer specification limits. By having these in place the recent data can be compared to data from the previous system in the measure phase. The updated results are then entered into the company KPI tree and final FMEA chart. The solution does not always work as planned, when this is the case then adjustments are made or if required, the DMAIC cycle will start again. To keep the new solution in control for the long term, Standard Operating Procedures (SOP) are updated, and extensive training is required for the individuals working on the process. Previous methods such as Hypothesis testing and SPC charts are used to calculate end results on improvement. As seen below in Fig.3 which shows updated results of half-moon defect within the Coiler area after improvements of wrapper positional offsets. A finalised project report is then produced to clearly show that all planned actions have been completed. The report includes summaries of the DMAIC process, lessons learnt throughout the project to transfer to other sections of the organisation and visible records of data collected. Finally, next steps are then revealed and assigned to appropriate personnel with target dates for completion. The project is then reviewed after a set period to ensure that the solutions are being sustained.
Fig.3 – Updated half-moon defect data after process improvements.
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There are many tools that apply to Lean methodology, but the implementation of Lean is split into five key principles. 
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The first phase of implementation is focused on customer wants and needs. By defining what stages of the process the customer is or is not willing to pay for, they are then split into two categories: Value Added (V.A) or Non-Value Added activities (N.V.A). By identifying the N.V.A, they are evaluated and then judged to be necessary or unnecessary parts of the process. When the N.V.A is classed as necessary then the aim is to minimise but, when unnecessary the aim is to eliminate the waste otherwise known as Muda. An example of necessary N.V.A are logistics, setup times and quality inspections which are required within the process, but time wasted can be reduced. Examples of unnecessary activities are product re-work, scrap or time wasted motions; these undeniably do not add value to the customer. 
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A value stream map is a graphical representation of all the steps involved within an entire process. (Summers, 2010). By creating a value stream map, it helps to understand and eliminate N.V.A activities and understand cycle times. Also, the design of the map creates an easier understanding for everyone of how each part of the process works. The idea is to assemble a team of people with different skills, leading to different opinions. Then to physically watch the process and talk to the individuals working on the process to gain knowledge, alternatively known as Gemba and Genjitsu. This information will lead to the mapping of the process, identifying and eliminating waste.
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It is important to create a positive flow through a process to reduce idle time wasted on workstations. Producing in a continuous flow means each workstation is handling one product at a time then it moves on when completed. An example of this is the Hot Mill within Tata Steel which is a process line making steel slab into strip. There are five areas on the line that are continuously dealing with a new order then sending it on to the next. Particularly within the coiler area where there are two identical coilers which are alternated, so that when one coil is being removed then the other coiler is accepting the strip from the finishing mill area. Ultimately, this creates a higher output of tonnage with minimal time wasted. To reduce time wasted on changeovers Single Minute Exchange of Die (SMED) is used. Once again, within the Coiler area a task requires the changeover of entry guides when the wear plates have reached their maximum wear limit. SMED was used to reduce changeover times resulting in reduced waste (See Appendix 1). Through lowering changeover times, measuring process cycle times and by reducing the amount of unplanned down time using Poka-Yoke, results in more available production time to meet customer demand. The aim to get cycle time below required takt time is then achieved. The 5S method is an indirect way of creating a positive flow in a process. The idea is to create a clean and safe working environment to increase workplace efficiency. A 5S project in the Heavy Roll Shop area within the Hot Mill was carried out. The area was deemed to be unsafe and disorganised leading to poor roll outputs. This project was also combined with the DMAIC steps. (See Appendix 2).
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Applying a pull system to a manufacturing process is a key component to achieving Just-In-Time (JIT) production. The pull system is based on producing defect free products by customer demand. By applying this system, it helps to minimise waste and keeps inventory levels low (Summers, 2010). The opposite to this is the push method which provides components to the customer even if there is no demand, which are then placed into inventory for predicted orders. The Kanban tool is applied to achieve pull through a process. Kanban’s are physical or electronic cards that are passed up through the process, detailing the quantity of products required and product identification. For Kanban’s to succeed then previously mentioned lean tools should be in place such as Heijunka, SMED and Poka-Yoke. To create a defect free product, the Jidoka (autonomation) system is used to stop production automatically when a problem occurs. This allows rectification of the issue instantly, not allowing it to become a larger problem further down the line. Jidoka is not only used for quality problems but also machine malfunctions (Summers, 2010). This is a common system used within the Hot Mill, as machines are automated to shut down before major damage is caused to kit. Low level hydraulic and grease systems, high motor current and temperatures are just some of the problems that cause automated shutdowns. To relay this information as quick as possible, Andon’s are used alongside Jidoka. They are traffic light systems that alarm the required personnel, resulting in quicker repairs and therefore maintaining higher production availability. 
[bookmark: _Toc94876184]Chasing Perfection

To achieve perfection, it is not just about putting the tools in place but also about changing people’s mindsets. The whole business is required to believe in the continuous improvement mindset and push towards the perfection goal. The Kaizen and Plan, Do, Check, Act (PDCA) methods mean that once changes are made, that becomes the new standard (Jenkins, 2021). With changing customer requirements and advancement in technology, continuous improvement means there is always another target to be reached (Fig.4). 
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Fig.4 – Kaizen and Standardisation visual guide (Smarts, 2019)
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Six Sigma’s main concept is to eliminate variation within a process, whereas Lean is used to eliminate waste throughout a process. Six Sigma identifies the root cause of a problem then makes improvements to that certain section of the process; this is completed by using statistical tools. Different to this, Lean examines the process as a whole and eliminates any non-value added activities leading to a continuous flow and increased productivity, this is implemented with visual tools. Also, Lean is a philosophy that changes mindsets throughout an organisation, not just a process improvement methodology like Six Sigma. Although there are multiple differences between both concepts, they can also be integrated together to combine the benefits of both, by using the structured DMAIC approach with Lean principles. In the Define phase, the Gemba approach can be used to physically examine how the process operates. Also, within the Improve stage then tools such as 5S, SMED, Poka-Yoke and Kanban can be used to improve KPI’s. 

[bookmark: _Toc94876186]Conclusion

Lean and Six Sigma are both well renowned concepts that have valuable outcomes if implemented in the correct manner. They both have their advantages of decreasing variation and waste using a wide range of creative tools. The statistical DMAIC approach within Six Sigma methodology allows to eliminate specific problems and integrate the best possible solution within an existing process. The Lean philosophy is a process improvement methodology but also a cultural change that leads to a drive for continuous improvement. Ultimately, optimising operational performance. Though there are fundamental differences between both, the two concepts combined can lead to increased productivity, decreased costs and exceptional customer satisfaction. 
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Realised Benefits

Project Metrics Actual Achievements

1S Score Improvement Score improved from 3% to 12% (short-term)

2S Score Improvement

Adherence to the Cleaning 

Routine

5S Recognition Process



The HRS has been split into 4 Zones with Crews responsible for each Area

Each Zone has it's own Schedule of Condition and area-specific 5S Audit form

Score improved from 5% to 9% (short-term)

Ensure Crews are carrying out the routine 

with reference to the plan

SL

Develop and roll out a scheme to 

recognise notable improvements

SL/GT

3S Score Improvement Score improved from 5% to 12% (short-term)

Measure

Current

Improve the Sort (1S) Score 5S Audit Score (%)



5S Board at Mill to 

communicate/track progress



Control



Follow Up

Project Area Action Who

Design new 5S Board and agree price for 

delivery

SL

Understanding the 5S 

Strategy

Communicate the strategy to every Crew 

and related internal stakeholders

SL

This is the group's 

CCAR which shows 

what actions were 

taken in order for the 

improvements to be 

realised, who was 

going to carry them 

out and by when



3%

The reason for choosing this project was to improve the Flow, Productivity, Workplace 

Organisation and overall Efficiency of HRS which is currently being compromised due to 

the level of cleanliness and disorganisation within the area

Background

Improve the Straighten (2S) Score

Improve Health & Safety

HRS Workplace Organisation (5S) Project

Improve Health & Safety H&S Audit Score (%) TBD



Improve the Straighten (2S) Score

5S Audit Score (%)

Project Goals Measure



Current Condition



This project is part of a wider Programme which has the objectives of improving the 

Productivity and manufacturing predictability of the HRS through minimising the amount 

of Unplanned downtime 

Customer Environment

Problem Statement

The current level of Workplace Organisation in the HRS area is having a detremental 

effect on building rolls, Breakdowns and Safety in the area. Therefore it is imperative that 

the level of 5S in the area is improved to help facilitate the successful implementation of 

the objectives of the other 2 Projects

Improve the Scrub (3S) Score 5S Audit Score (%)



Define Analyse Improve

Project Team Cause Analysis Target Condition



Michael Corish and 2 leading hands

Project Goals

Concern & Corrective Action Report

Current Goal

Improve the Sort (1S) Score



Quality

Improve the Scrub (3S) Score



TBD TBD

Expected Benefits

Financial

Reduce the cost of 

manufacture due to 

the reduction in Delays 

and lead time and 

improve potential 

sales volume

Improved product 

quality, 

responsiveness, 

potential capacity 

and delivery 

performance

Safer, Cleaner and 

more organised 

environment leading 

to increased morale 

and employee pride 

in their department

Improve the product 

Quality and Roll 

building by reducing 

the unecessary 

motion, number of 

storage locations and 

manual handling

This Cleaning Routine is based on the SOCs will be rotated every quarter



5%



5%

NoCheck Item Description

1 Materials or Parts

1

2 Machines and Equipment Are there any unused Machines or Equipment around?

1

3 Jigs, Tools, Fixtures Are there any Jigs, Tools or Fixtures lying around? 0

4 Visual Control Is it obvious which items have neen marked as unnecessary? 0

5 Has a Red Tag Area been established & actively used? 1

Sub Total

3

6 Location Indicators

1

7 Item Indicators 1

8 Quantity indicators 1

9 1

10Jigs and tools

1

Sub Total 5

11Floors 0

12Machines 1

13Cleaning and checking

1

14Cleaning responsibilities

1

15Habitual cleanliness 2

Sub Total 5

16Improvement memos Are 5S improvement ideas regularly being generated? 0

17Improvement ideas Are improvement ideas being scrutinised and implemented?

1

18Key procedures Are standard procedures written, clear and actively used? 1

19Improvement plans 0

20The first 3 S's Are the first 3S's/3C's being maintained? 1

Sub Total

3

21Training Is everyone adequately trained in standard procedures?

1

22Tools and parts Are tools and parts being stored correctly? 1

23Stock controls Are stock controls being adhered to? 1

24Procedures Are procedures up to date and regularly reviewed? 1

25Activity boards Are activity boards up to date and regularly reviewed?

1

Sub Total

5

L

0 = Very Bad 3 = Good

J

1 = Bad 2 = Average           4 = Very Good

Is equipment inspection combined with equipment 

maintenance?

Is there a person responsible for overseeing cleaning 

operations?

Do operations habitually sweep floors and wipe equipment 

without being told?

Are the future standards being considered with a clear 

improvement plan for the area?

Workplace 

Organisation (5S) 

Audit Sheet

Highest Score Previous Score This Score

  Area: 

Date:  12.02.14

Completed by: S Allcock

Score

Are jigs and tools arranged and located rationally to facilitate 

ease of use and returning them?

Are floors kept shiny and clean and free of waste, water 

and oil?

Are the machines wiped clean often and kept free of 

shavings, waste, fluids and oil?

Sort Out

Clear Out

Demarkation of walkways 

and in-process inventory 

Are shelves and other storage areas marked with location 

indicators and/or addresses?

Do the shelves have signboards showing which items go 

where?

Are the maximum and minimum allowable quantities 

indicated?

Are white lines or other markers used to clearly indicate 

walkways and storage/equipment areas?

Red Tag Area

Does the Inventory/WIP include any unneeded 

materials/product?

5S Phase

Straighten

Configure

Self Discipline

Custom & Practice

Scrub

Clean & Check

Standardise

Conform

21 n/a 21

Rolling Mill 1

Rolling Mill 1 Workplace Organisation (5 S) Schedule of Condition            Location:  Cellar         Responsibility:  Q Set         Stairs & Mezzanine     Stairs Clean, Dry and free of oil     Stair Rails Clean and free of oil     Pipework and Gauges Clean and in working order     No unused Tools or Materials lying aroun d     Floor Clean and free of oil       Morgoil & Bottom 750 Tanks     Tank walls Clean and free of oil     Pipework and Gauges Clean and in working order     Motors Clean and in working order     Oil/Fluid inside at an acceptable level         Cellar Floor     Floor clear of Oil and  Water     No unused Tools or Materials lying around     Floor clear of Rubbish and Debris     Lighting Clean and in working order         Culverts     Floor clear of Oil and Water     No obvious Pipe/Hose leaks     Floor clear of Rubbish and Debris     Pipework and Gauges Clean and in w orking order  

Page:  1 Issue No.:  01

102030405060708090100

1

Conduct an initial 5S Audit 

and establish a baseline 

Score

AW, SL

Take photos to 

record condition of 

area

2

Complete and publish the 5S 

Audit Form and Radar Chart

SL

Place both on 

DMAIC board

3

Establish a Red Tag 

quarantine area and brief all 

Crews

SL

Located HRS ??

4

Review Red Tag logs and deal 

with items as documented

SL, TL's

This is the cut off 

date to empty the 

Red Tag area

5

Lack of designated 

Storage areas/methods

Agree appropriate Storage 

solutions and Locations for 

Critical tools/items based on 

Frequency of use

SL, TL's

Discuss shadow 

boards, layout & 

frequency of use

6

Difficult to see issues 

due to level of Oil/Muck

Carry out a deep clean of the 

designated areas

SL, Crews

Within agreed 

boundaries

7

No agreed Cleaning 

Rota for the Mill

Design and agree Cleaning 

routine for the HRS by 

shift/area

SL, Crews

Needs to start 

from the following 

shift

8

No 5S Audits currently 

undertaken

Conduct the second 5S Audit AW, SL

Should be an 

improvement in 

first 3S's

9

No formalised 3S 

Standard for the Mill

Agree a 3S Standard for the 

area and put photos in area

SL, Crews

Design and print a 

Schedule of 

Condition 

template

10

Investigate key sources of 

contamination and leaks

RT, SL, TL's, 

Week-long deep 

clean w/c ??

11

List of Recommendations and 

Timing Plan to improve above

SL

SL to list 

recommendations 

after deep clean

Scott Lewis, Rowan Toombs,  2 leading hands

Time:  14:00

S Lewis

Time: 

Date:  TBA Date: 

     5S Concern & Corrective Action Report (CCAR)

Date Raised:  Oct 20

Item 

No

Concerns Corrective Actions

Responsible 

Person

Progress (%) Completion 

Date

Comments

Team Members: Next Meeting Location:  HRS Compiled By Last Updated

The amount of oil and 

dirt being distributed 

from Chocks and dirty 

assemblys

The level of Cleanliness 

and Disorganisation in 

HRS Area

The amount of Clutter, 

Tools and surplus items 

in HRS Area

This ScoreLast ScoreHighest Score

0% %

No Check Item Description

1 Materials or Parts

2 Machines and Equipment

3

Jigs, Tools, Fixtures

Are there any Jigs, Tools or Fixtures lying around?

4

Red Tag Activity

5 Has a Red Tag Area been established & actively used?

Sub Total 0

6 Location Indicators

7

Overall Layout

8

Quantity indicators

9

10 Tools and Equipment

Sub Total 0

11

Floors and Stairs

12

Trestles & Steam Bay

13 Loading & Storage Area

14 Cleaning responsibilities

15 Habitual cleanliness

Sub Total

0

16

5S Audit Routine

17 Improvement ideas Are improvement ideas being scrutinised and implemented?

18 Key procedures Are standard procedures written, clear and actively used?

19 Improvement plans

20

The first 3S's

Sub Total

0

21 Training Is everyone adequately trained in 5S principles?

22 5S Audit Scores

23 Tools and Equipment

24

Cleaning Routines

25

5S Activity boards

Are 5S Activity boards up to date and regularly reviewed?

Sub Total 0

0 = Very Bad 3 = Good

Workplace 

Organisation (5S) 

Audit Sheet

  Area: 

Completed by: 

Date: 

Score Increased by

Phase 

Scores

5S Phase

Sort Out

Does the Inventory/WIP include any unneeded 

materials/product?

Are there any unused, broken or obsolete Machines or 

Equipment around?

Is it obvious which items have been marked as unnecessary 

and what the subsequent action is?

Red Tag Area

Straighten

Is the Back-Up Area marked with location indicators and/or 

floor plans?

Has the layout (equipment/materials) been improved as a 

result of 5S activity and the agreed layout maintained?

Are the maximum and minimum allowable quantities of 

stock/material indicated?

Walkways and Inventory

Are Tools and Equipment in good condition and being stored 

in their correct locations (ie, shadow boards)

Are white lines or other markers used to clearly indicate 

walkways and storage/equipment areas?

Do Tools and Equipment have designated storage areas and 

are located rationally to facilitate ease of use?

Scrub

Are floors and stairs kept clean, safe and free from debris, 

dust and materials?

Are Trestle & Steam Bay areas clean, well configured, free 

from rubbish/debris & in good working condition? 

Are Loading & Storage areas clean, well configured, free 

from rubbish/debris & in good working condition? 

Is there a person responsible for overseeing cleaning 

operations and monitoring rotas?

Do personnel habitually clean the area and inspect key 

equipment without being told?

1 = Bad 2 = Average           4 = Very Good

Are Cleaning Rotas understood, adhered to, areas rotated 

as agreed, up-to-date and regularly reviewed?

Standardise

Is the agreed 5S Audit process being carried out and the 

results published in the area?

Are the future standards being considered with a clear 

improvement plan for the area?

Are the first 3S's being maintained with regards to the Back-

Up Area Standard of Condition?

Self Discipline

Do the 5S Audit scores show incremental improvement with 

shortfalls being investigated?

Back-Up Area

%

0%
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