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Abstract
From the first time that Carl Benz ran his stationary one-cylinder two-stroke gasoline engine on New Year’s Eve 1875 (Daimler, 2021) the automotive industry has continued to leave its tyre marks in history. The industry has experienced a huge transformation from the early days of hand built vehicles made in small workshops, to the large complex enterprises that have now become a vital part of a global economy.

Throughout history, automotive manufacturing organisations have faced their fair share of challenges. Influences such as ever increasing competition, cost pressures, regulatory requirements and the increasing expectations of the customer have meant that standing still has never been an option. 
The Marelli Automotive Systems facility based in Llanelli (MLUK), South Wales, is a Tier 1 organisation in the automotive industry, supplying engine cooling systems to high end vehicle OEMs. The organisation is design responsible for its products and therefore has the responsibility to consistently develop and manufacture products that satisfy customer and end user needs.
MLUK has, and continues to embrace the typical challenges within the automotive industry and therefore maintain a firm focus on creating a more efficient operation. To achieve this, the organisation has to adapt, innovate and continually improve. MLUK has experienced success in these endeavours and maintains a very good level of customer satisfaction while effectively utilising tools and techniques for problem solving and decision making as part of the approach for continual improvement. However as with many other organisations, the leadership team feel that there would be benefits in enhancing the current approach taken and better align improvement activities to the strategic intent of the organisation. 
The key aims and objectives of this research project were to create a data driven approach for problem solving and decision making and embed that as part of a strategically aligned system for overall business improvement.
The research project was initiated with a literature review to gain a greater understanding regarding the subject matter. This included a review of the tools, techniques and approaches to problem solving and continual improvement along with previous literature and studies on organisational and behavioral considerations.  The literature review enabled the identification of a number of common themes that were in turn translated into a number of hypotheses that were used to challenge the current environment at MLUK. 
A programme of action research was then undertaken, while focusing on interactions with a cross section of individuals at different levels both within and outside the Marelli organization. These included interviews, questionnaires, focus groups and the implementation of a pilot improvement project at MLUK. The information gathered from these activities were cross referenced to the literature review findings, thus enabling a number of actions to be identified and implemented at MLUK.
MLUK had previously had great success in the application of process improvement tools and techniques, however during this research project, the leadership team recognised that a change in approach was needed to re--invigorate the organisations approach to problem solving and continual improvement. The following key items have been implemented and embedded:-

· The integration of focused improvement initiatives into the organizational strategy.
· The identification of key drivers for continual improvement activities, namely: customer, process and product, while maintaining their alignment to the business strategy.
· The definition of processes to transfer data from these drivers and translate into improvement initiatives.
· The allocation of resources to undertake improvement initiatives such as a dedicated data room and associated equipment.
· The mandated inclusion of cross functional teams in improvement activities.
· Focused training and development in tools and techniques for cross functional team members.
· Diarised events for improvement activities and review mechanisms.
For sustainability, the above actions have been formalized in the organisations Quality Management System and are subject to auditing as part of the IATF16949:2016 accreditation. 
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Chapter 1.0:  Introduction
1.1 Project Purpose
The purpose of this research project was to evaluate and understand the challenges and constraints for implementing and maintaining a sustainable process for problem solving and decision making in a long-standing automotive manufacturer.

To this effect, the following research question underpinned the scope and aims of this research project while shaping the approach taken: - 

“Problem solving and decision making tools and techniques have been around for decades, so why do we still experience barriers and constraints when implementing as part of a sustainable process for continual improvement?”

The research focused on a leading global Tier 1 organisation in the automotive industry, namely 
the Marelli Thermal Systems Llanelli Plant (MLUK). The organisation manufactures the commodity products of thermal management and engine cooling systems and has a long-standing history of automotive manufacturing spanning over a century. 

As an innovative, demanding and highly competitive sector, the automotive industry constantly faces new challenges, including the need to achieve ever increasing levels of quality performance and customer satisfaction. To this effect, for many years, organisations have been implementing business management systems to ensure that customer and end user requirements are met. However as with any market sector, change is inevitable and with the more recent impact of the COVID-19 pandemic, new unforeseen challenges have arisen through the in-availability of key componentry and supply chain bottlenecks among other factors. These have impacted significantly on OEM manufacturing capacities and the associated order forecasting along supply chains. This has, and still is, challenging the resilience and flexibility of supply chain organisations. An example of this is the recent global semi-conductor shortages that have been experienced and the direct impact on automotive manufacturing. This has greatly impacted OEM and supply chain productivity and the real time output of units produced.

“Just as cars and trucks go digital, a scarcity of semiconductors is causing billions of dollars in lost revenue for the automotive industry” (Burkacky, Lingemann, & Pototzky, 2021) 

As a Tier 1 manufacturing organisation, supplying to key high end automotive OEMs, MLUK has to embrace these challenges and focus on creating a more efficient operation. The organisation must enhance its efficiency through continually improving and being more cost conscious, while having the operational flexibility to accommodate changing customer demands.  This is essential for MLUK to be profitable with the ability to invest in plant and equipment and remain a major player in the sector.

To achieve this, a firm focus must be maintained on continually improving in all areas of the organisation and thus have the ability to be effective in identifying operational issues and resolving in an effective and timely manner. MLUK has successfully adopted a number of approaches to problem solving and decision making in the past however it is now believed that a more holistic approach is required.

The aim of this research project was to develop a process for problem solving and decision making that is aligned to the strategic intent of the organisation. Also the ability to transfer this approach to different manufacturing scenarios and organisations.
The Automotive Industry 
Then and Now

Automotive manufacturing has certainly expanded from the early days where hand built vehicles were made in small workshops to the Hi-Tec global enterprises that we now have as household names.

“The automobile industry is witness to several incredible technological advances over the last century. Right from the arrival of engines that used fossil fuels to power transportation, the impact of technology in shaping the automobiles over the course has been enormous” (Industry Europe, 2020)

The Automotive Contribution

The automotive industry has become a vital part of a global economy. In the UK alone, it is worth more than £78.9 billion in turnover while adding £15.3 billion value to the UK economy (SMMT, 2021).

Even with the unprecedented impact of COVID-19 and the knock on reduction in manufacturing output and associated sales, at year to date September 2021 (perceived as a low volume year), 1,316,614 vehicles were still registered in the UK (SMMT, 2021). Please see Fig, 1. This bolsters the significant contribution that the industry makes to employment and the economy as a whole.	
[image: ]                             
                                                                                                        Fig. 1 Vehicle Sales (SMMT, 2021)  











1.2 The Tier 1 Automotive Challenge 
As with many other sectors, automotive Tier 1 manufacturers continue to face many challenges while striving to remain buoyant in a highly competitive marketplace. The following are examples: -

· Complex supply chains covering a large geographical footprints.
“Automotive supply chains are among the most complex in the world with each vehicle containing more than 20,000 parts originating from thousands of different suppliers. Add technology into the mix, and you get an industry undergoing significant transformation in a variety of ways.” (Kapadia, 2018)
· Consumers expect safe and reliable vehicles as a minimum requirement, while ongoing technological advancements in vehicle design are also expected.

“Developments in technology are changing our world more quickly than at any time in history, nowhere more so than in the automotive sector”. (Jaguar Land Rover, 2021)

· The cost of failure can be devastating

Even though modern automotive organisations have evolved into High-Tec well-controlled entities, defects will undoubtedly happen, and products will “escape” into the market place. In such instances, a product recall may be required, with a potential need to contain a very large number of products already circulating in a market place spanning a large geographical spread. 

“If there’s one thing consumers, investors and companies can agree on, they hate recalls…… For manufacturers, recalls batter brand reputations, bottom lines and share prices”. (Burrows, 2018)
                                                                                                                                                                                                                                                                                 

· A “Game Changer” - The advent of vehicle electrification. 
The necessary move to vehicle electrification will bring its own series of challenges as the industry enters a technological era that is relatively new to many organisations within.
“It is one of the great challenges of our time, bound up in our ambition as a nation to become carbon neutral by 2050. For the UK manufacturing sector, of which automotive is such a key part, failure is surely not an option. But neither is success guaranteed.” (The Manufacturer, 2020)
“Government takes historic step towards net-zero with end of sale of new petrol and diesel cars by 2030” (Gov.UK, 2021)






1.3 The Organisation – Marelli Automotive Systems
The organisation focused on in this research project is Marelli Automotive Systems Llanelli Plant.

In May 2019, two long-standing automotive manufacturing organisations, namely Magneti Marelli and Calsonic Kansei united under the new worldwide brand MARELLI to become the 9th largest independent automotive supplier. The organisation designs and manufactures a diverse range of automotive components and assemblies to a wide-ranging customer base. Fig. 2 gives an organisational overview (Marelli, 2020). The MLUK Plant is shown in Fig. 3 (Marelli, 2020).
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                                                                                    Fig. 2 Marelli Organisational Overview (Marelli, 2020)     
[image: ]                                                                                                                                                                                                                                                                               
                                                                                                                         Fig. 3 MLUK Plant (Marelli, 2020)
MLUK is part of the Marelli Thermal Systems division with key products shown in Fig.4 (Marelli, 2020).
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                                                                         Fig. 4 Marelli Thermal Systems Key Products (Marelli, 2020)

 The organisation supplies to a number of prestigious car brands across a global footprint. Key customers are shown in Fig. 5 (Marelli, 2020).
[image: ]
                                              Fig.5 Marelli Thermal Systems Key Customers (Marelli, 2020)
1.4 Research Project Aims and Objectives 
The key aims and objectives of this research project was to create a data driven approach for problem solving and decision making and embed as part of a strategically aligned system for overall business improvement.
For sustainability, the approach was to be documented as a controlled “model”, therefore having the potential to be audited and drive further evolution and improvement at MLUK and other facilities.  
1.5 MLUK – The Importance and Benefits of Effective Problem Solving and Continual Improvement
As a Tier 1 supplier, MLUK is responsible for the direct shipment of parts into each OEM facility and therefore liable for the product manufactured at the MLUK site and the upstream supply chain. 
[image: ]MLUK are a “design responsible” organisation and therefore seen as subject matter experts by each OEM. Products are therefore required to satisfy customer needs in terms of form, fit, function and reliability over a defined period of use (Warranty period). 
It is a priority therefore for products to be manufactured and supplied in line with stated requirements and be durable enough to satisfy the stated warranty timeframe. 
Having the ability to resolve issues in a timely and effective manner is essential for customer confidence, future business and to limit the level of cost exposure on the organisation.  Fig 6 shows typical costings dependent on where an issue is identified.                                                                                                                                                                                                                                                                  
                                                                       
                                                                                                                                Fig.6 Typical Cost of Failure
Therefore an effective process to limit both customer and internal line defects is essential.                                             
Customer Data (0KM)
MLUK have maintained a customer 0KM level of < 5PPM (Parts per Million) for the last 5 years (Zero Kilometres – defects found in OEM Plant prior to delivery to a dealership).
Even though this result is very positive, MLUK seek further improvement. Every defect impacts customer perception and is recorded on a supplier scorecard. If managed effectively, a one-time failure mode can be tolerated, however a repeat concern is viewed by the customer as the inability of the supplier to undertake effective root cause analysis and thus implement effective corrective action.  
For MLUK, Zero Defect is the only goal and therefore having an effective process for problem solving and continual improvement is essential.

Internal - Line Data (Scrap)
MLUK, has maintained a rate of internal scrap at < 3% (MLUK Manufacturing, 2021). 
With extensive “in-line” part verification and Poka Yoke (Fool Proofing) systems, the organisation is effective in manufacturing products while satisfying customer requirements. 
“Poka-Yoke ensures that the right conditions exist before a process step is executed, and thus preventing defects from occurring in the first place. Where this is not possible, Poka-Yoke performs a detective function, eliminating defects in the process as early as possible - Poka-Yoke is any mechanism in a Lean manufacturing process that helps to avoid mistakes.” (Kanbanize, 2022)
However, the organisation is mindful that even with the most effective processes, there is always the risk of a breach in control and therefore the same Zero Defect focus is required at internal Plant level. 
A number of different improvement philosophies have been embraced by MLUK over the years, while achieving very good quality results. However, the leadership team feel that it is time to re-evaluate the approach being taken and adopt a more inclusive, “systematic” focus, especially at a time where the organisation is embarking on a journey with new technology and products.
“Systematic - Well-ordered, repeatable, and exhibiting the use of data and information so that learning is possible. Approaches are systematic if they build in the opportunity for evaluation, improvement, and sharing, thereby permitting a gain in maturity”. (TQMS, 2015)

















1.6 The Research Project Approach
To gather information and enable an evaluation of the current operation at MLUK, an initial literature review was undertaken. This was then further supported by a programme of action research and statistical analysis.

1.6.1 Literature Review

The purpose of the literature review

To provide understanding of the subject matter

A literature review was undertaken to gain a greater understanding regarding the subject matter, while also undertaking an in-depth evaluation of the tools, techniques, approaches and philosophies available to help facilitate a drive for effective problem solving and continual improvement. This was necessary to understand the approaches available to organisations along with any constraints in their application.

Also a review of any wider considerations was required, such as organisational and cultural influences along with any associated studies, documentation and operational models previously applied.

To gather industry specific information

To gain a broad based viewpoint, a scan of the wider automotive industry was undertaking to identify any common themes and capitalise on lessons learnt. This information was used to identify, understand and overcome any perceived constraints to develop and deploy an appropriate approach at MLUK. 

A key consideration throughout the research project was to engage with key stakeholders, learn from past experiences and fully embrace the power of a skilled and knowledgeable workforce in an organization with over 100 years of automotive experience.  

To study past research

Previous research on this subject matter was evaluated to identify any common themes that may be evident.

The following research media and documentation was used:-
· Books
· Professional journals and publications
· Research papers
· Industry data and OEM publications
· Accreditation bodies
· MLUK data
· Internet web sites

The type of data captured during the literature review

· Qualitative and Quantitative

1.6.2 Action Research

“Action research can be defined as “an approach in which the action researcher and a client collaborate in the diagnosis of the problem and in the development of a solution based on the diagnosis”. In other words, one of the main characteristic traits of action research relates to collaboration between researcher and member of organisation in order to solve organizational problems” (Business Research Methodology, 2021)

The purpose of action research

Information gathering

An action research approach was undertaken to gather and understand first-hand the “as-is” status at MLUK and to identify any potential constraints, especially in the context of a long standing manufacturing organisation. 

Focus areas:-
· Interviews, surveys and focus group activities were undertaken with a cross section of stakeholders, to understand their viewpoints regarding barriers that are in place and also to collate their suggestions for improvement. 
Stakeholders included:-
· MLUK management, employees and Trades Union representatives.
· Managers and employees from other Marelli Plants.
· A cross section of individuals from organisations external to MLUK.

To implement and evaluate potential process improvements 

A “Pilot” improvement project was undertaken to apply key considerations identified during the literature review and stakeholder interactions and evaluate the associated impact in a team based improvement activity. 

Focus areas:-

· The identification of a pilot improvement project at MLUK
· Participation in this improvement project to interact with employees through the use of structured improvement tools and techniques.
· Workplace observation.  

The type of data captured during action research activities

· Qualitative and Quantitative

The Action Research element of this research project included interaction with individuals within and outside MLUK. Approval from the individuals sited has been received while maintaining an ethical approach to project completion.   





1.6.3 Statistical Analysis

The purpose of utilising statistical analysis

Statistical analysis was utilised to apply a structures approach to problem solving and decision making while driving a pilot improvement project at MLUK. This chosen pilot project had an appropriate level of complexity to test the impact of the key considerations identified.

The method used – Six Sigma

The chosen approach for the delivery of the pilot improvement project involved a team based / focus group activity utilising the statistical techniques of Six Sigma and the DMAIC cycle. The Six Sigma methodology was chosen as it provides a disciplined, data-driven approach while focusing on the reduction of process variation. This is appropriate in a highly measureable manufacturing environment. It also drives the use of the most relevant tools and techniques at each phase.  
The type of data captured during the statistical analysis

· Qualitative and Quantitative data 



1.6.4 Quantitative and Qualitative Data

As defined in the research project approach above, a mix of quantitative and qualitative data was gathered and studied.

Quantitative Data

Quantitative data was utilised to give process understanding, while qualitative data was used to help understand the interpersonal aspects associated with the implementation of an organisational improvement philosophy.

Quantitative data formed the backbone for measurable process improvement. MLUK is a manufacturing organisation with a number of key performance indicators providing a representation of process performance. Quantitative data enabled decisions to be made regarding the most appropriate tools and techniques that were required to execute the pilot improvement project and also measure success.

“Quantitative data is statistical and will usually be illustrated by a number. Examples are timings, weight, length etc. You will be able to do calculations and statistics on quantitative date.” (Rob, 2019)

“Quantitative analysis provides analysts with tools to examine and analyze past, current, and anticipated future events. Any subject involving numbers can be quantified” (Keaton, 2020)

Qualitative Data

Qualitative data was required to help capture and understand the opinions and emotions of the people involved in the research project. This was essential to understand any interpersonal or cultural barriers and highlight “why” certain viewpoints and behaviours existed, also how these could potentially have a bearing on the organisations goal of a sustainable continual improvement process. This was also particularly important as the effective application of improvement tools and techniques were dependent on both individual and team based logic to analyse data and allow informed decision to be made. Qualitative data also helped identify potential changes in the attitudes of individuals through the execution of a project.

“The word qualitative implies an emphasis on processes and meaning that are not rigorously examined, or measured (if measured at all), in terms of quantity, quality amount, intensity, or frequency. Qualitative researchers stress the socially constructed nature of reality, the intimate relationship between the researcher and what is studies, and the situational constraints that shape enquiry. They seek answers to questions and stress how social experience is created and given meaning” (Denzin, 1994)


1.6.5 Evaluation of Success

The objective of the research project was to develop a MLUK process for problem solving and decision making within a sustainable system for continual improvement.
As stated above, part of this research included the definition and delivery of a pilot workplace improvement project while utilising the Six Sigma methodology. 
The evaluation of success was as follows: -

Success of the chosen pilot improvement project
The outcome of the chosen improvement project was reviewed as part of the Six Sigma DMAIC process.
This project considered the research findings and their application in a workplace setting, while giving an opportunity to evaluate any improvements in the approach.

Success of the research project – the creation of a MLUK sustainable process for continual improvement
Success was evaluated by reviewing if a systematic process was implemented.
“Systematic - Well-ordered, repeatable, and exhibiting the use of data and information so that learning is possible. Approaches are systematic if they build in the opportunity for evaluation, improvement, and sharing, thereby permitting a gain in maturity”. (TQMS, 2015)

This included the development of a detailed documented “model” for continual improvement at MLUK with key process elements being defined in a high level “Turtle Diagram”, supported by a series of flow charts to providing additional detail of the processes implemented.  Overall process governance was embedded via an organisational infrastructure of monitoring, review and feedback to ensure that the approach was sustainable over time.
“The turtle is a generic diagram used to effectively describe a process. It has similar but simplified structure to the Cause and Effect Diagram created by Professor Kaoru Ishikawa in the 1960s.”  (Ambrose, 2018)
Chapter 2.0: Literature Review
2.1 Problem Solving and Decision Making and Continual Improvement
A literature review was undertaken to gain a deeper understanding into the different principles and philosophies that have been available and utilised in the past and present.
The principles and philosophies of problem solving and continual improvement have been available to organisations for decades. Many of these include detailed approaches and are tried and tested when applied in the working environment.   Fig 7 shows examples of “vehicles” for problem solving and continual improvement.
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                                      Fig. 7 Examples of “vehicles” for problem solving and continual improvement








2.2 The “Gurus”

For decades, detailed quality models and philosophies have been developed by leading Quality “Gurus” along with numerous tried and tested quality and improvement tools and techniques. 

Examples are below: 

2.2.1 W. Edwards Deming 

Deming’s 14 Points

“William Edwards Deming (1900-1993) is widely acknowledged as the leading management thinker in the field of quality….. He derived the first philosophy and method that allowed individuals and organisations to plan and continually improve themselves, their relationships, processes, products and services. His philosophy is one of cooperation and continual improvement; it avoids blame and redefines mistakes as opportunities for improvement.” (British Library, 2021)

Dr. Deming offered a set of 14 Points as shown in Fig.9 (The Deming Institute, 2021) for management to follow to help improve organizational effectiveness. 

PDCA

He also pioneered the Plan, Do Check Act (PDCA) cycle that gave a representation of a continual process for ongoing organisational improvement. This PDCA cycle was also known as the “Deming Wheel” or the “Deming Cycle”, however this improvement model was first introduced to Dr. Deming by his mentor Walter Stewhart of the Bell Laboratories in New York (The Deming Institute, 2021). Please see Fig. 8 showing the continual nature of this approach.
[image: ]
                                                                                       Fig. 8 The PDCA Cycle (The Deming Institute, 2021).




         
         
	Deming’s 14 Points

	Point 1
	Create constancy of purpose toward improvement of product and service, with the aim to become competitive and to stay in business, and to provide jobs.

	Point 2
	Adopt the new philosophy. We are in a new economic age. Western management must awaken to the challenge, must learn their responsibilities, and take on leadership for change

	Point 3
	Cease dependence on inspection to achieve quality. Eliminate the need for inspection on a mass basis by building quality into the product in the first place.

	Point 4
	End the practice of awarding business on the basis of price tag. Instead, minimize total cost. Move toward a single supplier for any one item, on a long-term relationship of loyalty and trust.

	Point 5
	Improve constantly and forever the system of production and service, to improve quality and productivity, and thus constantly decrease costs.

	Point 6
	Institute training on the job.

	Point 7
	Institute leadership. The aim of supervision should be to help people and machines and gadgets to do a better job. Supervision of management is in need of overhaul, as well as supervision of production workers.

	Point 8
	Drive out fear, so that everyone may work effectively for the company.

	Point 9
	Break down barriers between departments. People in research, design, sales, and production must work as a team, to foresee problems of production and in use that may be encountered with the product or service.

	Point 10
	Eliminate slogans, exhortations, and targets for the work force asking for zero defects and new levels of productivity. Such exhortations only create adversarial relationships, as the bulk of the causes of low quality and low productivity belong to the system and thus lie beyond the power of the work force.

	Point 11a
	Eliminate work standards (quotas) on the factory floor. Substitute leadership.

	Point 11b
	Eliminate management by objective. Eliminate management by numbers, numerical goals. Substitute leadership

	Point 12a
	Remove barriers that rob the hourly worker of his right to pride of workmanship. The responsibility of supervisors must be changed from sheer numbers to quality.

	Point 12b
	Remove barriers that rob people in management and in engineering of their right to pride of workmanship. This means, inter alia, abolishment of the annual or merit rating and of management by objective.

	Point 13
	Institute a vigorous program of education and self-improvement.

	Point 14
	Put everybody in the company to work to accomplish the transformation. The transformation is everybody's job.


                                                                                   Fig.9 Deming’s 14 Points  (The Deming Institute, 2021)












[bookmark: _GoBack]
2.2.2 Walter Andrew Shewhart

Statistical Quality Control

Walter Andrew Shewhart (1891 – 1967) was an American physicist, engineer and statistician, sometimes known as the “father of statistical quality control” (ASQ, 2021). He focused on the principles of reducing variation in a process and thus making it possible to predict future process results (Smith, 2009). 

“Shewhart’s work framed the problem in terms of assignable-cause (special cause) and chance-cause (common cause) variation, and introduced the control chart as a tool for distinguishing between the two”, (Lean Six Sigma Definition, 2021)

Control charts are widely used in many manufacturing organisations including the automotive industry where statistical analysis provides an effective way to monitor process performance and the inherent process variation. This also provides a date driven basis for process improvement.

Fig. 10 shows an example of a Control chart (TechQualityPedia, 2020)

[image: ]

                                                                    Fig. 10 Example Control Chart (TechQualityPedia, 2020)









2.2.3 Dr. Genichi Taguchi 

The Quality Loss Function

Dr. Genichi Taguchi (1924-2012) philosophies focused on improving quality engineering at a low cost. (Atkinson, 1990). He defined the “Quality Loss Function” (Kiran, 2013) as the potential loss extended to society by a product not conforming to specification. He stated that this loss would increase through process variation, more specifically, the further a process would deviate from the target specification value. Please see Fig. 11 (Lean Six Sigma Definitions, 2021).

The correct specification limits for the product application were therefore deemed as critical to ensure customer satisfaction. If variation exceeded the prescribed limits, then the customer would immediately be dissatisfied.  

[image: ]
                                                               Fig. 11 Taguchi Loss Function (Lean Six Sigma Definitions, 2021)


Design of Experiments 

Taguchi's Design of Experiments (DOE) methodology focused on gaining an understanding of expected quality and reliability back at the product design stage. This approach paid specific attention to problem solving through the application of analytical tools and techniques. His “Design of Experiments” (Quality Gurus, 2021) approach provided an opportunity to methodically evaluate the impact of different combinations of process inputs in line with the actual process output being achieved. This enabled a more focused approach to product and process design while supporting a reduction in ongoing process variation.

Fig. 12 (Engineering Statistics Handbook, 2021) depicts an example of a 2 level, 3 factor cube plot. Following DOE analysis the optimum process parameters would be established and identified on this format following the experimental evaluation. 
[image: ]

                                                       Fig. 12 Design of Experiments (Engineering Statistics Handbook, 2021)




2.2.4 Dr. Kaoru Ishikawa 

Kaoru Ishikawa (1915 – 1989) is known as the Father of Japanese Quality’. He studied engineering in applied chemistry from the University of Tokyo. Until 1947, he was associated with Nissan after which he started rendering his services as a professor in a university. (Shmula, 2019). 

Dr. Ishikawa believed that company-wide quality control did not just mean the quality of the product being sold. It also included the quality of the management, the company itself, after sales service to the customer, and the human beings involved (Hessing, T., 2021). This involved the support and leadership from top level management to encourage the commitment from all levels within an organisation.


Fishbone Diagram (Cause & Effect Diagram) 

The Fishbone Diagram (Pyzdek T. , 1999) provides a simple graphical approach to display the causes that could potentially contribute to a specific quality problem. The name being associated with its shape as shown in Fig. 13 (Trout, J. Noria Corporation, 2021).

The diagram helps facilitate a structured cross functional team based approach to organise, categorise and prioritise potential causes and thus drive any required action.

[image: ]                                                         Fig. 13 Cause and Effect Diagram  (Trout, J. Noria Corporation, 2021)


7 Quality Tools

Ishikawa also showed the importance of the seven quality tools as shown in Fig. 14. These tools remain amongst the first “go to” techniques when embarking on a programme for quality improvement.


	The Seven Quality Tools

	1
	Mapping

	2
	Pareto Analysis

	3
	Fishbone Diagram

	4
	Histogram and Measles Chart

	5
	Run and Multi-vari Charts

	6
	Correlation and Stratification

	7
	Check Sheets and tally Charts



 				Fig. 14 The Seven Quality Tools (Bicheno & Catherwood, 2006)


Quality Circles

Ishikawa emphasised that every function in an organization should contributes to achieving better quality. He focused on the principals of “internal customers” and “company-wide quality. He believed that this would require the involvement of all employees from the top management to the front-line workers. (QualityGurus, 2021).







2.2.5 Philip B. Crosby 

Philip B. Crosby (1926 – 2001) was a businessman, author and management consultant. His belief was that an organisation with a firm focus on effective quality management principles would achieve savings that would outweigh the cost of the maintaining a quality system: He coined the phrase "quality is free" as he believed that it was less expensive to do it right the first time than to pay for rework and repairs. (Wikipedia, 2021).
His approach to quality was "do it right the first time". He termed the following as the Four Absolutes of Quality Management (Skymark, 2021).
1. Quality is defined as conformance to requirements, not as 'goodness' or 'elegance'.
2. The system for causing quality is prevention, not appraisal.
3. The performance standard must be Zero Defects, not "that's close enough".
4. The measurement of quality is the Price of Nonconformance, not indices.


2.2.6 Dr. Joseph M Juran 

Dr. Joseph M Juran (1904 – 2008) was a Romanian-born American engineer, author and management consultant. (Juran, 2021). He championed a number of key quality management philosophies, including the following:-

The Pareto Principle

The Pareto principal, also known as the 80/20 rule – follows the observations of economist Vilfredo Pareto, whose studies showed that 80% of the land in Italy was owned by 20% of the population. Juran realized that this same 80/20 rule could also be applied to quality issues; he coined the phrase “the vital few and the trivial many” to convey that a small percentage of root causes can result in a high percentage of problems or defects. (Juran, 2021).

From a quality perspective, the application of Pareto Analysis can help highlight the specific defect categories that give the highest contribute to the overall quality performance of a production line. This can therefore prioritise any required improvement action. 

The Juran Trilogy

The Juran Trilogy, also known as the Quality Trilogy (DeFoe, 2019) comprises of three elements that combined contribute to an overall quality management philosophy, namely:-
· Quality Planning – incorporating Quality in Design
· Quality Control – process and operational control
· Quality Improvement – continual drive for reduced variation 

These three elements are depicted in Fig. 15 showing three timelines factored against a vertical axis of the cost of poor quality.
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							Fig. 15 The Juran Trilogy (DeFoe, 2019)
Juran championed the need to “design in” quality at the planning stage and thus reduce the natural variation seen in a manufacturing process. This combined with an effective approach to ongoing process control, would limit the need to rework or re-do activities (believed to be at around 20%). He also focused on the need for continual improvement and a drive for reduced process variation.















2.2.7 Feigenbaum

Dr. Armand V. Feigenbaum (1920 – 2014), was an American engineer and deemed to be the developer of “Total Quality Control” and also the concept of the “Hidden Plant”. (The Feigenbaum Foundation, 2021).

Total Quality Control (TQC)
 
Total Quality Control is an organisational wide philosophy that integrates quality development, maintenance and improvement activities. The key principles of TQC are shown in Fig. 16.

	Total Quality Control

	· Quality is the customer’s perception of what quality is, not what a company thinks it is.

	· Quality and cost are the same not different.

	· Quality is an individual and team commitment.

	· Quality and innovation are interrelated and mutually beneficial.

	· Managing Quality is managing the business.

	· Quality is a principal

	· Quality is not a temporary or quick fix but a continuous process of improvement

	· Productivity gained by cost effective demonstrably beneficial Quality investment

	· Implement Quality by encompassing suppliers and customers in the system.


				Fig. 16 Total Quality Control (The Feigenbaum Foundation, 2021)
The Hidden Plant

This concept that in every organisation a certain proportion of capacity is subject to waste through not getting things right the first time. A figure of up to 40% have allocated to this viewpoint.


2.2.8 Common Themes

While researching the philosophies and associated tools and techniques championed by the Quality Gurus, it can be seen that there are underlying common themes in both content and application (Directly or indirectly). These can be seen in Fig.17, thus signifying that there is a logical and focused approach across all of these philosophies and thus an opportunity for organisations to adopt as part of a drive for continual improvement.   

		The “Gurus” - Common Themes 

	Theme
	Deming
	Stewhart
	Taguchi
	Ishikawa
	Crosby
	Juran
	Feigenbaum

	Customer focus
	X
	X
	X
	X
	X
	X
	X

	Business focus
	X
	X
	X
	X
	X
	X
	X

	Leadership
	X
	X
	X
	X
	X
	X
	X

	Involvement at all levels
	X
	X
	X
	X
	X
	X
	X

	Cross functional working
	X
	X
	X
	X
	X
	X
	X

	Reduction in variation
	X
	X
	X
	X
	X
	X
	X

	Quality by design
	X
	X
	X
	X
	X
	X
	X

	Data driven decision making
	X
	X
	X
	X
	X
	X
	X



                                                                                                            Fig. 17 The “Gurus” Common Themes

2.3 Improvement Models and Enterprise Systems

Improvement Models

In more recent years the philosophies tabled by the Gurus have been “packaged” to provide overarching approaches for organisational process improvement. An example is Six Sigma.

2.3.1 Six Sigma

It is believed that the birth of Six Sigma came from the work of Bill Smith (circa. 1988), a senior engineer and scientist at Motorola who was instrumental in embedding the philosophy in the organisational culture. This was followed by the work of Jack Welsh, the CEO of General Electric in the mid-1990s to align quality improvement activities with the needs of the business. (Breyfogle, 2003). Over subsequent years the philosophy has been widely applied by many organisations to drive continual improvement and support the desired strategic direction. 

In its more literal meaning, Sigma is a Greek term that used to measure variability, and statistically evaluating a process output. The sigma value can be used as part of a calculation to predict and assess conformance to specification and thus the expected defect rates. 

The Six Sigma philosophy encompasses a range of tools and techniques that may be adopted in the drive for a reduction in process variation and overall organisational continual improvement. 

 “The power of the Six Sigma approach comes from taking the best quality contributions from the past and packaging them into a road map for process excellence”   (Bicheno & Catherwood, 2006)

As a model, Six Sigma applies a continual DMAIC cycle as shown in Fig. 18. Each DMAIC phase draws on different tools and techniques that may be applied, many of which have been discussed previously through the philosophies of the Gurus. The cycle itself has a clear similarity to Deming’s PDCA philosophy.
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Fig. 18 The DMAIC Cycle (DeFeo J. , 2020)




















Enterprise Systems

2.3.2 The Baldrige Model / EFQM

“The Baldrige Excellence Framework (and the related EFQM model) provides a holistic approach for leaders to view their organizations as a system rather than a collection of siloed departments or business units.  Its non-prescriptive approach means that all existing quality initiatives, such as Lean or Six Sigma, can easily be integrated under the framework.” (Baldridge Coach, 2021)

The model provides both an implementation and assessment framework while focusing on the key strategic elements for an organisation in both the short and long term. The philosophy behind the model is to lead a business through the adoption of systematic processes.  The non-descriptive nature of the model facilitates a focused approach for leaders to follow by asking the “right questions” and thus adopting their own answers in line with their organisational profile.
Organisations have adopted such enterprise models with great success. An example of which is Tata and their Business Excellence Model. Fig. 19 (TQMS, 2015) which shows the key principles of the model and the fully integrated approach employed.
“One must forever strive for excellence, or even perfection, in any task, however small, and never be satisfied with second best” (Tata, 2008)
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				              	Fig. 19 Tata Business Excellence Model (TQMS, 2015)






2.3.3 ISO9001:2015 / IATF16949:2016

As a Tier 1 automotive organisation, accreditations to Quality Management Systems (QMS) such as IATF16949:2016 (Industry Automotive Task Force) must be adopted by suppliers. Conformance must be audited by designated Third Party accreditation bodies, to allow each supplier to continue supplying products and services to their automotive customers.
“The goal of this Automotive QMS standard is the development of a quality management system that provides for continual improvement, emphasising defect prevention and the reduction of variation and waste in the supply chain”. (SMMT, 2021)
“Rapid changes and improvements in the automotive industry including the pivotal electrification meet ever demanding global carbon targets. This makes maintaining and implementing an effective Quality Management System (QMS) ever more essential. With increased demands from the OEM customer specific requirements including software security, the IATF16949 will help you to ensure quality as you continually improve your processes, reducing costs, eliminating waste and exceeding your customer expectations” (SGS, 2021)
The standard is based on seven Quality Management Principles, including a strong customer focus, the motivation and implication of top management, the process approach and continual improvement.
These Quality Management Principles are defined in Fig. 20 (Quality-one, 2021).

	IATF16949 QMS Principles

	· Customer focus


	· Leadership


	· Engagement of people


	· Process approach


	· Improvement


	· Evidence-based decision making


	· Relationship management



                                                      Fig. 20 IATF16949 QMS Principals (Quality-one, 2021)


2.3.4 Common Themes with Improvement Models and Enterprise Systems 

From the information defined in Fig. 19 and Fig. 20, it can be seen that the foundation elements in these Enterprise Models are typically the same, while aligning to the overarching objectives of the organisation. The approaches involve the development of systematic processes that can be deployed across the organisation, while utilising process driven data to drive effective decision making.


2.4 Customer Specific Requirements
The automotive industry has championed a “journey” to continual improvement and continues to be a leader in the promotion of problem solving and continual improvement philosophies and processes. 

Automotive OEMs (Original Equipment Manufacturer) invest significantly in the development of manufacturing standards, while entire departments are in place for both their own in-house and supplier conformity.

Along with the mandatory requirements, penned out in the ISO and IATF, Tier 1 automotive manufacturing organisations must also adhere to the Customer Specific Requirements (CSR) that are dictated by OEM manufacturers, These are usually deployed by each OEM in the form of a series of specific requirements along with a scoring mechanism that can be audited, usually by the OEM Supplier Technical Department. 

Example of the CSR for key OEM customers of Marelli are defined in Fig. 21.
	Automotive CSR

	Jaguar Land Rover 
	JLR Q / eMSA

	Renault Nissan Alliance
	ASES

	Stellantis
	QSB+

	VAG
	VDA


Fig. 21 Automotive CSR
These CSR provide a focused approach for the Tier 1 organisation to follow, while underpinning a philosophy or continual improvement.

2.5 Problem solving and decision making and continual improvement - Conclusion
From the research undertaken in this chapter, it can be seen that there are wide ranging options to support organisations on their journey to improvement. These include tools, techniques and philosophies along with detailed tried and tested business systems that have shown proven improvement results, if implemented correctly.
 Supply chain accreditation requirements drive mandatory adherence to the use of these practices where independent 2nd party (Customer) and 3rd part (Accreditation Body) audits assure conformance. 
However recent industry data signifies a common theme where automotive manufacturing organisations are struggling to implement effective processes for problem solving and decision making as part of a continual improvement philosophy. Chapter 3 gives two recent examples.





Chapter 3.0: Recent Industry Data
3.1 Automotive Industry Action Group (AIAG) & Deloite – Quality 2020

The AIAG, an organisation that comprises of 22 automotive OEMs and suppliers collaborated with Deloitte to undertake a survey to establish the challenges facing the automotive industry. This survey was called “Quality 2020” (AIAG, Deloitte, 2021). Results showed that the ability to undertake effective problem solving was seen as a critical focus area.

“The fact that the majority of survey respondents describe themselves as only moderately capable at problem solving is interesting and concerning,”  David Kneisler, vice president, global quality for Dana Holding Corporation and chairman of the AIAG board of directors. (AIAG, Deloitte, 2021)


3.2 Industry Forum (IF) – 2019

An analysis was undertaken by IF into the results of IATF16949:2016 audits in 2019 and the Major Non-conformances that had been raised (UK and globally). Problem solving highlighted in top 3 in both categories with the UK breakdown shown in Fig. 22 (IF, 2019).

[image: ] 
                                                                                                    Fig. 22 IF, Nonconformity Analysis (IF, 2019)

With all the available “vehicles” to guide and aid organisations, it is still unclear why so many organisations are struggling to deploy a sustainable process.




3.3 Recent industry data - Conclusion
As discussed in Chapter 2 of this research, in principal, many vehicles exist to help organisations implement effective processes for problem solving and decision making and drive a focus for continual improvement. 
However the industry data signifies that there is no instant “magic wand” available to enable a transformation to take place. This is interesting as the organisations involved in the above data gathering exercise are typically established automotive supply chain organisations that are already applying many of the above tools and techniques as part of their Quality Management Systems. 
Therefore the reasons behind organisations failing to embed sustainable approaches to problem solving and continual improvement may not lie totally with the tools and techniques adopted, rather as a result of wider organisational and behavioural issues. 
These wider organisational issues could therefore potentially be a major contributing factors to the success or failure of improvement programmes.


































Chapter 4.0:  Previous Research

4.1 Previous research - Why Problem Solving Activities and Improvement Programmes Fail within Organisations 

While considering the information gleaned in Chapters 2 and 3, it was interesting to explore previous research undertaken on the subject matter.

 There has been a number of research papers written on the topic of why problem solving activities and improvement programmes fail within organisations. The following are examples, along with a brief overview of their content and also similarities in the resulting findings: - 


Maarof, M., & Mahmud, F. (2015, October 5th). “Science Direct” - A Review of Contributing Factors and Challenges in Implementing. (Mahmud & Maarof, 2015)
In the above article published in “Science Direct”, the authors review certain influences that could contribute to the effective implementation of Kaizen in small and medium enterprises. The authors concluded that common themes did exist across different organisations, regardless of size when embarking on a journey of improvement.

“It appears some similarities exist between small and medium enterprises, and large companies in terms of the contributing factors in implementing Kaizen”. (Mahmud & Maarof, 2015)

The paper emphasises the following aspects:-

Involvement of people at all levels - “Kaizen, if implemented correctly, can encourage employees to think differently about their work and boost the morale and the sense of responsibilities among the employees regarding their workplace. This is because through the empowerment given by the top management, employees will start to feel that they are also partly involved in the decision-making and improvement process” (Mahmud & Maarof, 2015)

The adoption of structured tools and techniques - The authors discuss the importance of applying structured tools and techniques as part of the improvement journey, such as PDCA, 5-Why and Value Stream Mapping.  These provide a data driven approach and encourage the participation of a cross functional team.

The need for top management commitment and a clear corporate strategy - “Kaizen strategy through top management commitment guided by the Deming cycle also known as Plan-Do-Check-Action (PDCA) cycle can be used as a tools to solve cross-functional issues involving various function in the organization. A clear Kaizen strategy and policies can provide good support and direction towards Kaizen implementation such as a more effective resource allocation” (Mahmud & Maarof, 2015)









Conn, C., & McLean, R. (2020, September 16th). “Mckinsey & Company” - Six problem-solving mindsets for very uncertain times (McLean & Coon, 2020)

In a paper published on “Mcinsey.com”, the authors define “6 mutually reinforcing approaches” to applying effective problem solving initiatives, namely (McLean & Coon, 2020) :-

Approach 1 - Being ever-curious about every element of a problem.
Approach 2 - Being imperfectionists, with a high tolerance for ambiguity. 
Approach 3 - Having a “dragonfly eye” view of the world, to see through multiple lenses.
Approach 4 - Pursuing occurrent behavior and experimenting relentlessly.
Approach 5 - Tapping into the collective intelligence, acknowledging that the smartest people are  
                        not in the room.
Approach 6 - Practicing “show and tell” because storytelling begets action (exhibit).

“Great problem solvers are made, not born…... These leaders learn to adopt a particularly open and curious mindset, and adhere to a systematic process for cracking even the most inscrutable problems.” ” (McLean & Coon, 2020)


Diderich, C. (2013, August). “innovate.d” -  Solving the wrong problem (Diderich, A key reason for failure: Solving the wrong problem, 2013)
In a paper published by “innovate.d” the author identifies three issues that contriubuted to the failures in effective problem solving.
“Identifying and solving business problems is at the heart of the everyday activities of any senior manager and executive. Therefore, one would think that managers and executives are good at identifying and solving business problems. Unfortunately, experience shows that this is not the case. Most failures identified can be explained by one of the following three issues or a combination thereof.” (Diderich, A key reason for failure: Solving the wrong problem, 2013)
ISSUE 1 – Jumping to a solution before the actual problem has been identified.
ISSUE 2 – Dealing with the symptoms rather than the root cause.
ISSUE 3 – Re-interpreting a business problem as a technology problem.









“Education-Business-Articles”. (2021, November 15th) - Why Problem Solving in Business Usually Fails. (eba, 2021)

In a paper published by “Education Business Articles”, the author defines key issue as to why problem solving initiatives fail. The paper states the importance of following a Framework for Effective Problem Solving such as a PDCA cycle. 

“By following this PDCA framework, it’ll allow you to tackle a problem and give it the time and understanding it deserves.” (eba, 2021)

The paper states that the following rules should also be applied:-

Rule number 1 – To use both data and theories and to never just use opinions to come to a conclusion.
Rule number 2 – Resist ‘jump-to-the-end’, rather follow the correct process to confirm the details of the 
                               investigation and the identified root cause.
“You only have a certain number of resources, so time and effort must be spent on the right things. Otherwise, you’ll find that problems mount up, rather than go away.” (eba, 2021)

Marchwinski, C. (2012, May 20th). “Lean Enterprise Institute” - Why Do Problem-Solving Projects Fail?  (Marchwinski, Why Do Problem-Solving Projects Fail?, 2012)
In a paper published by the “Lean Enterprise Institute” the author references the work of Eric Ethington, who is a fellow of the Lean Enterprise Institute.
“Based on his experience with companies pursuing lean transformations, Eric Ethington, a fellow at the Lean Enterprise Institute (LEI), knows that most traditional problem-solving projects fall far short of expectations.” (Marchwinski, Why Do Problem-Solving Projects Fail?, 2012)
The following points are referenced (Marchwinski, Why Do Problem-Solving Projects Fail?, 2012) :- 

· No agreement among stakeholders on what the problem is
· No buy-in among team members
· Poor planning
· Lack of management support
· Leadership changes
· Changes in scope
· Lack of follow-up
· A new “fire” erupts
The use of structured tools and techniques such as the A3 approach for problem solving execution is recommended. 
“The A3 report is one of the many Lean management tools developed as part of the Toyota Production System (TPS)…. Isao Kato (former manager at Toyota) describes it as a hybrid between the PDCA cycle and Toyota’s philosophy to make things visible. The name A3 comes from the European A3 paper size corresponding to 11-inches by 17-inches or 29.7cm x 42cm.” (kanbanize, 2022)
Six Sigma Daily. (2018, January 4th) - Maybe You’re Just Doing It Wrong: Addressing Common Six Sigma Challenges. (Six Sigma Daily, 2018)
In a paper published by “Six Sigma Daily” the author tables some of the common issues identified during the implementation of Six Sigma projects.
“Challenges arise not with Six Sigma itself, but with how it is applied and the people who apply it” (Six Sigma Daily, 2018)
The following points are detailed (Six Sigma Daily, 2018):-
Low Information - It is important that people understand the rules of Six Sigma prior its application. Without this undertanding it is difficult to apply effectively.
Resistance to Change - There is a general resistance to change in the workforce due to having worked in a certain way for many years, regardless as to how inefficient that way of working is. This applies to managers and employees alike. This is not as a result of logic but rather emotions and people are fearful of the impact of change to them as individualss.
No Management Buy-In - Management commitment is essential or it will not work. A long term commitment is required. To achieve this there must be a realisation of the benefits of following a structured process for improvement.

Spradlin, D. (2012, September). “Harvard Business Review” - Are You Solving the Right Problem?  (Spradlin, Are You Solving the Right Problem?, 2012)
In a paper published in the “Harvard Business Review” the author emphasised the importance of placing the right amount of rigour into problem solving initiatives
“The rigor with which a problem is defined is the most important factor in finding a good solution. Many organizations, however, are not proficient at articulating their problems and identifying which ones are crucial to their strategies. They may even be trying to solve the wrong problems—missing opportunities and wasting resources in the process. The key is to ask the right questions,” (Spradlin, Are You Solving the Right Problem?, 2012)

The following steps are detailed (Spradlin, Are You Solving the Right Problem?, 2012):-

Step 1: Establish the Need for a Solution - To clearly define the specific need to solve the problem, the desired outcome and the benefits expected for effective execution. These items should be defined in a straight forward, simple and understandable format. 

Step 2: Justify the Need - As effort and resources will be undoubtedly needed to solve the problem, clear and measurable benefits must be defined.

Step 3: Contextualize the Problem - To save the time and resources required, any past efforts or lessons learnt should be evaluated (both within and outside the organisation). Also to define any potential constraints as early as possible, so that any potential roadblocks can be removed.

Step 4: Write the Problem Statement – Clearly define the information gathered in Steps 1 to 3 to support overall organisational buy-in.

Tanjuakio, K. (2020, February 12th). “Forbes” - Three Critical Reasons Process Improvement Fails.   (Tanjuakio, Three Critical Reasons Process Improvement Fails, 2020)
In a paper published in “Forbes”, the author details 3 key reasons that process improvement initiatives fail (Tanjuakio, Three Critical Reasons Process Improvement Fails, 2020):-
“We’ve all experienced painful processes. Maybe it was a process that made everyone on your team miserable. Perhaps a process made customers unhappy, or caused costs to rise and profits to fall. Well-intentioned organizations implement solutions to improve bad processes, but they often fail. Have you ever seen a solution implemented but the problem remained? Unfortunately, this happens all the time. Why? After helping 200,000-plus people in Fortune 500 companies, government, educational institutions, nonprofits and every type of organization in between, I’ve found a few common themes that are present when process improvement efforts fail.” (Tanjuakio, Three Critical Reasons Process Improvement Fails, 2020)
The following are the three reasons identified Tanjuakio, Three Critical Reasons Process Improvement Fails, 2020):- 
1. Not Digging To The Root Cause Of The Problem – Even with the best intentions, individuals often jump into solution mode before fully analyzing the issue at hand and methodically arriving at the true root cause.
2. Not Involving The Right People – If the right people are not involved in the process then it may be very difficult to maintain a sustainable solution.
3. Not Building A Problem-Solving Culture – Organisationally, a sound foundation of trust and transparency must be nurtured for improvement activities to be successful.























While reviewing the conclusions drawn from these previous research, a number of common themes emerge, many of which are organizational in nature, and these are:

Leadership
· Style – To give consideration to the leadership style adopted while showing visible commitment and support.
· Strategic alignment – To ensure that the alignment of improvement activities to the organisational strategy is clear and logical.
· Communication – To provide a common understanding to all stakeholders, including the clear need and benefits of each improvement initiative.
· Promoting an environment for effective problem solving – To provide the required structure, time and resources, while ensuring involvement of all stakeholders.

Training and Development
· Application of tools and techniques – To apply tools and techniques correctly, methodically and thoroughly while continually adopting a data driven approach.
· Involvement of the right people – To consistently use cross functional teams from all levels and encourage input and ideas.

Organisational Culture 
· Resistance to change – To understand any potential resistance, while maintaining effective communication and involvement all stakeholders.

To gain a greater understanding of the potential impact of the above themes, further research was undertaken in line with these organizational factors and how they could possibly effect the implementation of continual improvement initiatives.

4.2 Previous research - Organisational factors 

The themes identified during the literature review have been debated and studies by numerous writers and theorists. The following gives additional insight into organizational level items that are required to support effective operational control. 

4.2.1 Leadership

There are various styles and approaches that can be adopted especially as the leader’s job is to interact with the most divers and unpredictable entity on this planet, namely human beings. It is therefore important that leaders understand and appreciate the behaviors and traits of the workforce. 

Style - Understanding the needs of employees

“Theory X” and “Theory Y” (McGregor, 1960)

Douglas McGregor, categorised employees into two groups, namely “Theory X” and “Theory Y”. This was based on management assumptions regarding employee motivation.  He believed that these assumptions could in turn have an effect on the management style adopted.  “Theory X” relates to the average person who does not particularly like work, is unambitious and requires a high level of control, and conversely “Theory Y” where employees are keen to achieve, take on responsibility and be creative in their jobs when given the chance.  

However employees’ viewpoints to their work are more complex, especially in a long standing organisation with a wide ranging employee demographic and leaders must embrace this. Many individuals will undoubtedly be categorised as “Theory X” as they have no particular ambition for advancement or seek further responsibility. However this may not mean that they are negative to their jobs or need a high level of control. Often, these individuals hold a vast amount of experience and tacit knowledge. With fair working conditions and effective communication processes, these individuals may always strive to do their current role to the best of their abilities and be ambassadors for the organisation. These individuals are often key to an organisation through their hard work and consistency.  In turn “Theory Y” individuals may be nurtured and developed to drive the organisation forward through processes for Talent Management.   

Strategic alignment / Communication

 “Transformational Leadership” (Bennis & Nanus, 1985)

Warren Bennis and Burt Nanus developed the approach called Transformational Leadership while identifying four strategies that leaders should use when trying to transform their organisations. These are shown below:- 
· Strategy 1 Develop a clear and understandable vision for the organization.
· Strategy 2 Act as social architects for the organization by changing the organizational culture.
· Strategy 3 Create trust throughout the organization by making explicit their values and views.
· Strategy 4 Identify their own strengths and weaknesses and encourage others to do the same.
Promoting an environment for effective problem solving 

“Action Centred Leadership” (Adair International, 2017)

John Adair proposed a practical approach to Leadership in his model showing three interdependent elements, namely:- 
Task 		– 	will require a team approach as it cannot be achieved by one person alone.
Team 		– 	will need a task to focus on.
Individual 	- 	needs have to be met for the team to work. 

He defined 8 leadership functions:
1. To clearly define what is required and to SMART objectives.
2. To create a plan and identify contingencies.
3. To maintain peoples involvement. 
4. To monitor, control and delegate appropriately.
5. To review and assess performance.
6. To maintain motivation.
7. To organise.
8. To lead by example.








4.2.2 Training and Development

Involvement of the right people

In 1969, Dr. Meredith Belbin, , deemed to be one of the original 'gurus' of Team Building, embarked on a nine year study of team behavior. Various team compositions based on individual behavior and intellect were studied against a series of measures of success. Results showed that teams with a diverse mix of individuals had more success than teams purely formed on members’ intellect. The variation in the personal characteristics of the diverse team were seen to align better with a series of team roles that are deemed necessary for success. These unexpectedly poor results seen with teams formed of people who were all high achievers with very analytical minds, he called this the “Apollo Syndrome”.
“Diversity of members is paramount, rather than take a high achiever focus of the Apollo Syndrome” (Belbin, 2010)
4.2.3 Organisational Culture 

Resistance to change - Long standing organization / Custom and practice

In any organisation, change is inevitable and as with any programme focusing on improving a working practice, there will be an element of skepticism.  MLUK has been producing parts on the current site for over 80 years and with a skewed age demographic, many long lived ways of working and a deep rooted cultures exist. 

 “Culture refers to a company’s values, traditions and operating style…… In a sense the term describes how people view the workplace and how things are done” (Harvard, 2005)

“Change management enables employees to adopt a change so that business objectives are realized. It is the bridge between solutions and results, and is fundamentally about people and our collective role of transforming change into successful outcomes for our organizations” (Hiatt & Creasey, 2012)

The “Eight Step Model” – John Kotter (Cameron & Green, 2015)
The “Three-Step Change Model” - Kurt Lewin 1947 (Connelly, 2016)

In his book “Leading Change”, John P Kotter states “Establishing a sense of urgency is crucial to gain needed co-operation” (Kotter J. , 2012) and this lead to the developed his eight stage model. This model has similarities to the writing of Kurt Lewin, who developed his three stage theory of change model. These elements associated with these two models are shown in Fig. 23.

	Change Models

	Lewin’s 3 Step Change Model
	Kotter’s 8 Step Model

	Unfreeze
	Create a sense of urgency

	
	Build a guiding coalition

	
	Form a strategic vision

	
	Enlist a volunteer army

	Change
	Enable Action

	
	Generate Short Term Wins

	Refreeze
	Sustain acceleration

	
	Institute change


							Fig. 23 Change Models
Chapter 5.0:  Application of Previous Research to MLUK

Considering the previous research and general themes identified, the associated rational was applied in line with the current operation at MLUK and the following hypothesis were defined. These hypothesis were evaluated and a number of key considerations for MLUK were subsequently identified: -

Hypothesis 1: Leadership 

1.1 Organisational leadership has not fully and systemically aligned improvement activities to the key needs of the organizational strategy.

There is a need to “link the strategic thinking to the CI effort and align the company’s Vision, Mission, Values and Goals” (Soliman, 2017)

“When your organisation takes a systems perspective, your senior leaders focus on strategic directions and customers. Your senior leaders monitor, respond to, and manage performance based on your results. With a systems perspective, you use your measures, indicators, core competencies, and organisational knowledge to build your key strategies, link these strategies with your work systems and key processes, and align your resources to improve your overall performance and your focus on customers and stakeholders”. (TQMS, 2015)

Key considerations for MLUK: - While considering “Transformational Leadership” (Bennis & Nanus, 1985), the benefits of process improvement should be clearly expressed along with the alignment to organisational success, and how it is dependent on each employee to support its successful implementation. 

1.2 Organisational leadership do not fully foster the environment for continual improvement.

“Leadership is a process whereby an individual influences a group of individuals to achieve a common goal” (Northouse, 2019)

Key considerations for MLUK: - While considering “Theory X” and “Theory Y” (McGregor, 1960), these individuals are present in most organisations including MLUK. The different needs of a demographically varied organisation must be considered. Emerging talent must be nurtured, however the knowledge of long standing employees should be embraced and capitalised on. This experience is of vital importance when undertaking problem solving and continual improvement.   

The 8 leadership functions defined in “Action Centred Leadership” (Adair International, 2017) aligns with many of the tools and techniques and improvement models available to drive a problem solving and continuous improvement philosophy. MLUK should develop a documented systematic process for continual improvement that includes both the structured “hard skills” that are needed to apply each tool and technique, along with the behavioral “soft skills” of communication, direction and employee motivation.  







Hypothesis 2: Training and Development 

2.1 The organisation relies on external training in tools and techniques and only involves more technically biased employees. 

“For many employees, on-the-job training methods are the perfect choice since they allow trainees to learn in an interactive, hands-on environment, which often leads to better knowledge retention and more refined skills.” (Skentelbery, 2018)

Key considerations for MLUK: - Considering the content of many of the tools and techniques required for problem solving and decision making, formal training delivered by accredited training providers is required. This is needed so that key individuals will get the required knowledge to understand the rationale behind the tools and techniques and thus apply correctly. However to capture valuable “real world” experience, get buy in and encourage involvement from the people doing the job every day, general workplace training may be undertaken with team members when facilitating improvement projects. 


2.2 The organisation does not fully capitalise on the diversity and broad based knowledge of the wider workforce

“If you implement solutions without involving the right people in the problem-solving process, the changes won’t stick- and worse, the implemented solution may be totally wrong” (Tanjuakio, Three Critical Reasons Process Improvement Fails, 2020)

Key considerations for MLUK: - As with many manufacturing organisations, most issues experienced at MLUK have a significant technical element. This can drive the need to involve technical expertise such as engineering personnel in the root cause analysis. Even though this is often essential, it is easy to fall into the “Appolo Syndrome” (Dr. Meredith Belbin).  However with a rich knowledge base in shop floor personnel across the organisation, an untapped resource exists. 


Hypothesis 3: Organisational Culture and Resistance to Change

3.0 The organization does not fully embrace the fact that a rich deep rooted culture exists with  many years of custom and practice and experience

 “Culture refers to a company’s values, traditions and operating style…… In a sense the term describes how people view the workplace and how things are done” (Harvard Business Essentials, 2005)

“When evolving a culture of continuous process improvement using associated methodologies such as Six Sigma or Lean, the ultimate goal is to improve business performance. An important factor is changing the underlying culture of an organization. It is important to define culture in terms of the organization, and to understand its ramifications to the organization. Culture is how an organization classifies, communicates and acts in a given situation. Therefore, effective cultural change is the result of changed norms and beliefs of individuals reinforced by actions supporting the desired change” (Hajek, 2020)




“To get buy-in the following 3 steps may be followed” (Spradlin, Are You Solving the Right Problem? , 2012)

Step 1 – Establish the need for the solution.
Step 2 – Justify the need.
Step 3 – Contextualise the problem.

Key considerations for MLUK: - The fact opinions will vary across employee groups must be embraced, as there may be an element of fear of the unknown. Positive elements exist within the rich and often untapped knowledge pool available. A sense of “need” must be created, through communicating the benefits of the improved working practices.  Also as with every instance of workplace change, consideration must be given to the potential elements that may give resistance. To facilitate the change process, consideration may be given to The “Eight Step Model” – John Kotter (Cameron & Green, 2015) and the “Three-Step Change Model” - Kurt Lewin 1947 (Connelly, 2016).



Hypothesis 4: Data Driven 

4.0 The current approach adopted by the organization does not consistently use data to drive decision making for all problem solving activities.

“A world of unlimited possibility is confusing and threatens to overwhelm us with a mass of fact an idea that can’t be handled, so we are happy whenever we can to persuade ourselves that we already know enough to rule out some of the possibilities” (Becker, 1998) 

“Our brains make sense of massive numbers of data points by imposing patterns that have worked for us and other humans in the past” (Conn & McLean, 2020)

Key considerations for MLUK: -   As with any long standing organisation, many issues arise over a long period of time. These issues will have been analysed and resolved.  When similar issues again arise it is often the case where there is an instant urge to relate back to the previous work done and without further investigation jump straight in to the causal factors and apply the same solutions. This may be due to the same people working on the issues or a sense of saving time on the root cause analysis process (or a mix of both).















Chapter 6.0:  Action Research - Questionnaires, Interviews and Focus Groups

6.1 Approach

To test the above hypothesis and to understand first-hand the potential barriers, especially in the context of a long standing manufacturing organisation such as MLUK, additional data gathering was undertaken in the form of interviews, questionnaires and focus group interaction. Fig. 24 shows a matrix of each approach and the associated interactions.

	Questionnaires, Interviews and Focus Group Matrix

	Category
	Operational Level
	Group
	Format

	Interviews
	Senior Leadership
	Marelli Global Management
	General discussion regarding own experiences and suggestions - 
Please see Chapter 6.2

	
	
	Marelli European Management
	

	
	
	MLUK Plant Management
	

	
	
	Senior Leaders outside the Marelli Group
	

	Questionnaires
	Manager / Supervisor
	MLUK Departmental Management / Supervisors
	Fixed questionnaire format with opportunity to add comments  - 
Please see Chapter 6.3
For copies of blank questionnaires, please see Appendix 1

	
	Engineer
	MLUK Engineers
	

	
	Co-coordinator
	MLUK Line Co-ordinators
	

	Focus Groups

	Operator
	MLUK Production Operators
	General discussion regarding how the organisation could improve the approach to problem solving and continual improvement
Please see Chapter 6.4


			                               Fig. 24 Questionnaires, Interviews and Focus Group Matrix

6.2 Interviews

Interviews have been undertaken with a number of senior leaders both within and outside Marelli. The objective was to gather qualitative information by encouraging open unguided dialogue, thus drawing on their experiences and viewpoints regarding potential barriers that could exist and also to collate their suggestions for improvement.

The following are quotes captured during these interviews. 

6.2.1 Marelli Senior Leadership
										
Phil Miers – Operations Director 

“We as leaders must ensure that we are working on the right things, the critical things that will help the organisation move forward. We have a detailed strategy so we need to make sure that our improvement efforts align with this. We already have many good effective processes across the organisation so it’s not a case of re-inventing the wheel as in many instances it’s more a case of adapting and aligning what we do. This site has been here for many years and we have a wealth of experience in the organisation. We need to make sure that we take advantage of this. To do this we must create people who are “improvement champions”, these will be our “boots on the ground”, working with teams and ensuring that we are data driven and follow a robust process. We as leaders must support and guide these individuals. Across the organisation people will naturally have different viewpoints regarding any sort of changes that need to be done, but we, along with our champions need to educate and “bring everyone along”. I can explain better in a diagram (Fig. 25). The diagram shows the x axis is the number of people and a y axis as the level of buy in. At a point in time you will always have a natural distribution around how people feel, positive or negative. We must move this distribution along the y axis to engage more people. We can do this with the team we have at MLUK” (Miers, 2021)

[image: ]

						       Fig. 25 “Bringing Everyone Along”  (Miers, 2021)

Michal Gruszka – Global SQA Manager

“Continual improvement of all processes in the organization is the only one way to ensure constant development of the organization and keep short distance to market. Proper CI system have to be clear across all level of the organization, to ensure that PDCA methodology is in use and decisions are taken on the base of deep understanding of the problem. There is no decision on the base of bias, just facts (sometimes brutal). There must be Commitment from plant leadership and leading by example is the only one way to ensure that CI activity is not some parallel program disconnected from daily activity in the plant. Leaders and their support is crucial and we must do this well to foster an environment to encourage people. Timing is the biggest challenge, but I believe that if there is an understanding of goals that are SMART, full consideration can be given to the existing workforce and budget and changes can be made.” (Gruska, 2021) 




Alan Norris – Plant Manager, Marelli

“In many respects we are fortunate that we have a good product which can be seen in our PPM and Warranty results. Also we have very good working relationships with our customers. These relationships have been built on our ability to be flexible, supportive and by being data driven. We are very good at dealing with customer issues when they arise and there is certainly an opportunity for us to exercise this rigour to internal issues and challenges. We find the time to adopt a very analytical approach when dealing with customers and we could also ensure that we find the time to do the same internally. We have very experienced and talented people on site. Let’s face it we have been here for over 80 years and have individuals that know our products inside out. We could tap more effectively into this resource as many are enthusiastic to help make improvements” (Norris, 2021)



6.2.2 Senior Leadership - External to Marelli

Additional interviews were also undertaken with individuals external to the business as follows:-

A senior leader from another global Tier 1 organisation, namely Tata Steel. 

Martin Brunnock – Hub Director 

The organisation has a number of local manufacturing facilities. This was to gain understanding of how improvement activities had been effectively deployed in another local long standing organisation with a similar deep rooted culture. 

The following are key items that were fed back:-

“It is key to have senior leadership commitment and support. In our facilities the improvement drive is led by the Business Management Team. It is important that as senior leaders, we agreed our own way of working and lead by example – ruthlessly prioritising out top three issues, provide time for problem solving as a team. As we became aligned, we could eliminated any silo working and moved forward as an integrated unit.  A clear benefit was to give our improvement drive an identity (we called it Sustainable Operational Excellence [SOE], so that each individual could relate to what we were doing. We ensured that time was allocated to those implementing the improvements and diarised a series of plant visits to see the work first hand (we called this Go Look See, which became common language within the business), while offering assistance as required. We provided the right environment and then “extended trust” to our people. We have seen many successes through implementing this way of working” (Brunnock, 2021)








A national organisation to develop a common approach in achieving sustainable continuous improvement for the Automotive Industry in Wales, namely the Welsh Automotive Forum.

Robert O’Neil – Chief Executive

“This is a really interesting question to ascertain and determine why methodology is preached but not practiced. Having spent many years in the automotive industry I have been fortunate to liaise with a wide variety of organisations and experiences world class products and process performance. Also to meet many inspiring people and discussed the different things that they have done to create and implement effective improvement practices. Examples are as follows:-
· It starts at the top. For any initiative to be successful there must be Management buy-in. Without it then implantation of new cultures, methodologies, approach, and decision making become problematic 
· For any initiative to be successful, there must be dedicated resource. Also what has been effective for many organisations is to allocate team champions (Improvement Champions) to drive such initiatives. This will help foster interest from the wider population. 
· Engagement and empowerment of all associates is crucial. These are the individuals doing the jobs every day. Why not make use of the “free” asset that you are paying for. Employees have the minds/brains and creativity to generate improvement suggestions
· There are many advantages in dedicating small Kaizen teams across the organisation. This is an effective way to promote continuous improvement, highlight issues and potential benefits/cost savings.  By using structured tools and techniques to present real life data, these teams can illustrate to the decision makers what actions could be taken
· Give ownership and responsibility for work areas. Encourage activities such as 5s principles to support efficiency and productivity
· Focus on bringing quality into the process to avoid waste, scrap and promoting efficiency and CI
· It is vitally important to measure the right things and keep KPIs clear and visual. Ensure that data is timely and accurate while keeping it focused and simple.  There are leading OEMs which have approaches that are not based on fancy colour print outs,  rather simply red, yellow and  green hand written documents using marker pens. This is all that is needed to highlighting where the FOCUS areas are
· Look at the principals of Daily Management so that issues are addressed in real time and thus promote effective & quick decision making)
· CI often means a cultural change. The focus must be to embed as part of everyday business life. This is probably the biggest barrier. However considering the points we have discussed this can become a reality.”
(O’Neil, 2022)











A management consultant and trainer that has worked closely with Marelli and many other Tier 1 automotive organisations, namely Eclipse Consultancy.

Nigel Thomas – Managing Director

The organisation has worked closely with Marelli for a number of year while delivering numerous training and development programmes in Leadership and also process Improvement. The individual interviewed has a vast experience working as a senior leader in various Tier 1 automotive manufacturing organisations including Bosh and TRW Steering Systems.

“This is a great topic and one that I have encountered more than once during my career. I will firstly give a few points detailing my personal thoughts on continual improvement programmes based on my actual experience.
· People don't know that they know! It took me a while to work out what questions to ask to facilitate discovery and draw out information
· I have seen that knowledge that is deemed vital is most often tacit and therefor needs to be made explicit
· It is easy to confuse activity with effectiveness
· There is a tendency in fledgling improvement teams (understandably) to want to focus on personal/human issues not on the 4Ms.
For example, (and these are real examples) - The chairs on final assembly are too hard. The car park is too remote and we walk into work in the pouring rain and sit in wet clothes. When the roller door is up for the wagons, it's too cold to concentrate
· There are some absolutely critical planks that have to be in place as a base.
1. To create teams not work groups
2. To focus on 5S 
3. To understand Value Stream Mapping.
· Probably the biggest obstacle to continual improvement is middle management. They were put in place by the current system and "we've always done it this way". And they quite often see it as an attack on them personally. Invariably they potentially should have seen these issues and put them right, so they hide things.

Having worked in both “Greenfield” and "Brownfield" sites, I saw some distinct differences with regard to continual improvement processes.
When I joined Bosch (a “Greenfield” site, my payroll number was 0002) I thought it couldn't get any better. No paradigms, no custom and practice from the unions and handpicked personnel from a diverse group of companies. But when we introduced BITS - Bosch Improvement Teams, we realised that we had no "wise men". No one had built an alternator before. 
In TRW (a “Brownfield” Side) if I had a problem on the “Cones”, I could stroll over to the Hagen & Gobbel and ask a person who had worked there for 10 years if he'd seen anything like this before, and invariably, he had.
But what we did have in Bosch in those early days was real team work, high motivation, and lateral thinking.”
                (Thomas, 2022)



6.2.3 Interview Responses – Themes and Key Considerations for MLUK

While reviewing the valuable feedback received from the Senior Leaders interviewed, Fig. 26 provides a consolidated list of themes for further consideration and action.

	Interview Responses

	Theme
	Key considerations

	Leadership
	It is important that improvement activities must be in line with the needs of the organisation. This “need” must be communicated to employees to get their understanding and support.

	
	Clear and visible leadership and commitment is required for improvement initiatives to have credibility.

	
	There must be a leadership understanding that for improvement activities  to be done effectively, appropriate time must be allocated.

	
	Leaders must be prepared to empower staff. To do this, the right level of communication, guidance and training is required. There must be the feeling that individuals can make decisions while knowing that support is there if required

	
	Leaders need to show clear interest in the efforts of improvement teams and be seen to interact with individuals.

	
	Typically, a firm focus is given to addressing any customer related issue or improvement opportunity. The same rigour should be given to internal processes.

	Training and Development
	To ensure that training and development is undertaken in line with business needs and is also appropriate to the task and individual. A balance should be truck between formal and on the job training. 

	
	To embrace the benefit of allocating “Improvement Champions” to work with workplace teams and facilitate the drive for improvement.

	Organisational Culture
	With long standing organisations, it must be mindful that there are already a number of robust, tried and tested processes and ways of working in place across an organisation. These must be embraced and not changed for “the sake of change”, rather learn from what works well. 

	
	The deep rooted knowledge and experience of long serving employees must be embraced and nurtured.

	
	Leaders and improvement champions can work with individuals across the organisation to help give logic to any change that is required and alleviate any scepticism or resistance.



							          	Fig. 26 Interview Responses












6.3 Questionnaires

Questionnaires were issued from a cross section of employees across Marelli.  The objective was to collate quantitative data through graphical analysis along with qualitative information to help understand the “as-is” regarding employees perceptions of the organisations approach to problem solving and continual improvement. Also to allow employees to give their feedback in line with each question asked.

Prior to issuing questionnaires to the chosen population, a small pilot study was undertaken by sending a questionnaire to a representative from each department across Marelli. Feedback was positive and confirmed the appropriateness of the questionnaire content. The questionnaires were subsequently sent to the wider population.

The results from the responses to questions are graphically presented below, along with examples of the comments fed back against each question posed.  

Copies of each questionnaire is shown in Appendix. 1

6.3.1 Graphical Results

MLUK Manager/Supervisor

Question 1.  Do you feel that we view continual improvement as a strategic activity in the Plant?

[image: ]


	Example comments

	YES
· There is a detailed organisational strategy in place along with a detailed set of KPIs that are cascaded across the departmental structure.
· There are a number of improvement programmes operating across the organisation.
NO
· There is an opportunity to show a clear alignment of these improvement programmes to an associated strategic objective or goal
· This would help organisational level alignment, that may be further cascaded to an individual level. 
· There is an opportunity to create an overarching structure for improvement project review and escalation as required.



Question 2.  Do you feel that we consider continual improvement in terms of where we want to be as a plant in the medium to long term?

[image: ]

	Example comments

	YES
· All operational timeframes are considered in the organisational strategy. 
· Improvement needs are also identified accordingly.
NO
· A more clear and visible alignment of higher “business level” improvement programmes could be implemented.
· By giving more visibility to these activities, the relevance and purpose of loser level improvement needs would be more transparent.



Question 3.  Do you feel that problem solving and decision making tools and techniques are effectively utilised in the Plant?

[image: ]

	Example comments

	YES
· As an IATF16949 organisation with approvals for all OEM customers supplied to, there is an effective QMS operating across the organisation.
· All customer issues are responded to in a timely and effective manner while using tools and techniques such as Global 8D and Six Sigma.
· Customers have commented on the quality of responses.
NO
· The level of focus applied to customer issues could also be applied for internal issues and opportunities.
· Adequate time and resource is required to ensure this happens.


Question 4.  Do you feel that as leaders, we foster an environment that encourages continual improvement?  

[image: ]

	Example comments

	YES
· All employees are encouraged to give their suggestions for workplace improvement.
NO
· There is an opportunity to look at how employees are engaged and allowed to actively participate in improvement programmes.
· With the business environment and customer needs becoming increasingly demanding, improvement activities are essential.
· Additional time and resource may be factored in to the working environment to enable this to happen.



Question 5.  Do you feel that as leaders, we allow adequate time for continual improvement?

[image: ]

	Example comments

	YES
· “Unlimited” time is given to customer related improvement activities. Also for potential line based and productivity challenges.
· Cross functional teams are effectively utilised.
NO
· There is an opportunity to allocate more time to broader improvement activities, including key themes where improvement could greatly support the organisation move forward.
· Currently improvement teams typically utilise employees at an engineer level, where there is an opportunity to involve more workplace employees.


Question 6.  Do you feel that the training and development given in continual improvement and problem solving is appropriate?  

[image: ]

	Example comments

	YES
· Training and development has been extensively given to employees e.g. Automotive Core Tools such as FMEA and Global 8D. Also individuals have been training in Problem Solving Tools and Techniques. 
· The organisation has a number of Six Sigma practitioners.
· The training that has been rolled out is typically at engineer level of above.
NO
· There is an opportunity to expand the training strategy to include workplace employees. 
· To  utilise the benefits of on the job training while giving involvement in problem solving activities and  improvement programmes.



Question 7.  Do you feel that there is a focus on process improvement in the Plant?  
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	Example comments

	YES
· There is definitely a focus on process improvement.
NO
· The focus could be expanded across the whole organisation while considering internal opportunities as well as customer related items.
· There is an opportunity to involve of a wider representation of employees.
· We must be careful that we don’t try to “boil the ocean” rather implement steady sustainable improvements.
· We need to differentiate our approach and differentiate between the level of complexity required to resolve an issue e.g. the use of an “improvement  tracker” type approach or a more in-depth Six Sigma project approach.


Engineer / Co-ordinator

Question 1.  Have you been involved in problem solving of any kind at Marelli?
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	Example comments

	YES
· Engineers are actively involved in problem solving, while being involved in both customer and internal improvement teams, however there is more focused rigour on customer improvement activities.




Question 2.  Were you part of a problem solving team?
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	Example comments

	YES
· Problem solving is usually undertake as a team based activity.
· Teams usually involve interaction between Quality, Manufacturing and Engineering.
· Interaction is mainly at Engineer, Co-ordinator and Section Leader Level.









Question 3.  Was a structured process followed for this problem solving activity?

[image: ]


	Example comments

	YES
· The 8D problem solving process is consistently followed for customer issues.
· Six Sigma is utilised for more complex customer related improvement activities. 
NO
· Even though structured approaches are followed for internal improvement activities, the potential for using a “Internal improvement document” for quicker wins and where required Six Sigma on a wider basis would be beneficial.




Question 4.  Have you received training in problem solving tools and techniques?

[image: ]

	Example comments

	YES
· Engineering level employees typically received training in 8D, KT and all IATF Core Tools.
· This includes individuals across QA, Manufacturing and Engineering functions.
· Recently Six Sigma training been undertaken.







Question 5.  Do you feel that the problem solving training you received was applicable to your role?  
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	Example comments

	YES
· The training received has been appropriate to give structured approaches to the type of problem solving needed at MLUK.
NO
· Training has been undertaken on certain tools and techniques that have not been used.



Question 6.  Do you feel that you have been able to apply these tools and techniques in the workplace?  
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	Example comments

	YES
· Tools such as 8D have been applied in line with customer improvement needs
· Time and resources have been consistently given to these activities.
NO
· More dedicated time could be allocated to apply tools and techniques to improve internal processes.
· Some training has been extensively rolled out but not fully capitalised on e.g. Kepnae Tregoe.





Question 7.  Do you feel that the application of these tools and techniques enabled an informed decision to be made?  
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	Example comments

	YES
· When tools such as 8D and Six Sigma have been applied, there have been some excellent results.
· The tools work, however time needs to be devoted to apply for internal issues. 
NO
· There is an opportunity to develop an internal document to give the same focus as customer responses.
· There are instances however where team members believe they instantly know the root cause for an issue due to past experience and knowledge
· More attention to the actual “facts” is sometimes needed rather than “opinions”.



Question 8.  Do you feel that there is a focus on process improvement in Marelli?  

[image: ]

	Example comments

	YES
· Generally there is a focus.
NO
· More dedicated time for problem solving is required.
· Across the business, there is a great deal of KPIs and associated data, this could be utilised to better to identify areas of improvement, especially if the “key operational items” are tracked.
· There are very good processes such as QRQC that provide this information.
· Also the “Break Glass” process could be used as an indication to areas of improvement.


6.3.2 Questionnaire Responses

While reviewing the valuable feedback received from the Marelli employees on the completed questionnaires, Fig. 27 (a) and (b) and Fig. 28 summarises the key themes being evaluated and their status at the time of questionnaire issue

	Questionnaire Responses

	Operational Level
	Theme
	Status at time of questionnaire issue 

	Manager / Supervisor
	Leadership
	· A detailed strategy was in place and understood by managers and supervisors. 
· This includes short and longer term objectives.
· There was awareness and support for key business level improvement needs and the associated projects that currently exist.

· However it was felt that better transparency of the rationale behind high level improvement initiatives could be given.   
· This would help all employees understand the reason and relevance of improvement activities and their importance to business success.
· It was felt that there was an opportunity to create an overarching structure for improvement project review and escalation as required. 

	
	Training and Development
	· Significant training and development has been given to employees, however mainly at engineer level.
· This has included core tools associated with IATF169949 and also problem solving and decision making training.

· However training had not been rolled out to the same extent for production operators and other employees. 

	
	Organisational Culture
	· Employees’ suggestions were welcomed as part of an open dialogue approach.

· However improvement activities typically involved engineer level employees. 
· It was felt that there was a clear opportunity to engage and involve production operators and other members of staff.



     					                                      Fig. 27 (a) Questionnaire Responses
	Questionnaire Responses

	Operational Level
	Theme
	Status at time of questionnaire issue

	Manager / Supervisor (cont.)
	Data Driven
	· There was an effective QMS operating within MLUK, which was evident through accreditation to IATF16949 and also the different customer standards that are in place.
· There was always a great deal of focus and rigour around customer performance monitoring and responses to any customer related issues or improvements.

· However it was felt that even though there were strict processes in place for the monitoring of internal performance metrics, equal rigour could also be given to these as was done for customer related items.
· It was felt that more time should be devoted to improvement activities as part of the working environment.
· It is important that a focused approach is undertaken rather than trying to “boil the ocean”.
· It was felt that it would be beneficial to apply tools and techniques that relate to the complexity of the issue e.g. the adoption of an “internal improvement tracker” for more general issues with the application of approaches such as Six Sigma for the more complex investigations.



						   	Fig. 27 (b) Questionnaire Responses


















	Questionnaire Responses

	Operational Level
	Theme
	Status at time of questionnaire issue

	Engineer /                 Co-coordinator
	Leadership
	· It was widely understood that a detailed organisational strategy exists at MLUK. 

	
	Training and Development
	· Engineers have received significant training in Core Tools, Six Sigma and other problem solving and continual improvement approaches.

	
	Organisational Culture
	· Engineers were actively involved in improvement projects.
· Team members usually included representation from Manufacturing, Quality and Engineering Departments.
· Any customer issues were approached immediately and thoroughly.

· However it was felt that more focus could be applied to internal. improvement opportunities as was exercised for customer issues.
· More time could be formally allocated for improvement activities. 

	
	Data Driven
	· Problem solving tools and techniques such as IATF 16949 core tools, Six Sigma and Global 8D were extensively used for customer related improvement opportunities.
· Approaches were data driven and structured.

· It was felt that structured approaches could be used more effectively for internal improvement opportunities.
· To apply improvement techniques that are relative to the issues being addressed e.g. “internal improvement document” for less complex issues and Six Sigma for more complex projects. 
· Often root causes were based on individual knowledge and experience.



							Fig. 28 Questionnaire Responses






6.4 Focus Group – Marelli Production Operators

Due to the larger number of individuals in the production operator population at MLUK along with the time available, focus group activities were undertaken. Shift based production operator teams were taken away from the workplace and given the opportunity to feedback their thoughts regarding how problem solving and decision making approach could be improved at MLUK. 

The focus group sessions encouraged totally “open” feedback with a request to discuss their thoughts regarding how the organisation could improve the approach to problem solving and continual improvement.

This activity was facilitated by one of the “improvement champions” without any management interaction.  There is a good working relationship across all levels at MLUK with open dialogue being encouraged, but this activity was undertaken away from management interaction to facilitate a true reflection of employee’s thoughts and ideas for improvement.


Fig. 29 summarises the feedback received during the focus group review.

	Focus Group  - Feedback

	· The organisation has a prestigious customer base and there is a sense of pride when considering the cars that are produced with Marelli parts
· It is good to see new work coming in, especially in line with new vehicle technology 
· The success of the organisation is vitally important as it is such a critical local employer
· Production operators have a sense of involvement when being included in improvement activities. 

· There is a feeling that production operators could and should be involved a great deal more in improvement activities.
· There is a great deal to be contributed to improvement activities as production operators face many different issues, even during night shift when there is limited staff on site but the line must keep running.
· As production operators rotate across different jobs, they see what “works well” and “not so well”.
· Many production operators have been with the organisation for decades and have seen most operational issues.
· Training and development could be improved.
· The people “at the coal face” can make a difference.
· Improvement documentation could be less complicated to allow people with less training to work on issues e.g. more straight forward internal issues.



							Fig. 29 Focus Group Feedback









Chapter 7.0: Hypothesis, Initial Status and Improvements Made 

The information gleaned from the literature review along with the feedback from the interviews, questionnaires and focus groups has been cross referenced with the hypothesis previously defined in Chapter 5.  This is shown in Fig. 30 (a), (b), (c), (d)  and is structured as follows:-

· Each hypothesis identified in Chapter 5 is detailed, along with the key considerations for MLUK that have been identified from the literature review completed.  
· The feedback received from interviews, questionnaires and focus group activities have been considered against each of these hypothesis to give a representation of the “initial status” at MLUK. 
· The improvements made as a result of the research are defined with a view to adopt a more robust and inclusive approach at MLUK.
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	Hypothesis, Initial Status and Improvements Made

	Category
	Hypothesis
	Initial Status
	Improvements made

	1.0 Leadership
	1.1 Organisational leadership do not fully systemically align improvement activities to the key needs of the organizational strategy.

Consideration for MLUK: “Transformational Leadership” (Bennis & Nanus, 1985)
	Organisational Strategy
· There was a detailed organisational strategy in place. 
· This included short and long term time horizons.

· However specific areas for improvement activities could have been more effectively cascaded down departmental structures.


	Organisational Strategy
· An organisational strategy model has been re-defined and deployed across the different departments in MLUK.
· This organisational strategy has been aligned to the aims and objectives of the broader Marelli Group.
· This identifies key areas for organisational level focus and the deployment across and down the MLUK structure.
· The process includes activities to Define, Monitor and Review improvement activities while maintaining a 2-way flow of information.

Please see Chapter 9 and 10

	
	
	Data Gathering
· The organisation had many key data gathering processes that helped focus action. 

· However formal triggers could have been more clearly defined to better identify and align improvement needs.
	Data Gathering
· Key sources of organisational data have been identified to trigger the need for improvement activities. 
These include:-
· Customer driven
· Process driven
· Product driven
These triggers are aligned to the organisational strategy process detailed above.

Please see Chapters 11 to 13



									Fig. 30 (a) Hypothesis, Initial Status and Improvements Made





	Hypothesis, Initial Status and Improvements Made

	Category
	Hypothesis
	Initial Status
	Improvements made

	1.0 Leadership (cont.) 
	1.1 Organisational leadership do not fully systemically align improvement activities to the key needs of the organizational strategy.

Consideration for MLUK: “Transformational Leadership” (Bennis & Nanus, 1985)
	Review Mechanisms
· The organisation had a number of different review meetings to analyse performance and the results of improvement activities.

· However these could have been aligned more effectively to the formal trigger points identified. 
· This would also show a clear feedback and escalation process if required.
· Review mechanisms could have been better aligned to the appropriate timelines for the data being reviewed e.g. daily/weekly/monthly.
	· Dedicated diarised and agenda driven meetings are in place to monitor and review process data along with continual improvement activities. 
· These are planned at a timeline that aligns with the availability of ongoing organisational data.

· These align to the key triggers, namely:- 
· Strategy driven
· Customer driven
· Process driven
· Product driven
· Visual management has been enhanced to review performance and identify focus areas including a re-focus on Daily Management through the organisations Quick Response Quality Control (QRQC) process and a dedicated “Data Room” allocated for problem solving and improvement activities.
· A cross functional team approach is maintained.

Please see Chapters 9 to 13

	
	1.2 Organisational leadership do not fully foster the environment for continual improvement.

Consideration for MLUK: 
 “Action Centred Leadership” (Adair International, 2017)

	· A firm focus on continual improvement has always existed at MLUK.

· However more time could have been allocated to ensure that a structured approach was taken.
	Please see Hypothesis 1.1 above

Project level information improved via:- 
· The rational and need for each improvement project clearly defined at the start.
· A clear scope for each improvement project defined.

Please see Chapter 8 - Pilot Improvement Project 




									 Fig. 30 (b) Hypothesis, Initial Status and Improvements Made

	Hypothesis, Initial Status and Improvements Made

	Category
	Hypothesis
	Initial Status
	Improvements made

	2.0 Training & Development
	2.1 The organisation does not fully capitalise on the diversity and broad based knowledge of the wider workforce.

Consideration for MLUK:
“Theory X” and “Theory Y” (McGregor, 1960)

“Appolo Syndrome” (Dr. Meredith Belbin).





	· Due to the technical nature of many improvement opportunities, individuals involved were typically  engineer level employees
· Considerable training had been undertaken by the organisation. 

· However there was an opportunity for improvement through more focused training for key individuals to drive an improvement philosophy.
· There was an opportunity to train and develop Improvement Champions to support the drive for continual improvement.
· More involvement of shop floor personnel in improvement activities was required
	· A cross functional approach to problem solving and continual improvement is consistently followed
· Individuals have been trained as improvement “champions”.  Please see Appendix. 2
· IATF Core Tools training has been delivered to line co-ordinators.
Please see Appendix. 3
· Focus on training and involvement of shop floor personnel in improvement activities.
Please see Chapter. 8 Pilot Improvement Project
· Improvement teams present improvement project progress to MLUK management team. 
Please see Chapter 13.3 

	
	2.2 The organisation relies on external training in tools and techniques and only involves more technically biased employees. 


	
	



										Fig. 30 (c) Hypothesis, Initial Status and Improvements Made





	Hypothesis, Initial Status and Improvements Made

	Category
	Hypothesis
	Initial Status
	Improvements made

	3.0 Organisational Culture
	3.0 The organization does not fully embrace the fact that a rich deep rooted culture exists with many years of custom and practice and experience.

Consideration for MLUK:
“Eight Step Model” – John Kotter (Cameron & Green, 2015)
“Three-Step Change Model” - Kurt Lewin 1947 (Connelly, 2016)

“3 steps” (Spradlin, 2012)
	· MLUK has a long standing rich culture. 

· However there was an opportunity to better tap into this rich resource with many years of knowledge and experience.
	· A cross functional approach to problem solving and continual improvement is implemented for all improvement initiatives
· There is a focus on training and involvement of shop floor personnel in improvement activities.
· Dedicated diarised and agenda driven meetings have been allocated, specifically for continual improvement activity. These are planned in line with availability of ongoing organisational data.
· There is an opportunity for improvement teams to present improvement project progress to MLUK management team. 
· Visual management for above triggers is used to review performance and identify focus areas.
· A dedicated “Data Room” has been allocated for problem solving and improvement activities.

Please see Chapter. 8 Pilot Improvement Project and Chapters 9 to 13

	4.0 Data driven
	4.0 The current approach adopted by the organization does not consistently use data to drive decision making for all problem solving activities.

	· At MLUK improvement projects consistently utilised tools and techniques based on data and analysis.

· However causal factors were often tabled based on previous experience of employees. 
	· There is a cross functional approach to problem solving and continual improvement.
· A structured approaches for problem solving is utilised.
· The approach to problem solving is based on the complexity of each issue e.g. “Improvement Tracker” utilised for more general verification activities and Six Sigma is utilised for more complex issues.
· Improvement activities are facilitated by dedicated Improvement Champions.
· A dedicated “data room” has been allocated for the use of problem solving and decision making tools and project progress tracking.

               Please see Chapter. 8 Pilot Improvement Project and Chapters 9 
               to 13


									                  Fig. 30 (d) Hypothesis, Initial Status and Improvements Made
Chapter 8.0: Action Research – Pilot Improvement Project 

While considering the information gathered from the research undertaken, the following is an overview of an improvement project completed at MLUK. Information gathered from the literature review, interviews, questionnaires and focus groups has been factored in as “Key consideration” points through project execution. 
. 
Key consideration – Data driven

Due to the complexity of the issues being investigated, the Six Sigma approach was followed.

Key consideration - The improvement project and workplace change

As the output of the improvement project would involve an element of workplace change, consideration was given to the potential elements that may give resistance.  To do this, Kotter’s “Eight Step Model” and Levin’s “Three-Step Change Model” were applied, as shown in Fig. 31

	MLUK Improvement Project Change Models

	Lewin’s 3 Step Change Model
	Kotter’s 8 Step Model
	MLUK Activity

	Unfreeze
	Create a sense of urgency
	Clearly defined project scope developed

Need and benefits of the improvement activity clearly explained

Cross functional team involvement, including workplace employees

Trades Union involvement

	
	Build a guiding coalition
	

	
	Form a strategic vision
	

	
	Enlist a volunteer army
	

	Change
	Enable Action
	Time dedicated to improvement activity

Formal and on-the-job training given to team members

Dedicated “Data Room” developed for information gathering and analysis

Visual management showing analysis and progress

Leadership review of progress in workplace throughout project, including support as required

	
	Generate Short Term Wins
	

	Refreeze
	Sustain acceleration
	Presentation of project outcomes to leadership on completion

Development of new ways of working along with workplace documentation 

Capturing of lessons learnt

	
	Institute change
	


                   Fig. 31 MLUK Improvement Project Change Models
The Pilot Improvement Project

The following information is extracted from a management presentation that was developed by the improvement project team. The Six Sigma approach was followed as shown in Fig. 32.

[image: ]
						Fig. 32 the Six Sigma Approach							
8.1 Define

Key consideration – project rational and business need, alignment to strategy

Problem Statement

· A key KPI for MLUK is internal PPM
· One of the MLUK  benchmark products is the 27mm Radiator
· A Pareto Analysis was undertaken to identify biggest hitters (Please see below)
· The focus item for this project – “Snapping Drain Plugs”
· Currently the customer PPM performance is 0 for this product
· All parts are tested end of line to prevent any shipment risks (Leak testing and functional fit analysis)
· Any defects are identified and quarantined in process
· Please see Fig 33 showing the Pareto Analysis of final assembly rejects
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					Fig. 33 Final Assembly Rejects – Snapping Drain Plugs

Key Focus Area – Snapped Drain Plug
Issue – Drain plug snapped during insertion 
Effect – Drain plug function is comprised (parts fail final leak test at MLUK)
The Team 

Key consideration – Cross functional approach and an allocated “improvement champion”

A cross functional team was allocated to the project while considering the problem statement and the mix of skills required. An emphasis was on the involvement of production operators and other line personnel throughout the investigation. Please see Fig. 34.

[image: ]
					Fig. 34 Pilot Improvement Project Cross Functional Team



Key consideration – Mutual respect and involvement of all team members

During the initial meeting of the project team the following Principals were discussed and subsequently applied across all team interactions (Perrin & Blauth, 2010)
1. Focus on the situation, issue, or behavior, not on the person.
2. Maintain the self-confidence and self-esteem of others.
3. Maintain constructive relationships.
4. Take initiative to make things better.
5. Lead by example.
6. Think beyond the moment.







The Project Infrastructure

Key consideration – Training and development of all team members, data driven approach and leadership buy in

· The cross functional team that worked on the project had representatives from all areas.
· Production Operators were involved throughout the process.
· An employee trained as a Six Sigma Green Belt was allocated as the Team Leader. This individual is one of a number of “Improvement Champions” trained across the organisation.
· A mix of experience and skills was drawn upon from MLUK Engineers and Co-ordinators. These individuals have received IATF Core Tools Training.
· Classroom and on the job  training was given to the Operators to give an understanding of :-
· why the improvement programme was important.
· how the tools and techniques can play an important role in making a better product.
· how important they are in identifying any issues immediately.
              Also basic training in:-
· problem solving tools.
· gauging and measurement.
· basic statistical process control and process capability.
Fig. 35 and Fig 36 show operator classroom based training being undertaken in the allocated data room and on the job.
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	Fig. 35 Classroom Based Training				Fig. 36 On-the-job Training















The Process to Be Improved

· The issue of snapped drain plugs happens during the assembly process.
· This is where the drain plug is assembled to the plastic tank of the radiator assembly. 
· This operation is undertaken at the “Assembly and Clench” area of the Radiator Final Assembly Cell. Please see Fig. 37. 
· The process is undertaken while locating the plastic tank into a fixed position jig with a series of location points. 
· The drain plug is inserted to a pre-determined torque using a calibrated wrench set at 5Nm.
· Please see Fig.38 detailing the drain plus assembly process.
· All parts are leak tested to 2cc using helium gas prior to packing. Please see Fig. 39 showing the test rig.
· Snapped drain plus do not pass this final leak test.
· Leak testing machines are verified using a calibrated leak, verified each shift.
· Only on completion of the leak test, a “Passed Leak Test” bar code label is generated.
· Without this bar code label, the part cannot be scanned and processed further.
Drain Plug Assembly - Radiator Assembly and Clench 

[image: ]
			            Fig. 37 Drain Plug Assembly – Radiator Assembly and Clench Process
[image: ]
Fig. 38 Drain Plug Assembly Process


							 Fig. 39 Helium Test Rig
8.2 Measure

Key consideration – Data driven

Verification of control equipment (torque wrench)

· The drain plug is inserted to a pre-set torque using a torque wrench.
· To verify the accuracy of the torque wrench setting, a Norbar torque test rig is used.
· This test rig is externally tested to UCAS standards. Please see Fig. 40 shows an image of the test rig.
· The verification process is as follows:
1. An 8mm socket is attached to the torque wrench being verified.
2. The torque wrench and socket are positioned on an 8mm bolt that is attached to the test rig.
3. The torque wrench is turned clockwise as if to tighten the bolt.
4. Once the wrench reaches its set torque it will “cracks off” and not apply any more force to the bolt being tightened – this signifies that the set wrench torque has been reached.
5. At this time, the torque exerted on the bolt is automatically recorded on the test rig screen.
6. This value on the screen is then cross referenced to the torque wrench setting to ensure that both figures correspond.
7. If they correspond, it signifies that the torque wrench is set correctly.

[image: ]
  Fig.40 – Torque Wrench Test Rig





Capability of control equipment (Cp & Cpk) 

· Following the verification of the torque wrench setting (detailed in Fig. 40), an analysis was required to verify that the torque wrench would consistently apply the same torque over time.
· To do this, a “Machine Capability Study” was undertaken by repeating the Norbar torque test 30 consecutive times and recording the results.
· The results were then statistically evaluated to verify the ability of the torque wrench to consistently apply the same torque in line with a pre-determined tolerance. 
· The pre-determined tolerance for this process is 5  +/- 0.5 Nm.
· To signify acceptance, minimum statistical Machine Capability values (Cp and Cpk) of 1.67 are required.
· The torque wrench achieved this requirement (Cp = 3.17 and Cpk = 2.96).
· Please see Fig. 41 showing the capability study output.

[image: ]
							                          
                                                                                                       Fig. 41 Torque Wrench Machine Capability








8.3 Analyse

Key consideration – Data driven and cross functional approach

Root Cause Analysis

· A “Data Room” was set up away from the workplace for the team to evaluate the information at hand and thus work on the root cause analysis for the issue.

· The focus was to identify why there were intermittent issues with drain plugs snapping on assembly.
· The team broke each process step down in detail through a review of the Process Flow, and Control Plan (C/Plan). Please see Fig. 42 (a) and Fig. 42 (b) showing extracts from these documents.
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Fig.42 (a) Process Flow Extract






[image: ]							        
 Fig.42 (b) Process Control Plan Extract



· While considering each process stage, further analysis was undertaken using an Ishikawa diagram. Please see Fig.43 (a) and Fig. 43 (b) showing the “team sketch” developed in the Data Room and then the formal presentation for the project investigation report.









[image: ]
						Fig.43 (a) Ishikawa Analysis – Data Room

[image: ]
Fig.43 (b) Ishikawa Analysis – Project Report
Root Cause Analysis

· The Ishikawa Diagram, helped identify a number of hypothesis for the issue being investigated.
· The top 2 hypothesis are detailed below. Please see Fig. 44 and Fig. 48.

	Hypothesis 1 – The drain plugs are snapping due to the fact that the geometry of the parts are outside the stated specification

	Investigation
	Findings

	1. To measure drain plug samples to verify geometry
2. To undertake Process Capability studies on drain plugs from different process batches to review repeatability


	Following the measurement of parts it was seen that parts were within specification.

A further Process Capability study was undertaken to predict the ongoing conformance of the parts. This study evaluated the probability of future drain plugs being outside the required tolerance. Results showed that the required Process Capability value of >1.33 was achieved 

Boss Diameter – Pp = 3.56 / Ppk = 1.98
Undercut Diameter – Pp = 2.43 / Ppk = 1.86

Conclusion: Part geometry does not have a root cause effect on the drain plug snapping

Hypothesis Rejected - Please see detailed analysis below


			Fig. 44 Hypothesis – Drain Plugs Are Snapping Due To Part Geometry

Fig. 45 shows an extract from the engineering drawing for the drain plug, while highlighting two key dimensions and associated tolerances that could have an impact of the plug snapping on insertion.

[image: ]
				Fig. 45 Extract From Drain Plug Engineering Drawing


To verify that the drain plugs are consistently produced, within the required dimensions and tolerances, Process Capability Studies were undertaken as follows:- 
· 30 part were taken from different batches of drain plugs, manufactured at different times.
· Each drain plug was measured against the dimensions detailed in the drawing in Fig. 45 and the results were recorded.
· These results were statistically evaluated against the drawing dimensions and associated tolerance band. Process Capability values were then calculated (Pp and Ppk).
· To signify acceptance, minimum Pp and Ppk values of 1.33 are required.
· The part geometry achieved this requirement.
Boss		:	Pp = 3.56 / Ppk = 1.98
Undercut	:	Pp = 2.43 / Ppk = 1.86

Please see the Process Capability analysis on drain plug geometry in Figs 46 and 47.

[image: ]
				Fig. 46 Process Capability Analysis for Drain Plug Boss Dimension

[image: ]
			        Fig. 47 Process Capability Analysis for Drain Plug Undercut Dimension
	Hypothesis 2 - Parts are snapping due the current torque setting of 5Nm being too high.
 

	Investigation
	Findings

	1. To evaluate the effect of the current 5Nm torque being applied to the drain plug during insertion

2. To undertake destruction drain plug insertion trials and statistically evaluate the results against the specification of 5Nm

	Destructive insertion trials were completed on 30 drain plugs using a variable torque wrench.

Results showed that all parts snapped above 5Nm, however some parts were snapping just above the 5Nm value.  

To statistically predict the ongoing impact of these results, a Process Capability Study was completed. This study evaluated the probability of future drain plugs snapping at a torque value below the 5Nm setting, Results showed that the required value of >1.33 was achieved for Pp but not for Ppk.

Pp = 1.97 / Ppk = 0.57

Conclusion: The data provides evidence that a torque setting of 5 Nm could have an effect on the drain plugs snapping during insertion

Hypothesis Accepted - Please see analysis below


                                                        Fig. 48 Hypothesis – Drain Plugs Are Snapping Due To Over Torqueing

· Destructive testing of drain plug insertion was undertaken.
· The process involved using a variable torque wrench and tightening the drain plug while gradually increasing the torque to the point of snapping.
· The results were then recorded on a boxplot, as shown in Fig. 49.
· The boxplot gives a representation of the torque values at time of snapping against a specification of 5Nm.
· The lower extremity of the vertical line on box plot showed that some drain pugs snapped very near to the 5Nm threshold.
Lowers results near to 5Nm threshold


						










Fig. 49 Boxplot of Destructive Torque Study Values

· The data recorded was also used to undertake a Process Capability analysis of the destructive torque readings while applying a same lower specification of 5Nm. 
· As the previous results showed parts snapping near the 5Nm value, it was necessary to evaluate the probability that over time, the natural variation in the process could mean that drain plugs could snap below the 5Nm threshold. Please see Fig. 50.
Predicted distribution curve goes below 5Nm threshold


	             















Fig. 50 Process Capability Analysis of Destructive Torque Study Values


The predicted distribution curve in Fig. 50 clearly shows that over time, parts could potentially snap below the 5Nm value.

The statistical requirements of >1.33 for Pp was achieved (1.97) but not achieved for Ppk (0.57).













8.4 Improve

Key consideration – Data driven

· To evaluate the most appropriate torque value for the drain plug insertion operation, Marelli R&D department conducted a theoretical evaluation of the operation. 
· The geometry and material of the drain plug were reviewed to establish a safe working value for torque applied.
· Please see Fig. 51 to Fig.58.
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						Fig. 51 Analytical Estimation – Breakage Torque
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						Fig. 52 Analytical Estimation – Breakage Torque
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						   Fig. 53 Analytical Estimation – Breakage Torque
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					Fig.54 Analytical Estimation – Breakage Torque
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Fig. 55 Analytical Estimation – Breakage Torque

[image: ]
Fig. 56 Analytical Estimation – Breakage Torque
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					Fig. 57 Analytical Estimation – Breakage Torque

[image: ]

Fig. 58 Analytical Estimation – Breakage Torque

A safe working torque of 3.5 Nm was identified is as appropriate value for the application of this part




Accelerated Aging Trial

· To predict the ongoing drain plug performance during vehicle “field conditions” and the potential need to remove and re-insert the drain plug during planned service intervals, further destructive trials were completed after subjecting the parts to an accelerated aging process. 
· This aging process involved using a test rig to immerse the parts in coolant while applying the customer specific aging parameters. Please see the rig used in Fig. 59.

[image: ]
						                     Fig. 59 Accelerated Aging Trial Rig	

· After aging trials were completed, additional destructive torque tests were undertaken at a 3.5Nm torque setting.
· Process Capability results were very positive both in terms of the “snapping” values achieved and also the statistical distribution of the results. Please see Fig. 60.
· Statistically a 3.5Nm torque setting is deemed as an appropriate value for this application
Pp = 1.89 and Ppk = 1.85 (both greater than the required <1.33).

[image: ]
		    Fig. 60 Process Capability of Drain Plugs Inserted at a Torque of 3.5Nm 
8.5 Control

Key consideration – Data driven, training and development and cross functional

· The Process Control Plan for the product has been updated to reflect the new 3.5Nm torque setting for the drain plug insertion (3.5 +/- 0.5Nm).
· The inclusion of an annual destructive torque testing Process Capability analysis has been added to the “Annual Layout Inspection” activity undertaken on this product. At this time all dimensions for the completed radiator assembly are verified. The need for torque test Process Capability analysis is now documented as part of this annual requirement. 


 8.6 Project Observation

Throughout the pilot project the “Key considerations for MLUK” as defined against each hypothesis were tested. (Please refer to Section 7.0 Hypothesis, actions and ongoing review mechanisms).

These considerations were built into the approach taken.

Following the completion of the project a focus group activity was undertaken with the project team members and Fig, 61 details the feedback received.

	Pilot Project Feedback

	Operational Level
	Feedback

	Manager 
	The cross functional team approach was beneficial when undertaking process review and root cause analysis.

	
	Production operator involvement gave insight into the more specific daily challenges that are faced that may not be evident unless hands on.

	
	The allocation of an Improvement Champion helped translate the project needs and advantages to the rest of the project team.

	
	Taking the line control to the production operators was a success.

	Engineer /         Co-coordinator
	Six Sigma gave good structure and maintained a data driven approach.

	
	The allocated of a data room along with allocating time for activity enabled a review of information without disturbance.

	
	Feedback from production operators regarding involvement was very positive 

	
	A clear explanation of project benefits was positively received.

	
	The opportunity to feedback ongoing progress and then final project outcome to leadership was a good move.

	Production Operator
	It was a good experience to be involved in the activity and being able to contribute.

	
	Having the time to do the project and also getting new training was very positive.

	
	Having recognition and the opportunity to participate and present to leadership was very good.



								         Fig. 61 Pilot Project Feedback




Chapter 9.0: MLUK Organisational Improvement Process

9.1 High level Turtle Diagram

Following the feedback received from the Action Research element of this research project (Please see Chapters 6, 7 and 8), Fig. 62 shows a Turtle Diagram representing a high level overview of the revised approach being implemented for a MLUK Organisational Improvement Process.
	Who

	All Drivers

	Group functions

	MLUK Plant/Departments

	MLUK leadership

	MLUK cross functional teams

	MLUK Improvement Champions



	Tools & Techniques

	Strategy Driven

	Strategy development tools

	Strategy deployment tools

	Customer/Product Driven

	Core improvement tools

	Six Sigma

	Process Driven

	Layered Process Audits (LPA)

	Product Driven

	Scrap review process


                                        
MLUK  Organisational Improvement  Process 

	Inputs

	Strategic Drivers

	Customer Drivers

	Process Drivers

	Product Drivers


	Output

	A systematic process for continual improvement across the MLUK scope of operations



   




	Results / Indicators

	Strategy Driven

	Strategic objectives

	Business boards

	Customer Driven

	Customer KPIs

	Process Driven

	Process KPIs

	Product Driven

	Product KPIs


	How

	Strategy Driven

	Strategy development & deployment 

	Customer Driven

	Define, Monitor and Review

	Process Driven

	Define, Monitor and Review

	Product Driven

	Define, Monitor and Review

	All Drivers

	Data room approach

	Improvement project execution (Improvement Tracker or Six Sigma)

	Key organisational/departmental  KPI monitoring

	Accreditations and standards

	Diarised improvement reviews






         







	Fig. 62 High level Turtle Diagram - MLUK Organisational Improvement Process
9.2: MLUK Improvement Initiative Drivers – High Level Flow Diagram

In line with the turtle diagram defined above, Fig. 63 shows a high level flow diagram detailing the alignment and relationships between the different “Drivers” that input into the MLUK Organisational Improvement Process. This overarching structure considers improvement project definition, review, feedback and escalation as required.

[image: ]

				Fig. 63 Flow Diagram - MLUK Organisational Improvement Process

Each of the flows detailed in Fig. 63 are further broken down as defined in Chapters 10 to 13


Chapter 10.0: Strategy Drivers

“Determining the strategy of an organisation is arguably the most significant area of management decision-making, and the most important one in which to make the right decisions. Strategic management decisions precede all of the management functions. Indeed, in the absence of strategic management decisions none of the management functions can be carried out” (Howe, 1993)

10.1 Strategy Development

“Strategy development is the process of researching and identifying strategic options, selecting the most promising and deciding how resources will be allocated across the organisation to achieve objectives” (CMI, 2020)

Fig. 64 shows a flow chart of the process developed to clearly define the overall MLUK Plant Strategy.  This shows the alignment to the overarching aspirations of the Marelli Group, along with inputs from the Marelli Group level support functions of Sales, Purchasing, R&D, HR and Finance. 

[image: ]
						          Fig. 64 MLUK Strategy Development Process	














10.1.1 Alignment to Corporate

The Marelli corporate function has launched its mid-term strategy, titled AMBITION 2024. This outlines the key objectives for the wider organisation including the future shape and desired strategic direction. This strategy considers future products and target markets, how the organisation prepares itself for the competition and what criteria is used to measure success.

“Our goal is to expand our position as a leading global tier 1 independent automotive supplier and become a true global champion in our industry. The meaning behind AMBITION 2024 reflects our determination and willingness to adapt to whatever comes our way so we can meet our long-term goals. Real ambition is not just about short term targets, it's about our long-term vision and the strong desire to advance. A key part of AMBITION 2024 is working together, as one team, to succeed in the highly competitive and challenging market environment of our industry.” (Bolzenius, 2020)

As a manufacturing Plant, MLUK aligns its strategic approach bases on the principle of “Monozukuri” and “Genba”. 
“Monozukuri refers to the creation of value in all respects, through manufacturing fine products and providing excellent services in a timely manner, to meet customers’ expectations.
Genba refers to the workplace, in which clues for innovation can always be found.” (Marelli, 2022)

This is achieved by applying the principles of “Process Excellence” as defined in Fig. 65.

[image: ]
							Fig. 65 Process Excellence (Marelli, 2022)

The above principles and associated objectives are cascaded from a corporate level to the manufacturing plants, allowing MLUK to align its strategy accordingly.

As a manufacturing facility, the MLUK operational focus areas are Manufacturing, Quality and Engineering. These are depicted as Pillars of the MLUK Plant Strategy as shown in Fig. 68.







10.1.2 SWOT Analysis and Organisational Risks and Opportunities

Following an exercise to align the MLUK Plant Operating Strategy to the overarching aspirations of the Marelli Group, along with inputs from the Marelli Group level functions, a review of the MLUK Operation was undertaken. To help identify specific areas of strategic importance and improvement, a SWOT Analysis along with a review of organisational risks and opportunities has been completed.


SWOT Analysis

The acronym SWOT stands for "Strengths, Weaknesses, Opportunities and Threats". It is a structured analytical process to help understand an organisations operating position at a given time and to also support the development of an organisational strategy. It focuses attention on both the “internal” (Strength and Weaknesses) and “external” (Opportunities and Threats) aspects associated with an organisation. Results from this analysis are typically presented in a 4 box matrix.

“A SWOT analysis gives you a detailed, unbiased overview of your business as a whole or a specific product or campaign. It can also help train your brain to consider every factor that could possibly affect your business….. a SWOT analysis illuminates details so you can formulate actionable plans based on each of the four quadrants” (Kuligowski, 2020)

The following are typical aspects associated with SWOT Analysis (CIPD, 2021):-
· Strengths: positive tangible and intangible attributes, internal to an organisation and within the organisation’s control.
· Weaknesses: internal factors within an organisation’s control that detract from the organisation’s ability to attain the desired goal. Which areas might the organisation improve?
· Opportunities: external attractive factors that represent the reason for an organisation to exist and develop. What opportunities exist in the environment, which will propel the organisation? Identify them by their ‘time frames’.
· Threats: external factors beyond the organisation’s control which could place the organisation mission or operation at risk. The organisation may benefit by having contingency plans to address them if they should occur. Classify them by their severity and probability of occurrence.
Fig. 66 shows extracts from the high level SWOT Analysis completed by MLUK as an input to the Plant strategy. Each element has subsequently been reviewed further while adding additional detail as required.

While considering the content of this SWOT Analysis, Strengths and Opportunities have been evaluated to capitalise on future benefits that may be gleaned, while Weaknesses and Threats have been reviewed with a view to mitigate any potential risks. 
[image: ]
							Fig. 66 MLUK High Level SWOT Analysis


Organisational Risks and Opportunities

To support the strategy development process and in line with the IATF16949:2016 accreditation, MLUK, as part of the recently revised strategy development process, has developed a format for the identification and analysis of potential risks and opportunities to the organisation.  This is encompassed in the MLUK “Context of the Organisation (COTO)” document.

“The concept of risks and opportunities in this automotive standard has been brought into the forefront of process approach/quality planning and control. The standard requires an organization to identify and control the risks by deploying preventive actions, to take advantage of opportunities that can arise from the organization’s context in a controlled way” (Tudose, 2019)

To undertake this activity, consideration is given to the “interested parties” associated with MLUK operations. A list of interested parties is shown in Fig. 67 (a).

“Organizations must address the desires and demands of all parties that have an interest in the organization and that could impact its mission” (16949Store, 2022)


[image: ]
                                                                                                    Fig. 67 (a) List of Interested Parties


Each interested party is evaluated and a list of potential issues identified. These issues are categorised as Risks or Opportunities. The potential probability of each issue is calculated. If perceived as a potential risk, actions to mitigate are identified. If perceived as a potential opportunity, actions to pursue are identified. Extracts from “OE Customer” element of the MLUK COTO Risk and Opportunities Register are detailed Fig 67 (b). This exercise also helps MLUK maintain the organisational Contingency Plan. 


These risks and opportunities are considered while developing the MLUK Plant Operations Strategy and “Pillars to Success” as shown in Fig. 68.
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 Fig. 67 (b) Extracts from “OE Customer” element of the MLUK COTO Risk and Opportunities Register
10.1.3 MLUK Plant Operations Strategy – Pillars to Success

Fig. 68 shows the key pillars identified to drive the MLUK strategy in Calendar Year (CY) 2022. 

[image: ]
				Fig. 68 MLUK Plant Operations Strategy – Pillars To Success

Each of these pillars is cascaded across the associated department within MLUK.  

10.1.4 MLUK Departmental – Pillars 

Fig. 69 shows an example of the “Quality in Everything” pillars that are driven by the MLUK Quality Department.

[image: ]
					Fig. 69 MLUK Quality Department Pillars




10.2 Strategy Deployment

“To translate vision into strategies and objectives, and those into aligned, tactical implementation plans” (LeanMap, 2021)

Fig. 70 shows a flow chart of the process developed to translate departmental pillars in to a series of key improvement initiatives. 

[image: ]
					      	Fig. 70 MLUK Strategy Deployment Process


10.2.1 CASCADE - Key Improvement Initiatives
While considering the pillars defined for each department, key focus areas have been identified while considering organisational needs and also past performance.  

This cascade has been completed for all departments within MLUK.

Fig. 71 (a) and (b) shows an example of the focus areas for the MLUK Quality Department in CY22. 

[image: ]				Fig. 71(a) MLUK Quality Department Focus Areas CY22
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				Fig. 71(b) MLUK Quality Department Focus Areas CY22





10.2.2 MONITOR 
Project Documentation
Each focus area identified is translated into an improvement project that is managed using a progress tracker or dependent on complexity, following the Six Sigma approach (as shown in the Pilot Improvement Project detailed in Chapter 8). 

These projects are sponsored by each departmental manager and facilitated by the project leaders and cross functional team.

Fig. 72 shows an example of an Improvement Tracker being used to improve Customer PPM Performance. The objective of this project is to reduce customer incidents by improving the current process for “Line Based verification & Control”.

Data review during this project is undertaken in the MLUK Data Room where improvement tools and techniques are applied.

Business Boards

MLUK utilises a system of “Business Boards” that detail the Key Performance Indicators (KPIs) associated with the ongoing management of the MLUK Plant. These detail the performance metrics that are required to achieve the organisations performance targets and overall budgets.

“KPIs, embody strategic objectives and measure performance against a specific target. These targets are defined in strategic, planning or budget sessions and have a range of performance. KPIs are the detailed specifications that are used to track business objectives.” (Walczac, 2014)

The Business Board structure starts with an “Overall Plant” Business Board that monitors plant performance and financial status on a monthly basis. This Overall Plant Business Board is then supported by a series of Departmental Business Boards that monitor the operational metrics for each department.

These Business Boards are presented for management review in the Monthly OPD meeting (Please see Chapter 11.2.3).

Fig. 73 and Fig. 74 detail the typical content of the Plant Level Business Board and the Quality Department Business Board respectively.

The Quality Department Business Board shows the method of monitoring via a Red/Amber/Green (RAG) set of indicators.  All Red issues are explained by exception in the OPD meeting by the respective departmental manager. Typically a 3 month run at Red status must be followed by an improvement project being initiated.

Dependent on the complexity of the issue being investigated either an improvement tracker will be utilised or if required a more in-depth Six Sigma series of documents (as shown in Chapter 8).  
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Fig. 72 Example Improvement Tracker

[image: ]						Fig. 73 MLUK Plant Business Board Typical Content
[image: ]
                                                               Fig. 74 MLUK Quality Department Business Board Typical Content
10.2.3 REVIEW – OPD Meeting

Progress relating to all Business Boards and Improvement initiatives are subject to Management Review. This is undertaken during the Monthly Operations Director Meeting (OPD). 

This is a diarised meeting in the second week of every month (to allow data gathering to be completed).
Each departmental manager will prepare a PowerPoint presentation showing monthly results, analysis and any required action. Key outputs of the meeting are minuted.
This meeting is also an opportunity to escalate any potential issues and ask for further support if required.
Fig. 75 shows the typical content of OPD meeting along with the diarised event.



















  							Fig. 75 OPD Meeting Typical Content


An example of the Quality Department OPD Report is shown in Appendix 4.
11.0 Customer Drivers  
Fig. 76 shows a flow chart of the process developed to translate customer driven data in to a series of key improvement initiatives.  

[image: ]
						              Fig. 76 MLUK Customer Driven Process
11.1 DEFINE  
Customer performance feedback is typically received in the form of either 0KM rejections (issues identified in the OEM Plant) and Warranty Claims (issues arising after sales – in the field).
11.1.1 Customer 8Ds
All customer related issues must be managed via a process called Global 8D (G8D) which is used to maintain ongoing interaction with the Customer regarding each specific issue identified. The process is driven by MLUK until the root cause is identified and corrective actions are implemented and verified. Please see blank G8D document in Appendix 5. 
“The eight disciplines (8D) model is a problem solving approach typically employed by quality engineers or other professionals, and is most commonly used by the automotive industry…. The purpose of the 8D methodology is to identify, correct, and eliminate recurring problems, making it useful in product and process improvement.” (ASQ.org, 2022)
Fig. 77 shows the stages of the 8D process (ASQ.org, 2022).
Separate 8Ds are used to manage each specific issue and are reviewed during monthly Quality Performance Meetings (please see Chapter 11.3) and Monthly OPD meetings (Please see Chapter 11.2.3).
[image: ]
					Fig. 77 8D Process Stages (ASQ.org, 2022)
11.1.2 Data Review & Prioritisation
As detailed in 11.1.1 each individual incident reported by a customer is managed via the 8D process. 
In addition to this, MLUK undertake a review of all 0Km and warranty claims to identify if there are any common themes that require a “systemic” improvement at MLUK and thus need an improvement project initiated.
A reviews of past data is undertaken during a Monthly Quality Performance meeting with an annual review being undertaken at year end.
Categorisation is undertaken as shown in the histogram in Fig. 78 which is taken from the annual review of customer 0KM claims in 2021.
[image: ]
					Fig. 78 MLUK Histogram of Customer 0Km Claims 2021
From this data it can be seen that a key issue for review and improvement was Poka Yoke functionality and robustness. This has since been in actioned as an improvement initiative titled “Line Based Verification & Control”. (Please see Chapter 10.2.2).

11.2 MONITOR  
Each improvement project that is managed using an Improvement Tracker (Please see Section 10.2.2) or dependent on complexity, following the Six Sigma approach (as shown in the Pilot Project detailed in Chapter 8).

These projects are sponsored by each departmental manager and facilitated by the project leaders and cross functional teams, while using the associated project documentation. Data review is undertaken in the MLUK Data Room where improvement tools and techniques are applied. Progress is monitored during Monthly Quality Performance Meetings (Please see Chapter 11.3) and then during the Monthly OPD meeting (Please see Chapter 10.2.3).  

11.3 REVIEW  
All customer driven issues are reviewed during Monthly Quality Performance Meetings. This meeting is attended by improvement team members and the leadership team.
This information is also reviewed in the MLUK OPD meeting.
Fig. 79 shows the agenda for the meeting and the diarised event.
 [image: ]
                                                                       Fig. 79 MLUK Monthly Quality Performance Meeting Agenda

An example of a meeting presentation is in Appendix 6.





Chapter 12.0: Process Drivers  
Fig. 80 shows a flow chart of the process developed to translate process driven data in to a series of key improvement initiatives.

[image: ]
						           Fig. 80 MLUK Process Driven Process
12.1 DEFINE  
Process related data is typically received in the form of Layered Process Audits, which are used to verify line based controls, instructions and employee training and capability.
12.1.1 Layered Process Audits
Layered Process Audits are undertaken in line with as example schedule as shown in Fig. 81
[image: ]
				 Fig. 81 MLUK Example Layered Process Audit schedule
Audits are “Layered” across different levels of supervision as detailed in Fig. 82.
	Supervision Level
	Frequency

	Co-ordinator
	Weekly

	Section Leader
	Monthly

	Manager
	Quarterly


						                  Fig. 82 MLUK LPA “Layers”
Example of a full schedule is detailed in Appendix 7.
12.1.2 Data review and prioritisation
Results of Layered Process Audits are reviewed on a weekly basis to consider the issues raised and any themes that may be identified. This review is undertaken as part of MLUK “Quick Response Quality Control (QRQC)” meetings that provide a “Daily Management” approach to manufacturing performance metrics. Layered Process Audit results are reviewed each Friday during this meeting.
“Lean Daily Management is a system that allows us to know on a daily basis whether we are on track or off track to meeting our goals, to take corrective action, and to check that past actions and improvements are being sustained. A Lean Daily Management System enables checking both our results and our processes” (Pereira, 2021)

Fig. 83 shows the QRQC cell in the MLUK manufacturing area.
[image: ]
						    Fig. 83 MLUK QRQC Cell
12.2 MONITOR
On a monthly basis results are reviewed and categorised to identify any common themes that may require further attention.  As required improvement projects are identified and facilitated through a “Improvement Tracker” approach (as defined in Chapter 10.2.2).
12.3 REVIEW  
All Layered Process Audit issues are reviewed during Monthly Quality Performance Meetings (Please see Chapter 11.3). This meeting is attended by improvement team members and the leadership team. Information is also reviewed in the MLUK OPD meeting (Please see Chapter 10.2.3). 

13.0 Product Drivers 
Fig. 84 shows a flow chart of the process developed to translate product driven data in to a series of key improvement initiatives.  

[image: ]
					                	Fig. 84 MLUK Product Driven Process
											
13.1 DEFINE
13.1.1 Data Collection
MLUK collects scrap data on all manufacturing line on a product based system. All products are included and each failure is recorded and categorised by failure mode and quantity.
Scrap data is collated every shift and uploaded onto the organisation scrap recording system.
A weekly upload is then undertaken and Fig. 85 shows an example of a screenshot from this system.
[image: ]
						Fig. 85 MLUK Scrap Recording Screenshot
13.1.2 Data Review and Prioritisation
Daily Management
Daily shift based data along with weekly results are reviewed during the QRQC meeting (please see Chapter 12.1.2) at which time minor operational issues that can be resolved as part of daily management will be actioned and recorded.
Any “spikes” or “abnormalities” in performance will be identified and improvement projects allocated accordingly.
Fig. 86 shows a screenshot giving the graphical representation of the weekly review of data.
[image: ]
						Fig. 86 MLUK Weekly Scrap data
Monthly Management
On a monthly basis overall scrap data is reviewed and categorised to identify any common themes that require further analysis and action. Fig. 87 shows a screenshot of the monthly defect categorisation.
[image: ]
					Fig. 87 MLUK Weekly Scrap Defect Categorisation
Common themes will be reviewed by the cross functional QRQC team and improvement projects will be allocated as required.
13.2 MONITOR
Depending on the complexity of the process being investigated, improvement projects will either be managed using a progress tracker (Please see Chapter 10.2.2) or dependent on complexity, following the Six Sigma approach. The Pilot Improvement Project detailed in Chapter 8 was initiated as a result of this approach for scrap recording and review.

13.3 REVIEW
All Scrap data and associated improvement projects are reviewed during monthly Quality Scrap Performance Meetings. This meeting is attended by improvement team members and the leadership team. 
Fig. 88 shows an example agenda for these meetings and the diarised event.
[image: ] [image: ]
				Fig. 88 MLUK Monthly Scrap Performance Meeting Agenda			
Information is also reviewed in the MLUK OPD meeting (Please see Chapter 10.2.3). 










14.0 Conclusion and Recommendations
As long as organisations continue to challenge “the possible” and embrace the fact that change “is inevitable”, there will always be issues to resolve and improvements to be made.
During this research project it has been seen that the principles of problem solving and continual improvement have been around for decades, with many organisations seeing significant benefit from their adoption. Tools, techniques, models and approaches are freely available for organisations to tap in to with an abundance of different media for training and support. However from recent industry data it is seen that applying these approaches as part of a drive for continual improvement has resulted in a mixed level of success, certainly in the automotive industry supply chain.
Past research on this topic has signified that there are certain “organisational” issues that may hinder the effective application of tools and techniques and thus the development of effective and sustainable processes, namely the effect of leadership, employee development and organisational culture. To this effect, there is a potential for these organisational approaches to have as much of a bearing on success as the application of the tools and techniques themselves.
This research project therefore focused on both the “hard” elements of the tools and techniques available along with the “soft” elements of the organisational profile. The objective was to evaluate if considering an appropriate “mix” of the two could actually alleviate many of the common issues that are faced.
The MLUK organisation was chosen to test the feasibility of this unified approach, as even though great success has been experienced in the past, there was still certain issues preventing a true systematic approach to continual improvement.
The research undertaken was evaluated in term of the scope of operations at MLUK and a number of hypothesis developed in line with the elements of leadership, employee development and organisational culture.  An information gathering exercise was undertaken via a programme of interviews, questionnaires and focus groups to establish the “as-is” within the organisation and thus identify potential focus areas for improvement. 
The results of this information gathering exercise highlighted that the organisation had already seen success in the application of tools and techniques and experienced significant improvements as a result. However while reviewing this data against the hypothesis defined, it was seen that there were a number of key considerations that should be taken while developing a more robust approach at MLUK. 
Key considerations included:-
· A better alignment of improvement needs to overall organisational strategy.
· To foster an environment for effective improvement activities while maintaining a data driven approach.
· To tap in to the wealth of experience that exists from an organisation that has been at the current site for over 80 years. 
To test the findings from the information gathering exercise, a pilot improvement project was undertaken while applying the key considerations identified. On completion, the project detail was reviewed via a focus group activity with the cross functional team allocated to the project. Feedback was very positive and this gave MLUK an insight into the development of its blueprint for future activities.  
The following recommendations for MLUK were made and implemented accordingly:-
· To create a systematic process for organisational improvement
· The revised approach now includes a clear definition of the key improvement “drivers” that exist across the organisation. Namely, strategy drivers, customer drivers, process drivers and product drivers. 
· These drivers are now aligned with the organisational strategy. 
· To provide longevity to this approach, a high level turtle diagram has been developed as a “model” to define the MLUK Organisational Improvement Process. This turtle diagram is supported by detailed flow charts to clearly define each process stage.
· To maintain an environment for improvement activities
· A data driven approach is fostered via KPIs and a dedicated data room for project execution.
· Diarised meetings are logged for performance monitoring and review. This includes approaches for daily, weekly and monthly management, with 2 way feedback being maintained throughout.  
· To ensure overall organisational involvement
· The renewed approach taken at MLUK, triggers the utilisation of cross functional teams, including cross department and multi-level participation, supported by both formal and on the job training. 
· To foster a sustainable approach to continual improvement
· The above improvements have been included within the MLUK organisational procedures and are currently being used as the approach to drive organisational improvements. 
· Feedback regarding ongoing effectiveness will be undertaken during monthly management meetings with an overall systematic review being done during the MLUK strategy appraisal on an annual basis. 






















APPENDIX 1

Action Research – Questionnaires

The following details the questionnaire formats used for the data gathering from a cross section of employees across the MLUK organisation.

Questionnaires were given to the following employee groups:-

· Manager/Supervisor – Please see Fig. 89
· Engineer/Co-ordinator – Please see Fig.90








































Master’s Degree Questionnaire – Manager/Supervisor

Please could you answer the following questions to support my research that I am undertaking as part of my Master’s Degree.
My objective is to create an effective process for Problem Solving and Decision Making within our organisation.
Please can you answer the questions while reflecting on your own experiences. 
Your input is greatly valued.

Many Thanks

Hugh


















Questionnaire (Fig.89)
Department__________________________ Position __________________________
1. Do you feel that we view continual improvement as a strategic activity in the Plant?

Yes						No

If Yes, please could you briefly explain state what works well


If No, please could you state what you feel could be improved 

2. Do you feel that we consider continual improvement in terms of where we want to be as a plant in the medium to long term?
Yes						No


If Yes, please could you briefly explain state what works well


If No, please could you state what you feel could be improved 

3. Do you feel that problem solving and decision making tools and techniques are effectively utilised in the Plant?
Yes						No


If Yes, please could you briefly explain state what works well


If No, please could you state what you feel could be improved 

4. Do you feel that as leaders, we foster an environment that encourages continual improvement?  


   Yes						No

 If Yes, please could you briefly explain what works well


If No, please could you state what you feel could be improved 

5. Do you feel that as leaders, we allow adequate time for continual improvement?  

   Yes						No


 If Yes, please could you briefly explain what works well

If No, please could you state what you feel could be improved 




6. Do you feel that the training and development given in continual improvement and problem solving is appropriate?  

Yes						No


If Yes, please could you state what you feel works well 


If No, please could you state what you feel could be improved 



7. Do you feel that there is a focus on process improvement in the Plant?  



Yes						No
If Yes, please could you state what you feel works well 


If No, please could you state what you feel could be improved 



Fig. 89 MLUK Manager / Supervisor Questionnaire




























Master’s Degree Questionnaire – Engineer/Co-ordinator

Please could you answer the following questions to support my research that I am undertaking as part of my Master’s Degree.
My objective is to create an effective process for Problem Solving and Decision Making within our organisation.
Please can you answer the questions while reflecting on your own experiences. 
Your input is greatly valued.

Many Thanks

Hugh


















Questionnaire (Fig.90)
Department_______________________ Position ________________
1. Have you been involved in problem solving of any kind at Marelli?
   Yes  				No


If No, please go straight to Question 4
If Yes, please could you briefly explain your input into the problem solving activity


2. Were you part of a problem solving team?



Yes					No

3. Was a structured process followed for this problem solving activity?  

   Yes				No


 
If Yes, please could you briefly explain what tools and techniques were used


4. Have you received training in problem solving tools and techniques?  



   Yes				No
If No, please go straight to Question 8
If Yes, please could you briefly explain which tools and techniques did the training cover


5. Do you feel that the problem solving training you received was applicable to your role?  

Yes				No


If Yes, please could you state what you feel works well 


If No, please could you state what you feel could be improved 


6. Do you feel that you have been able to apply these tools and techniques in the workplace?  

Yes				No


If Yes, please could you state what you feel works well  


If No, please could you state what you feel could be improved 


7. Do you feel that the application of these tools and techniques enabled an informed decision to be made?  

Yes				No


If Yes, please could you state what you feel works well 


If No, please could you state what you feel could be improved 


Fig. 90 MLUK Engineer/Co-ordinator Questionnaire




APPENDIX 2

Improvement Champion Training

At the time of choosing the focus area for this research project, MLUK had two Six Sigma Black Belts and one Green Belt.

To bolster the requirement for improvement champions, two additional employees have been trained.

Fig. 91 shows an overview of the training received.

[image: ] [image: ]

     							Fig.91 Improvement Champion Training







APPENDIX 3

MLUK - IATF Core Tools Training Programme

[image: cid:image001.png@01D83D36.3A27E110]Fig. 92 shows a screenshot from the MLUK SharePoint System of a training package endorsed by IATF and purchased by licence by Marelli to use to train employees in Core Tools.IATF16949 Core Tools Training
· Advanced Product Quality Planning 
· Process Failure Mode & Effects Analysis 
· Control Plans
· Measurement Systems Analysis
· Statistical Process Control
· Production Part Approval Process

								Fig. 92 IATF Core Tools Training

Fig. 93 shows an example certificate for the Core Tool of Failure Mode and Effects Analysis.

[image: ]

						Fig. 93 Example Core Tools Training Certificate





























APPENDIX 4

MLUK – OPD Report

Figs. 94 (a) to (t) shows an example of a MLUK Departmental OPD Report.

This example is for the Quality Department and presents monthly performance against key objectives and KPIs.
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					          Fig.94 (a) Example MLUK Departmental OPD Report
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					           Fig.94 (b) Example MLUK Departmental OPD Report
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					             Fig.94(c) Example MLUK Departmental OPD Report
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						Fig.94 (d) Example MLUK Departmental OPD Report
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				                           Fig.94 (e) Example MLUK Departmental OPD Report
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                                                                                     Fig.94(f) Example MLUK Departmental OPD Report
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					              Fig.94 (g) Example MLUK Departmental OPD Report
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						Fig.94 (h) Example MLUK Departmental OPD Report
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					              Fig.94 (i) Example MLUK Departmental OPD Report
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					             Fig.94 (j) Example MLUK Departmental OPD Report
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				                           Fig.94 (k) Example MLUK Departmental OPD Report
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					            Fig, 94 (l) Example MLUK Departmental OPD Report
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					Fig, 94(m) Example MLUK Departmental OPD Report
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				               	Fig.94 (n) Example MLUK Departmental OPD Report
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					             Fig.94 (o) Example MLUK Departmental OPD Report
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			                                           Fig.94 (p) Example MLUK Departmental OPD Report
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					             Fig.94 (q) Example MLUK Departmental OPD Report
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                                                                                     Fig.94(r) Example MLUK Departmental OPD Report
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					              Fig.94(S) Example MLUK Departmental OPD Report
[image: ]
					           Fig.94 (t) Example MLUK Departmental OPD Report
APPENDIX 5

MLUK – Blank 8D Report

Fig.95 shows the format mandated by customers to answer any issues that are identified post MLUK manufacturing process.
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								Fig.95 MLUK Blank 8D Report
APPENDIX 6
											
MLUK – Monthly Quality Meeting

Fig 96 (a) to (m) shows an example of the review undertaken during the monthly Quality Review Meeting.
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					                              Fig.96 (a) MLUK Monthly Quality Meeting
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                                                                                                       Fig.96 (b) MLUK Monthly Quality Meeting
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                                                                                                     Fig.96(c) MLUK Monthly Quality Meeting
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Fig, 96(d) MLUK Monthly Quality Meeting
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Fig.96 (e) MLUK Monthly Quality Meeting
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Fig.96 (f) MLUK Monthly Quality Meeting
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Fig.96 (g) MLUK Monthly Quality Meeting

[image: ]							Fig.96 (h) MLUK Monthly Quality Meeting
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Fig.96 (i) MLUK Monthly Quality Meeting
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Fig.96 (j) MLUK Monthly Quality Meeting
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Fig.96 (k) MLUK Monthly Quality Meeting
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Fig.96 (l) MLUK Monthly Quality Meeting
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Fig.96 (m) MLUK Monthly Quality Meeting
























APPENDIX 7

MLUK – LPA Schedule
This is an example of the LPA Schedule for the following personnel:-
· Co-ordinator – Please see Fig. 97 (a)
· Section Leader – Please see Fig. 97 (b)
· Manager-– Please see Fig. 97 (c)



















Co-ordinator (Line Supervisor) – Weekly Audits 
[image: ]
					Fig.97 (a) MLUK Example LPA Schedule – Co-ordinator







Section Leader - Monthly Audits
[image: ]
Fig.97 (b) MLUK Example LPA Schedule – Section Leader
Manager – Quarterly Audits
[image: ]
Fig.97 (c) MLUK Example LPA Schedule – Manager
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Analytical Estimation — Safe working limit torque

| total torque required to develop axial load / clamp force |
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Coolant ageing dip test for drain plug - description

Astudy has been conducted o establish the effect of ageing on standard drain plugs. MARELLI
"This test was o veriy the decision to continue with the use of a‘standard" drain plug i both production
and the feld with an Insertion torque value of 3.5 Nm

o undertake the ageing process parts were partially immersed in coolant as shown below

Ageing parameters are in line with TPJLR ageing specification

“Tray holds drain plug head
above bath level Bathleveltobe

adjusted o here
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Torque test results

Parts were removed from the ageing rig and subjected to the following torque tests: MARELLI

+ Destructive torque tests - 40 parts
* Re-insertion torque tests

-Adrain plug re-inserted into an outlet tank 5 times at a torque of 3.5 Nm

- The above repeated on 5 different parts
Destructive torque test results

Process Capability Report for 3 Week Aged

Boxpotof 3 Week Aged

Please note a theoretical value of 10 Nm
has been applied for the upper tolerance
limit.

The results are positive, both in line
with the overall variation being seen
and also the position of the
distribution curve against the 3.5 Nm
lower threshold




image64.png
 — |

swategc sigrmentto | [ o sacegy |1 [ meorsuategy Wansgement
impus W cororste [l Development (BM Deploymene [N revew

el ——————

Customar oata raview Project Project
e B ecuon [ oo [H

improvement
project peinkion

=
Process oata raview Project Project
s o mprovemen: [l S H

project peinkion

oo —

product oata raview Project Project
oo ol B ececuton [ revew

improvement
project pfinkion





image65.png
MLUK strategy Development

(Chapter 10.1)

Alignment to
Corporate
Strategy
(craprer 10.1.1)

HR Purchasing
Strategy Strategy
Copabitty \ Remunerstion Forecasing \ prcng
Pertormance \ Foies Sourcing \ ppprovat
Pertormance.
swor T Parering
| Analysis Traning "\ Gapicity Scheaiing
(Crapter 10.1.2)
MLUK Plant Operations Strategy and Strategic
“Pillars To Success” —|
Organisational Jelssiiven
Risks and
Opportunities hange Goasecing v pricg
(Cropter 1012) | ppanagamens o Seting
Forecasing / dgets Forecasts
New Product Development // Protatypine. [
Best Avaable New Business
Design For Manufacure & Asemty / Techmetogy s
] Valumes
R&D Finance Sales
Strategy Strategy Strategy

MLUK
Departmental
Pillars
(craprer 10.1.9)





image66.png
Process Excellence

Program Management

Manufacturing

Quality
Engineering

Global Business Services

Purchasing

Commercial




image67.png
MLUK SWOT Analysis

Strengths

>80+ years heat exchange.

> Highly experienced workforce

> spare capacity and available footprint

> Technical expertise, & very low staff turnover

> On-site Technical Centre

> Only engine cooling manufacturer in UK (Multi Product)
> Partnership with key customer on new technology
> Key customer interpersonal relationships

> Component manufacture on site

> Part of wider global organisation

Weaknesses

> Ageing facility

> Ageing workforce

> Key customer dependency

> Manual work procedures/process / training
> supply chain resilience in current climate
> Limited supply base

> scrap resolution

Opportunities

> Available floor space

> Available braze capacity

> UK based car OEM.

> Synergies with wider Marelli group

> Available work force, operators and semi skilled at
competitive rates in the UK

> Available engineering resource, competitive rates

> Opportunities to expand into new technologies with key.
customers

Threats

> Rising energy costs

> Consumer confidence n current climate

> Key customer dependency

> Brexit

> Covidimpact

> Supply chain resilience in current climate

> High capex required for new technology

> Potential loss of key skills (specific to industry)

> Achieve all the required actions and still achieving

business plan
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COTO Log: Interested Parties List 

Rev. 0

Issue - January 2022

Interested Party Int / Ext Reason for Inclusion

Marelli  Parent Company Internal

Concerned with stability and health of the Global company and promotion 

of Marelli brand

Marelli Regional Management Internal Has regional responsibility for management of the Marelli Europe Region

MLUK Top Management Internal Has direct responsibility for management of the MLUK  Plant

Marelli Legal Dept. Internal Provides legal services

Marelli  Financial Dept. Internal Provides accounting and financial management

Employee / Staff Internal Directly responsible for manufacture of products

Trade Unions External Interfaces with management and labour union

Employment Agencies External Provide candidates for hiring - conduct initial vetting of candidates

OE Customer External Purchase our products 

Product End User External End user of our products 

Regulatory Bodies External Mandate regulatory requirements

Certification Body External Audit for ISO/ IATF compliance, issue certifications

Supplier External Provides our raw materials and components to support MLUK  production

Competitors External Risk to the MLUK  business

Education Establishments External Supply of future employees and provide support on joint projects

Local Community External Impacted by our activities in the region and home to many employees

General Public External Possible contact with MLUK products
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CY 22 Quality In Everything

r

MARELLI

CY21 Focus Areas and Results.

CustomerPPM Performance

+ o Improve customer PPM performance

+ Resultfor Y21 was 4.7

* Keytheme identified was line based
verifcation and control Poka Yoke robustness

CustomerWarranty Management

+ Tofocus on Warranty issues and ensure that.
allkey items are managed — All CY21 warranty
costs tracked and issues were managed ia 8D
process. However warranty provision
exceeded

Buahiana ul Axend

Customerpecific Requirements/Standards
+ Maintain IATF16949:2016 accreditation along
with JLRQ, Nissan ASES,Srellantis QS8+ and

VAGVDA

CY22 Focus Areas.

CustomerPPM Performance

+ Global Marelltarget now 1PP for CY22 final

Line Based verifcation & Control

+ To develop programme for Poke Yoke identific
and ongoling management

+ Torollout acrossallPoke Yoke systems by End Quarter 3
2022

CustomerWarranty Management

+ Tomaintainfocus on warranty costs and identify common
themes

« Drive improvementinitiativesin ine with these themes.

+ Re-locate Warranty testing laboratoryintomain MLUK
faciityand set up management processes by end CY22.

CustomerSpecific Requirements/Standards
+ Meintaln IATF16949:2016 sccreditation alongwith JLRQ,
Nissan ASES, Srellantis Q58+ and VAG VDA
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CY 22 Quality In Everything (cont.)

r

MARELLI

Buahiana ul Axend

CY22 Focus Areas.

NEW CY22

Robust Line Auditing / Verification

+ Improve overall pracess fo line based auditing and control
* Improve approach for Layered Process Auditing (LPA) and also Plant Health Audits (PHA)
+ Incorporate processes for action planningand review

+ Incorporateinto daily management and also escalation to management review

+ Have process inplace by end Quarter 12022

Up-skilling in QA CoreTools

« Improve abiltyacross different departments for problem solving.

+ Generally problem slving undertaken by Engineerlevel employees

+ Rollout rainingin Core toos or producion co-ordinators by end Quarter 2 2022
+ Treinminimum 2 additional employeesas ix Sigma Green Belts by end 2022
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Master Sheet

Name Position

Adam Evans Quality Engineer

Chris Spencer Manufacturing Section  QA Concern Sheet

Line Dependent Production Operator

Line Dependent Production Operator

Bruno Forkuoh Production Engineer Problem Solving

Resp: Hugh John                    0

Nr. Customer Part Reason For Rejection Root Cause Month

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YTD

0.0 0.0 0.0

0.0 0.0 0.0

66,329

69,434

135763.0

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

30/03/22 QA 50%

30/04/22 QA 50%

30/04/22 QA 50%

15/04/22 QA/Man.

Not Started

31/07/22 QA/Man./Eng.

Not Started

31/07/22 QA/Man.

Not Started

31/08/22 QA/Man./Eng.

Not Started

31/09/22 QA/Man

Not Started

25%

Started

75% Complete but not verified

Countermeasure:

Start Planned Complete Planned

50% In progress 100% Verified and closed

Actual Actual

Target PPM

Status Project



Monthly PPM

Defects

Shipped

Customer Incidents

Improvement Tracker 

CY22

Project Team

Comments

Planned Date

Comments



Key Improvement Projects

Comments



Activity

Review PFMEA and Control Plans for ket products and identify 

Poka Yoke requirements and locations

Develop Poka Yoke Map for MLUK site (focus on key products)

Develop Poka Yoke verification documentation

Challenge Poka Yoke systems in Line 1 / Line 2

Implement Improvement Actions (if required) for Line 1 / Line 2

Due Resp.

Planned Date

Poka Yoke Map started - Back End completed

Poka Yoke Map started - Back End completed



Month End - February 2022

Monthly 0KM Incidents at Customer

Due Resp. Status

Monthly 0KM Incidents - Action Plan

Nr. Customer Part Activity

Poka Yoke Robustness

Challenge Poka Yoke systems in Line 4

Implement Improvement Actions (if required) for Line 1 / Line 2

Set up "ongoing" rolling challenge plane 

Status:

0.0 0.0 0.0

0

2

4

6

8

10

12

14

16

18

20

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YTD

PPM

Time frame
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Start Up Checks Completed

Furnace Offload Checks Completed (Once weekly - alternate Line 1 & 4)

Start Up Checks Completed

Poka Yoke Challenge Completed

Update : End Wk:8

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

ALL 1

PLA  Rad
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