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[bookmark: _Toc134605435]Introduction
This paper will start by giving a brief description of what lean manufacturing and 6σ principles are, proceeding into the techniques used, by implementing each of these principles the literature review will demonstrate how much of a dramatic impact these techniques have had on developing businesses.
Lean manufacturing and Six Sigma are two complementary methods that when combined will help enable an organization to continuously improve their performance and thrive in a competitive market, with a reduction of customer dissatisfaction as well as reduced cycle times these techniques can be used in any industry (Tetteh, Uzochukwu 2015).
Lean Six Sigma is often the techniques of preference for many organizations looking for a systematic approach to process improvement, this practice has been shown to be very successful throughout many deployments around the world with large, medium, and small organizations (Tetteh, Uzochukwu 2015).
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[bookmark: _Toc134605437]Overview of Lean Six Sigma Techniques and Implementation 
[bookmark: _Toc134605438]Six Sigma (6σ)
A common technique of 6σ is the DMAIC process (define, measure, analyse, improve and control) through statistical process control, hypothesis testing, design experiments, root cause analysis and process mapping, 6σ has a wide range of tools for system improvement (de Mast, Lokkerbol 2012).
[bookmark: _Toc134605439]Lean Manufacturing (LM)
Lean manufacturing is value identifying from the customers perspective, to refine a production process and remove as much waste as possible without compromising on the quality of the product, by reducing waste and only producing what is needed when it’s needed, this will create flow and help in the strive for perfection, the technique emphasizes on a continuous improvement to improve the process to as near perfection as possible (Modrák, Semančo 2014).
Lean 6σ manufacturing is a mixture of the methodologies that emphasises on minimising waste and maximising efficiency in the manufacturing process, by mapping the process, identifying waste and reducing non-value-added tasks, the entire system that delivers the product is reviewed, this can show where time can be saved, value can be added and by seeing the entire process the critical parts of the production can be reviewed to improve the product/processes (Zhang, Irfan et al. 2012). 
Establishing pull, by creating a system where each process produces only what is needed for the next process in the value stream, this is based on customer demand.
The pursuit of perfection, to continuously review all the processes and continuously implement improvements, by means of eliminating waste, streamlining the process, and improving quality.
By adhering to lean manufacturing processing principles, companies can reduce cost, increase efficiency, and improve customer satisfaction.
[bookmark: _Toc134605440]3 Ms of waste
The 3m’s of waste are muda - none value added waste, mura - inconsistency and muri - overburden in the system.  In the journal (Radin Umar, Tiong et al. 2023), it is clear to see there is a priority gap between the 3Ms of waste and lean production improvement/planning, usually two different teams manage  these improvement processes, ergonomics however, does not have clear financial gains, the ergonomics of a structure seems to be a reactive improvement instead of a constant progressive process, industrial practitioners tend to restrict ergonomics and indirectly create occupational health concerns, increase work pace, increase workload, increase stress levels, reduced productivity, creates poorer working conditions and inadvertently can lose the business its competitive edge.
An over defined standardisation of processes can cause similar negative effects, if set by uneducated practitioners with limited knowledge, workers lose the ability to set their own system of work through inflexibility and are restricted in being allowed to improvise completion of work through better knowledge of the processes that can be more comfortable for them (Radin Umar, Tiong et al. 2023).
Safety efficiency value stream mapping (SEVSM) is a tool that has shown to improve production, performance and reduce health and safety concerns in operational activities (Radin Umar, Tiong et al. 2023).   
Implementation of 5S, Visual management and One Point Lessons in warehouse and workshop settings, can improve the work environment by reducing health and safety related risks with better risk communications, better accessibility to items, and better item layout and organisation (Radin Umar, Tiong et al. 2023).
In the journal (Radin Umar, Tiong et al. 2023), it was expressed that through utilising 5s and visual management it improved the workers perception towards health & safety by as much as 40%, the implementation of lean manufacturing gave the workers a better motivation towards safety while performing work activities.

[bookmark: _Toc134605441]House Of Lean Principles
[bookmark: _Toc134605442]Just in Time (JIT)
The just in time production system reduces the workforce and waste as much as possible so it only just meets the requirements of the next process, while having focus on health and safety to reduce accidents and breakdowns (Modrák, Semančo 2014).
The Kanban system was designed for control, to maximize the potential of the Toyota production system, it is a system with its own independent structure and principles (Modrák, Semančo 2014).
[bookmark: _Toc134605443]Cellular Production
Cellular production is a reduction of movement to reduce waste, by storing products and a combining of processes into cells it can have a dramatic effect on waste time, to quote (Barker 1994) “in some organizations where product derived cellular manufacturing is in place, it has been possible to combine component production and assembly cells in one area to design, in effect, a “mini” factory or total conversion in one cell”.
[bookmark: _Toc134605444]Standard Work
Standard Operations are operations that have been developed to preserve an effective process on a combination of people or goods and machines, to produce high-quality products in an economical, repeatable, quick and safe manor (Modrák, Semančo 2014).
[bookmark: _Toc134605445]Levelling (Heijunka)
The idea of levelling is to reduce bottle necks and strain on specific parts of the production process by dividing work to create a level and smooth process that is as evenly distributed as possible, as a result, levelling is fundamental both in JIT production and in flow manufacturing (Modrák, Semančo 2014).
In (Spenhoff, Wortmann et al. 2022) it was stated that Heijunka addresses the stability-flexibility paradox however, Heijunka was designed for short setup times which meant it was not designed for their purpose and because of this was considered not directly applicable, but by adopting Heijunka into its manufacturing process and creating/developing a production control concept, it enabled both the required stability and flexibility needed simultaneously, a variation of the principle was integrated into the system, “by adapting Heijunka and combining it with the cyber-physical systems” (Spenhoff, Wortmann et al. 2022).  The combination of lean production and Industry 4.0 exhibits exceptional  potential in advancing operations management and production of new more intelligent control systems.
[bookmark: _Toc134605446]Jidoka
Jidoka is to aid automation in the reliability, flexibility and precision of manufacturing by bringing humans in to monitor the process (Modrák, Semančo 2014), I found this quite interesting as machines are put in place because of the human error, yet Jidoka identifies that a person is irreplaceable in the manufacturing process also. 

[bookmark: _Toc134605447]Quality Improvement and Management
[bookmark: _Toc134605448]TQM and Kaizen
In the journal (Saleem, Khan et al. 2012), the definition TQM against Kaizen and the way we use the definition at different levels is interesting, most companies use both to have the greatest improvement, but what’s interesting is to see how the different techniques impact and change the efficiency with different stages of implementation, the next set off quotes comes from (Saleem, Khan et al. 2012), “TQM is a management approach that aims at long-term success by focusing on customer satisfaction, based on the participation of all members of an organization through improvements of quality, processes, services, and the culture in which they work”, however the term Kaizen is "to take apart and put back together in a better way". The definition on applying Kaizen is "small incremental but continual improvement", the next quote shows how close a broad definition can look “in order to improve process, quality and of course performance of the organization”. The broad definitions can sound very similar but once reviewed they are in fact completely different. [bookmark: _Toc134088557]Figure 1: Historical Evolution of Lean Production (Saleem, Khan et al. 2012)
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Description automatically generated]Time based management is a collection of data to determine value added time, waste time and to calculate the entire process time, to ascertain a full breakdown of the system structure to implement organisational improvement, system structure refinement, layout of production system and control system improvements.  Then calculating the predicted value to be added at each machine and section of the product flow (Barker 1994).  Another name for this process is Value stream mapping, in (Santos, Santos et al. 2021) they enhance the utilisation of a business by mapping the entire process and environment then breaking it down.  Event software is a fantastic piece of software to start the implementation of this technique.







[bookmark: _Toc134088558]Figure 2: Detailed Analysis of Assembly Operations (Barker 1994)

To highlight the importance of time analysis, a quote from (Barker 1994) tells us, “To identify and remove non-value-adding activity which separate value-adding operations, these typically account for 90 per cent of the time a product is in the production system”.
[bookmark: _Toc134605450]5s - Sort, Sustain, Set in Order, Shine and Standardise 
In the case study (Rojasra, Qureshi 2013), a statement is made showing just how important lean manufacturing and the 5s are, “The results after the 5S implementations states that production system efficiencies improved from 67% to 88.8% in the successive week”.
Lean manufacturing is a fresh look and a common-sense approach to reviewing processes and applying streamlining techniques, these changes can have a vital effect on businesses to the degree of success or failure, “small businesses contribute more than 50% of the industrial production in value addition terms and generates one third of the export revenue”, “Lean Manufacturing is the hymn of survival and success of any organization” (Rojasra, Qureshi 2013), It is also expressed that in such a tough market lean manufacturing has kept these businesses competitive.
[bookmark: _Toc134605451]Poka-yoke Principles
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Description automatically generated]The method Poka-Yoke is an immediate response in the operation when a defect occurs and an action to produce a result that corrects or highlights the defect.









[bookmark: _Toc134088559]Figure 3: Figure 10: Structure of Lean Production (Modrák, Semančo 2014).

Poka-Yoke Identifies defects in two stages, a defect that has occurred calling for defect detection, or that will occur meaning defect prediction is needed, there are three ways in which Poka-Yoke can respond they are shutdown, control or warning.  The Poka-Yoke techniques are used in a multitude of tools and philosophies such as QC story, QRQC, MQA, 5D and basic tools quality (diagrams, histograms, research systems of the sample, graph Pareto-Lorenza, charts of quality control process) (Widjajanto, Purba et al. 2020).
[bookmark: _Toc134605452]Supporting and Resisting Forces of Lean Implementation
There are multiple issues towards implementing manufacturing systems and techniques, one is towards employees, with a wide range of factors to consider for example job satisfaction, age, culture and progression opportunities, resistance of new ways of working can become challenging to implement.  A strong quote stands out to highlight just how much of an impact this has on businesses from (Modrák, Semančo 2014),” Many employees find the lack of a step career ladder with even more elaborating titles and job descriptions both disappointing and disconcerting”, and “In LP system, workers feel they have reached an early death in their careers”.  These statements are quite powerful considering these people will be the back bone of the company and have a substantial effect on product, flow, environment (moral) and quality, however a great deal of work and research has provided a multitude of solutions, one is Mass Career Customisation (MCC), this structure has been evolving in the workplace for some time and can solve many of the issues towards reducing resistance by customising career opportunities, paths, engagement and developing a more secure future for the employees, in turn its creating lower staff turnover, reduced costs and a substantial increase in fulfilment of company goals also (Modrák, Semančo 2014).

[bookmark: _Toc134605453]Conclusion
To conclude, it is clear to see that a lot more work will follow in the pursuit for perfection, lean manufacturing is not only a practical guide for a successful business, but the techniques are advancing into the software systems that run the production system, which shows the versatility of the structure of these principles and complexity of their design.
Throughout my learning towards exploring manufacturing systems in the pursuit of refining a near perfect system structure, I have gained a great deal of insight into these principles and the level of ingenuity that goes into the analysis of a production line, also the widespread implications that small changes can make. 
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Appendix 1 - The Evolution of Manufacturing
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Description automatically generated]Each stage in the evolution of manufacturing had its own era and was supported by its own manufacturing system working to an individual business model (Modrák, Semančo 2014).[bookmark: _Toc134088560]Figure 4: Historical Evolution of Lean Production




Appendix 2 - Advancements in Manufacturing Systems and System Structures
	


Craft Production
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	Figure 2: Structure of Craft Production
Source: Adapted from (Modrák, Semančo 2014).
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American Production

	Figure 3: Structure of American Production
Source: Adapted from (Modrák, Semančo 2014).
	

	


Mass Production
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	Figure 4: Structure of Mass Production
Source: Adapted from (Modrák, Semančo 2014).
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Mass Customisation

	Figure 5: Structure of Mass Customisation
Source: Adapted from (Modrák, Semančo 2014).
	

	


Lean Production
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	Figure 6: Structure of Lean Production
Source: Adapted from (Modrák, Semančo 2014).



Appendix 3 – Development of Production systems over the last decade

The following systems are all focused on the general goal of increasing profit, improved customer satisfaction and achieving objectives: Toyota Production Systems (TPS), Lean Production (LP), Mass Customisation (MC) and other instantiations such as Agile Manufacturing (AM), Holonic Manufacturing Systems (HMS) and Quick Response Manufacturing (QRM) (Modrák, Semančo 2014).
TPS and Lean Manufacturing are focused on the elimination of waste and the improvement of the production process QRM and AM help to make the organisation respond (Modrák, Semančo 2014).
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[bookmark: _Toc134088561]Figure 5:Phases of Factory Structuring Over the Last Five Decades


Appendix 4 – Lean 6σ Training and Advanced Simulation Learning
A computer simulated learning platform for manufacturing techniques could be something we see more of in the future, this is not to say that physical on the job learning is not necessary as deep understanding can only be learnt through experience however, serious game simulation could aid in the training of the next generation through a more evolved accessible computer simulation, where background lean principles are executed (Modrák, Semančo 2014). 
Appendix 5 - Lean Production and the Environment
The link between environmentally friendly manufacturing and lean 6σ has been made abundantly clear, by incorporating these principles it has a reduction in pollutants, energy consumption and waste products (Modrák, Semančo 2014).


7 | Page

image3.png
15

10

Imprevement Only

~~

~J

Improvement Only_, . =
" e s

=

Process.

F~a.

Marks




image4.png
15

10

Imprevement Only

~~

~J

Improvement Only_, . =
" e s

=

Process.

F~a.

Marks




image5.png
Analysis of total value-adding capabilty takes place by tracking a single product
hrough assembly and recording simuliansously when valus i added
) when component parts being assembled were made

(non-value-adding elements are removed progressively to reduce
‘costs and improve response 1o customer demand)

(a)in assembly
by o purchansd port amed dl e piank
Value-adding
| *operations o6 __
p3_ Op5 4
¥ £ amount of value
[$€ amount of value added  OP4 ‘added
[
Inputs. I,
Positive value- Time taken
adding operations . 1o add value—*| [+—
ive non-value- | LIWA)| | (NVA)| | Non-value-adding activity, NVA) Completed goods
26 .,;T,,':;,'ﬁ'"& a result of queue time o (VA ready for despatch
frric poor design to customer
Outputs_
Non-value-adding time
(typically 90 per cent of total throughpu time)
Total stock costs
(Days or hours as applicable) prior to sale
e 8 7 6 5 4 3 2 1 0
- > 0= Customer
Total assembly throughput time prior to improvement actions O et date




image6.png
Defectin the product was created?

Is there the documentation of the product?

T

Have allthe rules of the documents been respected 2

Can this operation be improved?

a sk of defect creating?





image7.png
Figure 5. Historical evolution of Lean Production

2006: Toyota set to surpass GM to become the largest vehicle manufacturer in the world. 'y
2003 Toyota displaces Ford as sacond largest vehicle manufacturor inthe world
2001 Gho announces the “Toyata Way’ e
200: Pill conducts the third round of INVP's global assembly plant study e
1984: VP second round of the global assembly plant study begin, benchmarking the performance
1 70 plants worldwide 1590
1988:Toyota's Georgetown, KY, plant starts production

1585
1986:The work onthe IMVP global ssembly plant study begins, benchmarking the performance of 70
plants worldwide
1984:Toyota anters NUMHN joint venture with Gl and roopens the Fromort, CA, lant w0
1982 Nissan opens a transplant in Smyrms, TN 115
1982 Honds's Marysvile, OH, plant opens
1975: The Repetitive Manufacturing Group s estabished by APICS. Members includ Schanberger and o
Hall - Second O Crsis
1975: Firs Ol Criss 1965
1980: Fuo Cho joins Toyota as apprentice, and, s mentored by Tailchi Ohno .
1955: Toyota builds a tota of 23,000 vehicies while Ford builds more than 8,00 carsiday
1950: Labor srkes Toyota near bankruptcy. Kichiro Toyoda resigns, and hands over o Eii Toyoda his
1945: Toyota restart car production and bulids 3000 vehicies the same yesr
1925-1945: Ford uses flow production to produce B-24 bombers at Willow Run. Smilar methods are e
used inthe Bitsh Spifro production o
1936: Production of the Model A starts
1935: K. Toyods founds the Toyoda Notor Corporation, a spn-offrom the Toyoda Loom Works. s
1932: Ohno joins Toyoda Loom Works as engineering gradute 1520




image8.png
« small machine shops
« Raw materials

Customers’
desire

Low production volume of igh

CRAFT costand high quality product

PRODUCTION

|+ Electrical General Purpose
Machine Tools
ighly skilled workforce




image9.png
 Industry
« Small machine shops
« Suppliers

Increased efficiency and

Customer productivity

AMERICAN
PRODUCTION

*  Automated general purpose
machine tools
« Unskilled operators.




image10.png
«  Leading OEM
o Tier 1..n suppliers
« Dealers

Market Huge volumes of low

MASS variety products

PRODUCTION

Dedicated assembly lines
 Heavy machinery
* Lowskilled workforce




image11.png
Enterprise strategy
information

Customer / market
requirements

Commodity / customer

mss
CUSTOMISATION

« Relation Enterprise Group.
« Application Standardisation
. Applic





image12.png
Customer / market
requirements

LEAN

Leading OEM
Tier 1,2, .n Suppliers

High quality products

Customer perceived value
>

PRODUCTION

SPC
Group Technology

Production Flow Analysis
Cellular manufacturing.

Quick changeover

Total Preventive Maintenance




image13.png
Figure 13. Phases of factory structuring over the last five decades
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