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Abstract 

 
This research investigates production efficiency improvements in the design phase of High-

Value, Low-Volume, High-Variety (HVLVHV) machinery products rather than conventional 

mass-produced products with a low degree of variety. Achieving efficiency improvements in 

HVLVHV machinery products is challenging due to these products being labour-intensive and, 

as a generalisation, being designed or customised specifically for each customer.  

 

The methodological choice for this research is concurrent mixed-method research, which 

utilises both quantitative and qualitative methods. This research comprises two distinct yet 

complimentary research strategies. The first strategy is action research, and this is 

implemented in a single case study company. The action research strategy is chosen because 

the research took place in the organisation within which the researcher works.  

 

The key findings from this research are that the framework developed from this research has 

proven effective in improving production efficiency in the mechanical design phase of HVLVHV 

machinery products. This is attributed to the following efficiency improvement propositions 

being incorporated into the framework: These include adopting lean design principles, 

standardising the mechanical design process, utilising a modular design approach, fostering 

collaboration, and using design automation tools. It was not viable to incorporate embedding 

continuous improvement in the organisational culture into the framework as this needs to be 

driven by senior management. 

 

This research has extended the application of Modularisation by applying Modularisation 

theory to improve production efficiencies in the mechanical design phase of the product 

lifecycle of HVLVHV machinery products. This research has highlighted the value of 

Modularisation when implemented into lower volume production during the design phase and, 

therefore, has extended the theory on this efficiency improvement tool. The main contribution 

to practice is the sharing of a fit-for-purpose Strategic Design Management framework 

integrated into the business management system. The framework operates at a level 

equivalent to achieving ISO 9001 certification and the results indicate the framework is 

effective in improving production efficiencies in terms of time, cost, and quality during the 

mechanical design phase of HVLVHV machinery products. 
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1. Introduction 

 

1.1 Background 

 

Modern-day manufacturing companies face many challenges. Some of these include 

competition for sales, which are potentially both national and global. This global economy has 

led to many in the manufacturing sector shifting their manufacturing abroad to countries with 

reduced labour costs. Although transferring the manufacture of goods abroad can work for a 

highly automated manufacturing process, it is more complicated for companies with more 

highly skilled, manually intensive production processes. This more traditional manufacturing 

style requires highly skilled staff, and these skills are not easily transferable. Sustaining 

competitiveness in this environment has forced many companies to rethink their processes 

and procedures to enable them to react to customer needs and manufacture products of a 

higher quality and reliability at a lower cost (Ocampo, et al., 2020). 

  

Sorrell (2016) states that having slow growth influences a company’s ability to raise prices. 

Increasing your production output or growth enables a company to reduce its costs per unit 

thus increasing profit. As slow growth makes a business unable to increase prices it means 

that a company’s only way to increase profits is to decrease costs. Figure 1 shows the UK’s 

manufacturing output compared to the other countries in the top 10 manufacturing countries 

in the world. The UK is currently the ninth-largest manufacturer in the world by production. 

The Office for National Statistics (ONS, 2022) states that as of quarter 1, 2022, the UK 

manufacturing sector employed 2.7 million people. Make UK (2022) claim that as of 2022, it 

accounts for 51% of total UK exports, and the manufacturing sector's output totals £183bn. 

These figures highlight the importance of the UK’s manufacturing sector in terms of the 

economy and its high value around employment. Previously countries like the UK with skilled 

labour have been able to charge a premium for their exported products due to the quality of 

the produce. Developed countries like the UK need to sustain or improve the quality of their 

products to remain competitive against the emerging countries with lower costs, which have 

also been improving the quality of their products to that of a quality similar to the UK (Hassine 

and Mathieu, 2021).  
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Figure 1, The top 10 manufacturing countries in the world. Source: (Khan et al., 2021) 

 

In conclusion, this section describes some of the challenges the UK manufacturing sector 

faces due to the global economy. It also highlights some specific issues that companies with 

more highly skilled, manually intensive production processes face. The discussion also 

highlighted the importance of the UK’s manufacturing sector in terms of the economy and its 

high value around employment. Therefore, any production efficiency improvements achieved 

during the mechanical design of bespoke products has the potential to significantly impact the 

UK economy. The next section will discuss the specific problem being investigated by this 

research in the manufacturing sector.    
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1.2 Problem Statement 

 

The previous section discussed the UK manufacturing sector and the challenges faced by this 

industry generally and during the period of this thesis. This section will focus more on the 

specific problem faced by the manufacturing sector that this work will investigate. Specifically, 

how can production efficiencies be achieved in the design phase of low-volume, high-cost 

products with a high degree of variety? 

 

Due to the need to reduce costs to increase profitability, companies have tried various tools 

and techniques to overcome the issue of manufacturing a high-quality product at a reduced 

cost. One company that has succeeded in this issue is Toyota, which has become the world’s 

largest motor vehicle producer. One factor that has enabled Toyota to succeed is its 

development of the Toyota Production System (TPS). The TPS has evolved into a 

manufacturing style called Lean, and due to the success of Toyota and its management 

philosophy, many other companies have adopted its principles. The manufacturing style 

“Lean” is fundamentally a series of activities or solutions to eliminate waste, reduce non-value 

added (NVA) operations and improve the value-added (Wee and Wu, 2009).  

 

Due to Toyota’s long list of successes and quality achievements, companies within all 

industries, not just automotive, have been inspired to apply the TPS to their process models 

to improve (Proctor, 2016). However, as stated by Hines et al. (2004), the main weaknesses 

of Lean manufacturing are its automotive manufacturing-based view and limited appreciation 

of handling variability in demand. The implementation is entirely tool-focused and generally 

neglects the human aspects of the high-performance work system core to the Lean 

manufacturing approach. It is logical to assume that the focus on mass production is due to 

its origins, which derive from Toyota and the mass production of motor vehicles.  

 

The example of Toyota has been given as this style of production is well known, but this 

research focuses on the opposite style of production to mass production. This research 

focuses on High-Value, Low-Volume, High-Variety (HVLVHV) machinery products. This 

manufacturing style is a vastly different process from Toyota’s style of manufacture and is, 

more specifically, low-volume production with a high degree of variety in the products. 

Therefore, the tools utilised by Toyota may not be appropriate for this style of production. This 

difference is highlighted to show the specific niche sector to which this work is applied. It is 

more focused on bespoke manufacturing industries like Morgan automobiles, which have a 
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more traditional craft style of manufacture. Mass production is a highly automated 

manufacturing process; HVLVHV machinery products generally have highly skilled labour-

intensive production processes. Due to the highly skilled and labour-intensive production, 

achieving efficiency improvements in producing these products is extremely challenging. 

Additionally, these products are usually designed or customised specifically for each 

customer. Due to the variability in the designs, achieving efficiency improvements in designing 

these products is extremely challenging. 

 

This research investigates production efficiency improvements in the design phase of 

HVLVHV machinery products rather than conventional mass-produced products with a low 

degree of variety. This section describes the problems faced in achieving efficiency 

improvements due to these products being labour-intensive and, as a generalisation, being 

designed or customised specifically for each customer. The next section will describe the 

boundaries of the research being undertaken.  

 

 

1.3 Boundaries of the research 

 

 

The previous section discussed how this research investigates production efficiency 

improvements in the design phase of labour-intensive HVLVHV machinery products rather than 

conventional mass-produced products with a low degree of variety. This section describes the 

boundaries of the research. All research undertaken will have limitations to its scope, but 

defining the boundaries of the research at this point will aid the reader by defining the 

limitations specific to this body of work.  

 

The research conducted is limited to a single case study in a Western engineering company 

based in the United Kingdom (UK). The company is a medium-sized engineering company 

that manufactures HVLVHV machinery products. A medium-sized company is one that has 

less than 250 full-time equivalents (FTE) and has a turnover equal to or less than £50 million. 

The research is a longitudinal study that takes place over approximately a five-year period. 

The research focuses on improving production efficiency during the mechanical design phase 

in HVLVHV machinery products. This research focuses specifically on the discipline of 

mechanical design and, therefore, will not consider other disciplines like the electrical element 

of the machinery. 
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The data collected during the literature review focused on the specific words “Manufacturing”, 

“Design”, “Efficiency”, and “Jobbing Shop” or “HVLVHV” or “Jobbing Shop” as these represent 

critical components of the research. Additionally, the data collected within the case study 

company is specific to that organisation within the time frame of the research. As discussed 

previously, the research focuses on improving production efficiencies during the mechanical 

design element of HVLVHV machinery products. Any efficiency improvements seen are 

specific to the case study company and the action research participants (Discussed in 3.2.2 

Strategy) being undertaken within the given timeframe. Additionally, the improvements 

achieved ought to be judged within this specific context, although they may be indicative of 

wider relevance. 

 

The impact of the researcher being a manager within the case study company is reflected on 

during each cycle and observed when considering findings and implications. As this research 

is action research, there is potential for the results to have been impacted by the participants 

and the function of the researcher as a manager. The extent to which this circumstance has 

impacted the study could be verified with further research, but this is outside the boundaries 

of this study.  

 

Smyth and Holian (1999) consider that an inside worker/researcher can enhance the research 

and, additionally, the organisation. Still, there is a risk of bias that immediately challenges the 

positivist stance that the researcher must maintain to remain objective. Donalson (2002) takes 

this perspective further and states that “self-report and mono-methods bias often threaten the 

validity of research conducted in a business setting and thus hinder the development of 

theories of organisational behaviour”. Mantzoukas (2005) argues that bias cannot sincerely 

be excluded from the research process regardless of paradigm and that the presupposition of 

excluding bias from research studies is based upon historical and ideological assumptions 

that, once pushed to their logical conclusion, do not hold ground.  

 

When translating these findings into recommendations for this research, it is apparent that 

potential bias is unavoidable, but every effort should be implemented to alleviate it. Therefore, 

to mitigate this potential bias the researcher will undertake reflective practice during the 

research to assist in the recognition of any intrusive bias or personal interests and these 

should be identified and contested (Van Heugten, 2004). Additionally, utilising quantitative 

data where appropriate will ensure consistency and transparency. 
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This research investigates production efficiency improvements during the mechanical design 

phase of HVLVHV machinery products rather than conventional mass-produced products with 

a low degree of variety. This section discussed the boundaries of the research, the purpose 

being to aid the reader by defining the limitations specific to this body of work. The next section 

will describe the purpose of the research being undertaken.  

  

 

1.4 Purpose 

The purpose of this study is to develop a framework for improving production efficiency during 

the mechanical design phase of HVLVHV machinery products. Although this research will be 

situated in a single case study company, the aim is for the framework to be transferable to 

other manufacturers of HVLVHV machinery products. This research is in response to business 

sustainability challenges faced by the UK manufacturing sector, specifically manufacturers of 

HVLVHV machinery products.  

 

This research comprises two distinct yet complimentary research strategies. The first strategy 

is action research, which is then implemented in a single case study company. It utilises a 

concurrent mixed-method approach, employing both quantitative and qualitative methods. 

Action research cycles were utilised, and three distinct work packages evolved to develop the 

framework. The first cycle tested several efficiency improvement tools to verify which tools 

were appropriate for implementation into the framework. Cycle two tested the efficiency 

improvement tools verified in cycle one on a complete machine. Cycle three was used to verify 

the transferability of the framework onto a different machine type, thus evidencing its potential 

transferability to other manufacturers of HVLVHV machinery products. 

 

 

1.5 Research Aim 

This work aims to develop a framework that is transferable to other manufacturers of 

machinery products of HVLVHV, which enables them to improve production efficiencies in the 

mechanical design phase of the product lifecycle. 
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1.6 Research Questions and Objectives 

The research question was developed to assist in achieving the above research aim.  

 

 

• How can production efficiencies be achieved during the mechanical design 

phase when dealing with HVLVHV machinery products? 

 

 

The following research objectives underpin the above research aim and question:  

 

• Undertake research to verify existing tools appropriate for improving production 

efficiencies in the mechanical design phase of HVLVHV machinery products. 

• Develop a standard process for the mechanical design of HVLVHV machinery 

products. 

• Develop action research cycles to verify appropriate tools for improving production 

efficiencies in the mechanical design phase of HVLVHV machinery products. 

• Develop a framework for improving production efficiency in the mechanical design 

phase of HVLVHV machinery products. 

• Confirm the transferability of the framework for improving production efficiency in the 

mechanical design phase of HVLVHV machinery products. 
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1.7 An Introduction to the Case Study Company 

 

The following section introduces Kuka Systems UK, the case study company that is the focus 

of this research. They are a supplier of automated production solutions and robotic welding 

systems for use in various applications, including the aerospace and nuclear sectors (TWI, 

2022). Kuka Systems UK also manufactures friction welding machines under the trading name 

Thompson Friction Welding (TFW). The parent company of Kuka Systems UK, Kuka AG, 

purchased TFW in 1993 (Machinery, 2009) and amalgamated it into Kuka Systems UK. TFW 

is, therefore, a trading name, and the parent company is Kuka. To aid clarity, for the remainder 

of this research, Kuka Systems UK will be referred to as TFW as the friction welding products 

are the specific focus of this research, and it’s the TFW brand under which the products are 

sold. The justification for this is that the Rotary Friction Welding Machines (RFWM) produced 

are HVLVHV machinery products. These HVLVHV machinery products are the focus of the 

research rather than mass-produced machinery products. These products are, therefore, ideal 

candidates for being incorporated into this research. 

 

TFW is a medium-sized manufacturing company that has been manufacturing friction welding 

machines for over 50 years. A medium-sized company is defined as one that has less than 

250 employees and a turnover of under £50 million. The Welding Institute (TWI, 2022) states 

that over this period, TFW has produced around 700 machines and are pioneers in the 

development of friction welding. They manufacture RFWM, amongst other products in their 

portfolio. Friction welding is a solid-state joining process. The process involves one part to be 

welded being, rotated or oscillated at high speed and pressed against another stationary part. 

The resulting friction heats the pieces to a temperature they can join. At this point, the 

rotational or oscillating force is removed, and the two parts are pushed together whilst they 

cool. 

 

TFW supplies machines to various industries, the customers purchase these machines to 

allow them to weld their components. Some of the components that customers may want to 

weld on the TFW machines include piston rods, drive shafts, drill pipes and trailer axles. As 

can be seen from the component list the main industries that TFW supplies to are commercial 

vehicle manufacturers and the oil and gas excavation industry.    

 

TFW manufactures machines which have significant variety, as they are manufactured 

specifically to a customer’s requirements. Due to the machines being bespoke, they are costly 
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to produce, the volume of manufacture is low, and they are time-consuming to manufacture. 

In an ever-competitive market, customers are dictating that the machine price and lead time 

are reduced to that of TFW’s direct competitors, who also manufacture bespoke machines. 

Several of these competitors are in countries with reduced labour and overhead costs, 

contributing factors enabling them to manufacture machines for a lower price than TFW can 

achieve. One example of such a company is Friction Welding Technologies (FWT), based in 

India. They are now manufacturing friction welders under licence for TFW’s direct competitor 

Manufacturing Technology Inc (MTI). MTI is a global leader in joining and welding solutions 

and has been for the last nine decades (FWT, 2015). 

 

FWT have an ever-increasing product range from a 5-tonne RFWM to a 60-tonne RFWM 

(FWT, 2019). Although their range of machines is not as broad as that produced by TFW, they 

offer a 60-tonne RFWM. When reviewing TFW machine sales, the 60-tonne RFWM produced 

by TFW is their best-selling machine. This means that FWT is a direct competitor for TFW 

when quoting a customer for this machine size. The manufacturing labour costs in India 

averaged £1.26 per hour in 2015 (The Economic Times, 2018), compared to an average of 

£14.38 per hour for manufacturing labour in the UK. This figure is based on the average weekly 

pay in the UK for labour in the manufacturing sector being £539 (ONS, 2021), and then working 

a typical UK average working period of 37.5 hours per week. 

 

Although TFW manufactures various friction welding products the biggest selling products that 

they produce are RFWM. These products are high-value, high-variety products and a low 

volume are sold per annum. For many years, the most appropriate method for designing and 

manufacturing these products within TFW has been Engineer to Order (ETO). The production 

process of ETO means that once an order has been received, the design engineering process 

starts. Each customer order can be considered as an individual project with several activities 

like engineering and design, component manufacturing, assembly, and installation 

(Bertrandand and Muntslag, 1993). Engineer-to-order allows the product to be custom-made 

to the customer's exact specifications, but a consequence of this is long lead times. The lead 

time is measured from when the customer places an order to when it arrives at its 

manufacturing plant.  

 

After agreeing to the research and an analysis of the process within TFW being undertaken, 

it revealed that the traditional approach to designing a new machine order for a customer 

involved the Lead Engineer looking at the last machine sold that welded a component similar 

to the new customer's components. This machine would then be used as the basis for the new 

order, but it would be modified and altered to the new customer's specifications. When 
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discussing the opportunity for this research with the management team at TFW, they 

acknowledged that the company has used this process successfully in the past. Still, the 

industry is changing, and they are aware it is not viable to continue this way. To improve 

efficiency, they require a more efficient production process.  

 

Internal calculations undertaken by the Head of Finance UK show that TFW currently loses 

up to 17% of an order's total value per month if the machine is on the shop floor past the 

forecast shipping date. The details of this calculation were quantified by the Head of Finance 

UK, who explained that when a machine is late to leave the factory, whilst here it occupies 

valuable floor space, where another machine could be built if the floor space were free. This 

is not a direct cost but an opportunity cost as it is dependent on their being an order to fill the 

space. This fact highlighted the importance of getting the machines out on time and 

emphasised the importance of efficiency improvements.  

 

TFW has previously been able to sell its products at a premium due to their quality and 

reliability. This is evidenced by repeat orders from customers and their feedback. Using quality 

as its competitive advantage, TFW could charge a premium, and customers were willing to 

pay the additional amount. Recently, the price gap between TFW and its direct competitors 

has grown significantly, and the customers who were advocates of TFW are now questioning 

if the benefits warrant the increased cost. This has resulted in TFW needing to reduce the 

costs of manufacturing its products to remain competitive. 

 

The purpose of this research is to find if production efficiencies be achieved during the 

mechanical design phase when dealing with HVLVHV machinery products. The case study 

company for this research is TFW as they manufacture the HVLVHV machinery products that 

are the focus of this research. The researcher undertaking this work is employed as a manager 

within the case study company as the Product Development and Mechanical Engineering 

manager. Figure 2 below shows a simplified version of the organisational chart to show a 

representation of the researcher's position within the organisation. The purpose of this 

diagram is to assist the reader by defining the positionality of the researcher within the 

organisation. 
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Figure 2, TFW, Simplified organisation chart 

 

1.8 Timeline events 

 

In the previous sections, the researcher explained the challenges the case study company 

faced as they aimed to achieve production efficiency improvements in the design phase of 

HVLVHV machinery products rather than conventional mass-produced products with a low 

degree of variety. This research took place between the period of 2018 and 2024. This 

timeframe included a global pandemic and a war in Ukraine, adding additional challenges to 

the manufacturing sector to those discussed earlier in the problem statement section. It is 

recognised that the war and pandemic are two specific challenges faced during this research 

period and are not typical challenges of the industry generally. However, they were additional 

challenges faced by the case study company during this period and therefore they should be 

identified. 

 

The first of these two challenges came in 2019 when the COVID-19 pandemic occurred. 

Figure 3 below shows the catastrophic impact this had on the UK Gross Domestic Product 

(GDP) during the period from 2020 to 2022. Gross Domestic Product (GDP) is the total value 

of final products and services produced within the domestic territory of a country during a 

specific period (Aslamazishvili, 2021). Before the COVID-19 pandemic, the United Kingdom’s 

(UK) Manufacturing sector was 10.3% of its Gross Domestic Product (GDP). Figure 3 shows 
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the percentage difference from the end of 2019. The manufacturing sector's percentage of 

GDP contracted by 23.4% in the second quarter of 2020 (Oxford Economics, 2022).  

 

For the case study company, COVID-19 resulted in a delay in new orders materialising and 

much of the staff working at home or being furloughed. This also resulted in product 

development being stopped, product development being the section of the case study 

company supporting the research. This had an impact on the progress of the research being 

undertaken but didn’t have a direct impact on the results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3, UK Manufacturing Sector Outlook Sector Recovery Profile (Oxford Economics, 

2022)  

 

During 2022, as the global economy was trying to recover from the COVID-19 pandemic, 

Russia invaded the country of Ukraine. Due to the country being at war, Ukraine could no 

longer produce steel. Moreover, the EU imposed sanctions on Russia in relation to its exports. 

These sanctions meant that they could no longer export their steel to countries belonging to 

the EU and the UK. Table 1 shows the quantity of Crude Steel produced by these and other 

countries. This had a significant impact on the global supply, meaning the price of steel 

increased from its already inflated prices from the COVID-19 Pandemic. The complete list of 

“Total Production of Crude Steel” can be found in Appendix 7.7. 
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Table 1, Global top 20 producers of Crude Steel 

 

 

Russia is also one of the world's largest providers of crude oil, and sanctions on supplying oil 

increased fuel prices significantly. The cost of fuel significantly impacted the economy as the 

cost of goods includes the logistics for transportation. In brief, if fuel costs increase, then the 

cost of goods must increase to reflect this. This added additional pressure to the 

manufacturing sector as they now had the challenge of manufacturing their products with 

these inherited additional costs. In the UK, Steel had increased in cost by 25%, and as of July 

2022, the cost of diesel increased by 32%.  

 

There were also global supply chain issues caused in part by the pandemic. The pandemic 

resulted in people having to self-isolate, and others used this opportunity to change jobs. This 

lack of staff resulted in companies being unable to produce goods as effectively, and once 

made, there was a lack of transport services available to deliver them (Institute for 

Government, 2022). This was not a UK-specific issue, as this was a global problem. Therefore, 

many manufacturers faced these additional challenges. 

 

All these factors were external to the company and as such are a variable that cannot be 

controlled. As the aforementioned factors all influenced both cost of materials and companies 

means and motivation for purchasing the machines. It also meant engaging the staff of the 

case study company to embark on new practices during a time of uncertainty in the market.  
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The case study company faced additional challenges throughout this period. During the phase 

from 2018 to 2024, the managing director of the case study company changed four times. This 

led to different organisational strategies being implemented in an attempt to address the global 

and industry challenges faced. In addition, each managing director had new ideas they wished 

to implement and a new direction to take the company. This included their views on the 

importance of the work being undertaken around product development and standardisation. 

Critically, this also meant that the staff had a lot of adjustments to deal with, and thus ran the 

risk of thinking that all changes during this time had the potential to be transient. This had a 

negative effect on staff engagement and “buy-in” to new concepts being introduced. It also 

meant that the staff were unsettled and potentially cynical of the stability of the company during 

this time. Additionally, the number of employees contracted from an estimated 120 to 60 as 

the business became refocused on its core product of friction welding machines. This would 

have also contributed to the disquiet.  

 

This highlights the turbulence within the case study company during this period. This section 

has been included as it highlights the importance of this research in terms of the 

appropriateness of the timing of the research. Although the case study company going through 

a particularly challenging period during this time frame created challenges for the research. It 

also gave the researcher an ideal opportunity to have a potential impact within industry. This 

could be achieved by the research supporting the case study company in reducing the costs 

of manufacturing its products and therefore emerging from this turbulent period in a more 

competitive position. 

 

1.9 Conclusion 

This chapter describes some of the challenges the manufacturing sector faces due to the 

global economy. It also highlights some specific issues that companies with more highly 

skilled, manually intensive production processes face. Specifically, manufacturers of HVLVHV 

machinery products. It details the specific niche that this research investigates, that is how you 

gain production efficiency improvements in the mechanical design phase of HVLVHV rather 

than conventional mass-produced machinery products with a low degree of variety. The 

boundaries of the research were discussed, the purpose being to aid the reader by defining 

the limitations specific to this body of work. The aims and objectives were given, and the case 

study company was introduced. The following chapter will undertake a detailed review of the 

literature relevant to improving production efficiency in the mechanical design element of 

HVLVHV machinery products. 
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2. Literature Review 

 
The following section aims to uncover relevant literature on potential methods for increasing 

production efficiency during the mechanical design phase of HVLVHV machinery products. A 

systematic literature review is utilised as the initial methodology for undertaking the 

investigation, as it gives a clear overview of relevant academic literature on the topic. This is 

followed by research on potential efficiency improvement tools that the researcher has been 

exposed to as a practitioner in industry. Combining the two research methodologies gives a 

holistic view of industry and academic tools and, therefore, a more complete review of the 

potential tools to be incorporated into the framework. 

 

 

2.1 Systematic literature review 

 

Introduction 

This section aims to uncover relevant literature on potential methods for increasing production 

efficiency during the mechanical design phase of HVLVHV machinery products. There are 

various methods for this, but a Systematic Literature Review (SLR) results in a broad spectrum 

of literature being obtained. The findings from this review can then be refined, and the 

comprehensive data on the specific subject can be compiled. A SLR is a specific method that 

adopts a clear and detailed approach to the research, ensuring rigour and transparency are 

brought to the literature review process (Tranfield et al., 2003; Kitchenham and Charters, 

2007).  

 

When initiating this review, it was as unclear if any efficiency improvement frameworks or 

models already existed that would be appropriate for direct implementation. Should such a 

model or framework exist then it would save a considerable amount of time developing a new 

framework. Additionally, it would give the researcher an opportunity to test the framework or 

model in an industrial environment. The following literature review details the steps that were 

undertaken to research the current literature on potential methods for increasing production 

efficiency during the mechanical design phase of HVLVHV machinery products. 
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Method 

The SLR is undertaken with the search protocol defined in Table 2. Due to the niche area in 

which this research is being undertaken, it is not confined to papers published between 

specific dates. The dates are left open to find the broadest amount of data and the papers 

were subsequently reviewed to ensure the findings are contemporary. Whilst there is no 

standard for what is deemed to be contemporary, it should be considered current enough for 

it to be relevant in modern engineering practice.  

 

Table 2, Boolean Search String and Databases 

Boolean Search String 

(Manufacturing) and (Design) and (Efficiency) and (("jobbing shop") OR 

("HVLVHV") OR (BESPOKE)) 

 

1, Scopus 

2, Web of Science 

3, IEEE 

4, Science Direct 

 

 

The specific words “Manufacturing”, “Design”, “Efficiency”, and “Jobbing shop” or “HVLVHV” 

or “Bespoke” represent critical components of the research and, therefore, were used as the 

search criterion. The criteria were also limited to academic journals written in English and 

published in recognised academic databases (i.e Scopus, Web of Science, IEEE and Science 

Direct). A computerised search was undertaken on the databases shown in Table 2, utilising 

the keywords “Manufacturing”, “Design”, “Efficiency”, and “Jobbing shop” or “HVLVHV” or 

“Bespoke” as the filter to limit it to documents containing these words. The search was refined 

further by surrounding the search terms with quotation marks. This told the database search 

that the words must appear as an exact phrase in the resultant documents. The source type 

of the files was filtered, and limited to ‘review articles’, ‘research articles’ and ‘conference 

papers’. The subject area of the search was limited to ‘Engineering’, ‘Business Management 

and ‘Accounting’, ‘Social Sciences’ and other subjects specific to the area of research. The 

search resulting from this criterion produced 1283 articles. 
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The results from each database were exported in a RIS Format file. Exporting the RIS file 

allowed the search results to be imported into a reference management tool. There are various 

software solutions for reference management, the one used for this research was Endnote. 

Importing the RIS Files containing the search results into Endnote allowed the results to be 

structured. The software highlighted duplicate files; these files were erased from the results, 

leaving 1244 articles. The title and abstract of the remaining 1244 articles were screened, and 

any that were not considered relevant to the research questions were removed; 26 papers 

remained for review. These 26 papers were read fully and 8 were found to contain data 

beneficial to the research. Figure 4 below shows a Prisma flow diagram detailing the steps 

undertaken whilst undertaking the literature review. 
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Figure 4, Search Strategy prisma flow diagram  
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Table 2, Systematic literature review findings 

Systematic literature review findings 

No Author Title Date Type Description 

1 

Gerschutz, B., 
Sauer, C., 

Kormann, A., 
Nicklas, S.,     
Goetz, S.,    

Roppel, M., 
Tremmel, S., 

Paetzold-
Byhain, K and 
Wartzack, S. 

Digital 
Engineering 
Methods in 

Practical Use 
during 

Mechatronic 
Design Process 

2023 
Journal 
Article 

This work used a literature review to analyse 
the current state of research on the use of 

artificial intelligence, deep learning, 
digitalization, and Data Mining in product 

development, mainly in the mechanical and 
mechatronic domain. 

2 

Shi, J., Huang, 
F., Jia, F., 

Yang, Z and 
Rui, M. 

Mass 
customization 

the role of 
consumer 
preference 

measurement, 
manufacturing 
flexibility and 

customer 
participation 

2023 
Journal 
Article 

This paper explores the relationships between 
customer preference measurement accuracy, 

manufacturing flexibility, customer 
participation and customized product quality, 

inspired by module decomposition and 
integration theory. 

3 

Rankohi, S., 
Bourgault, M., 
Iordanova, I 

and Carbone, 
C. 

Developing a 
Construction-

Oriented DfMA 
Deployment 
Framework 

2023 
Journal 
Article 

Following a design science research method, 
a systematic literature review is conducted to 

identify the construction-oriented DfMA 
implementation challenges. To address these 

challenges, a construction-oriented DfMA 
framework was theorized, verified in a project 
based context, and validated through focus 
group discussions with off-site construction 

industry experts. 

4 
Ndwiga, D., 
Ciera, L and 
Mokabi, G. 

A conceptual 
appraisal 

towards the 
contextualization 
of product and 

process 
innovation in 

clothing 
manufacturing 

2023 
Journal 
Article 

This research undertook a literature review 
which focussed on the context of innovation 
strategies in clothing manufacturing and the 
determinant factors indicating the acquisition 
and implementation of product and process-

related innovation activities.  
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5 

Dehe, B., 
Bamford, D 

and Kotcharin, 
S. 

Bespoke 
benchmarking 

framework 
employed as 
vehicle and 
platform for 

open innovation 
– a healthcare 
infrastructure 

case 

2022 
Journal 
Article 

This research reports on the development, 
testing and implementation of a bespoke 
benchmarking framework and assess its 

influence on the open innovation performance 
of new healthcare infrastructure. The research 
was developed from a series of 10 workshops. 

This investigation borrows a pragmatic 
paradigm and is inductive and qualitative by 

nature, but uses quantitative scoring within the 
benchmarking assessment. 

6 
Wang, C., 

Mao, Z., Su, H 
and Tian, Y. 

Knowledge 
identification in 
medium sized 

enterprises 
under the 
context of 

quality 
improvement: 

An exploration in 
manufacturing 
companies in 

China 

2020 
Journal 
Article 

The exploratory research reported by this 
paper has obtained and prioritised the up-to-
date answers to what is and how to identify 
the knowledge most relevant to the medium 

sized enterprises, leading to the enrichment of 
the theoretical understanding of knowledge 

management approaches and practical 
guidance of their implementation in 

operations, under the context of quality 
improvement in medium sized enterprises. 

7 
Gao, S., Jin, R 

and Lu, W. 

Design for 
manufacture 

and assembly in 
construction: a 

review 

2019 
Journal 
Article 

This study reviews the processes and 
principles of Design for Manufacture and 

Assembly and explores the possible 
perspectives of Design for Manufacture and 

Assembly with a view to providing implications 
to the construction industry. This study 
suggests that development of design 

guidelines, forming multidisciplinary team, use 
of virtual design and construction systems and 
understanding the Lean principles are factors 

that could further enhance the successful 
application of Design for Manufacture and 

Assembly in construction. 

8 
Robinson, A., 
Gibb, A and 
Austin, S. 

Standardisation 
of specification 
driven buildings 
with serial and 
repeat order 

designs 

2012 
Conference 
proceedings 

This research, as part of an Engineering 
Doctorate study, examines repeat- and serial-
order standardised buildings through multiple 

case studies where the reasons for their 
adoption are explored from various 

stakeholder perspectives. It tests existing 
theories. from literature on standardisation in 
design and construction efficiency, with an 

emphasis on specification driven ‘non-iconic’ 
buildings. 
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Further papers from snowballing technique 

9 O’Driscoll, M.  
Design for 

manufacture 
2002 

Journal 
Article 

This paper comprises an introduction to DFM, 
followed by a review of normal practices in 
industry, and finishing with an approach to 

implementing DFM in a manufacturing 
environment. 

10 Dewhurst, N.  
DFMA the 

product, then 
lean the process 

2010 
Conference 
proceedings 

This paper explores the additional savings that 
could be unlocked when engineers combine 

an up front DFMA analysis of the product with 
Lean Manufacturing approaches to 

production. Combining these two techniques 
results in products that are “lean‐from‐the‐

start.” 

11 
Emmatty, F, 
and Sarmah, 

S.  

Modular product 
development 

through 
platform-based 

design and 
DFMA. 

2012 
Journal 
Article 

This article presents a framework for modular 
product development by integrating function-
based modular product architecture, platform-
based design and design for manufacture and 

assembly.  Application of the integrated 
framework is illustrated with a case study of 

the development of a watch mechanism. The 
illustration gives light to the stages of product 
development from conceptual evolution of the 

product to the detailed design. 

12 Ashley, S.  
Cutting costs 
and time with 

DFMA.  
1995 

Journal 
Article 

This article presents the benefits of applying 
Design for Manufacturing and Assembly 
methodologies in early stages of product 

design and discusses how is can reduce the 
number of parts in a product and thus reduce 

the cost. 
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13 Boothroyd, G.  
Product Design 
for manufacture 
and assembly.  

1994 
Journal 
Article 

The paper first stresses the importance of 
taking careful account of manufacturing and 

assembly problems in the early stages of 
product design. Then, using a case study, the 
philosophy of the Design for Manufacture and 

Assembly (DFMA) methodology and its 
application are explained. The historical 
development of design-for-assembly and 

design-for- techniques in Japan, Europe and 
the USA is presented. A review of published 

case histories emphasizes the enormous 
advantages to be gained by adopting this 

relatively new approach as the major tool in 
concurrent and simultaneous engineering. 

Finally, a discussion of the various roadblocks 
affecting DFMA implementation is followed by 
a discussion of current developments, which 

include product design for disassembly, 
service and recycling. 

14 Stoll, H.  
Design for 

manufacture: An 
overview 

1986 
Journal 
Article 

This article critically examines the broad range 
of activities which are embodied in the DFM 

approach. Discussion is divided into 
consideration of DFM principles and rules, 
quantitative evaluation methodologies, and 

computer-aided DFM. Underlying organization 
issues are also discussed. 

15 
Cillo, P., De 

Luca, L.M. and 
Troilo, G.  

Market 
information 
approaches, 

product 
innovativeness, 

and firm 
performance: an 
empirical study 
in the fashion 

industry 

2010 
Journal 
Article 

In this study the authors propose a distinction 
between two approaches to market 

information, rooted in the marked-based 
learning theory. The two approaches are 

conceptualized and operationalized on the 
basis of their differences along three 

processes: generation, dissemination and use 
of market information. Results suggest that 
the two approaches are complementary for 

firm performance, but have opposite effects on 
product innovativeness: while a forward-
looking approach is positively related to 
product innovativeness, a retrospective 

approach seems to be negatively related. The 
results also shed light on how market 
information approaches and product 

innovativeness jointly affect firm performance. 
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16 

Auken, V., 
Madrid-

Guijarro, A., 
and Garcia-
Pérez-de-
Lema, D.  

Innovation and 
Performance in 

Spanish 
Manufacturing 

SMEs 

2008 
Journal 
Article 

Innovation facilitates how SMEs respond to 
market changes and maintain their 

competitive advantage. This paper analyses 
the relationship between the degree of 
innovation (measured as innovation in 
products, processes and administration 
systems) and performance among 1,091 

Spanish manufacturing SMEs. The results 
show that innovation positively impacts SMEs 

performance in low and high technology 
industries. Innovation was more important to 
achieving a competitive advantage to high 
technology firms than low technology firms. 
These results support innovation as being 

important to a firm's sustainable competitive 
advantage. 

17 Buergin, C.  
Integrated 
Innovation 
Capability.  

2006 
Journal 
Article 

The paper outlines a structure of a companys 
innovation capability integrated in its business 

environment. The structure is set up in 
different levels which affect a companys 

capability to innovate. As well as a basis of an 
instrument is described to measure and to lay 

the foundation for actions to improve the 
innovation capability. 

18 OECD 

Oslo Manual: 
Guidelines for 
Collecting and 

Interpreting 
Innovation Data.  

2018 
Reference 

Guide 

The Oslo Manual is the international reference 
guide for collecting and using data on 

innovation.  

19 

Wu, Q., Liao, 
K., Deng, X. 

and Marsillac, 
E.  

Achieving 
automotive 

suppliers’ mass 
customization 

through 
modularity 

2019 
Journal 
Article 

The purpose of this paper is to propose a 
sequential model reflecting the sequence of 
practices as well as an overview picture for a 
firm to achieve MC. The proposed model is 

tested with a data set collected from 
automotive suppliers in China and in the USA. 

Structural equation modeling is used to 
analyze the data and test the model. 

The results suggest that, for suppliers to 
achieve MC, postponement orientation and 
operational alignment are vital antecedents. 

The results also reveal the important 
responsibility and role of information sharing 

practices in coordinating suppliers’ modularity 
practices. 
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20 

Holtewert, P. 
and 

Bauernhansl, 
T. 

Choosing the 
Appropriate 

Methodology: 
Understanding 

Research 
Philosophy.  

2016 
Journal 
Article 

This article proposes a new approach to 
increase the capacity flexibility in 

manufacturing systems. The core approach 
“Substitution of Product Functions” focuses on 
manufacturing two different variants of product 

components with the same product function 
simultaneously but two different product 

designs. One of the component designs needs 
a high process time with low variable costs, 
the other one a low process time with high 

variable costs. Thus, two product designs with 
differentiation in variable costs allow the use 
of the factor “manufacturing process time” as 
an additional control variable for increasing 

the capacity flexibility.  

21 Aoki, M.  

Modularization 
of industrial 

architecture: A 
theoretical 

introduction 

2002 Book 

The concept of "modularization" or 
"modularity," now catching on in economics 

and management describes the fundamental 
change to the industrial infrastructure that 

underlies the IT revolution. This book provides 
a summary of the debate among the world's 

leading theoreticians and practitioners on this 
topic to capture the nature of modularization 

and helps readers better understand the 
concepts. 

22 
Venkitachalam, 
K. and Busch, 

P.  

Tacit 
knowledge: 
review and 

possible 
research 
directions 

2012 
Journal 
Article 

The paper aims to propose directions for 
future research in this domain of discourse. It 
undertook a  review of existing studies and 
highlights some gaps in the literature on the 
role of tacit knowledge, which is followed by 
questions for future research. From the 
research undertaken the authors believe that 
the proposed questions offer avenues for 
scholars to explore and develop greater 
understanding of the role of tacit know‐how in 
certain knowledge management topics. 

23 Gibb, A.  

Standardisation 
and 

Preassembly – 
distinguishing 

myth from reality 
using case study 

research.  

2000 
Journal 
Article 

Standardization and pre-assembly (S&P) are 
not new, but their application and their drivers, 
pragmatism and perception, need to be 
considered in the light of current technology 
and management practice.  The CIRIA project, 
which forms the basis of this paper, aimed to 
produce a review of the subject and guidance 
for clients and project teams through a 
comprehensive literature review, expert work5 
shops and case study research. The paper 
defines S&P, discusses past, present and 
future applications (providing case study 
evidence) and presents the key benefits and 
implications of the optimized use of 
standardization and pre-assembly. 
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24 Gibb, A.  

Standardisation 
and 

Customisation in 
Construction – A 
Review of recent 

and current 
industry and 

research 
initiatives on 

standardisation 
and 

customisation in 
construction 

2001 Report 

This report was commissioned by the 
Technologies and Components Task Group of 
the Construction Research and Innovation 
Strategy Panel (CRISP). Its purpose is to 
identify, illustrate and where possible 
categorise recent and current initiatives on 
standardisation and customisation, particularly 
within UK construction.  

 

 

Systematic literature review finding’s introduction 

 

From the literature review undertaken eight papers were found and these are detailed in Table 

2.  From these initial eight papers, a snowballing technique was used where the references 

from these papers were used to identify further relevant material. A further sixteen papers 

were identified, and they are also included in the table. From this literature, three main themes 

emerged that could potentially assist in achieving production efficiencies during the 

mechanical design phase when dealing with HVLVHV machinery products. The first theme to 

emerge was Design for manufacture (DFM) and Design for Assembly (DFA), the second 

theme was product and process development, and the third theme was modularisation and 

standardisation. The following section will discuss in more detail the findings on these three 

themes. 

 

 

DFM and DFA 

 

Two of the eight papers contain the main body of work concerning DFM and DFA. These 

papers comprise Developing a Construction-Oriented DfMA Deployment Framework (Rankohi 

et al., 2023) and Design for Manufacture and Assembly in Construction: a Review (Gao, Jin 

and Lu, 2019).  

 

Rankohi et al., (2023) claim that design for manufacture and design for assembly began during 

World War two (1939 – 1945) when Ford and Chrysler developed design principles in their 

weapons production process. O’Driscoll (2002) claims that the concept dates back further to 

1788 when a French musket manufacturer named LeBlanc devised interchangeable parts for 

muskets rather than the conventional bespoke parts. 
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Dewhurst (2010) notes that the design of the product itself ultimately defines the total cost. 

Utilising DFM & DFA during the design phase will assist in cost reduction as the full benefits 

of Lean production can be realised since potential manufacturing and assembly issues have 

already been resolved (Gao, Jin and Lu, 2019). Thus, incorporating DFM & DFA during the 

design phase avoids manufacturing and assembly issues in the latter stages of a 

manufacturing project (Emmatty and Sarmah, 2012).  

 

Ashley (1995) describes how the team at Douglas Commercial Aircraft Co were taught DFM 

and DFA as a review method. The purpose of these reviews was to identify the optimal part 

design, material choice and assembly and fabrication operations to produce an efficient and 

cost-effective product. Boothroyd (1994) states that while the traditional viewpoint is that DFM 

and DFA are only worthwhile when the quantities to be manufactured are high, he argues that 

the philosophy is even more critical when the quantities are small. He argues this point as 

commonly, an initial design is not usually reconsidered for low-volume production. 

 

Research undertaken by Stoll (1986 cited in Gao, Jin and Lu, 2019) found ten principles or 

rules for implementing DFM and DFA reviews. These include: (1) minimising the total number 

of parts, (2) developing a modular design, (3) using standard components, (4) designing parts 

to be multifunctional, (5) designing parts for multi-use, (6) designing parts for ease of 

fabrication, (7) avoiding separate fasteners, (8) minimising assembly directions, (9) 

maximising compliance (10) minimising handling. Boothroyd (1994) adds further clarity to the 

process by stating that DFA should always be the first consideration, leading to a simplification 

of the product structure. This is followed by a review of the materials and manufacturing 

processes with a perspective of being more efficient and reducing costs.  

 

In conclusion to this section on DFA and DFM, Boothroyd (1994) uses an excellent metaphor 

for failing to include DFM and DFA in the design process. He refers to this action as being 

“over-the-wall”, meaning the design engineer throws the design over the wall to the 

manufacturing engineers, who then must deal with the various manufacturing issues as they 

were not involved earlier in the process. Similarly, the production engineers will have to deal 

with the various assembly issues as they were not involved earlier during the design phase. 
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Product and process development 

 

The main body of work concerning product development is contained within three of the eight 

papers. These papers include Digital Engineering Methods in Practical Use during 

Mechatronic Design Processes (Gerschutz, et al., 2023). A conceptual appraisal towards the 

contextualisation of product and process innovation in clothing manufacturing (Ndwiga, Ciera, 

and Mokabi, 2023) and Bespoke benchmarking framework employed as a vehicle and 

platform for open innovation – a healthcare infrastructure case, (Dehe, Bamford and Kotcharin, 

2022). 

 

Cillo et al., (2010, cited in Ndwiga, Ciera, and Mokabi, 2023) describe product development 

as a degree of newness of a product as compared to previous products distributed by a firm 

based on their characteristics or intended use. Thus, they provide the customer with increased 

product differentiation, highlighting a firm’s ability to respond to market changes. Product 

development not only allows a company to expedite its ability to respond to market changes 

and develop its competitive advantage (Auken, Madrid-Guijarro and Garcia-Pérez-de-Lema, 

2008), it allows a firm to attain growth, achieve greater profitability and develop the appropriate 

innovation that the market demands to achieve a competitive advantage (Buergin, 2006). 

 

The Oslo Manual describes itself as the foremost international source of guidelines for the 

collection and use of data on innovation activities (OECD, 2018). It takes the previous 

discussion on product development further, stating that product innovation can require a 

supporting business process innovation. Additionally, a business process innovation can 

significantly improve the quality of a product, resulting in a joint process and product 

improvement. Dehe, Bamford, and Kotcharin (2022) also promote using technical tools such 

as Plan-Do-Check-Act (PDCA) as a consistent approach to innovation problems to develop a 

culture of continuous improvement and capture knowledge.  

 

Modularisation and standardisation 

 

According to Wu et al. (2019), utilising modular theory empowers a manufacturer with 

manufacturing flexibility and the ability to adapt to small-batch and multi-variety customised 

production through module integration. Manufacturing flexibility refers to the capability of a 

manufacturer to adapt to both internal and external changes yet continue to produce products 

and volumes without compromising performance (Holtewert and Bauernhansl, 2016).  
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Aoki (2002) adds to this discussion, stating from a knowledge-based perspective that 

incorporating more decomposed modules into a design allows for more explicit knowledge to 

be transferred between modules, and tacit knowledge that would otherwise be hidden in each 

module is reduced. Tacit knowledge is difficult to express or extract, whereas explicit 

knowledge can be readily articulated or conceptualised (Venkitachalam and Busch, 2012). 

Gibb (2000) explains that using standardisation can be limiting for a designer. Using off-the-

shelf solutions can limit innovation and result in less original designs. However, this can be 

overcome by incorporating standard items into standard modular components that allow for 

customisation (Gibb, 2001). 

 

 

2.3 Systematic Literature Review Analysis 

This section of the literature review involved a systematic literature review. The aim being to 

uncover relevant literature on potential methods for increasing production efficiency during the 

mechanical design phase of HVLVHV machinery products. The systematic literature review 

uncovered some very interesting literature that will be discussed shortly in the conclusion. It 

also identified what appears to be a gap in the literature concerning increasing production 

efficiency during the mechanical design phase of HVLVHV machinery products. The literature 

review focused on the specific keywords “Manufacturing”, “Design”, “Efficiency”, and “Jobbing 

shop” or “HVLVHV” or “Bespoke” as the filter to limit it to documents containing these words. 

None of the papers reviewed discussed improving production efficiency during the mechanical 

design phase of HVLVHV machinery products. Additionally, none of the papers covered 

mechanical design, as they were more focused towards clothing manufacturing and 

construction. The following section concludes the findings from this review. 

 

 

2.4 Systematic Literature Review Conclusion 

From the literature review undertaken, three main themes emerged that require investigation 

for their incorporation into the framework. The first theme to emerge was Design for 

manufacture (DFM) and Design for Assembly (DFA), the second theme was product and 

process development, and the third theme was modularisation and standardisation. 

 

Dewhurst (2010) notes that the design of the product itself ultimately defines the total cost. 

Utilising DFM & DFA during the design phase assists in cost reduction as the full benefits of 

Lean production can be realised since potential manufacturing and assembly issues have 
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already been resolved (Gao, Jin and Lu, 2019). Therefore, incorporating a DFM and a DFA 

review into the framework avoids manufacturing and assembly issues in the latter stages of a 

manufacturing project (Emmatty and Sarmah, 2012) and should, therefore, improve 

production efficiency.  

 

A further argument for incorporating these tools is Boothroyd (1994), stating that while the 

traditional viewpoint is that DFM and DFA are only worthwhile when the quantities to be 

manufactured are high, they argue that the philosophy is even more critical when the quantities 

are small.  The justification is that the initial design is not usually reconsidered for low-volume 

production. Therefore, DFM and DFA appear viable tools for implementation into the 

framework in the mechanical design of bespoke low-volume products. A further point noted 

by Boothroyd (1994) added further clarity to the process by stating that DFA should always be 

the first consideration, leading to a simplification of the product structure. This is followed by 

a review of the materials and manufacturing processes with a perspective of being more 

efficient and reducing costs. Therefore, the sequencing of the DFM and DFA reviews should 

be considered when implementing them into the framework.   

 

When implementing the DFM and DFA reviews discussed previously, there will undoubtedly 

be changes implemented to the product. These changes along with others will fall under the 

guise of product development. Product development not only allows a company to expedite 

its ability to respond to market changes and develop its competitive advantage (Auken, 

Madrid-Guijarro and Garcia-Pérez-de-Lema, 2008), but it also allows a firm to attain growth, 

achieve greater profitability and develop the appropriate innovation that the market demands 

to achieve a competitive advantage (Buergin, 2006). Product development should be captured 

in the framework therefore as a method of improving production efficiencies during the 

mechanical design phase when dealing with HVLVHV machinery products. 

 

The Oslo Manual (OECD, 2018) takes the previous discussion on product development further 

stating a product innovation can require a supporting business process innovation. 

Additionally, a business process innovation can significantly improve the quality of a product, 

resulting in a joint process and product improvement. The framework being developed derives 

from the process of the product passing through the Engineering department. Therefore, whilst 

implementing the product developments, process developments should also be undertaken to 

maximise the efficiency improvements. Additionally, as discussed by Dehe, Bamford, and 

Kotcharin (2022), using technical tools such as Plan-Do-Check-Act (PDCA) as a consistent 

approach to developing the framework will aid in developing a culture of continuous 

improvement and assist in capturing knowledge. 
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Wu et al., (2019) explain that utilising modular theory empowers a manufacturer with 

manufacturing flexibility and the ability to adapt to small-batch and multi-variety customised 

production through modules integration. Additionally, as discussed by Aoki (2002) from a 

knowledge-based perspective, incorporating more decomposed modules into a design allows 

for more explicit knowledge to be transferred between modules and tacit knowledge that would 

otherwise be hidden in each module is reduced. Gibb (2000) added to the argument for having 

a modular design rather than a standard design as they depicted using standardisation can 

be limiting for a designer. Using off-the-shelf solutions can limit innovation and result in less 

original designs. As explained by Gibb (2001), the benefits of using standard parts can still be 

seen by incorporating them into standard modular components that allow for customisation, 

and this will be the approach utilised for the framework.  

 

In conclusion, none of the papers covered mechanical design, as they were more focused 

towards clothing manufacturing and construction. Therefore, from the research undertaken, 

the results indicate that there appears to be a gap in the literature on increasing production 

efficiency during the mechanical design phase of HVLVHV machinery products. This research, 

therefore, will populate the gap in the literature within this niche area. 

 

 

2.5 Utilising Theory as a Practitioner 

 

The previous section described the findings from undertaking a systematic literature review. 

A systematic literature review is utilised as it gives a clear overview of relevant academic 

literature on the topic. As the researcher is a practitioner in industry, it is common to be 

exposed to other tools that may benefit the framework and assist in improving production 

efficiencies during the mechanical design phase when dealing with HVLVHV machinery 

products. The following sections investigate the literature on potential tools for incorporation 

into the framework the researcher has been exposed to as a practitioner in industry.   
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2.5.1. Six Sigma 

 

A potential method for improving production efficiencies during the mechanical design phase 

when dealing with HVLVHV machinery products is Six Sigma. Six Sigma is a popular 

contemporary process improvement practice developed from the Total Quality Management 

(TQM) philosophy to drive organisations towards efficiency and excellence (Assarlind et al., 

2013). It can be considered both a business strategy and a science that aims to reduce 

manufacturing and service costs. It does this by significantly improving customer satisfaction 

and bottom-line savings by combining statistical and business process methodologies into an 

integrated model of the process, product, and service improvement (Singhet al., 2017). The 

fundamental principles of Six Sigma are to achieve stable and predictable process results 

(e.g., by reducing process variation), which are vital to a company’s success. This is achieved 

by measuring, analysing, improving, and controlling the manufacturing and business 

processes. In Six Sigma, this is known as DMAICR, and this is an adaptation of the Deming 

Wheel, plan, do, check, and act. 

 

Six Sigma and process steps (DMAICR) 

 

Define (D). Selection of appropriate projects, development of project plans and identification 

of the relevant process. The Supplier-Input-Process-Output-Customer (SIPOC) mapping 

exercise can be used effectively to describe the process. 

Measure (M). Measurement of process variables through data quality checks, repeatability, 

and reproducibility (RAR) studies, and addressing process stability. 

Analyse (A). Use of graphical techniques to analyse process behaviour. 

Improve (I). Improvement of the existing process through experimentation and simulation 

techniques. 

Control (C). Development of the Control plan for process improvement. 

Reporting (R). Reporting of the benefits of the re-engineered process 

 

(Senapi, 2004) 

 

These quality improvement processes require commitment from the entire organisation and 

must be driven down from top-level management. It should be encompassed in the business 

strategy and be at the core of the management's vision for the company. The management 

team needs to select the right employees to train and then support these employees through 
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both the implementation stages and the ensuing periods of effort necessary to succeed in Six 

Sigma implementations. Communication needs to be clear on what is required from the Six 

Sigma team, and this needs to be communicated to all employees. Without the informed 

support of all organisation members, the Six Sigma implementation will not be fully effective.  

 

 

2.5.2. Lean 

 

Lean is like Six Sigma in that its function is to streamline manufacturing and production 

processes. What differentiates Lean is that Lean is understood as a coherent system of 

practices focused on eliminating waste by concurrently reducing supplier, customer, and 

internal variability (Shah and Ward, 2007). Waste can come in many forms, ranging from 

excess inventory to excess capacity and variability in supply and processing time. The focus 

of Lean is cutting out these unnecessary and wasteful steps in creating a product so that only 

steps that directly add value to the product are taken. 

 

Aziz and Hafez (2013) state the five fundamental principles of Lean thinking, which must be 

followed step by step to gain the maximum benefit of Lean success: 

 

• Specify Value: Specify Value from the customer's own definition and needs and identify 

the value of activities which generate value for the end product. 

 

• Identify the value stream: Identify the value stream by eliminating everything which 

does not generate value for the end product. 

 

• Flow: Ensure a continuous flow in the process and value chain by focusing on the 

entire supply chain. 

 

• Pull: Use pull in the production and construction process instead of push. This means 

producing exactly what the customer wants when the customer needs it and always 

preparing for changes made by the customer. 

 



P a g e  | 40 

 

 

• Perfection: Aim at the perfect solution and continuous improvements. Deliver this 

solution to the specifications agreed upon with the customer within the agreed 

timeframe. 

 

 

2.5.3. Total Quality Management (TQM) 

 

Total Quality Management (TQM) is a management system built on the belief that long-term 

quality and success can be achieved if broad organisational efforts focus on this strategy. 

TQM is a long-term strategy and does not focus on short-term gains. TQM enjoyed widespread 

attention during the late 1980s and early 1990s before being overshadowed by ISO 9000, 

Lean manufacturing, and Six Sigma (Fragassa et al., 2014). To be successful TQM relies on 

the quality system being accepted into the culture and activities of the organisation.  

 

Below are the eight principles of total quality management: 

 

• Strategically based: TQ organisations have a strategic plan containing vision, mission, 

objectives, and activities. The strategic plan is designed to give a sustainable 

competitive advantage in the marketplace. 

 

• Customer Focus: The customer is the driver internally and externally. Internal – 

Customer is the quality of the product. Externally – Customer is defined as the quality 

of people, processes, and the environment. 

 

• Obsession with Quality: Because the customer is the driver, the organisation becomes 

obsessed with meeting or exceeding his expectations. 

 

• Scientific approach: Employees are empowered. The scientific approach uses 

structured work and problem-solving. 

 

• Long-term commitment: Organisations fail if they only implement quality changes in 

the short term. 
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• Teamwork: The best comparative efforts are within departments. 

 

• Continual process employment: To improve quality, we must improve the system. 

 

• Education and training: Needed to improve people continually. 

 

(Goetsch and Davis, 2010) 

 

 

2.5.4.  ISO 9000 

 

The ISO 9000 set of standards addresses all aspects of quality management. They provide 

guidance and tools for companies that want to ensure that their products and services 

constantly meet customer requirements and that quality is consistently improved (ISO, n.d.). 

ISO 9001:2015 sets out the criteria for a quality management system that helps companies 

become more efficient and improve customer satisfaction.  A quality management system is 

a methodology for defining how an organisation can meet the requirements of its customers 

and other stakeholders affected by its work (ISO, 2015a). The ISO 9000 and ISO 9001 

standards are based on the seven quality management principles (QMPs). 

 

 

• Customer Focus 

 

• Leadership 

 

• Engagement of people 

 

• Process approach 

 

• Improvement 

 

• Evidence-based decision making 
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• Relationship management 

 

The QMPs can be used as a foundation to guide an organisation's performance improvement 

(ISO, 2015b). 

 

 

2.5.5.  Kotter’s 8-Step Change Model 

 

 

Kotter (1996) recommends an eight-step model that aims to establish employee commitment 

and reduce scepticism: 

 

• Establishing a sense of urgency. 

 

• Creating a guiding coalition. 

 

• Developing a Vision and Strategy. 

 

• Communicating the change vision. 

 

• Empowering broad-based action. 

 

• Generating short-term wins. 

 

• Consolidating gains and producing more change 

 

• Anchoring new approaches in the culture.  

 

Like any company implementing change, there are numerous challenges. According to 

Kotter's framework, planning changes should limit those obstacles, but the model is not 

detailed enough to provide help in all scenarios. For example, resistance to change and 
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commitment to change are major aspects of change management and complementary 

components outside Kotter's model, such as Jaros's (2010) predictors to determine 

commitment to change, might be needed to address these (Appelbaum et al., 2012). 

 

Utilising the above model and skills may result in engagement but will require the development 

of soft skills. Hard skills are academic and technical. Soft skills are the interpersonal and life 

skills that help leaders share their hard skills effectively. Soft skills are polite and pleasing 

ways of communicating with others to execute tasks effectively. They reach beyond team 

building and communication skills, considered a sub-set of soft skills (Rao, 2013). 

 

 

2.5.6.  The UWES questionnaire 

 

Work engagement is defined as a positive, fulfilling, work-related state of mind that is 

characterized by vigour, dedication, and absorption (Schaufeli et al., 2002). However, work 

engagement isn’t specifically a tool for improving production efficiencies during the mechanical 

design phase when dealing with HVLVHV machinery products. It can be argued that having 

an engaged workforce leads to more productive staff which leads to greater efficiency.   

 

There are numerous methods for measuring employee engagement. Admasachew and 

Dawson (2010) describe a few, including the Maslach Burnout Inventory-General Survey 

(MBI-GS), the Job Demand-Resources (JD-R) model and the Utrecht Work Engagement 

Scale (UWES). After researching various methods, the UWES questionnaire was chosen for 

inclusion in the literature review as the reliability of the UWES, as well as the validity of the 

construct, had been demonstrated in the work environment and to a lesser degree in the 

academic environment (Guillen & Martinez-Alvarado, 2014).  
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2.6 Theory as a practitioner Literature review Analysis 

The second part of the literature review introduces tools that the researcher has been exposed 

to as a practitioner in industry. These tools may be beneficial for the framework and assist in 

improving production efficiencies during the mechanical design phase when dealing with 

HVLVHV machinery products. These included: 

 

• Six Sigma 

• Lean 

• Total Quality Management (TQM) 

• Iso 9000 

• Kotters 8-Step Change Model 

• The Utrecht Work Engagement Scale (UWES) questionnaire 

 

Six Sigma, Lean, TQM, and ISO 9000 are differing methodologies for undertaking business 

and process improvements. There are advantages and disadvantages to each of the methods, 

and these are discussed below.  

 

There are many well-documented cases of success using “Six Sigma”, but these companies 

are usually industry pioneers like General Electric (GE) and Motorola. These are, in general, 

large corporate giants that implemented “Six Sigma” rather than small or medium-sized 

enterprises (SMEs). This is thought to be due to the large costs involved in implementing the 

program. One of the main costs is the Six Sigma training, which creates a barrier to spending 

and prevents the implementation of this improvement program. The four-year-old Six Sigma 

Academy in Scottsdale, Arizona, run by former Motorola quality experts Mikel Harry and 

Richard Schroeder, charges fees of approximately $1 million per corporate client (Senapti, 

2004). Six Sigma, therefore, may not be appropriate for all companies due to the high costs 

involved in its implementation. Additionally, suppose a company chooses to train internal 

personnel in “Six Sigma”. In that case, their productivity will be delayed as they will have to be 

trained before they are proficient. There could also be challenges in who is selected for this 

training. This could lead to jealousy and discontent from personnel who are not selected. The 

central idea behind Six Sigma is that if you can measure how many "defects" you have in a 

process, you can systematically figure out how to eliminate them and get as close to "zero 

defects" as possible (GE, n.d.). Therefore, as it is intended for high production volumes, the 
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process is not appropriate for bespoke manufacturing and will not be incorporated into the 

framework. 

  

Lean is usually understood as a coherent system of practices focused on the elimination of 

waste by concurrently reducing supplier, customer, and internal variability (Shah and Ward, 

2007). To be successfully implemented, Lean relies on a holistic approach, meaning all parts 

of the company engage in the process. It has also been found that deployment and sustaining 

improvements are major issues that can be overcome by building a sustainable infrastructure 

and making improvements to business processes (Snee, 2010). This could lead to a change 

in the organisation's culture as this new working methodology is implemented. Morgan (1997) 

recommends the use of attractor patterns as a creative metaphor for thinking about 

organizational change. Utilising this method is a powerful way for management to break the 

powerful hold of established attractors in favour of new ones.  

 

Although specific Lean tools are not considered for implementation in the framework, Lean 

design principles will be incorporated. As discussed previously, utilising DFM & DFA during 

the design phase assists in cost reduction as the full benefits of Lean production can be 

realised since potential manufacturing and assembly issues have already been resolved. 

These manufacturing and assembly issues are a form of waste that is removed by the Lean 

design philosophy of considering them during the design phase. 

 

Implementing a TQM continuous improvement program would rely on a cultural change in the 

organization. For organizational change to be a success, it cannot be rushed and takes time. 

Kotter (1996) recommends an eight-step model for organizational change that aims to 

establish employee commitment and reduce scepticism. Implementing TQM relies on 

management's total commitment to the cause and then mapping the critical processes through 

which the organization meets its customers’ needs. TQM is closely linked to Porter's cost 

leadership strategy (Simani, 2017). Due to the dependence on cultural change and the total 

commitment of management, incorporating TQM into the framework was not deemed within 

the scope of this research. 

 

ISO 9001, like the previous strategies, relies on top management committing to long-term 

change. Once management has chosen this strategy, the company quality management 

system will be revised or generated if none exists. It relies on the management team taking 

responsibility for the processes and procedures in their department. Many companies are ISO 

9001 certified, so they should already be following this working methodology. As with TQM, 
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due to the dependence on management, incorporating ISO 9001 into the framework was not 

deemed within the scope of this research. 

 

Work engagement is defined as a positive, fulfilling, work-related state of mind that is 

characterized by vigour, dedication, and absorption (Schaufeli et al., 2002). Although work 

engagement isn’t specifically a tool for improving production efficiencies, it can be argued that 

having an engaged workforce leads to more productive staff which leads to greater efficiency. 

After reviewing the various methods, the UWES questionnaire appeared most appropriate for 

this study. 

 

 

2.7 Theory as a Practitioner Literature Review Conclusion 

 

In conclusion, the investigation of literature investigating theory as a practitioner revealed 

some key tools that require incorporating into the framework for validation. The UWES 

questionnaire will be utilised to measure employee engagement. This will aid in gauging if 

good communication assists with employee engagement and potentially improves 

productivity. Finally, although specific Lean tools are not considered for implementation into 

the framework, Lean design principles will be incorporated.  

 

 

2.8 Literature Review Conclusion 

 

The first section of the literature review involved a systematic literature review. The aim is to 

uncover relevant literature on potential methods for increasing production efficiency during the 

mechanical design phase of HVLVHV machinery products. Due to a lack of literature and the 

weak generalisability of the findings, a second literature review was undertaken. The second 

part of the literature review investigated tools that the researcher has been exposed to as a 

practitioner in industry that may benefit the framework and assist in improving production 

efficiencies during the mechanical design phase when dealing with HVLVHV machinery 

products.  
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The concluding findings from the systematic literature review identified that none of the papers 

covered mechanical design and were more focused on clothing manufacturing and 

construction. This could be due to a lack of investment in research for HVLVHV machinery 

products as the volumes are so small in comparison to higher production areas, but evidencing 

this would require further investigation. As the results from the literature review indicated a 

lack of data on the research subject it identifies that this research is relevant both in terms of 

time but also importance. This is an opportunity to occupy what appears to be a gap in the 

literature.     

 

The literature review identified several tools that had potential strengths for increasing 

production efficiency during the mechanical design phase of HVLVHV machinery products, 

and these will be taken forward and tested in the framework. These included DFM DFA, 

product and process development, including the tool PDCA, modularisation and 

standardisation.  

 

The concluding findings from the investigation on literature investigating theory as a 

practitioner revealed some key tools that require incorporating into the framework for 

validation. The UWES questionnaire will be utilised to measure employee engagement. This 

will aid in gauging if good communication assists with employee engagement and potentially 

improves productivity. Finally, although specific Lean tools are not considered for 

implementation into the framework, Lean design principles will be incorporated. 

 

Therefore, the findings from the literature review drive an approach to the investigation to 

verify the tools by implementing them into the framework. The framework will include DFM & 

DFA reviews during the design phase. The reviews will be sequenced, and DFA will be the 

first consideration. Product and process development will be captured in the framework to 

improve production efficiencies. Additionally, PDCA will be utilised as a consistent approach 

to developing the framework.  

 

The framework will drive the use of standard modules that allow for customisation, and 

standard parts will be incorporated into the design where possible. The UWES questionnaire 

will be utilised to measure employee engagement. This will aid in gauging if good 

communication assists with employee engagement and potentially improves productivity. 

Finally, although specific Lean tools are not considered for implementation into the framework, 

Lean design principles will be incorporated.  
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In conclusion, from the research undertaken the results indicate that there appears to be a 

gap in the literature on increasing production efficiency during the mechanical design phase 

of HVLVHV machinery products. As this research will verify the validity of the tools for 

improving production efficiency in HVLVHV machinery by application in an industrial setting, 

it should populate the gap in the literature in this niche area. The following section describes 

the proposed research methods and techniques used to investigate the research question. 
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3. Methodology and research design 

 
In the previous section, a literature review was undertaken to explore industry and academic 

tools that could be incorporated into the framework. The following section describes the 

proposed research methods and techniques used to investigate the research question:  

 

“How can production efficiencies be achieved during the mechanical design phase when 

dealing with HVLVHV machinery products?”   

 

It first describes the ontological, epistemological, and axiological approaches taken and details 

the justification for these choices. Once the philosophical approach is identified, the 

methodological choice will be discussed and acknowledged. This is then followed by an 

introduction to the proposed research strategy.  

 

The section is structured using the research onion model developed by Saunders, Lewis and 

Thornhill (1997), see Figure 5. This model is used as a pictorial reference to guide the reader 

through the choices made concerning the various stages of the research methodology.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5, The research onion (Saunders, Lewis and Thornhill, 2016, p.164) 
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3.1 Philosophical approach 

This research aims to answer the question: How can production efficiencies be achieved 

during the mechanical design phase when dealing with HVLVHV machinery products? While 

researching this question, various assumptions and beliefs will guide the researcher's 

behaviour (Jonker and Pennink, 2010). Saunders, Lewis, and Thornhill (2016) highlight the 

significance of critically examining the choice of a research paradigm at the outset of a study, 

as it profoundly shapes the approach to conducting social research. It shapes not only the 

research question and methodologies but also the philosophical and epistemological 

foundations of the study. 

 

 

 

Table 3, Fundamental Beliefs of Research Paradigms in Social Sciences          

(Wahyuni, 2012) 
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Table 3 shows the assumptions and beliefs aligned to the differing paradigms. The foundation 

of all research is the ontological position on the nature of reality. For example, is the universe 

objective and independent of social actors or is reality subjective and perceived by the actor? 

The two extreme perspectives of ontology are positivism and interpretivism. Positivists believe 

the universe is objective and independent of social actors and the researcher’s perspective or 

beliefs (Hudson and Ozanne, 1988). The opposing perspective to this paradigm is 

interpretivism. It has the core assumption that reality is socially constructed and a function of 

human imagination and experiences and is, therefore, a constructed interpretation (Joesbury, 

2016). 

 

The next layer down defines the epistemological assumptions, and this defines the 

researcher’s perspective on what constitutes acceptable knowledge. Table 3 shows the two 

extremes of epistemology: positivism and interpretivism.  Concerning epistemology, the 

positivist researcher believes that knowledge is observable and can be acquired through 

interactions with the world or experiments. The opposing epistemological stance to this is 

interpretivism, and this perspective believes that knowledge is subjective and focuses on 

research participants, their feelings, and patterns of behaviour. 

 

The third layer down defines the axiological assumptions, and this defines the researcher’s 

perspective on values and how they impact the research. These values could, for example, 

include biases and considering these could aid the researcher in their interpretation of data 

collected whilst undertaking the research. As can be seen from Table 3, the researcher’s 

assumptions influence the research methodology. The researcher who favours a more 

objective, scientific approach would tend more towards a quantitative methodology. In 

contrast, the researcher who favours a more subjective approach, focusing on the research 

participants and behaviours, would tend more towards a qualitative methodology. 
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3.1.1 Ontological 

 

Although it is recognised that there are several research philosophies, the research philosophy 

deemed most appropriate for undertaking this work is a pragmatic approach. The ontological 

position of pragmatism is one of multiple ontological positions. The ontological position shifts 

depending on the circumstances, and a pragmatic researcher can be both objective and 

subjective.  

 

The reality cycle developed by Maarouf (2019, p. 7) is an excellent illustration of how this 

approach works, see Figure 6. They describe this cycle as being “based on the idea of the 

existence of one reality and multiple perceptions of this reality in the social actors' minds. 

According to the reality cycle, only one reality exists in a certain context at a certain point in 

time. Reality depends on the context to exist and continue existing, which means that changing 

the context changes the reality, and the existence of multiple contexts means the existence of 

multiple realities. In consequence, the reality cycle adopts a practical, pragmatic point of view 

assuming that reality is stable most of the time and changes periodically”. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6, The reality cycle (Maarouf, 2019, p.7) 

 

The reality cycle assumption bestows the pragmatic researcher with the ability to switch 

between the two views of external reality and multiple perceptions of reality in social actors’ 

minds and thus between the quantitative and qualitative research approaches and methods 
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(Maarouf, 2019). Therefore, combining both quantitative and qualitative data allows for the 

triangulation research method to be used. Utilising multiple data sets increases the credibility 

and validity of the research findings (Noble and Heale, 2019). Credibility refers to the 

trustworthiness of the research, while validity reflects how accurately the research represents 

the concept being investigated. 

 

Additionally, the reality cycle assumption empowers the pragmatic researcher with the ability 

to adjust their view and perception whilst considering the organisational culture and 

additionally the departmental cultures embedded within organisations. Having this ability 

allows the researcher to assess the situation and adapt their style or approach depending on 

the circumstance and the participant in the research. Considering the complexity of dynamic 

social situations will aid the researcher in gaining access to data.   

 

3.1.2 Epistemological 

 

The epistemological assumptions define the researcher’s perspective on what constitutes 

acceptable knowledge. The two extreme assumptions of epistemology are positivism and 

interpretivism. The positivist researcher believes that knowledge is observable and objective, 

they acquire knowledge by examining empirical evidence and hypothesis testing (Kaushik and 

Walsh, 2019). The interpretivism researcher believes that knowledge is subjective, and reality 

is too complex. The pragmatism approach to epistemology is that both observable and 

subjective meaning can provide acceptable knowledge. The pragmatism approach 

incorporates practical applied research, integrating the most appropriate epistemological 

approach to interpret the data and answer the research question. Pragmatists believe that the 

process of acquiring knowledge is a continuum rather than two opposing and mutually 

exclusive poles of either objectivity or subjectivity. Therefore, pragmatism is the chosen 

epistemological approach to this research as it allows the researcher to gain knowledge 

through practical applied research, integrating the most appropriate approach to answer the 

research question.   
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3.1.3 Axiological 

 

The axiological stance of a researcher defines the role of values in research and the 

researcher’s stance. The two extreme assumptions of the axiological stance are positivism 

and interpretivism. The positivist philosophical stance is characterised by a perspective which 

emphasises objectivity, quantifiability and the search for causal relationships. The axiological 

stance in this approach is often neutral or value-free, aiming to minimise the influence of 

personal biases or subjective interpretations in the pursuit of objective knowledge. The 

opposing view to this is interpretivism, where the researcher is part of the research and, 

therefore, cannot be objective. The axiological assumptions of pragmatism are value bound, 

where values play a large role in interpreting the results, with the research adopting both 

objective and subjective points of view.  

 

Within the context of the case study company, there are differing values based on the theory 

that TFW has core business values that all personnel should hold in common. Additionally, 

the different departments within the business will have their own sets of standards or values 

based on their standpoints and needs (Johnson, 2009). As the researcher is a manager within 

the case study company, the core values and departmental values will be considered when 

interacting with these departments. Additionally, it is recognised that it is not viable to remain 

fully objective when interpreting the results of the research. Therefore, it is anticipated that the 

researcher will overcome this by focusing mainly on quantitative data and pre-defined metrics, 

thus making the results objective. Due to the axiological stance within the research adopting 

both objective and subjective points of view, pragmatism is deemed the most appropriate 

axiological stance for this research. 
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3.1.4 Inductive/deductive 

 

Undertaking research where you are testing an existing theory is defined as deductive 

research. When research generates a new theory, it is defined as using an inductive approach. 

Undertaking the literature review did not yield a potential framework for incorporating into the 

research. Although a systematic literature review was undertaken, it did not identify an existing 

framework appropriate for implementation to improve production efficiency in the mechanical 

design element of HVLVHV machinery products. From the literature review undertaken, no 

framework appeared to exist, and therefore, the research will not be testing an existing theory, 

so this will not be deductive research.  

 

Therefore, the research focuses on developing a new framework that drives the use of 

standard modules that allow for customisation and standard parts incorporated into the design 

where possible. Additionally, although specific Lean tools are not implemented into the 

framework, Lean design principles are incorporated. The output from this research is a 

framework that can be implemented in other areas of TFW’s product portfolio and the broader 

industry that specifically manufactures HVLVHV machinery products. Therefore, as the 

researcher is generating new theories, knowledge, and applications for practice, they will be 

using an inductive approach. 
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3.1.5 Philosophical Doctoral Journey 

 

When starting on the Doctorate in Business Administration journey, the researcher was a 

manager at an engineering company, this being the case study company TFW. The 

researcher was considerably more biased towards the left side of their brain, being analytical 

and orderly. Neglecting the right-hand side of the brain and the creativity and emotion. The 

following section describes the researcher’s philosophical stance at the start of the research 

rather than the previous section, which describes the researcher’s philosophical stance 

towards the end of the doctorate. This section has been included to highlight the impact the 

doctoral journey has had on the researcher and to highlight how they have changed as an 

individual.      

 

Burrell and Morgan’s (1979) book “Social Paradigms and Organisational Analysis” attempts 

to organise the predominant approaches to the study of organisations. They conclude that the 

various schools of thought reside in four paradigms (Lane, 1999). Positioning yourself on this 

model and developing a philosophical perspective requires that the researcher make several 

core assumptions concerning two dimensions: the nature of society and the nature of science 

(Burrell and Morgan, 1979). 

 

The first axis, the ‘Nature of Social Science’, involves either a subjective or an objective 

approach to research, and these two major philosophical approaches are depicted by several 

core assumptions concerning ontology (reality), epistemology (knowledge), human nature 

(pre-determined or not), and methodology (Holden and Lynch, 2004). Philosophers often use 

Ontology as a synonym of ‘metaphysics’ (literally: ‘What comes after physics’), a term used 

by early students of Aristotle to refer to what Aristotle called himself ‘first philosophy’ (Gruber, 

2007). Ontology refers to our assumptions about how we see the world, e.g., does the world 

consist mostly of social order or constant change? An objectivist view of ontology assumes 

that social and natural reality have an independent existence prior to human cognition, 

whereas a subjectivist ontology assumes that what we take as reality is an output of the human 

cognitive process (Johnson and Duberley, 2000). 

 

Coghlan and Brannick (2005) state that the most appropriate view of ontology for action 

research is an objective stance or positivism. Positivism was created in the mid-19th Century 

by Auguste Comte, who established the positivist approach to social science. Positivists argue 
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that the explanation of sociology is the same as that of natural science (Gunbayi and Sorm, 

2018).  This directly opposes the stance of Baskerville (1999), who argues that the subjective 

viewpoint follows from the allowance for social intervention in the research setting. Therefore, 

when being subjective, the researcher intervenes and becomes part of the study, i.e. one of 

the study subjects. This causes a moral dilemma for the researcher as the work being 

undertaken is intended to be objective and, therefore, should not be influenced. However, it is 

recognised that as a researcher, it is incredibly challenging to remain genuinely objective, and 

this is acknowledged. Additionally, as the researcher's background is working as a Mechanical 

Design Engineer, the positivist approach is more akin to the natural sciences and, therefore, 

comparable to the way they are used to working. 

 

Epistemology concerns the study of the nature of knowledge: "How do we begin to understand 

phenomena and communicate it?” It concerns “the nature, validity, and limits of inquiry” 

(Rosenau, 1992). Much of the research produced on organisational science assumes that 

reality is objective and ‘out there’ waiting to be discovered and that this knowledge can be 

identified and communicated to others (Holden and Lynch, 2004). The researcher’s current 

school of thought is in the positivist epistemology. The data collected for the thesis is mainly 

quantitative data and is collected systematically. The results are believed to be objective, and 

this is achieved by utilising quantitative data and pre-defined metrics. As a positivist, the 

researcher adopts a methodological approach towards reflexivity and concentrates on 

improving methods and their application within the organisation (Johnson and Duberley, 

2000). 

 

Burrell and Morgan (1979) discuss the “Human Nature” assumption as having two extremes: 

voluntarism and determinism. Determinists adhere to the position that man is completely 

determined by the situation or environment around him (Burrell and Morgan, 1979). The 

voluntarist approach ascribes a much more creative, free-will approach to humans, treating 

them as agents able to create their environment through their thoughts and actions (Lane, 

2001). The “Human Nature” approach to Burrell and Morgan’s (1979) model is particularly 

interesting. The researcher holds the belief that society is under the impression that they have 

free will, but the concept of free will in the general population is an illusion. Society generally 

can go where they want, not being confined to a building or walled in, thus giving the 

impression of freedom. This became even more apparent with the imposed lockdown 

secondary to the Covid-19 pandemic. The population was thanked for their compliance, but 

the lockdown was enforced by the government, which thus demonstrated that they had the 

power to remove the liberties of otherwise law-abiding citizens. Therefore, freedom only exists 

within the boundaries of rules imposed by the State. Another example of this lack of freedom 
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is found when an individual browses the internet; the searches that an individual makes are 

tracked and encoded, interpreted into patterns that are either acceptable or unacceptable. If 

you set off enough markers by going to certain sites or using certain words, you could be 

placed on a government “watchlist” (Crain, n.d.). Therefore, the determinist's position that man 

is completely determined by the situation or environment around him is more aligned with the 

researcher’s beliefs. 

 

When it comes to the methodological debate in Burrell and Morgan’s (1979) model, there are 

two opposing concepts: the Ideographic and the nomothetic. The Ideographic approach is 

“based on the view that one can only understand the social world by obtaining first-hand 

knowledge of the subject under investigation. It thus places considerable stress upon getting 

close to one's subject and emphasises the analysis of the subjective accounts which one 

generates by "getting inside" situations and involving oneself in the everyday flow of life - the 

detailed analysis of the insights generated by such encounters with one's subject and the 

insights revealed in impressionistic accounts found in diaries, biographies, and journalistic 

records” (Burrell and Morgan, 1979, p.6). According to Burrell and Morgan (1979) the 

nomothetic approach to methodology is “basing research upon systematic protocol and 

technique”. It is epitomised in the approach and methods employed in the natural sciences. It 

is preoccupied with the construction of scientific tests and the use of quantitative techniques 

for the analysis of data. Surveys, questionnaires, personality tests and standardised research 

instruments of all kinds are prominent among the tools which comprise nomothetic 

methodology" (Burrell and Morgan, 1979, pp.6-7). The nomothetic approach to the 

methodology is more aligned with the research that the researcher will undertake as the data 

will be mainly quantitative data sourced in a very structured and systematic way.  

 

The vertical axis on Burrell and Morgan’s (1979) model positions the researcher in relation to 

the theory of Society.  This axis has two extremes: the society of regulation (Order) and the 

sociology of radical Change (Conflict). The society of regulation is concerned with the status 

quo and social order; society is viewed as unified and cohesive. On the other hand, the society 

of radical change is viewed as in structural conflict, modes of domination and structural 

contradiction, which its theorists see as characterising modern society (Burrell and Morgan, 

1979). These contrasting views are the basis of opposing schools of thought; a rational view 

of society is the basis of modernism, whereas a radical change perspective underlies 

postmodernism (Holden and Lynch, 2004). On the axis of the theory of society, the researcher 

is more aligned with the radical change (conflict) perspective. It relates to understanding 

structural contradictions and emancipating man from these constraining structures, the 

concern here being what is possible rather than what is the present situation (Cerin, 2003). 
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This approach to researching organisational change and management is far more appropriate 

than adhering to the status quo and is far more aligned with the researcher’s personal beliefs 

on how one should live life. As the researcher came from a poor, underprivileged background 

and was forced to work hard to change their socioeconomic status, they can relate to struggle 

and not accepting the situation one is currently in.  

 

Undertaking the assumptions outlined in Burrell and Morgan’s (1979) model and positioning 

themself in relation to the two dimensions of the nature of society and the nature of science, 

it appears that with the researcher’s current beliefs, they fall into the radical structuralist 

paradigm. The radical structuralist paradigm approaches issues from an objective standpoint. 

This view is concerned with structure, structural relationships and with the certainty that as all 

things have a structural relationship within society, then all things can be explained in a logical 

way. This view is closely aligned with that of the functionalist (Burke, 2007). Burrell and 

Morgan (1979) explain that the radical structuralist paradigm comprises three fundamental 

approaches: Russian social theory, contemporary Mediterranean Marxism and conflict theory. 

Of these approaches, the one that appears to align most closely with the researcher’s current 

way of thinking is contemporary Mediterranean Marxism. Contemporary Mediterranean 

Marxism lies between extremist Russian social theory and the more subjective critical theory. 

According to Burrell and Morgan (1979), conflict theory is the sociological expression of 

“radical Weberianism”; it focuses on bureaucracy, authority and the corporatist role of the state 

and is distinguished from the other two by Weber's orientation to capitalism. Conflict theory 

and Mediterranean Marxism are said to be the closest to radical organisation theory 

(Kamoche, 2019).  

 

According to Burrell and Morgan (1979), contemporary Mediterranean Marxism is split into 

two different schools that are based on a common set of approaches. These are Althusser 

and Colleti's approaches. Of the two, the researcher finds themself more aligned to the work 

of Colleti as Althusser totally rejects empiricism and is, therefore, not a true positivist. The 

Islamic philosopher Avicenna, born in 980, refined the concept of tabula rasa or empiricism 

(Roslender, 2016). He maintained that the "human mind at birth is rather like a Blank Sheet, 

that is actualised via education" and that knowledge is come upon through "empirical 

familiarity with objects in this world from which one outlines universal concepts" which is 

developed through a "deducting method of reasoning; observations lead to prepositional 

statements, which when compounded lead to further synopsis" (Avicenna, 1954, p. 249). As 

the researcher has a strong belief in empiricism, they can't align with Althusser's work. 

Additionally, the researcher agrees with Colleti’s belief that Marxism is a science based on the 

method of hypothesis testing in the search for causal laws. 



P a g e  | 60 

 

 

 

In conclusion, this section's inclusion is intended to highlight the researcher’s philosophical 

stance at the start of the research to enable comparison to the researcher’s philosophical 

stance towards the end of the doctorate. There are several reasons that the researcher 

believes that this change in their philosophical stance has taken place. Undertaking the 

doctorate has been challenging for the researcher and forced them to undertake personal 

growth. This personal development has been beneficial but has been enforced by undertaking 

the research and the challenges this entails. Undertaking the research has exposed the 

researcher to new ideas and perspectives, leading to a reassessment of philosophical beliefs. 

Additionally, the research has also demanded rigorous critical thinking, which has made the 

researcher critically evaluate the researcher’s philosophical beliefs. This change in the 

researcher’s philosophical stance highlights the impact the doctoral journey has had on the 

researcher and how they have evolved as an individual.       

 

 

3.2 Methodological Choice 

 

3.2.1 Quantitative/Qualitative 

 

 

The proposed methodological choice for this research is concurrent mixed-method research, 

which utilises both quantitative and qualitative methods. The justification for using quantitative 

and qualitative data collection and analysis techniques is to validate the findings by having 

corroborative evidence derived from different methods or, more often, to explain or 

complement results from one method by using another (Bryman, 2006; Greene et al., 1989). 

Saunders et al. (2016) describe this method as a sequential explanatory research design, first 

utilising the quantitative method for analysing the data, followed by the qualitative method. 

Using this approach as the methodological choice for the research enables the researcher to 

validate the quantitative data. Quantitative data is robust, reliable, and usually, generalisable, 

and qualitative data can produce, for example, rich detailed process data based on the 

participant's knowledge and experience (Verhoef and Casebeer, 1997).  

 

An example of how this approach may work in practice can be envisioned by compiling 

quantitative information on the time it takes an individual to assemble an assembly. The time 
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data would be captured with route cards and then validated with an interview. Undertaking the 

interview would validate if there were unnecessary delays in the assembly. These unforeseen 

delays would impact the data and could be missed if the researcher were utilising a single 

process to gather data. If the person assembling the assembly had been delayed for a few 

hours as the crane was unavailable, it could lead to delays. These delays would not 

necessarily be transparent in the quantitative time data, which could jeopardise the validity of 

the data without the validation of qualitative data in the form of the interview. This example 

highlights the justification for the use of concurrent mixed-method research as the proposed 

methodological choice for this research. 

 

 

3.2.2 Strategy 

 

This research comprises two distinct yet complimentary research strategies. The first strategy 

is action research, and this is implemented in a single case study company. The action 

research strategy is chosen because the research took place in the organisation within which 

the researcher works. Saunders et al. (2016) describe action research as an emergent and 

iterative process of inquiry designed to develop solutions to real organisations' problems 

through a participative and collaborative approach, which uses different forms of knowledge 

and will have implications for participants and the organisation beyond the research project. 

As action research is collaborative, the members of the system being studied participate 

actively in the cyclical process. This contrasts with traditional research, where members are 

objects of the study (Coghlan and Brannick, 2005). The project was not instigated as a pure 

participatory action research project. Instead, it was conceived as an action research project 

that promoted participation.  

 

Action research is deemed an appropriate tool for undertaking the research project from a 

theoretical perspective. Not only does it empower employees through collaborative work, but 

it empowers them to sustain the planned changes that will be taking place (Somekh, 2006). 

Applying action research in a real-world organisation will be challenging and require 

adaptation. The purpose of action research is to promote learning within the organisation. This 

learning is done by identifying a problem, planning action, taking action, and evaluating action; 

this is known as Kolb’s (1984) action research cycle (Coghlan and Brannick, 2005).  Action 

research has a second form of the action research cycle, known as the reflection cycle. This 

form of research is an iterative, cyclical process of reflecting on practice, taking action, 
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reflecting, and taking further action. Therefore, the research takes shape while it is being 

performed. Additionally, a greater understanding of each cycle is achieved, which points 

towards improved practice (Riel and Rowell, 2016). One of the significant challenges when 

undertaking action research is to engage in making the action happen and then standing back 

from the action and reflecting on it as it happens to contribute theory to the body of knowledge 

(Coghlan and Brannick, 2005).  

 

A case study is an investigative study on a person, group, or unit to generalise over several 

units (Gustafsson, 2017). A single case study was undertaken in this research, and the 

investigation is based on a single organisation. The benefit of undertaking a single case study 

is the quantity of data obtained. It would not be viable to get the same amount of data in 

multiple organisations in the same time frame. However, Mariotto, Zanni and Moraes (2014) 

warn that undertaking a case study whilst embracing a positivist mindset leaves the researcher 

open to criticism as it is perceived to be impossible to make controlled observations in the 

case study. This issue could be perceived as being more challenging as the researcher works 

as a manager in the company where the research takes place. Lee (1989) adds a further point 

to the discussion by questioning the viability of making controlled deductions with qualitative 

data whilst undertaking a case study. It was anticipated that the researcher would overcome 

this by focusing mainly on quantitative data and pre-defined metrics, leading to the results 

being objective. Mathematical analysis for the data's quantitative element should allow for 

logical deductions due to the implemented mathematical rules and control measures.  

 

As the research being undertaken is action research, it follows an interpretation of the action 

research cycle. The research is split into three cycles, and each cycle is split into four phases 

as per the action research model. These phases are plan, do, check, and act. This strategy 

was recommended by Dehe, Bamford, and Kotcharin (2022) in the literature review. Dehe, 

Bamford, and Kotcharin (2022) claim that using tools such as Plan-Do-Check-Act (PDCA) as 

a consistent approach to developing the framework could aid in developing a culture of 

continuous improvement and assist in capturing knowledge. The Plan, Do, Check, and Act 

model is a Lean tool for implementing change and was therefore deemed appropriate for 

inclusion in the action research cycle.  

 

Action research is iterative, using repeated cycles, comprising planning, doing, observing, and 

reflecting (MacColl et al., 2005). Figure 7 shows the action research cycle developed for this 

specific research.  
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Figure 7, Developed from Spiral of Action Research Cycles (Coghlan and Brannick, 

2005, p.22) 

 

Each cycle has an individual purpose, and these are expanded on below: 

 

Cycle One 

 

The purpose of cycle one is to test several tools for improving production efficiencies in the 

mechanical design phase of the product lifecycle discovered whilst undertaking the literature 

review. This cycle verifies which tools are appropriate for implementation into the framework. 

It also serves to select appropriate data collection methods and determines the success 

criteria. For cycle one, the tools are implemented on a single module of the machine. 

Therefore, the output from this cycle is a framework proven on a single module with verified 

tools for improving production efficiencies in the mechanical design phase of the product 

lifecycle incorporated into its design. 

 

 

 

 

 

 

Plan 

Do 
Check 

Act 

Plan 

Do 
Check 

Act 

Plan 

Do 
Check 

Act 



P a g e  | 64 

 

 

 

Cycle Two 

 

The purpose of cycle two is to test the framework developed in cycle one on a complete 

machine rather than just a single module. This cycle uses the same machine type from which 

the module selected for cycle one came but implements the framework on the remainder of 

the machine. This cycle verifies if the framework developed in cycle one is appropriate for 

implementation on a complete machine and is effective in improving production efficiencies in 

the mechanical design phase of the product lifecycle. The output from this cycle is an updated 

framework proven on a single machine with verified tools for improving production efficiencies 

in the mechanical design phase of the product lifecycle incorporated into its design. 

 

Cycle Three 

 

The purpose of cycle three is to verify the transferability of the framework onto a different 

machine type. Therefore, the framework is applied to another machine in the case study 

company’s machine portfolio for cycle three, but it is a different product type. Undertaking this 

cycle verifies the appropriateness of the framework developed in cycle two for implementation 

on a completely different machine type. It also verifies its effectiveness in improving production 

efficiencies in the mechanical design phase of the product lifecycle. The output from this cycle 

is an updated framework with proven transferability and verified tools for improving production 

efficiencies in the mechanical design phase of the product lifecycle. 
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3.3 Research Plan 

The following section outlines the research plan, which details the steps and data collection 

methods to assist the researcher in achieving the research objectives. Several distinct work 

packages form part of the research plan, and these are defined in Figure 8 below. These work 

packages are driven by the research question and the work required to try to resolve it. For 

each cycle, the research is split into two sections: the proposed method detailing what is 

planned and the implementation detailing what occurred. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8, Diagrammatic representation of the research plan. 
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3.3.1 Cycle One – Proposed method 

 

The purpose of cycle one is to test several tools for improving production efficiencies in the 

mechanical design phase of the product lifecycle discovered whilst undertaking the literature 

review. This cycle verifies which tools are appropriate for implementation into the framework. 

It also serves to select appropriate data collection methods and determines the success 

criteria. For cycle one, the tools are implemented on a single module of the machine. 

Therefore, the output from this cycle is a framework proven on a single module with verified 

tools for improving production efficiencies in the mechanical design phase of the product 

lifecycle incorporated into its design. 

 

 

Method 

 

Machine selection 

 

For cycle one, a machine is selected from the TFW range of friction welding machines. Utilising 

quantitative sales figures as the primary factor for machine choice means that the most 

significant selling machine is used. Undertaking the production efficiency improvements on 

the most significant selling machine ensures that the maximum impact is derived from the 

work undertaken. By selecting the machine that is proven to be the highest-selling machine, 

the business achieves maximum impact in terms of production efficiency improvements 

incorporated into the framework due to the greater product numbers. 

 

 

VSM - Machine module selection 

 

Once the proposed machine is selected for processing through the framework, a meeting 

takes place with the senior management team and other key personnel. During this meeting, 

the attendees will establish the selected RFW machine product lifecycle process, from order 

procurement to delivery. This process entails utilising a Lean tool by undertaking a process 

flow diagram. Generating a process flow diagram requires the team to apply estimated times 

for each stage of the product lifecycle. The process of generating the process flow diagram 

baselines the current production approach for the selected RFW machine and assists in 
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identifying steps that appear to have excessive delays where production efficiencies can be 

gained. The justification for undertaking this process is that cycle one of the research focuses 

on a single machine module. The single machine module selected for cycle one is one of the 

machine modules with perceived greater delays in its production. Using a module with greater 

production delays enhances the benefit of the research for the company but additionally 

expands the potential impact from the cycle for the researcher. 

 

The diagram generated is known as a process flow diagram, although Bicheno and Holweg 

(2016) designate this type of high-level chart as a brown paper chart. A process flow diagram 

is a graphical representation of any manufacturing process or an assembly operation. It 

contains the sequence of all operations in the order in which they are performed and includes 

inspections, time allowances and materials used in any business process – from the arrival of 

raw material to the final product (Yerasi, 2011). Although there are numerous techniques for 

undertaking this task, the researcher utilises this method as it is known that the management 

team have used this method previously. Utilising a methodology that the management team 

knows means they are familiar with its implementation, thereby facilitating application and 

impact. Undertaking this stage baselines the current process in the production of the RFW 

Machine, also known as the as-is state. It is acknowledged that this research focuses on 

improving production efficiency in the mechanical design element of HVLVHV machinery 

products and that undertaking this process may identify potential production efficiency 

improvements outside the scope of this research. Undertaking this process still adds value to 

the business, and the research only focuses on the production efficiency in the mechanical 

design element of HVLVHV machinery. Additionally, a further benefit is described in the 

literature review by Kotter (1996) in his eight-step model. Engaging with the management 

team at this early stage of the research should establish management commitment, reduce 

scepticism, and create a guiding coalition. These are contributing factors that impact the 

success of action research in a case study company. 

 

 

Product improvement forum 

 

As the RFW machine type and selected module for implementation into cycle one are now 

defined, the next body of work is undertaking semi-structured interviews with the shop floor 

fitters to identify the potential product, DFA, followed by DFM improvements that can be 

implemented on the selected machine module. As highlighted by Gao, Jin and Lu (2019), 

utilising DFA & DFM during the design phase assists in cost reduction as the full benefits of 
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Lean production can be realised since potential manufacturing and assembly issues have 

already been resolved before they go into manufacture.  

 

Semi-structured interviews are chosen as they offer a good balance between structure and 

flexibility. Using this form of interview allows the shop floor fitters to communicate their ideas 

and thoughts and express themselves in their own words. This was the preferred choice over 

other methods like a focus group for example. Recent research has shown that larger group 

settings like a focus group can limit innovation as the stronger personalities tend to take the 

lead and individuals are more likely to give answers that have social approval rather than their 

true beliefs (Ananian, 2024). Using the semi-structured interview approach allows each of the 

individuals to have their say.  This adds validity and authenticity to the data, leading to rich 

qualitative data. For the first set of semi-structured interviews, the Shop Floor Supervisor is 

approached and asked if he and some of his personnel can suggest any potential product, 

DFA, followed by DFM improvements for the chosen machine module. The Shop Floor 

Supervisor is asked to pick the personnel to participate based on experience and availability 

at the time of the meeting. 

 

 

Communication strategy 

 

Previous research undertaken by the researcher whilst undertaking a Master’s Degree in 

Business Administration (MBA) highlighted the importance of communication when 

undertaking any change strategy. An example of this is emphasised in research conducted by 

Lodgaard et al. (2016). They state that poor communication is one of the fundamental reasons 

for the failure of Lean implementation strategies. Although this research does not focus on 

implementing Lean, it incorporates Lean design principles into the framework. Additionally, 

the fact that it concerns implementing change highlights the importance of appropriate 

communication.  

 

Kumar et al. (2014) stressed that poor communication can lead to anxiety in workers and a 

lack of awareness of the purpose of the change, thus resulting in resistance to change 

(Lodgaard et al. 2016). Therefore, good communication by both the researcher and the 

management team is critical to overcoming these potential issues and additionally aids 

employee engagement. Due to the importance of communication and its potential impact on 

the framework, it was decided that a formal communication strategy would form an integral 

part of cycle one of this research. 
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For cycle one, two forms of communication are utilised within the business, and these form 

the communication strategy assessed by the researcher. The first is an open-door 

improvement forum, and the second is Town Hall Meetings. The open-door improvement 

forum involves TFW employees coming forward with business improvement suggestions. For 

this cycle, the open-door policy will be adopted over two days. This policy enables employees 

to come in at their convenience, sit down with the researcher, and present their business 

improvement suggestions.  

 

The second communication strategy comprises town hall meetings presented by the business' 

managing director (MD). As a key driver and stakeholder in this research, this is a way for the 

MD to connect with the employees and show commitment to this research. All the staff are 

requested to get together in a meeting room. The managing director then presents information 

on the company’s performance and any other positive news that could potentially boost 

employee morale. This boost in morale could have an impact on employee engagement and, 

therefore, the production efficiency improvements during the mechanical design phase of 

HVLVHV machinery products. 

 

 

UWES 

 

Much of the production efficiency improvement tools incorporated into the framework require 

engagement with the Mechanical Fitters. The Mechanical Fitters are, after all, the experts who 

assemble the machines. As highlighted by Kumar et al., (2014) and Lodgaard et al. (2016), it 

is critical that they feel involved in the process, and the management team communicating 

effectively with them is deemed crucial to this. Work engagement is defined as a positive, 

fulfilling, work-related state of mind that is characterized by vigour, dedication, and absorption 

(Schaufeli et al. 2002). There are numerous methods for measuring employee engagement, 

but research undertaken during the literature review identified the UWES questionnaire as 

being appropriate for this study. The justification is that as this questionnaire is proven reliable 

and effective in the industrial setting, it is deemed appropriate for the research (see Appendix 

7.5). 

 

The case study company devised Town Hall Meetings as a strategy to give the MD the 

opportunity to inform the employees of business results, important company initiatives, and 

personnel changes and answer any questions. Due to the potential effect that this information 

can have on employee engagement, the researcher decided that undertaking a questionnaire 
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on either side of this meeting is an ideal opportunity to test the appropriateness of the UWES 

questionnaire and the process and procedure for undertaking it. 

 

 

Data Capture Sheets 

 

For cycle one, a focus group with the Mechanical Fitters is required. This focus group serves 

the purpose of generating a document mapping the current assembly process of the chosen 

machine module. The purpose of this document is to map the steps required to assemble the 

module and the time required for each step. This document captures how they assemble the 

module before any DFA changes occur, the ‘As-Is’.  

 

There are various names for this document, but for consistency in this research, the document 

will be referred to as a manual data capture sheet. The data capture sheet documents the 

assembly process for the module and the estimated time it takes to assemble it. This baselines 

the current assembly process and allows the identification of any improvements in assembly 

time. The University of Strathclyde (n.d.) explain that manual data capture sheets ensure that 

improvements can be evidenced in scenarios where no automated data sources are available. 

Therefore, this process avoids relying on the subjective opinions of those involved in the 

process or rough estimates to demonstrate the initiative's success.  

 

To generate the manual data capture sheet, semi-structured expert interviews are undertaken 

with the Mechanical Fitters who have built the machines. A semi-structured approach is used, 

and the structure is to assist the participant with drawings of the individual parts and the 

general arrangement drawing but implement some flexibility to the interview. This gives the 

participant freedom to think and reflect, providing a more detailed and accurate reproduction 

of the build process. The drawings are used as visual stimuli to assist the participant in 

remembering the assembled parts, and the general arrangement drawings show the assembly 

methodology. 

 

Once the DFA improvements are implemented, a further focus group with the Mechanical 

Fitters is required. This focus group serves the purpose of generating a document mapping 

how they assemble the module with the improvements implemented. The changes 

implemented into this module are the output from the product improvement forum. The data 

capture sheet documents the assembly process for the updated module and the estimated 

time it takes to assemble it. Undertaking this work allows for a comparison between the ‘As-

Is’ previous time to build and the ‘To-Be’ future state with the improvements incorporated and 
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the new time to assemble the module captured. This method of capturing the quantitative data 

of time is chosen as it’s a recognised process for capturing assembly time in industry, and 

additionally, it adds value to the case study company. Having this data captured enables them 

to quote the build time more accurately and additionally capture best practices. 

 

 

Machine module costs 

 

The case study company uses Enterprise Resource Planning (ERP) software to organise 

procurement of the parts and modules that make up their machinery. ERP Systems are 

increasingly important in modern business because of their ability to integrate the flow of 

material, finance, and information and to support organizational strategies (Yusuf et al., 2004, 

Yao and He, 2000 cited in Chun-Chin et al., 2005). The ERP software is used to collate 

quantitative data on the cost of the machine parts and modules before any changes occur. 

The collated data is then exported to Microsoft Excel, thus allowing the investigation to 

ascertain the overall cost of the machine module.  

 

Once the machine module modifications have been undertaken, the parts are issued to 

purchasing for procurement. The ERP software is then used to collate quantitative data on the 

cost of the updated machine parts. The collated data is then exported to Microsoft Excel, thus 

allowing the investigation to ascertain the overall cost of the new module. Undertaking this 

work allows a comparison to be undertaken between the ‘As-Is’ previous cost to buy and the 

‘To-Be’ future state with the improvements incorporated and the new cost to procure the 

module. This method of capturing the quantitative cost data was chosen as it’s data that the 

case study company has already captured, and therefore, the data is readily available for 

analysis. 

 

 

P10 Design Procedure 

 

The P10 Design procedure is the standard process that the engineering team work to within 

the case study company. This document is critical to this research as this procedure is the 

foundation of the framework developed from this work and additionally forms the output of this 

research. The original P10 procedure is shown in Appendix 7.1. 

 

This research aims to verify the production efficiency improvement tools uncovered whilst 

undertaking the literature review and incorporate them into the framework. The framework 
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developed, therefore, will improve production efficiencies during the mechanical design phase 

when dealing with HVLVHV machinery products. As discussed, the framework is based on 

the original P10 procedure and evolves from learning discovered whilst undertaking the 

research.  

 

The P10 document that forms the foundation of the framework plays a significant part in the 

ISO 9001 certification that the case study company has been certified to. ISO 9001:2015 sets 

out the criteria for a quality management system that assists companies in continuously 

improving and cultivating customer satisfaction. As the P10 document forms the basis of the 

way the mechanical design engineering team currently works, and the purpose of cycle one 

is to test tools for improving efficiency, cycle one of this research will follow this procedure and 

any production efficiency improvements identified are documented. The production efficiency 

improvements identified are then implemented into the framework for cycle two of the 

research.      

 

 

3.3.2 Cycle One – Implementation 

 

The purpose of cycle one is to test several tools for improving production efficiencies in the 

mechanical design phase of the product lifecycle that were discovered whilst undertaking the 

literature review. This cycle verifies which tools are appropriate for implementation into the 

framework. It also serves to select appropriate data collection methods and determines the 

success criteria. For cycle one, the tools are implemented on a single module of the machine. 

The following sections describe how this cycle was implemented and the steps that were 

undertaken. 

 

 

Machine selection 

 

One of the fundamental points to implementing the research was to understand the market 

demand to help the researcher understand the correct machine to utilise as the initial focus 

for the framework implementation. An initial assessment was undertaken with the Head of the 

Business Unit for Advanced Welding Solutions (AWS). As the Head of the Business Unit, they 

are responsible for developing and growing the customer base, so they are ideally positioned 
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with professional experience and expertise to know the market requirements and the most 

appropriate machine to begin the production efficiency improvements.   

 

Due to limitations on resources and time, it is not viable to undertake the production efficiency 

improvements on all the machines, so a cluster sampling method was used. A weighted scale 

was employed, incorporating both potential sales and previous sales figures. The output score 

from this work was then added to each of the machine types. The highest-scoring machine 

type was then proposed to the researcher as the appropriate machine for development work. 

Utilising quantitative sales figures as the primary factor for machine choice ensured that the 

maximum impact was derived from the work undertaken and minimised potential bias. The 

precise sales data is not included as the sales factors are commercially sensitive and are not 

directly relevant to the focus subject of this research.  

 

The output from the above work was that the TFW5 D AX FWM scored as the most appropriate 

machine for processing through the framework to begin implementing the production efficiency 

improvements. The Head of the Business Unit for AWS explained that although the TFW3 

variant is TFW’s biggest selling machine, there was a potential for a higher volume of TFW5 

D AX machine sales in the following 12-month period, and as this is practice-based research, 

potential impact is a strong driver. This data was presented to the management team, which 

undertook the final vote on the initial machine choice for the study and accepted the 

researcher’s proposal. 

 

The TFW range of FWM’s comprises the machines shown in Figure 9. Alternative machines 

have been manufactured throughout TFW's years of production, but these would be outside 

the standard scope of supply. Although the phrase standard scope of supply has been used, 

each machine manufactured from the below range would be considered a unique one-off 

manufactured for a specific customer. 
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Figure 9, TFW Machine range 

 

As can be seen from Figure 9, TFW has numerous machines that could have been 

incorporated into the research.  

 

 

Process Flow Diagram - Machine module selection 

 

Once the machine had been selected for processing through the framework, an assessment 

was undertaken with the senior management team and other key personnel to establish the 

company’s existing RFW machine product lifecycle process from order procurement to 

delivery for the selected product. This process entailed utilising a Lean tool by undertaking a 

process flow diagram. Generating the process flow diagram required the team to apply 

estimated times to each stage of the product lifecycle. This baselined the current approach to 

producing the selected RFW machine and assisted in identifying the steps that appear to have 

excessive delays where potential production efficiencies could be achieved. 
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The diagram generated from this work is known as a process flow diagram, although Bicheno 

and Holweg (2016) designate this type of high-level chart as a brown paper chart. A process 

flow diagram is a graphical representation of any manufacturing process or an assembly 

operation. It contains the sequence of all operations in the order in which they are performed 

and includes inspections, time allowances and materials used in any business process – from 

the arrival of raw material to the final product (Yerasi, 2011). Although there are numerous 

techniques for undertaking this task, this method was chosen because the organisation's 

management has used it previously and is familiar with its implementation, facilitating 

application and impact. Undertaking this stage baselined the current process in the production 

of the RFW Machine, see Figure 10.  

 

Undertaking this work highlighted machine modules with a longer processing time. Further 

work was then done to identify the waste causing this delay. Filho et al. (2017) and Nor and 

Rasi (2017) state that there are seven well-known wastes in Lean, including overproduction, 

unnecessary transportation, inventory, motion, defects, over-processing and waiting. Any 

machine modules that stood out as having significantly more time to process than the others 

were highlighted as having the potential to be processed through the framework as a priority. 

The data sourced from this task comprised both quantitative and qualitative data and identified 

the specific module of the machine to be processed through the framework for cycle one. The 

work highlighted that the module known as the head assembly (402-A) took significant time to 

produce and that there were definite opportunities for producing it more efficiently. Therefore, 

it was decided that the head module would be processed through the framework for cycle one. 

 

 

 

 

 

 

 

 

 

 

Figure 10, TFW5 D AX Process Flow Diagram in Microsoft Excel 



P a g e  | 76 

 

 

 

Figure 10 shows the output from generating the process flow diagram transferred to Microsoft 

Excel. Microsoft Excel was used to aid clarity in communicating to the business the durations 

for each stage of producing the TFW5 D AX product. This diagram has three main 

designations: design, procurement, and installation. The installation section includes the 

machine's build at the case study company’s facility.  

 

The purpose of this research is to explore whether production efficiencies can be achieved 

during the mechanical design phase when dealing with HVLVHV machinery products. The 

process flow diagram shows three main designations, and they all have the potential for 

production efficiency improvements.  

 

The orange design phase, for example, shows the modules being issued to procurement 

individually and sequentially, which takes an extended period. Therefore, it can be concluded 

that there is potential for efficiency improvement in issuing modules. The green procurement 

phase shows that each module cannot be procured until the design department issues it. 

Therefore, the process of issuing the modules from design is impacting procurement. 

Additionally, the procurement phase is by far the largest portion of the product's production 

time. Again, there is potential for efficiency improvement in the procurement of modules. 

Finally, the purple phase is the installation and build phase of the machine. Again, the process 

of sequentially issuing the modules from the design department is impacting the build. 

Additionally, some of the modules appear to be taking a disproportionate amount of time to 

assemble, so there is potential room for efficiency improvements in this phase also. 

 

 

Product improvement forum 

 

Once the machine type (TFW5 AX) and machine module (402-A) had been chosen for 

processing through the framework, meetings were held with the shop floor fitters to identify 

the potential product, DFA, followed by DFM improvements that can be implemented on the 

selected machine module.  For this first cycle, the Shop Floor Supervisor was approached and 

asked if he and some of his personnel could suggest DFA, followed by DFM for the chosen 

machine module. The Shop Floor Supervisor picked the personnel to participate based on 

experience and availability at the meeting time. Four shop floor personnel, including the 

supervisor, supported this meeting, equating to 67% of the potential participants. The 

suggested improvements they put forward were tabulated in Microsoft Excel to enable the 
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viability of each suggestion to be investigated. Cycle one focused on one specific machine 

module, and the improvements suggested for that module were incorporated during that cycle. 

 

Kuo et al. (2001) state that the implementation of DFA and DFM can lead to enormous 

benefits, including simplifying products, reducing assembly, and manufacturing costs, 

improving quality, and reducing time to market. Therefore, utilising these improvement 

methods should reduce the cost of manufacturing and assembling the chosen machine 

module. As highlighted by Gao, Jin and Lu (2019), utilising DFA & DFM during the design 

phase assists in cost reduction as the full benefits of Lean production can be realised since 

potential manufacturing and assembly issues have already been resolved before they go into 

manufacture. Therefore, it was beneficial for the company to capture these improvements now 

as the later in the product development cycle that changes are made, the more expensive 

they become. Research undertaken by Hamada (1996) reported that work done at Richo costs 

$35 to fix a design defect during the design stage compared to $690 in field service. Thus, 

highlighting the importance of showing due diligence and capturing any changes upfront. 

Additionally, by engaging with the Mechanical Fitters, they should feel part of the process and, 

therefore, put up less resistance to potential future business changes resulting from this 

research, thereby increasing the potential impact of its application.  

 

Two separate semi-structured interviews were held with the shop floor Mechanical Fitters that 

assemble the machines. In total, 26 potential improvements were highlighted that could be 

implemented into the module of the selected machine.  

 

 

Communication strategy 

 

Previous research highlighted the importance of communication when undertaking any 

change strategy. Therefore, for cycle one, there were two forms of communication 

implemented within the business: the first was an open-door improvement forum, and the 

second was Town Hall Meetings. The open-door improvement forum allowed TFW employees 

the opportunity to come forward with business improvement suggestions. The structure 

enabled employees to come in at their convenience, sit down with the researcher, and present 

their business improvement suggestions. This forum was conducted over a two-day period. 

 

The second communication strategy was implemented, this comprised of town hall meetings 

presented by the managing director of the business. As a key driver and stakeholder in this 

research, this was a way for the MD to connect with the employees and show commitment to 
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this research. All staff that were on site were requested to get together in a meeting room. The 

managing director then undertook a presentation sharing information on the company’s 

performance and any other relevant positive news that could potentially boost morale. This 

boost in morale could have an impact on employee engagement and, therefore, the production 

efficiency improvements during the mechanical design phase of HVLVHV machinery products. 

 

 

UWES 

 

The researcher selected the UWES questionnaire as the process to measure employee 

engagement, as described in section 3.2.1. In total, there were eight employees selected to 

undertake the UWES questionnaire. The chosen employees were the employees who had 

engaged with the researcher in the open-door forum. Two questionnaires were undertaken on 

either side of the “Town Hall Meeting”. The questionnaire was self-guided as it has instructions 

on how to populate the document within the questionnaire. 

 

The quantitative data from the UWES questionnaire was analysed to ascertain how effective 

the questionnaire was in evaluating employee engagement with the process. It was scored 

using the Mean (M), standard error (SE) and standard deviation (SD) as detailed in the UWES 

questionnaire Manual (Schaufeli & Bakker, 2004, p.34). Using this proven methodology and 

process ensured a greater probability of consistency in the results and enabled the opportunity 

to undertake a comparison with international norms if required. Undertaking this task would 

define the appropriateness of the UWES questionnaire for the case study company as a tool 

to evaluate employee engagement and is relevant to the framework as engaged employees 

should perform more efficiently. 

 

When analysing the results from the UWES questionnaire, the employees’ names were 

replaced with letters to ensure confidentiality. The results were split into the three constituting 

dimensions of work engagement: vigour, dedication, and absorption. The mean of each table 

is shown below, along with the standard error and the standard deviation. The mean is the 

average of the results, and the Standard Deviation indicates how far the individual responses 

to the question vary or "deviate" from the mean. The Standard Error is an indication of the 

reliability of the mean. A small Standard Error is an indication that the sample mean is a more 

accurate reflection of the actual mean (Datastar, 2017). 
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Data Capture Sheets 

 

After the questionnaire had been circulated, a focus group with the Mechanical Fitters took 

place. This focus group served the purpose of generating a document mapping how they 

currently assemble the chosen machine module out of the many that make up the machine 

before any changes occur. A data capture sheet was generated for the selected module, and 

each step of assembling the chosen module is detailed (see Appendix 7.6). This data capture 

sheet identified all the process steps and an estimated time to undertake each step. Therefore, 

a data capture sheet was generated for the module before any changes were undertaken. 

Then, a further data capture sheet was generated after the proposed improvements.  

 

 

Machine module costs 

 

For cycle one, the ERP software was used to collate quantitative data on the cost of the 

machine parts and module before any changes occurred. The collated data was then exported 

to Microsoft Excel, thus allowing an investigation to ascertain the overall cost of the module.  

 

Once the machine module modifications had been undertaken, the parts were issued to 

purchasing for procurement. The ERP software was then used to collate quantitative data on 

the cost of the updated machine parts. The collated data was then exported to Microsoft Excel, 

thus allowing an investigation to ascertain the overall cost of the new module.  

 

 

P10 Design Procedure 

 

As discussed previously, the P10 Design procedure is the standard process that the 

engineering team works to within the case study company. This document is the basis of how 

the mechanical design engineering team works and cycles; one’s purpose is to test tools to 

improve efficiency. Therefore, cycle one of this research followed this procedure, and any 

verified production efficiency improvements were documented. The verified production 

efficiency improvements are then implemented into the framework for cycle two of the 

research, and this framework is what the engineering team works to rather than the P10 

document.      
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3.3.3 Cycle Two – Proposed method 

 

The purpose of cycle two is to test the framework developed in cycle one on a complete 

machine. The proposal is to use the machine module selected for cycle one and implement 

the framework on the remainder of the machine. This should verify if the framework developed 

for cycle, one is appropriate for implementation on a complete machine and is effective in 

improving efficiency in the mechanical design of HVLVHV machinery products. 

 

 

Product improvement forum 

 

Once cycle one is complete, the plan is to undertake semi-structured interviews with the shop 

floor Mechanical Fitters to identify the potential product, DFA, followed by DFM improvements 

that can be implemented on the remaining machine modules for the selected machine type. 

The proposed process for undertaking these semi-structured interviews is to approach the 

Shop Floor Supervisor and ask if he and some of his personnel could suggest improvements 

for the additional machine modules not captured in cycle one. The Shop Floor Supervisor will 

be asked to pick the personnel to participate based on experience and availability at the time 

of the meeting. 

 

 

Data Capture Sheets 

 

There is a requirement for further focus groups to take place in cycle two with the Mechanical 

Fitters. These focus groups serve the purpose of generating manual data capture sheets 

mapping how they currently assemble the remainder of the machine modules. These 

documents will capture how they assemble the machine modules prior to any changes taking 

place, the ‘As-Is’. The data capture sheet will document the assembly process for the 

remaining machine modules and the estimated time it takes to assemble them. This should 

baseline the current assembly process for the complete machine and allow any improvements 

in assembly time to be identified. To generate the manual data capture sheets, the proposed 

method is to undertake semi-structured expert interviews with the Mechanical Fitters who have 

built the machines. The proposed structure for the semi-structured approach is to assist the 

participant with drawings of the individual parts and the general arrangement drawing. 



P a g e  | 81 

 

 

Additionally, some flexibility will be implemented in the interview to give the participant freedom 

to think and reflect, providing a more detailed and accurate reproduction of the build process. 

The drawings will be used as a visual stimulus to assist the participant in remembering the 

assembled parts, and the general arrangement drawings will show the assembly 

methodology. 

 

Once the machine improvements have been implemented on the remainder of the machine 

modules, further focus groups will be required with the Mechanical Fitters. These focus groups 

will serve the purpose of generating documents mapping how they will assemble the 

remainder of the machine modules with the improvements implemented. The changes that 

will be implemented into the machine modules are the output from the planned product 

improvement forum. The data capture sheets will document the assembly process for the 

updated machine modules and the estimated time it takes to assemble them. Undertaking this 

work will allow a comparison to be undertaken between the ‘As-Is’ previous time to build the 

machine and the ‘To-Be’ future state with the improvements incorporated with the new time to 

build the machine. 

 

 

Machine module costs 

 

The case study company uses ERP software to organise the procurement of the parts and 

assemblies that make up their machinery. The ERP software will be used to collate 

quantitative data on the cost of the machine parts and assemblies prior to any changes taking 

place. The collated data will then be exported to Microsoft Excel, thus allowing an investigation 

to ascertain the overall cost of the overall machine modules.  

 

Once the machine module’s modifications have been undertaken, the parts will be issued to 

purchasing for procurement. The ERP software will then be used to collate quantitative data 

on the cost of the updated machine modules. The collated data will then be exported to 

Microsoft Excel, thus allowing an investigation to ascertain the overall cost of the newly 

updated modules and, therefore, the machine. Undertaking this work will allow a comparison 

to be undertaken between the ‘As-Is’ previous cost to buy and the ‘To-Be’ future state with the 

improvements incorporated and the new cost to procure the machine. 
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Triangulation method – Semi-structured expert interviews 

 

Much of the data collected during cycle two is quantitative data concerning the cost and time 

to produce the product. The researcher is aware that additional factors may impact production 

efficiencies in the mechanical design phase of the product lifecycle, which may be missed by 

focusing solely on this data. Therefore, semi-structured expert interviews will be undertaken 

with the Procurement and Production Manager and the Purchasing Manager. These two 

individuals are responsible for procuring products and bringing them into the company to be 

assembled. Therefore, they are ideally placed to discuss any additional factors impacting 

production efficiencies in the mechanical design phase of the product lifecycle that have not 

been captured in the research thus far.  

 

A semi-structured approach will be used, and the planned structure is to assist the participant 

with general arrangement drawings of the three selected modules, the head module (402-A), 

base module (403-A) and the clamp module (408-A) for the TFW5 machine to stimulate 

conversation but implement some flexibility to the interview. This should give the participant 

freedom to think and reflect, providing a more detailed and accurate reproduction of the 

procurement process. A one-hour meeting will be allocated as the duration for this discussion, 

and further meetings can take place if required. 

 

 

Cycle Two Framework 

 

The P10 Design procedure is the standard process that the engineering team works to within 

the case study company for cycle one. The framework used for cycle two is a development of 

this process, but with the production efficiency improvements verified in cycle one 

implemented into the framework. Any potential production efficiency improvements discovered 

during cycle two will be documented and implemented into the framework for cycle three of 

the research.  
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3.3.4 Cycle Two – Implementation 

 

The purpose of cycle two is to test the framework developed in cycle one on a complete 

machine. The proposal is to use the machine modules selected for cycle one and implement 

the framework on the remainder of the machine. This should verify if the framework developed 

in cycle one is appropriate for implementation on a complete machine and is effective in 

improving efficiency in the mechanical design of HVLVHV machinery products. 

 

 

Product improvement forum 

 

During cycle one, the shop floor supervisor was approached, and an improvement forum was 

undertaken with the shop floor mechanical fitters. One of the changes suggested during this 

meeting was a fundamental change to the structure of the machine. This change involved 

changing from bespoke manufactured rails to standard ones that can be readily purchased. 

This change was not viable during the first cycle due to the inherent risk of doing this change 

on a live customer order and the additional time constraints imposed by this. When it came to 

the implementation stage of stage two, the case study company identified numerous benefits 

to undertaking this change, so it was decided that this would be the fundamental change to 

the machine design for the second phase of the research.  

 

Due to this being such a significant change to the machine's design, no further improvement 

forums were held with the shop floor Mechanical Fitters. There was an inherent risk of 

implementing a major change, so keeping the changes to a minimum would help identify the 

cause of any issues that become apparent when setting up the machine for commissioning. 

 

 

Data Capture Sheets 

 

For the second cycle of the research, it was decided that although all the machine modules 

would have the data capture sheets generated, only three of them would be considered as a 

focus for this research. One of these modules had already been generated during cycle one, 

this being the head module (402-A). The two additional modules that had data capture sheets 

generated were the base module (403-A) and the clamp module (408-A). Two factors 

instigated this decision: firstly, issues in gaining access to shop floor Mechanical Fitters and 
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the time it took to generate the data capture sheet for cycle one. Secondly, these are the only 

modules that were affected by the modification, and therefore, the cost and build time of the 

other modules were unchanged. 

 

An expert interview was held with one of the shop floor Mechanical Fitters to generate a 

manual data capture sheet for the Clamp and the Base before any changes took place. 

Another expert then validated the data capture sheet from the shop floor to ensure its 

accuracy. The data capture sheet for the head assembly had already been generated during 

the first cycle. Therefore, there was no requirement to repeat this work. 

 

During the first cycle, the data capture sheets reflecting the modifications to the machine were 

generated by the shop floor Mechanical Fitters. For cycle two, it was decided that the 

Mechanical Design Engineer undertaking the design modifications would generate the manual 

data capture sheets after the changes. This was beneficial on two counts. Firstly, the 

Mechanical Design Engineer undertaking the design had intricate knowledge of how it works 

and how it is assembled. Secondly, it avoided the issues found with access to shop floor 

Mechanical Fitters. 

 

 

Machine modules cost 

 

As discussed previously in the first cycle, TFW uses ERP software to organise the 

procurement of its product parts and modules. The ERP software was used to collate 

quantitative data on the cost of the machine parts before any changes occurred. As the data 

for the head assembly had already been collated for the first cycle, no further work was 

required to collate the costs before any changes took place. However, the clamp and base 

assembly required collating. 

 

Once the machine parts had been modified and the drawings updated, they were issued for 

quotation and procurement. The case study company’s internal procedure for getting drawings 

manufactured is to add them to the company’s ERP system. The ERP software was then used 

to collate quantitative data on the cost of the machine parts after the changes had taken place. 

This data was then exported to Microsoft Excel, which enabled the overall cost of the specific 

modules to be ascertained.  
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Triangulation method – Semi-structured expert interviews 

 

Semi-structured expert interviews were undertaken with the Procurement and Production 

Manager and the Purchasing Manager to capture additional factors impacting production 

efficiencies in the mechanical design phase of the product lifecycle that may be missed by 

focusing solely on the quantitative data captured thus far in cycle two. 

 

A semi-structured approach was used, and general arrangement drawings of the three 

selected modules, the head module (402-A), base module (403-A) and the clamp module 

(408-A) for the TFW5 machine were used to stimulate conversation but implemented some 

flexibility in the interview. This gave the participants the freedom to think and reflect and 

provide a more detailed and accurate idea of the procurement process and the efficiency 

improvements they had identified. A one-hour and thirty-minute meeting took place, which 

proved sufficient to capture the required data. The researcher captured the data during this 

meeting by manually taking notes. 

 

 

Cycle Two Framework 

 

As discussed previously, The P10 Design procedure is the standard process that the 

engineering team work to within the case study company for cycle one. The framework 

implemented in cycle two is a development of this process, with the production efficiency 

improvements verified in cycle one incorporated into the framework. Any potential production 

efficiency improvements discovered during cycle two are documented and implemented into 

the framework for cycle three of the research.  
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3.3.5 Cycle Three - Proposed method 

 

The purpose of cycle three is to verify the transferability of the framework onto a different 

machine type. The framework developed in cycle two was implemented on a complete 

machine. For cycle three, the proposal is to use another machine in the TFW portfolio but a 

different machine type. Undertaking this cycle will verify if the framework developed in cycle 

two is transferable and appropriate for implementation on a completely different machine type. 

Additionally, it will verify if it is effective in improving efficiency in the mechanical design of 

HVLVHV machinery products. 

 

 

Shop floor - Product improvement forum 

 

Once cycle two is complete, the plan is to undertake semi-structured interviews with the shop 

floor Mechanical Fitters to identify potential product improvements that can be implemented 

on the new machine type. For cycle three’s set of semi-structured interviews, the plan is to 

approach the Shop Floor Supervisor and ask if he and some of his Mechanical Fitters could 

suggest improvements for the new machine type. The Shop Floor Supervisor will be asked to 

pick the personnel to participate based on experience and availability at the time of the 

meeting. 

 

 

Mechanical Design Engineering team  - Product improvement forum 

 

Once cycle two is complete, the plan is to undertake semi-structured interviews with the 

mechanical design engineering team to identify potential product improvements that can be 

implemented on the new machine type. For cycle three’s set of semi-structured interviews, the 

plan is to hold a meeting with the mechanical design engineering personnel and request that 

they suggest improvements for the new machine type. Due to the team being small, it is viable 

for all personnel to be involved in this meeting. 
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Standardise the machine modules before implementing changes 

 

For cycle three, the order of development should be to standardise the machine modules and 

then implement any product, DFA, followed by DFM changes. Standardising the product first 

creates a baseline prior to implementing the changes. This is important due to the number of 

changes and potential variations between modules. Additionally, using design automation 

tools can increase the efficiency of this process. An example is using the original part design 

three-dimensional (3D) computer-aided design (CAD) for the Finite Element Analysis (FEA) 

as the previous design that is the basis for the new design is proven by being used in service. 

Therefore, starting with the standard design gives you a proven design and a basis for 

deflection and stress comparison, among other requirements. 

 

 

Develop a design specification 

 

For cycle three, a design specification will be generated for the machine, which will be the 

output of the work undertaken. Reich (1995) describes a design specification as describing a 

desired function and constraints. This document will contain a description of the product and 

serve as a guideline for the design engineers to ensure the final product meets the desired 

objectives. Having a clearly defined specification that the company has agreed on is crucial to 

prevent delays from happening in cycle three. 

 

 

Undertake a design for assembly review 

 

A proposal for cycle three is to incorporate a standalone DFA review into the framework. In 

terms of identifying potential improvements related to DFA, it is proposed that meeting with 

the Mechanical Fitters on the shop floor would be beneficial. These personnel assemble the 

machines and can identify possible improvements due to their familiarity with the machines. 

When implementing DFA, a designer will consider the manufacturing constraints and materials 

of the part in the design stage. Kuo et al. (2001) state that the implementation of DFA can lead 

to enormous benefits, including simplifying products, reducing assembly costs, improving 

quality, and reducing time to market. Therefore, utilising this improvement method should 

reduce the cost of manufacturing the chosen machine. 
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Undertake a design for manufacture review 

 

A proposal for cycle three is to incorporate a standalone DFM review into the framework. In 

terms of identifying potential improvements related to DFM, meeting with the Mechanical 

Fitters on the shop floor and the Procurement Manager would be beneficial. The shop floor 

personnel assemble the machines and can identify possible improvements due to their 

familiarity with the machines. The procurement manager is constantly in talks with suppliers 

who manufacture the TFW products, so he has a wealth of knowledge of how the parts are 

manufactured. When implementing DFM, a designer will consider the manufacturing 

constraints and materials of the part in the design stage. Kuo et al., (2001) state that the 

implementation of DFM can lead to enormous benefits, including simplifying products, 

reducing manufacturing costs, improving quality, and reducing time to market. Therefore, 

utilising this improvement method should reduce the cost of manufacturing the chosen 

machine. 

 

 

Data Capture Sheets 

 

There is a requirement for further focus groups to take place in cycle three with the Mechanical 

Fitters. These focus groups serve the purpose of generating manual data capture sheets 

mapping how they currently assemble the machine modules. For the third cycle of the 

research, it was decided that although all machine modules would have the data capture 

sheets generated, only three would be focused on. These focus modules were as in cycle two: 

the head (402-A), base (403-A) and clamp (408-A) modules of the machine. Therefore, only 

these modules would have data capture sheets generated. This decision was made due to 

the time it took to generate the data capture sheets and the difficulties in getting access to 

personnel with sufficient experience to generate the documentation.  

 

These documents will capture how they assemble the machine modules prior to any changes 

taking place, the ‘As-Is’. The data capture sheet will document the assembly process for the 

machine module and the estimated time it takes to assemble them. This should baseline the 

three modules' current assembly process and allow any assembly time improvements to be 

identified. To generate the manual data capture sheets, the plan is to undertake semi-

structured expert interviews with the Mechanical Fitters who have built the machines. A semi-

structured approach will be used, and the planned structure is to assist the participant with 

general arrangement drawings of the three selected modules: the head module (402-A), base 
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module (403-A) and the clamp module (408-A) for the TFW3 machine to stimulate 

conversation but implement some flexibility to the interview. This should give the participant 

freedom to think and reflect, providing a more detailed and accurate reproduction of the build 

process. The drawings will be used as a visual stimulus to assist the participant in 

remembering the assembled parts, and the general arrangement drawings will show the 

assembly methodology. 

 

Once the machine improvements have been implemented on the machine modules, further 

focus groups will be required with the Mechanical Fitters. These focus groups will serve the 

purpose of generating documents mapping how they will assemble the machine modules with 

the improvements implemented. The changes that will be implemented into the machine 

modules are the output from the planned product improvement forums and the DFM and DFA 

reviews. The data capture sheets will document the assembly process for the updated 

machine modules and the estimated time it takes to assemble them. Undertaking this work 

will allow a comparison to be undertaken between the ‘As-Is’ previous time to build the 

machine and the ‘To-Be’ future state with the improvements incorporated in the updated time 

to build the modules. 

 

 

Machine modules costs 

 

The case study company uses ERP software to procure the parts and assemblies that make 

up their machinery. The ERP software will be used to collate quantitative data on the cost of 

the machine parts and modules before any changes occur. The collated data will then be 

exported to Microsoft Excel, thus allowing an investigation to ascertain the overall cost of the 

overall machine modules.  

 

Once the machine modules modifications have been undertaken, the parts will be issued to 

purchasing for procurement. The ERP software will then be used to collate quantitative data 

on the cost of the updated machine modules. The collated data will then be exported to 

Microsoft Excel, thus allowing an investigation to ascertain the overall cost of the new modules 

and, therefore, the machine. Undertaking this work will allow a comparison to be undertaken 

between the ‘As-Is’ previous cost to buy and the ‘To-Be’ future state with the improvements 

incorporated and the new cost to procure the machine.  
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Cycle Three framework 

 

The proposed framework to be implemented in cycle three is a development of the framework 

implemented in cycle two. This new framework has any verified production efficiency 

improvements discovered during cycle two implemented into the framework for cycle three of 

the research.  

 

 

3.3.6 Cycle Three – Implementation 

 

The purpose of cycle three was to verify the transferability of the framework onto a different 

machine type. During cycle two, the framework was implemented on a complete machine, the 

TFW5DE. For cycle three, the framework was implemented on another machine in the TFW 

portfolio, TFW3. The TFW3 range of machines comprises two different types of machines of 

the same capacity. The TFW3 range is defined by the components that they weld, the variants 

being Piston Rods and Drill Pipes. The component type being welded defines the make-up of 

the machine, and the machine's make-up for each variant is significantly different. This 

information is relevant as it impacts the approach for undertaking the development of the 

framework for this range of machines.  

 

 

Shop floor product improvement forum 

 

As was done in previous cycles, the Shop Floor Supervisor was approached, and an 

improvement forum was undertaken with the shop floor Mechanical Fitters. The meeting 

included the shop floor supervisor and one of his personnel, a mechanical fitter. Two 

representatives from the product development team chaired the forum. The forum was 

recorded to ensure that all comments were captured. This minimised the requirement for 

notetaking and lapses in attention from what the shop floor personnel were saying.  

 

Before the meeting, a presentation was generated showing a screenshot of each assembly 

that existed for TFW3, including a three-dimensional CAD model. This presentation also 

included any points raised by the shop floor in the company’s improvement capturing scheme. 

This scheme comprises an opportunity for an improvement document to be maintained by the 
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manufacturing engineer, where shop-floor improvement suggestions are documented. The 

shop floor personnel propose these improvement suggestions during a machine build. The 

hope was that including these in the presentation would show the shop floor personnel that 

the points they had raised to date were noted, which would improve their engagement in the 

process. The attendees were shown the presentation, one module at a time, and asked what 

improvements could be applied to each module. The meeting lasted for 56 minutes. 

 

 

Mechanical Design Engineering team product improvement forum 

 

Once the presentation with the shop floor personnel had been completed, the improvements 

that they had suggested were added to the presentation. This presentation was then shown 

to personnel from the mechanical design engineering team to see if they had any additional 

improvements to add. Due to COVID-19, this presentation was shown over Microsoft Teams, 

and the meeting was recorded. One benefit of the meeting being over teams and recorded 

was that it minimised the requirement for notetaking and lapses in attention to what the 

Mechanical Design Engineers were saying. The improvement forum with the mechanical 

design engineering team comprised the researcher leading the meeting and eight Mechanical 

Design Engineers. The meeting lasted 2 hours and 30 minutes.  

 

The recording was manually transcribed, and all points raised for each machine module were 

added to a Microsoft Excel document to allow for easy interrogation. The machine 

improvement data collected for cycle three comprised the product improvements from the 

shop floor improvement forum, the mechanical design engineering improvement forum and 

the improvements captured in the Opportunity for Improvement (OFI) document. As 

mentioned previously in the shop floor product improvement section, the OFI document is 

maintained by the Manufacturing Engineer, where improvement suggestions from the shop 

floor during machine builds are documented. Table 4 shows the number of improvements 

suggested by each source. 
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Table 4, Cycle 3 – Improvement suggestions table 

Source Improvements 

Shop Floor Improvement forum 34 

Mechanical Engineering Improvement forum  97 

Opportunities For Improvement document 5 

Total 136 

 

 

 

Standardise the machine modules before implementing changes 

 

For cycle three, it was decided that the order of development should be to standardise the 

machine modules and then implement any changes or suggested improvements. 

Standardising the product first creates a baseline prior to implementing the changes.  

 

Firstly, the new standard modules were modelled in 3D using the AutoCAD Inventor CAD 

Software. There are significant benefits of having 3D CAD models and using design 

automation tools, which will be expanded in the discussion section 4.1.3. This step was 

important for the case study company as the original drawings used as the design template 

didn’t incorporate 3D CAD models in their development. The 3D parts were then detailed using 

AutoCAD Inventor CAD Software, and drawings were created to manufacture the parts.  

 

The detailed 2D drawings were generated according to the latest drawings standard BS 

8888:2020 as per the work instructions developed for the framework. This standard ensures 

that the drawings are generated in a universal way that all manufacturers can understand. 

Additionally, it ensures that the drawings are generated accurately, negating the chance of 

misinterpretation (British Standards Institute (BSI), 2020). Apprentice engineers were utilised 

for this step as it reduced the impact on the business in terms of the cost of undertaking the 

work. More importantly, it was a development opportunity for the apprentices within the 

company to learn about British standards, various parts of the machine and how they are 

assembled.  

 

The modules that had been generated during cycle three were selected from various machine 

orders over the last ten years. Although the designs were similar for each type of machine 

over this period, there were minor differences that would be easy to overlook. Therefore, the 
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final step of collating the CAD data prior to any changes was to check that the selected 

modules for each type of machine fit together without any misalignment or errors. Once this 

work has been undertaken, the process of implementing the suggested improvements could 

begin, and a baseline for each module would be created. 

 

 

Develop a design specification 

 

As mentioned during the planning stage for cycle three, a specification contains a description 

of the product and serves as a guideline for the design engineers to ensure the final product 

meets the desired objectives. For this document to be generated, the researcher had to plan 

the machine modules that would be the basis of the two machines that make up the TFW3 

range. Table 5 shows the selection process undertaken. Firstly, a list of all the TFW3 machines 

sold was compiled. This data was sourced from the company’s machine list, a Microsoft Excel 

document showing all machines sold, the size of the machine, the component types and the 

data of sale. This Excel document has filters applied that enabled the researcher to filter out 

a 10-year period and the TFW3 machine type. Over this period, ten drill pipe machines and 

12 piston rod machines have been sold. The period of mid-2009 to mid-2019 was chosen as 

this was pre-COVID-19. Being pre-COVID would be reflective of normal operating conditions, 

and therefore the pandemic would not influence the results. Additionally, machines older than 

ten years are considered outdated from a machine design perspective and were therefore not 

included in the results. 

Table 5, TFW3 - Machine Module Selection Process 

STEP ACTION 

1 List all Piston Rod (PR) and Drill Pipe (DP) machines sold in the last ten years.  

2 List all modules used for each machine. 

3 List all General arrangements used for each module. 

4 List the specifications for each module. 

5 Identify duplicate GA's and remove them. 

6 Identify special 1-off modules and remove them. 

7 Identify the GA as the master design for each module. 

8 Model the selected modules according to the new drawing office standard. 

9 Detail the module to BS 8888. 

10 

Check that the modules fit together and update the model and drawings as 

required. 
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Once the machine list had been generated, the modules that make up each machine specific 

to the customer's order were listed. This data was sourced from the company’s ERP System. 

TFW uses ERP software to procure its product's parts and modules. Using this software to list 

all the modules for each type of machine was deemed appropriate, as the Bills of Materials 

(BOM) are listed to enable procurement of the parts. In total, thirty different modules were 

used for the ten drill pipe machines and thirty different modules were used for the twelve piston 

rod machines. Each individual machine had an average of seventeen modules used for the 

piston rod machines and twenty for the drill pipe.    

 

Once the modules used for each machine had been listed, the General Arrangement (GA) 

drawings were listed for each module. In total, there were one hundred and seventy-five 

different GA drawings for the piston rod machines. There were two hundred and thirteen 

different GA drawings for the drill pipe machines.  

 

The next step was to list the specifications for each GA. This stage was necessary as adding 

this data would ensure that the machine could achieve the broadest specifications whilst still 

serving as a guideline for the design engineers to ensure the final product meets the desired 

objectives; see Table 6 for an example of the database. Selecting the modules that had the 

best performance would ensure this was the case. An example is the clamp module for the 

piston rod machine; the largest component this can hold could be ø140mm or a diameter of 

ø160mm. Going for the larger diameter would ensure that the largest range of components 

possible could be welded on the machine. However, consideration needed to be given to 

ensure that the other modules on the machine could also achieve this larger diameter. Not 

checking that all the relevant modules could achieve this larger diameter could result in 

additional unnecessary costs being incorporated into the machine. This assumption is based 

on incorporating the design of a larger diameter part into the module. However, the module 

cannot function at this larger size because the remainder of the machine is not compatible. As 

a result, it will cost more to manufacture due to the unnecessary additional material in the 

design. 
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Table 6, TFW3 - Machine Database Comparison example 
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The next step was to identify which modules were considered special and were, therefore, not 

to be included in the modular machine options. The defining feature of these modules that 

identified them as special was that they had been used only once or twice in the ten-year 

period. Therefore, they were not considered standard options that are regularly sold to 

customers. Although from a percentage of machines sold perspective, discarding modules 

that have been used twice may seem excessive. The driving factor for this was the 

requirement for standardisation of commonly used modules and cost reductions. Essentially, 

all modules that can be incorporated into the base machine add cost to this machine, so the 

number of modules must be reduced to the minimum whilst still achieving the customer's 

desired objectives. Once these had been removed, the GAs that would be the master design 

for each module were selected. In total, there were now twenty-nine modules for the piston 

rod machine and twenty-seven for the drill pipe machine. Two of these modules were 

universal, meaning that they could be used on both types of machines. 

 

 

Undertake the DFA & DFM reviews 

 

At this point in cycle three, there was a significant change in strategy concerning the work 

being undertaken in comparison to previous cycles. Two members of the senior management 

team, the Quality Manager and the Commercial and Supply Chain Manager, could see the 

benefit of the work being undertaken and were keen to drive it forward. Several of the TFW5 

machines developed in cycle two had been sold, and senior management began to see the 

benefit of having standard modules. Due to the sales quantities being achieved, the 

Commercial and Supply Chain Manager was required to procure the same module multiple 

times. This allowed for the purchase of multiples of the same part in one order rather than the 

parts being ordered as individual parts as they had been in the past. Thus, the saving potential 

and benefit of purchasing parts in bulk were revealed, which will be expanded on in the 

discussion section 4.1.3. Due to the results being seen within the business, the managers 

wanted to expedite the research and, therefore, decided to dedicate resources to the process. 

Additionally, the shop floor personnel could see the improvements they had suggested 

captured in the new modules being issued for manufacture. This reinvigorated interest in the 

project and resulted in a multi-functional team. Each group member had individual tasks 

related to developing the standard modules.        
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Figure 11, Cycle 3 – Standardisation team 

 

Figure 11 shows the team that collaborated to move the project forward and the tasks 

assigned to each of them. Additionally, each module developed for cycle three was supported 

by this team in following the steps outlined in Figure 12. This is a simplification of the 

framework being adhered to by the mechanical engineering department and is shown for 

clarity. The framework that the mechanical design engineering team were working on was 

developed from the learning undertaken in previous cycles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12, Cycle Three – Simplified framework for clarity 
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The machine modules to be reviewed were prioritised depending on their complexity and the 

percentage of the machine that they take up in terms of cost. A meeting was called by the 

apprentice who had generated the module, and the review participants were the team from 

Figure 11. The CAD drawings were sent to the Purchasing Manager, the Shop Floor 

Supervisor, and the Manufacturing Engineer in advance of the meeting to allow them to 

consider any DFA and DFM issues or improvements. This allowed them the opportunity to 

review the drawings and mark up any suggested improvements or errors identified in advance 

of the reviews. It was important to keep the meeting as concise as possible as there was a 

meaningful cost to the business for the time in this meeting due to the personnel involved.   

 

Asking the apprentice to call the meeting and document the changes was a further learning 

opportunity and gave them exposure to other departments within the business. All potential 

changes were documented between the meeting minutes taken during the meeting and the 

marked-up drawings sent before the meeting. Each of the potential changes was discussed 

individually, and a decision was made within the meeting as to whether the changes would be 

implemented. Undertaking the decision-making process with all personnel involved led to a 

guiding coalition and additionally assisted with their engagement in the process. Had the 

decisions on what changes were implemented been made independently of the reviews, it 

could have led to issues with the personnel who suggested the changes. As the researcher 

was accountable for the delivery of the project, they had the final say in the inclusion of 

changes, and this caused no issues during the research.     

 

The drawings were updated, incorporating the DFA and DFM agreed changes suggested in 

the reviews before undergoing a final check by the Manufacturing Engineer. Utilising a 

different engineer to check from the one who undertook the changes is necessary as this 

process forms part of the QMS.   

 

 

Data Capture Sheets 

 

For the third cycle of the research, it was decided that only the machine's Head, Base and 

Clamp modules would have data capture sheets generated. This decision was made due to 

issues in gaining access to shop floor Mechanical Fitters and the time it took to generate the 

data capture sheets. This could be considered a limitation of the research and will be 

expanded on in section 5.4. An expert interview was held with the Manufacturing Engineer to 

generate a manual data capture sheet for the head module (402-A), the base module (403-A) 
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and the clamp module (408-A). Another expert from the shop floor then validated the data 

capture sheet to ensure its accuracy.  

 

Once the machine improvements had been implemented on the machine modules, there was 

a requirement for further focus groups to take place with the Manufacturing Engineer & 

Mechanical Fitters. These focus groups served the purpose of generating documents mapping 

how they assemble the machine modules with the improvements implemented. The changes 

that were implemented into the machine modules were the output from the product 

improvement forums and the DFM and DFA reviews. The data capture sheets document the 

assembly process for the updated machine modules and the estimated time it takes to 

assemble them. Undertaking this work allowed a comparison to be undertaken between the 

‘As-Is’ previous time to build the machine and the ‘To-Be’ future state with the improvements 

incorporated and the new time to build the modules. 

 

 

Machine sections cost 

 

The ERP software used by the case study company to procure its purchased parts was utilised 

by the researcher to get the quantitative data for the cost of the modules before any changes 

were undertaken. The data was then exported to Microsoft Excel, which enabled the overall 

cost of each module to be ascertained. Each part in the module had its own row, and the cost 

was allocated to the part in a cell in that row. Analysis of the data highlighted that it had been 

several years since many of the parts were last purchased. Therefore, their cost was not 

directly comparable to any new prices sourced due to inflation. Therefore, the part cost was 

adjusted by 3% per annum from the date of procurement to 2021. This increase reflected 

inflation; the figure is shown in the next column.  

 

As mentioned previously, whilst researching global inflation for inclusion, there were variations 

in the data being found depending on the source; from the data compiled, 3% was found to 

be a reflective average. Global inflation was used to reflect inflation on the price increase. The 

parts and materials used to manufacture the machines are sourced globally and therefore 

impacted by this phenomenon. Undertaking this modification to the data presented the current 

cost of the parts in 2021 before any modification was implemented.  

 

Once the machine parts had been modified and the drawings updated, they were issued for 

quotation and procurement. The case study company’s internal procedure for getting drawings 

manufactured is to add them to the company’s ERP system. The ERP software was then used 
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to collate quantitative data on the cost of the machine parts after the changes had taken place. 

This data was then exported to Microsoft Excel, which enabled the overall cost of the modules 

to be ascertained. This allowed for a direct comparison of the cost of all the parts after the 

changes were undertaken to show if the improvements had reduced the manufacturing cost. 

The sum of the cost column was also calculated, giving the overall cost of the specific modules 

of the machine. 

 

 

Cycle Three framework 

 

The framework implemented in cycle three is a development of the framework implemented 

in cycle two, with the production efficiency improvements verified in cycle two incorporated 

into the framework. The production efficiency improvements discovered during cycle three 

were captured and implemented into the framework, and this framework is the output of this 

research.  

 

 

Research Plan conclusion 

 

The section outlined the research plan, which details the steps and data collection methods to 

assist the researcher in achieving the research objectives. Three distinct work packages form 

part of the research plan, and these are split into two sections: the proposed method detailing 

what is planned and the implementation and finally what actually happened. The following 

section details the findings from implementing the research plan. 
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4. Analysis & Findings 

 

The purpose of this research is to develop a framework to assist companies in improving 

production efficiencies in the mechanical design of HVLVHV machinery products. The 

following section details the findings from implementing the research plan. 

 

 

4.1 Analysis, Findings and Discussion 

The following section deconstructs the findings and discussion for the three cycles 

investigated through the research. 

 

4.1.1 Analysis, Findings and Discussion Cycle 1 

 

The purpose of cycle one is to test several tools for improving production efficiencies in the 

mechanical design phase of the product lifecycle that were found whilst undertaking the 

literature review. This cycle verifies which tools are appropriate for implementation into the 

framework. It also served to verify appropriate data collection methods and determine the 

criteria for success. For cycle one, the tools are implemented on a single module of the 

machine. The following sections describe the analysis, findings, and discussion from 

undertaking this cycle. 

 

 

For cycle one, the following efficiency improvement tools were implemented for verification: 

 

 

• Communication – UWES Questionnaire 

• Product improvement forum – DFA / DFM Review 

• Data Capture Sheets - Time 

• Machine module costs - Cost 
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Communication Strategy & UWES 

 

The purpose of this research was to explore whether production efficiencies can be achieved 

during the mechanical design phase when dealing with HVLVHV machinery products. One 

potential facet of this is employee engagement, which is relevant to the framework as engaged 

employees should perform more efficiently. A potential tool for measuring employee 

engagement is the UWES questionnaire. The purpose of implementing the questionnaire in 

cycle one was to test the appropriateness of the UWES questionnaire as a tool for assessing 

employee engagement. 

 

Table 7 shows the first set of results from the UWES questionnaire, which was taken before 

the MD undertook the Town Hall Meeting. The employees’ names have been replaced with 

letters to ensure confidentiality, and the results have been split into the three constituting 

dimensions of work engagement: vigour, dedication, and absorption. The mean of each table 

is shown below, along with the standard error and the standard deviation. The mean is the 

average of the results, and the standard deviation indicates how far the individual responses 

to the question vary or "deviate" from the mean. The standard error is an indication of the 

reliability of the mean. A small standard error is an indication that the sample mean is a more 

accurate reflection of the actual mean (Datastar, 2017). 

 

 

Table 7, UWES Questionnaire 1 results 

 

 

 

 

 

 

 

 

 

 

 

Table 8 shows the second set of results from the UWES questionnaire, which was taken after 

the MD had undertaken the Town Hall Meeting. What is apparent from these results is there 
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is very little difference between this and the first set of results. A T-test was used to validate if 

there was a significant difference between the two sets of results, and this proved that the 

difference was statistically insignificant. This result is not surprising due to the short period of 

time between the two questionnaires being undertaken. 

 

 

Table 8. UWES Questionnaire 2 results 

 

 

 

 

 

 

 

 

 

 

 

 

 

As both questionnaires were taken in the same week, this is thought to be the reason that 

there is a negligible difference in the results. Analysis of the results shows that although the 

results were not valuable in showing differentiation in employee engagement, the process and 

methodology were proven to be sound. As this was the purpose of this research stage, this 

outcome can be deemed a success. The initial objective of the first cycle was to test the 

appropriateness of the UWES questionnaire as a tool to evaluate employee engagement. 

Examining the results has proven that the UWES questionnaire is an appropriate tool for 

analysing employee engagement, and the process has also been proven viable. 

 

Although the Town Hall meeting was a success, the researcher reflected on what had been 

communicated and identified missed opportunities to aid engagement. As will be expanded 

on later in this section, an area that proved to have not been communicated effectively was 

the shop floor. The personnel here were frustrated at not seeing the changes they had 

suggested implemented. The Town Hall meeting was an ideal opportunity to precisely lay out 

the stages and avoid the frustration that stemmed from the shop floor not having a clear 

understanding of the process. Due to the lack of time and explanation given to the subject, the 
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vision for the future state of the business was not displayed in a format where it would get 

engagement. It was more of a statement in a presentation than a vision to generate excitement 

and support. Therefore, I feel this was a missed opportunity as it could have had a more 

significant impact and potentially gained additional support had it been presented in a different 

format. Stajkovic et al. (2019) found that primed goals are proven to enhance performance in 

an organisation, thus showing that it could have potentially increased engagement if the 

presentation had been framed differently. 

 

Additionally, although a sense of urgency was created with the management team and the 

other personnel involved in the first cycle, it was not communicated in the town hall meetings 

and, therefore, the entire business. Reflecting on this, it was another missed opportunity as 

the business, in its entirety, could have been told that the company had identified an 

opportunity to improve its production efficiencies. Sharing the information during this meeting 

may have improved the engagement from differing facets of the business at the latter stages 

of the project, where sustaining engagement becomes more challenging.  
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Product Improvement Forum, Data Capture Sheets & Machine module costs 

 

Table 9. Results of Product Improvements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The purpose of cycle one was to test several tools for improving production efficiencies in the 

mechanical design phase of the product lifecycle that were found whilst undertaking the 

literature review. Table 9 shows the results of the product improvement forums where the DRA 

and DFM improvements were captured. In total, twenty-five modifications were undertaken on 

the module selected for cycle one, designated as P2. Once these modifications were 

undertaken, new quotes were sourced for the parts. Additionally, a new data capture sheet 

was generated with the updated estimated time to assemble the module. Undertaking this 

work resulted in a 5% reduction in the production cost of the module. This saving comprises 

both the cost to produce the parts and the time to assemble them. This figure was generated 

by generating a data capture sheet to capture time and analysing the company’s ERP system 

to capture costs. 
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Utilising the quantitative data from the company’s ERP software and the data capture sheet 

enabled a direct comparison of the machine section before and after the changes. This data 

was compiled in two forms, one being cost from the ERP system and the other being time 

from the data capture sheet. Using these two cost and time metrics through all stages of the 

framework’s development will ensure consistency and transparency. Additionally, to avoid 

potential bias by the researcher, the data was independently verified to confirm the accuracy 

of the findings. The engineering manager undertook this verification within the case study 

company, and he had no specific allegiance to the research and, therefore, should remain 

objective. This cycle has proven that adopting the Lean design principles of DRA and DFM 

reviews and the process and methodology for capturing the results is sound. Therefore, this 

production efficiency tool can be implemented in the framework and used on further cycles.  

 

 

Efficiency improvement proposition 1: Adopting Lean design principles will improve production 

efficiencies in the mechanical design of HVLVHV machinery products. 

 

 

Reflections 

 

The following sections utilise reflection to question what steps were undertaken and whether 

there is a better, more efficient way of doing them. It also aids the researchers' learning as it 

challenges the researcher’s assumptions of professional knowledge and their own response 

to the situations that arose during this cycle. It utilises the PDCA cycle to give a consistent 

approach to the research problem and aid reflection, which is shown in the cycle one 

framework section below. 

 

VSM - Machine module selection 

 

During cycle one, the value stream map was completed, and the data was compiled in 

Microsoft Excel to analyse the results more effectively. The quantitative time per process 

highlighted that procurement took a considerable amount of time and caused a substantial 

portion of the delays that the case study company saw in the lead time of their products. This 

is significant as it highlighted that using standard modules in the makeup of the products could 

reduce the lead time of machine orders. By standardising the modules, they have the option 
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of stocking parts and, therefore, reducing or removing the procurement phase of the process. 

Although this may appear at odds with Lean principles, utilising a make-to-stock methodology 

acts like a Kanban inventory system. The process will pull the materials through to production 

as required, and a signal will then be triggered to replenish the stock. The process of 

generating the value stream map highlighted delays in the process, and therefore, it was clear 

to the management team the potential benefits of undertaking this research and business 

improvement initiative. 

 

At the start of cycle one, the management team proved their intention to engage in the 

research as they signed a Project Charter to say that they had aligned with the project. The 

project charter detailed the issue being addressed, the project's scope, the people involved, 

projected times, milestones, and potential risks. As all facets of the management team had 

been engaged in this project, it ensured that all business functions were involved and had 

been communicated with regarding the project's requirements. The purpose of this charter 

was to detail the team that would support the project and ensure its success. The result of this 

was that support could be sought from all areas within the business if required. All participants 

appeared very optimistic about the project, and no objections were raised; therefore, the 

researcher was optimistic that all personnel could see the benefits of undertaking the work.  

 

Unfortunately, as further meetings took place, it became apparent that there appeared to be 

two distinct groups of managers. One group of managers was genuinely engaged, and the 

other group of managers participated to the minimum and only in the meeting setting. Having 

historical knowledge of the management team personally assisted the researcher in 

differentiating between the ones who were genuinely engaged and those who were 

participating to the minimum. This was important for the researcher as it highlighted the 

personnel who would engage in the change initiative and assist the researcher in driving it to 

completion. At this early stage of the project, it was quite clear that the trio of key management 

team members not engaged either didn’t fully understand or wholly agree with the proposed 

improvement proposal. One team member struggled to see standardisation's benefits and how 

it would work in our industry. It was hard not to take the unengaged manager's negativity 

towards the project personally as the researcher was so espoused in the project. Instead, the 

researcher chose to take solace in the fact that most of the management team agreed with 

the proposed project plan. Reflecting on the points made by the individual who didn’t see the 

benefits of standardisation, there is a possibility that they felt that their method of working was 

being questioned as they are a vital member of the team that delivers the existing machines.  
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Additionally, as this individual had worked at the company for many years when the strategy 

changed, and the company intended to work differently, it is a fundamental change to the way 

the business works, and as a rule, people generally don’t like change. The other two members 

of the management team who didn’t appear fully engaged in the project explained that they 

thought it would be more beneficial for the business to design a new type of machine. This 

was discussed, and the engaged managers argued that this doesn’t address the issues 

concerning improving the efficiency of producing the FWM’s. Even when it had been 

concluded that the business was not going to design a new type of machine, it was apparent 

that this was still the direction the less engaged managers wanted to follow.    

  

This diversity in opinions is a normal part of any project, and there will always be certain 

personnel who don’t truly engage. As the researcher is the project lead, the fundamental 

objective was to provide conditions in which the “Critical Mass” of individuals will be 

accumulated and directed towards achieving the collective goal (Marwell and Oliver, 1993). 

The researcher believes that this was achieved, and the divide is a natural consequence that 

can be attributed to any project.       
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Cycle one - Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13, HVLVHV design process efficiency model: Cycle 1 

 

As discussed previously in the proposed method for cycle one, the P10 Design procedure was 

the standard process that the engineering team worked to within the case study company. 

This process formed the basis of how the mechanical design engineering team worked daily; 

therefore, cycle one of this research followed this procedure.  

 

No longer use UWES questionnaire 

 

Figure 13 shows the HVLVHV design process efficiency model of the work undertaken for the 

first cycle of the research. Although the process proved to be a success, several primary 

learning points were taken from this cycle into cycle two. Firstly, the UWES questionnaire was 
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no longer part of the research. Although the questionnaire and process of measuring 

employee engagement were found to be valuable tools, the impact on this specific research 

compared to the work required to undertake the questionnaire and survey analysis made it 

impracticable for implementation into the framework.  

 

 

Improve communication 

 

A further learning point that caused the researcher some anxiety came from the shop floor 

personnel. They were very vocal about their frustration that the changes they had suggested 

in the improvement forum had not been implemented in the following machine that came to 

the shop floor for assembly. This wasn't very clear to the researcher as this was not viable, 

and it highlighted that the shop floor personnel hadn’t truly understood the plan that had been 

communicated to them. Due to the time, it takes for a machine to be produced in the case 

study company, as highlighted in Figure 10, the next machine that comes to the shop floor for 

assembly will have been issued for manufacture months in advance, and therefore, it is not 

viable for the changes they suggested to have been implemented. 

 

The researcher believed that the plan had been communicated clearly to them during the 

improvement forum, but it was evident that this was not the case. This learning point was 

noted to improve communication in the following cycles. Additionally, the researcher received 

positive feedback concerning regular updates from the management team and the remainder 

of the business. Kotter (1984) highlighted in his 8-step change model that it is important to 

celebrate any short-term wins, so continuing this communication is essential, particularly 

concerning the management team, as they are the sponsors for this research.  

 

 

Improve processes and procedures 

 

During the period of undertaking cycle one, the management team picked up on a philosophy 

that originated with Toyota and was encapsulated in their vision. The Philosophy was “No 

Faults Forward”, and the management team appeared to embrace this concept. It was hoped 

that the management team's persistent repetition of this phrase would emphasise the 

importance of this point to personnel and embed it within the organisation's culture. The 

researcher recognised that a change in organisational culture takes time. It was also 

recognised that for this change to succeed within the mechanical design team, it would need 

to be embedded into their work procedures. Therefore, the researcher decided that the 
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additional rigour required to adhere to this philosophy would be fundamental to the framework 

developed by this research. To achieve this, for cycle two of the research, new procedures 

and work instructions that underpin the framework were created to add additional rigour to the 

next iteration of the framework, see section 7.2. This framework clearly shows the 

development undertaken when compared to the original in section 7.1. This development of 

the framework through each cycle is a natural occurrence. Bicheno & Holweg (2016) quantify 

this as they explain that a standard reflects the current and safest known way, but it’s not fixed 

in stone forever. The standard at each cycle moves to an improved standard. This 

improvement constitutes part of the plan, do, check, act cycle discussed in the literature 

review. 

 

By standardising the processes and work instructions that underpin the framework, 

unnecessary steps were eliminated, and the process optimised for efficiency. Additionally, 

creating new procedures and work instructions for subroutines in the design process was 

streamlined, and further waste was removed. This work was undertaken during cycle 1, and 

the framework developed see section 7.2 is used as a template for cycle two and optimised 

further.  

 

 

Efficiency improvement proposition 2: Standardising the mechanical design process will 

improve production efficiencies in the mechanical design of HVLVHV machinery products. 

 

 

4.1.2 Analysis, Findings and Discussion Cycle 2 

 

The previous section discussed the findings for cycle 1; this section will discuss the data 

analysis findings for cycle 2 of the research. This work aimed to develop a framework to assist 

companies in improving production efficiency in the mechanical design of HVLVHV machinery 

products. As Ackoff (1994) discussed, a system's performance is not dependent on the 

performance of its parts. Although the performance of parts is important, the most important 

aspect of a part's performance is how it interacts with other parts to affect the system's overall 

performance. It was important to remember this when analysing the results for cycle 2, as a 

holistic review of the results and consideration of the transfer of information was required. The 

production efficiencies of various departments needed to be considered for cycle two, not just 

the mechanical design department singularly. 
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For cycle two, the following efficiency improvement tools were implemented for verification: 

 

 

• Machine module costs – Cost 

• Data Capture Sheets – Time 

• Product improvement forum – DFA / DFM Review 
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Table 10. Results of Product Improvements P2 – P3 

 

Results 

P2 Machine (2nd Cycle) (2019) 

  
3% inflation 

 per annum 

1 Cost of all parts for the three modules (P2) £319,235.72 £338,677.18 

2 Time to assemble the three modules (P2) 686.11 686.11 

3 Cost to assemble the three modules @ £36.25 (P2) £24,871.49 £24,871.49 

4 Total Cost (Part cost & time cost) (P2) £344,107.21 £363,548.66 

  

P3 Machine (3rd Cycle) (2021) 

1 Cost of all parts for the three modules (P3) £355,414.34 

2 Time to assemble the three modules (P3) 464 

3 Cost to assemble the three modules @ £36.25 (3) £16,820.00 

4 Total Cost (Part cost & time cost) (P3) £372,234.34 

  

Time savings (P2 - P3) 222.11 

Total cost Increase (Part cost & time cost) (P2 - P3) £8,685.68 

Percentage saving time (P2 - P3) 32.37% 

Percentage part Increase cost (P2 - P3) 4.94% 

Percentage Increase total cost (Part cost & time cost) (P2 - P3) 2.39% 

 

 

 

Machine module costs - Cost 

 

As discussed in the previous section, 3.3.4, the fundamental change for this cycle was 

changing from bespoke manufactured rails to standard ones. Changing from the bespoke 

manufactured rails to the standard ones increased the cost of the parts by 4.9%, although it 

reduced the build time by 32.4%. This reduction in build time is very significant as it leads to 

the potential for increased productivity and, therefore, turnover. This will be expanded on later 

in this section. Amongst the findings in this section, additional factors positively impacted the 

company’s production efficiency. This was validated by undertaking expert interviews with the 
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Procurement and Production Manager and the Purchasing Manager to capture qualitative 

data that wasn’t immediately apparent from the quantitative results. The findings from these 

interviews are discussed in the section below, and the format is discussed in section 3.3.3. 

 

Table 10 shows the results of the product improvements for cycle two. The three main modules 

of the machine were selected: the head (402-A), the base (403-A), and the clamp (408-A). 

The first cost shown in row one of P2 shows the cumulative cost of all parts for the three 

modules in 2019 when the modules were previously manufactured. This cost was adjusted by 

3% per annum for the two years between 2019 & 2021 to reflect inflation, and this figure is 

shown in the next column. While researching global inflation for inclusion during this period, 

there were variations in the data being found depending on the source, for example, Statista 

(2021), Macrotrends (2021), and OECD (2021). From the data found, 3% was considered a 

reflective average for this data and was therefore used for the adjustment per annum for the 

period of 2019 to 2021. Global inflation was used for the price increase to reflect inflation as 

the parts and materials used to manufacture the machines are sourced globally and are 

therefore impacted by this. It was not viable to trace the parts individually to their source of 

procurement and calculate the individual inflation rates as this data is not available, so the 

average was considered appropriate for inclusion. Undertaking this alteration enabled a direct 

comparison of the cost of manufacturing the parts for the three modules between the two 

variants of the machine (P2 and P3), which were manufactured in different years. 

 

Undertaking a direct cost comparison with the machine manufactured in 2019 was 

complicated further due to several factors. Firstly, the price of steel can fluctuate weekly, and 

this affects the cost of the manufactured parts from suppliers. This situation was made worse 

due to Covid-19 and the running down of supplier’s stock during this period. As the global 

economy began to recover, the case study company’s procurement department found that the 

cost of goods had increased due to the reduced stock that companies were holding, leading 

to increased demand.        

 

The first additional saving that is not reflected in Table 10 that became apparent during the 

interview with the Procurement and Production Manager and the Purchasing Manager was 

during the inspection phase. When goods are manufactured, the company’s policy is that they 

are inspected to ensure they have been manufactured in line with the drawing. As the new 

rails added during this cycle are standard items, this step was not required as standard items 

are found to be extremely repeatable. This saves the company significant time and cost as 

inspection is highly time-consuming. This time was quantified with the support of the inspection 

department. The inspection Engineer timed each of the steps required to inspect the 
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manufactured slideways used before the standard rail solution was added to the design to 

replace them.    

 

 

 

Table 11. Slideways inspection time 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11 shows the time required to inspect the six slideways that were replaced by the 

standard rail solution that didn’t require inspection. As can be seen from the table, it took 990 

minutes to inspect the slideways. There was obviously a significant cost to this time, as, at 

£36.25 per hour, this equated to £598.13. This is a direct cost to the business and would need 

to be added to the cost of the machine. This could lead to the case study company being less 

competitive as this additional cost being multiplied across many parts could contribute to a 

TFW machine costing more than its competitors. Additionally, undertaking this rail inspection 

has added a two-day delay to the build. This is significant as the Head of Finance within the 

business states that every month that can be taken off the machine build saves the business 

17% of an order's total value. 

 

One also needs to consider that the rail parts are a few of the machine's many requiring 

inspection. Therefore, the more parts of the machine that were replaced with standard 

solutions, the shorter the time it took to build the machine. Additionally, standard parts are 

generally faster to procure than bespoke items manufactured to order. Therefore, the 

reduction in time from the place of order to assembly is twofold. This real-world example 

clearly shows the profitability benefits that the company capitalised on by incorporating 

standard products into the modules rather than manufactured items. Additionally, this point 

Number QTY 

Inspection Total 

Time 
Time 

(Mins) 

T706---03-A002 2 210 420 

T706---03-A004 2 180 360 

T706---03-A005 1 115 115 

T706---03-A006 1 95 95 

    Total 990 
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highlighted the business impact in terms of efficiency improvements that can be seen by 

incorporating improvements early in the design phase. Another factor considered when 

developing the standard modules was the opportunity for the purchasing department to buy 

the products in bulk, reducing their cost further.  

 

 

Table 12. Machine Variants and Sales 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12 shows the different variations of friction welding machines sold by TFW and the 

quantity sold for each type from 2010 to 2019. This period was selected as COVID-19 

impacted 2020 sales, so they do not reflect an average year. TFW currently sell, on average, 

seven machines per year. Additionally, based on these ten years, a maximum of five of these 

would be one type of machine per year. 

 

 

Table 13. Cost and Quantity Comparison 
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Table 13 shows the benefit of purchasing parts in bulk. In 2016, six Ball spline Adapters were 

ordered from a supplier. Due to the quantity, the cost was £962.00 per part. The same item 

was ordered in 2019, and due to only a single item being ordered, the cost was £2096.00. 

Even considering inflation, the bulk order still costs £1,051.20, which is essentially half the 

cost of a single item. Thus, strengthening the argument for having standard modules and 

enabling procurement to order larger quantities of the parts.  

 

 

Data Capture Sheets - Time 

 

Row two of Table 10 shows the cumulative time to assemble each of the three modules 

summed to give a total assembly time for the three modules. Row three of the table gives the 

total cost to assemble the three modules. This was calculated by multiplying the time from row 

two by £36.25. This is the hourly cost to the business per hour for each of the shop floor 

Mechanical Fitters who assemble the machines. This cost was sourced from the Head of 

Finance within the business. Row four of the table gives the total cost per variant of the 

machine, including the cost of all the parts for the three modules and the cost of the time it 

takes to assemble the three modules. As can be seen, undertaking the DFA reviews has 

reduced the build time for these three modules by 32%. 

 

This is crucial as a reduction in the machine's lead time can directly impact potential 

customers. Data from the Sales and customer service team shows that in the past, customers 

have looked for alternative suppliers of the machines as they have offered a shorter lead time 

than the case study company, which was a direct factor in their purchase decision. This means 

that the case study company can forecast build times more accurately, capture best practices 

in terms of build, and potentially reduce the build time further. Data shared by the production 

manager put previous estimates for build time in the region of ± 40 – 50% accurate. This is 

thought to have improved to ± 5% by incorporating the data capture sheets generated during 

this cycle.    
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Product improvement forum - DFA / DFM Review 

 

The improvements undertaken on the P3 variant of the machine focused on the manufactured 

rails that are attached to the base, which enable the head and clamp to move. The original 

rails were bespoke manufactured items. The machine was redesigned to allow the fitment of 

standard rails that could be purchased off the shelf from suppliers. These are generally 

referred to as commercial off-the-shelf or COTS in industry. Due to the complexity of this 

modification, there were very minimal additional modifications to the machine, so keeping the 

changes to a minimum would help identify the cause of any issues that become apparent 

when setting up the machine for commissioning.  

 

Purchasing standard rails rather than the ones that TFW designed in their own office has 

increased the part cost of the modules by 4.9%. However, the time needed to build the 

machine decreased by 32.4%. Therefore, when considering the reduction in build time, the 

actual cost of the modules has only increased by 2.4%. Utilising the part cost data singularly 

without considering other facets of the business could give the impression that the 

improvement strategy had failed. Therefore, an expert interview was undertaken with the Head 

of Procurement and Production to get a more holistic view of the changes' impact. The 

information obtained from this interview is included in the following Conclusions and 

Recommendations section.  
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Reflections 

 

The following sections utilise reflection to question what steps were undertaken and whether 

there is a better, more efficient way of doing them. It also aids the researchers' learning as it 

challenges the researcher’s assumptions of professional knowledge and their own response 

to the situations that arose during this cycle. It utilises the PDCA cycle to give a consistent 

approach to the research problem and aid reflection, as shown in the section below. 

 

 

Cycle 2 - Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14, HVLVHV design process efficiency model: Cycle 2 

 

Figure 14 shows the HVLVHV design process efficiency model of the work undertaken for 

cycle two of the research, this cycle focussing on the TFW5DE machine. This cycle proved to 

be a success, and several primary learning points were taken from this cycle into the next 

cycle, that being cycle 3 of the research. 
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Develop Product Specification & Design Brief 

 

The first primary learning point being taken forward to the next cycle was the requirement for 

a clearly defined specification. The lack of a clear specification for cycle two caused several 

issues and made designing the product difficult due to the lack of information. For the next 

cycle, a specification will be generated prior to any design work taking place, and this will be 

reflected in the HVLVHV design process efficiency model. However, having the specification 

document for reference during cycle two would have solved many of the issues in terms of a 

lack of information. The consensus amongst the product development team was that there 

could still be ambiguity, and an additional document was required. Therefore, a template 

“Design Brief” document was created that contained additional, more detailed information than 

a traditional specification. The requirement to generate this documentation was added to the 

framework to ensure that these production efficiency improvements are captured; this output 

framework for cycle two can be seen in Appendix 7.3. 

 

Aligned with the requirement for a clearly defined specification, cycle two highlighted issues 

concerning empirical data. Empirical data is information obtained through observation or 

experimentation. Without this data, the product development team had no evidence to show 

why the machines had been designed in their current format. An example is that there were 

no calculations or FEA analyses to quantify why the machine bed plates were the thickness 

they were. Additionally, when developing the various standard modules for the machines, 

there are points where decisions must be made. Examples are which variant of the product 

should be used or if this feature can be removed. Making these decisions is far easier if the 

person making the decision has empirical data to assist in the decision-making process. This 

resulted in significant delays as the team was forced to resort to first principles and analyse 

and investigate all decisions with little or no supporting data. The team developed numerous 

calculations and FEA processes during this period to verify the decisions they made during 

the design’s progression.  

 

The most significant example of this was the machine bed. The one used as the basis for the 

design was found to be failing under analysis at a capacity far lower than its original rating. 

The bed design was traced back to 1986 but may have been designed before then. The design 

was found to be failing at the welds that hold the bed together. The traditional method for 

analysing this bed when it was designed would have been to undertake various hand 

calculations. These are believed to have not included the welds as this would have been 

extremely complex or impossible to calculate with hand calculations. Utilising modern 
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simulation techniques and FEA, the bed could be analysed with greater accuracy and include 

the welds in the analysis. Utilising this method led to a much more accurate analysis and 

highlighted the weakness in the welds in the original design.  

 

Although the original intention for this machine was to comprise a new standard modular 

design, product development was stopped due to COVID-19. The impact of this is that rather 

than the product development team working in isolation on development machines, they 

worked on live orders. Additionally, as the new machine was designed for cycle two, the 

capacity was equal to the one required by the customer, so this machine was selected as the 

basis for their machine. The outcome was that rather than the specification being defined by 

the business, it was defined by the customers’ requirements. This led to additional work as 

once the customer order had concluded, the machine had to be changed.  This change made 

the machine align with the general market requirements rather than this one specific customer. 

 

An example of the customer requirements driving the specification was the machine bed. The 

new bed was designed to withstand 150 tonnes of forge force rather than the 125 tonnes that 

the original bed was designed to withstand. This increase in capacity will open the product to 

a wider range of customers but brought about some dissatisfaction, as will be expanded on 

below. Firstly, as this product incorporated a brand-new feature in the rails, the team would 

have liked to have experimented with the new design. Due to the restrictions imposed by 

COVID-19 and the time limitations imposed by it being a live order for a customer, this was 

not viable. The result was that the team was not afforded the benefit of proving the design by 

testing. Therefore, the calculations and FEA undertaken by the team had to be double-

checked. The product development team used the opportunity whilst undertaking the work to 

develop standard calculations and other documentation, which will be expanded later in this 

section. 

 

Once the work had been completed, there was some discontent from individuals within the 

business in relation to the machine bed. This discontent was due to the machine bed costing 

more than the original, and some of the management team were unhappy about this. The 

increase in the new design compared to the old one was a 33% increase in cost to 

manufacture. This was frustrating for the researcher as the original quotation that they were 

comparing the costs from was dated 2019, compared to the 2021 costs for the new bed. Cost 

inflation over time would also need to be considered when comparing the two beds directly. 

Additionally, as was mentioned previously, this comparison is complicated further due to 

COVID-19 and the running down of supplier’s stock during this period. As discussed previously 

the global economy began to recover, the case study company's procurement department 



P a g e  | 122 

 

 

found that the cost of goods has increased due to the reduced stock that companies were 

holding, leading to an increase in demand. 

 

Another factor affecting the cost of the new base was an increase in length. The case study 

company found that there were seal failures in the field due to the mounting of the forge 

cylinder. To overcome this seal failure issue, the length of the base had to be increased to 

accommodate a new style of cylinder mount. Adding material to the base obviously increases 

the cost, and this was not considered when comparing the cost of the two base designs. This 

increase in length was not optional due to the failures seen; therefore, the old base design 

they were comparing it to was no longer a viable base that could be used. Therefore, the cost 

comparison being undertaken held no merit.  

 

In the previous section, issues in relation to communication were highlighted. This poor 

communication is also reflected in the discontent with the base design, which was a source of 

frustration for the researcher. Additionally, as was briefly mentioned earlier, the product 

development team were having issues getting prices for new designs from procurement. The 

product development team had requested quotes for numerous parts, including the base of 

the machine, several times. Procurement told them that live orders were a priority, and the 

quotations were not forthcoming. Had the quotations been sourced and shared with the team, 

they would have known that the base was more expensive. They then would have had the 

option of investigating modifying it to reduce cost or communicate the fact on the price. This 

was the main factor for instigating an agreement with the head of procurement that the product 

development would get the same priority level for the next cycle in getting costs back as live 

orders. 

 

As the machine was designed on a customer order, the team had little time to do actual 

development due to tight deadlines. This resulted in the machine being issued on large size 

100 carriages, as these had been used before on a previous machine of the same capacity 

and were therefore proven to be appropriate for the application. These carriages are extremely 

expensive due to them being considered special by the supplier and not standard. After the 

machine was issued and in service, the team had time to investigate further and found that 

smaller carriages could have been used. Had these smaller carriages been used, there would 

have been a potential 2.8% reduction in the production cost of the machine. Due to the 

considerable savings that could be seen from undertaking this work, it resulted in a significant 

amount of additional design work at a later date to enable this saving to be achieved. If the 

case study company had waited for the design to be finished instead of accelerating the work 

through on a customer order, this rework would have been avoided. Consideration has to be 
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taken here that this was during the COVID-19 period, machine orders were extremely low, 

and product development had been stopped due to the costs involved in sustaining this 

department. It is the belief of the researcher that a different decision would have been made 

had the business not been under the pressure inflicted by this specific period in time. 

 

 

Add Design Reviews to Framework 

 

A further cause of delays for cycle two was a lack of design reviews and them not being held 

as frequently as required by the design's complexity. The main driving factors for these delays 

were the COVID-19 global pandemic and homeworking, which will be expanded on in section 

5.2. Although the DFA and DFM manufacture reviews were being held for new designs, there 

was still a requirement for the Mechanical Design Engineers to have a review and get input 

from their peers. Although the impact of the COVID-19 global pandemic cannot be changed, 

reflecting on the period highlighted potential improvements in the framework that could be 

utilised going forward.  Ruminating on the reviews highlighted that there was no official 

procedure for undertaking them. It was decided that this could be overcome by embedding 

the reviews in the processes that the Design Engineering team must work to and having them 

as tollgates. This would ensure that they must be undertaken in future projects and would 

prevent the delays from happening again.   

 

These tollgates would become a business requirement and form part of the ISO 9001:2015 

standard. Working to this standard is a requirement of the business as they require certification 

to be recognised as a quality company within industry. Additionally, undertaking annual audits 

to check that the documentation, reviews, and other documents that the design engineering 

team should be generating are being adhered to is now part of the company’s policy. This will 

highlight if the process is being followed and if further training is required or if the process is 

too cumbersome and requires modification. Utilising reflection as a tool resulted in real-time 

organisational learning (Balzert et al., 2011). Without using this tool in relation to business 

processes, the innovative ideas generated by the product development team would not have 

been considered. Encapsulating these ideas in the design team's process will ensure they are 

facilitated in future Machine orders. Therefore, the improvements will continue and develop as 

they are refined.  
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Develop standard Documentation 

 

During cycle two, the product development team used the requirement to undertake 

calculations to develop template calculations and other documentation. Developing template 

documents enabled the calculations to be edited and used for cycle three, thus preventing the 

work from being repeated. Having a template library of calculations is also beneficial for the 

business as others can utilise the knowledge captured within them, leading to organisational 

learning. Wherever it was found to be viable, during cycle two, any documentation generated 

was turned into standard documentation with templates, thus improving departmental 

efficiency. 

 

Another benefit of generating standard documentation was the opportunity to improve the 

quality of the documentation that accompanies the machine. Much of this documentation has 

an impact on other facets of the business, and therefore, their buy-in was required before the 

documentation could be put into general circulation.   

 

One example of this is the Treatment Specification document developed by the mechanical 

engineering team. This document comprised a list of codes and associated treatment 

specifications adjoined to that code. This allowed the engineering team to add the relevant 

code to a drawing so the manufacturer of the part knew the appropriate treatment to be applied 

to that part. In the past, the treatment of the individual parts has been defined in the drawing 

in descriptive text, and this caused issues. If the same part was required for a different machine 

order with a different finish, the part would have to be redrawn with the new finish.  

 

The concept developed by the mechanical engineering team to prevent this was adding the 

code to the drawing, for example, using X1 instead of defining the finish on the drawing in 

descriptive text. The Treatment Specification document would then accompany the drawing, 

illustrating the appropriate finish in relation to the code on the drawings. The benefit of 

undertaking this work was that a single Treatment Specification document was generated for 

the new machine order, rather than the engineering team having to regenerate all the drawings 

with the new treatment specification. 

 

However, the team acknowledged that this change in procedure impacted the procurement 

department. Therefore, before implementing this change, they needed to be consulted. The 

impact on the procurement department was that they would be required to send the Treatment 
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Specification document to the supplier in addition to the drawing that they sent as a single 

document in the past. 

 

Emails were sent to the relevant personnel within the procurement department to get their 

input on the new document generated. Feedback was not forthcoming, although multiple 

attempts were made to engage and get feedback. A discussion held with the mechanical 

engineering team highlighted that they had the perception that there was resistance to change 

within the procurement department and that personnel didn’t want to change the way they 

worked. 

 

The mechanical engineering team received no feedback on the document generated, and the 

lack of feedback resulted in hours of additional work. The team decided to implement the new, 

more efficient process as they generated a considerable number of new drawings. Their 

justification for doing this was that as this was a more efficient process, it was logical for the 

business to move forward with this approach. The machine for cycle two was a live order, 

meaning it was intended for a customer, and therefore, there were deadlines for the team to 

issue the drawings for procurement. As the deadline approached, the notes on each of the 

drawings had to be changed to ensure they didn’t reference the unapproved documentation 

generated by the mechanical engineering team.  

 

The researcher found this lack of engagement from other departments to be demoralising, 

and the mechanical engineering team voiced similar feelings. When generating this document, 

the team aimed to improve efficiencies throughout the business, but it appeared that there 

was resistance to change. The consensus amongst the team was that they should focus their 

efforts on the things where they could have an impact that didn’t rely on other departments for 

approval. However, in the short term, this appeared to be a sensible approach as a 

considerable amount of work was needed to generate the standard modules and incorporate 

the DFA and DFM improvements. In the long term, though, this approach was not sustainable 

as this work aimed to improve production efficiency in the design phase of HVLVHV 

machinery. Therefore, collaboration was required, which must be addressed in the next 

research cycle. 
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Develop Appropriate Forms of communication 

 

Although attempts were made to engage with other departments in relation to the standard 

documentation, much of this communication was via email. This was predominantly a result 

of COVID-19 and homeworking, but it should be acknowledged that there are better forms of 

communication for implementing this type of change. Referring to Kotter’s (1996) 8-step 

change model, step 3 states creating a vision for change, and step 4 states communicating 

the vision. The product development team had not followed either of these steps. Therefore, 

this needed to be addressed to improve the chances of successfully implementing efficiency 

improvements in future cycles. If the product development team had utilised appropriate forms 

of communication for different purposes, they would have had a better chance of getting buy-

in from other departments. Considering the situational aspect of the global pandemic, an 

example of how this could be done would be utilising a Microsoft Teams meeting. Utilising the 

software to show a presentation highlighting the benefits of the change. As a result of this, it 

was decided that appropriate forms of communication would be used to show the impact and 

benefits to different departments for future documentation or process changes. This should 

ensure engagement and increase the likelihood of buy-in, therefore preventing delays.     

 

During cycles one and two, communication was found to be an issue. For cycle three, a 

significant effort would be made to ensure that appropriate forms of communication are used 

to prevent issues concerning communication from continuing. Additional problems seen during 

cycle two concerning getting quotation prices from suppliers would be overcome due to the 

agreement with the head of procurement that for the next cycle, the product development 

would get the same priority level as live orders. Previously, live orders were considered a 

priority, and the product development team undertaking the machine development for cycle 

two could not get quotations for new designs. This agreement was intertwined with the 

formation of the standardisation team and will be expanded on in the next section. 

 

 

Standardise the Machine before implementing Changes 

 

Finally, it was decided that for cycle three, the order of development would be to standardise 

the machine and then implement any changes or suggested improvements. Standardising the 

product first creates a baseline prior to implementing the changes. This was important due to 

the number of changes and potential variations between modules. Additionally, it was 

fundamental to the FEA analysis as the previous design, which is the basis for the new design, 
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is proven by its use in service. Therefore, starting with the standard design gives you a proven 

design and a basis for deflection and stress comparison, among other requirements. 

 

 

4.1.3 Analysis, Findings and Discussion Cycle 3 

 

The previous section discussed the findings for cycle two of the research; this section will 

discuss the data analysis findings for cycle three. This work aimed to develop a framework to 

assist companies in improving production efficiencies in the mechanical design of HVLVHV 

machinery products. As in the previous cycle, a holistic review of the results was required for 

this section of analysis. This means that the production efficiencies of various departments 

needed to be considered for cycle three, not just the mechanical design department. 

 

For cycle three, the following efficiency improvement tools were implemented for verification: 

 

 

• Machine modules cost – Cost. 

• Data Capture Sheets – Time. 

• Product improvement forum. 

• Undertake a design for assembly review. 

• Undertake a design for manufacture review. 

• Standardise the machine modules before implementing changes. 

• Develop a design specification. 

 

 

Machine section costs & Data Capture Sheets 

 

Calculating the costs of the new modules for cycle three was extremely difficult. The impact of 

COVID-19 and the war in Ukraine on steel prices meant that the data on the ERP system was 

no longer valid for comparison. The company's costs for the manufactured steel parts stored 

on the ERP system prior to these events were significantly lower than the new quotes. 

Therefore, comparing prices had no validity. This was further complicated by steel prices 

fluctuating weekly, so quotations had a very limited validity period. To overcome these issues 

in relation to costs, the procurement department initially liaised with suppliers and shared 
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drawings of parts both before and after the improvements had taken place. They asked the 

suppliers to quote on both parts to see if the improvements were successful. Some suppliers 

were initially happy to do this, but this was soon followed by resistance due to the increased 

workload without a cash reward. This highlighted the fact that gauging the improvement 

savings this way was not viable as a long-term strategy. An alternative solution was required, 

so it was decided that all modifications to each section would be documented, and the 

Purchasing Manager would put forward an estimated saving based on the original drawings 

and what would be the impact if implementing the suggested change in terms of cost. As he 

has many years of experience, the estimate could be considered a reasonable gauge as to 

whether the improvements have reduced the cost of manufacturing the part. This estimation 

could then be confirmed once the item was purchased.  Appendix 7.8 shows an example of 

this work. Due to the situation outlined, this was deemed as the most appropriate method to 

continue the work and gauge success.  

 

Utilising the quantitative data from the company’s ERP software for the original part, the new 

prices from the Purchasing Manager and the data capture sheet enabled a direct comparison 

of the three modules before and after the changes. This data was compiled in two forms: cost 

from the ERP system and time from the data capture sheet. As in the previous sections, the 

machine modules are compared using cost and time metrics for consistency and 

transparency. Additionally, utilising quantitative data for analysis gives a metric for verification 

of whether production efficiency improvements have been achieved. 
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Table 14, Head, Base and Clamp module analysis results 

Results 

Cycle Three - Original Machine 

1 Cost of all parts £76,903.44 

2 Time to assemble 345 hrs 

3 Cost to assemble @ £36.25 £12,506.25 

4 P1 total cost £89,409.69 

  

Cycle Three - Post modification Machine 

1 Cost of all parts £69,894.02 (Saving £7009.42) 

2 Time to assemble 320 hrs (Saving 25 hrs) 

3 Cost to assemble @ £36.25 £11,600.00 (Saving £906.25 ) 

4 P2 total cost £81,494.02 

  

Time savings Per Machine = 25 hrs 

Cost savings Per Machine = £7915.67 

Percentage Time saving = 7.25% 

Percentage cost saving =8.85% 

 

 

 

Shop floor product improvement forum & Mechanical Design Engineering team 

product improvement forum & Undertake a DFM & DFA review 

 

Table 13 shows the results of the work undertaken to improve the efficiency of producing the 

three modules. In total, one hundred and ninety suggestions were submitted for the three 

modules. Once the selected modifications were undertaken, cost savings were calculated by 

the purchasing manager as described earlier.  

 

A new data capture sheet was also generated with the updated estimated times to assemble 

each of the three modules. Undertaking this work resulted in an 8.85% reduction in the cost 

of producing the three modules when compared to the original design. 
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The objective of this specific improvements approach was to implement a cost and time 

reduction strategy in the three selected sub-units of the RFW Machine. This proved to be 

successful and was achieved using data capture sheets, improvement forums and the analysis 

of the company’s ERP system and existing costs. The improvements resulted in a 10% 

reduction in the material cost of the machine's modules and a 7.25% reduction in the time to 

assemble the machine's modules in comparison to the original modules. 

 

 

Table 15, Head, Base and Clamp analysis results in multi-buy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results Bulk buy -24.59% 

Cycle Three - Original Machine 

1 Cost of all parts £76,903.44 

2 Time to assemble 345 hrs 

3 

Cost to assemble @ 

£36.25 £12,506.25 

4 P1 total cost £89,409.69 

  

Cycle Three - Post modification Machine 

1 Cost of all parts £57,108.56 

(Saving 

£19794.88) 

2 Time to assemble 320 hrs (Saving 25 hrs) 

3 

Cost to assemble @ 

£36.25 £11,600.00 (Saving £906.25 ) 

4 P2 total cost £68,708.56 

  

Time savings Per Machine = 25 hrs 

Cost savings Per Machine = £20701.13 

Percentage Time saving = 7.25% 

Percentage Cost saving =23.15% 
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Table 13 shows the production efficiency improvements if procurement were to purchase only 

one of each of the manufactured components. Table 14 above shows the results if 

procurement were to purchase two of each of the manufactured components and capitalise 

on the reduced costs that can be seen from procuring parts in larger quantities. Appendix 7.9 

shows the results of this enquiry and how the 24.59% reduction was calculated. Incorporating 

this cost-saving into the results significantly impacted the cost savings. This change did not 

impact the time to assemble the three modules, but the cost to procure the three modules was 

reduced by 25.7% when compared to the original modules. To avoid potential bias by the 

researcher, the data was independently verified to confirm the accuracy of the findings. The 

engineering manager undertook this verification within the case study company, who had no 

specific allegiance to the research and should therefore remain objective. This real-life 

example shows the potential savings of utilising modularisation in the design of HVLVHV 

machinery products. 

 

These savings were viable because procurement had confidence that the same module would 

be used multiple times. Therefore, it allowed them the opportunity to buy larger quantities of 

the parts that make up the module. Modularisation of the machine involved breaking the 

product down into smaller, interchangeable components. Additionally, these modules were 

designed to enable them to be assembled off the machine, which also improved the efficiency 

of the assembly during the build phase. Designing the modules to enable them to be 

assembled off the machine also opened the opportunity to pre-assemble modules to keep 

them in stock.   

 

A procedure was developed that captured the process for developing the modules, and the 

procedure was then incorporated into the framework. Incorporating the procedure into the 

framework ensures the production efficiency tool is captured for implementation on future 

machines. This work was undertaken during cycle three, and the framework developed see 

Appendix 7.4 is the output framework from this cycle and, ultimately, this research. 

 

Efficiency improvement proposition 3: Utilising a modular design approach will improve 

production efficiencies in the design of HVLVHV machinery products. 

 

 

The biggest change for cycle three in comparison to the other cycles was the development of 

the standardisation team. Collaborating with cross-functional teams proved to be extremely 

successful and played a significant part in the success of this cycle. The researcher had not 

foreseen significant additional benefits to this collaboration. Firstly, it expanded the 
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discussions as there was a broader knowledge base and skill set than that of a single 

department. Culturally, it was beneficial as it gave the team greater exposure to the business 

contributions of other departments. Before this collaboration, some team members had very 

little exposure to other departments and how they function, so this collaboration was very 

rewarding. Additionally, this transparency aided in breaking down some of the silos that had 

existed historically.  

 

The team comprised personnel who appeared to have a genuine desire for the efficiency 

improvement initiative to be successful. Working with personnel who have a genuine desire 

for the success of the initiative was extremely rewarding. A contributing factor to this was that 

each team member had a specific role, which was clearly defined. This gave the project 

coordinator the appropriate focus for each team member (Allen., et al., 2014). Therefore, each 

team member could contribute to the team's long-term vision and deliver the project outcomes. 

Additionally, as each member of the team had clear roles and responsibilities, the team felt a 

sense of unity, and this avoided confusion and conflict. 

 

Collaboration is one of the fundamental learning points from undertaking this work. Although 

it sounds simplistic, it is, in fact, complicated and even more complex to implement and 

sustain. The work of Ackoff (1994) explains the fundamentals in that a system's performance 

depends on the performance of its parts. Although, important, if not the most important, aspect 

of a part's performance though is how it interacts with other parts to affect the system's overall 

performance. If we consider an organisation as a system and the departments as parts, the 

interaction of the departments impacts the performance, not the individual parts. For 

discussion purposes if we consider the Mechanical Design team at the case study company. 

If this team were to design a world-leading state-of-the-art FWM in isolation without input from 

other departments. From a sales perspective, is this what the market wants? Are sales now 

in a position where they are trying to push a product to market? From a procurement 

perspective, is the machine now extremely expensive to manufacture and are the materials 

expensive? Also, can it be manufactured? From a production perspective, is it possible to 

assemble the machine? Does it take considerably more time to assemble now than it did 

previously? It is key to get input from all departments that touch the machine during its 

lifecycle. This communication is critical to the success of production efficiency improvement 

programs in HVLVHV machinery products.  

 

Feedback is another factor that is often overlooked, and this is also key to enabling the 

implementation of the framework for production efficiency improvements. When developing 

the framework, an efficient feedback loop needs to be incorporated to capture any 
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improvements in both product and process. This feedback is captured in the framework in a 

procedure (SOP072) that forms part of the design office and shop floor's internal procedure. 

This procedure facilitates feedback to the design office concerning drawing errors (red line 

drawings) or opportunities for improvements to a design. In the previous paragraph, 

collaboration was discussed in terms of the organisation. Due to the modularisation of the 

product, interdepartmental collaboration is also critical. As the Mechanical Design Engineers 

will be working on modules, it is easy for them to overlook a facet of its interaction with other 

modules in the product. Therefore, interdepartmental collaboration needs to be facilitated in 

the process. 

 

 

Efficiency improvement proposition 4: Fostering collaboration will improve production 

efficiencies in the mechanical design of HVLVHV machinery products. 

 

 

Standardise the machine modules before implementing changes 

 

Standardising the product first created a baseline prior to implementing the changes. This was 

important due to the number of changes and potential variations between modules. Therefore, 

once the modules used for each machine had been listed from the ten-year period selected, 

the General Arrangement (GA) drawings were listed for each module. Prior to the 

rationalisation of the legacy data, there were 175 GA drawings for the Piston Rod machines 

and 213 GA drawings for the Drill Pipe machines. This highlighted how little consideration had 

been given to standardisation in the past, as there should be one GA per module, equating to 

30 GAs per variant of the machine. Having a significant number of drawings that are not 

required is inefficient and exposes the case study company to quality issues as they risk errors 

being made and also duplicated. If a single drawing per module exists and an error is rectified, 

then the error is resolved. Should the error exist on several drawings then each of the 

individual drawings needs to be rectified before the issue is resolved. 

 

The primary driving factor for the standardisation of commonly used modules was reducing 

the cost of producing the RFW machine. Therefore, when generating the modules, 

consideration was required as all modules that are incorporated into the base machine add 

cost to this machine. This is because additional features are required on modules to enable 

other modules to be added to them or for interchangeability. A base module, for example, may 

require additional holes to bolt a bracket module to the side. If this bracket module isn’t 

included in the standard modules but the end product still achieves the customer’s desired 
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objectives, then the holes in the base module can be removed. This, therefore, reduces the 

cost of producing the base module as fewer machined features are required. This example 

explains why the number of modules had to be reduced to the minimum whilst still achieving 

the customer’s desired specifications. However, there were several additional benefits to the 

standardisation of commonly used modules besides cost reduction. 

 

Standardisation of the modules reduced the lead time of machine orders in the case study 

company. As the modules of the TFW3 machine had now been standardised, during a quiet 

period, the TFW management team decided to build and stock several of the larger modules 

that make up the machine. The machine selected for the build-to-stock modules was based 

on a machine order that the Head of the Business Unit for AWS was confident that they would 

receive. Having this machine in stock when the order was finally received reduced the 

procurement phase significantly, as the majority of the long lead machine modules had been 

manufactured and assembled. Additionally, as the procurement team knew that the same 

module would be used multiple times, it gave them the option to buy larger quantities of the 

parts that they put into stock, thus reducing the cost of the modules further. The real-life 

quantitative example shown earlier in this section evidenced the savings that were seen by 

utilising modularisation in the design of HVLVHV machinery products.  

 

Additionally, for cycle three, the new standard modules utilised three-dimensional (3D) models 

in their design, whereas the previous drawings the case study company issued to suppliers 

didn’t incorporate design automation tools. Utilising the 3D CAD and other design automation 

tools was found to increase production efficiency. An example that became apparent during 

this cycle was having the ability to use the original part design three-dimensional (3D) 

computer-aided design (CAD) for the Finite Element Analysis (FEA). This CAD data was 

proven to be fit for purpose as it is proven by being used in service; therefore, it sets an ideal 

standard before any modifications are implemented. Therefore, starting with this standard 

design gave the Design Engineer a proven design and a basis for deflection and stress 

comparison, among other requirements. Utilising 3D CAD models allowed for FEA methods 

to be used. Finite element models reduced the number of expensive and time-consuming 

physical experiments required, which is a significant advantage of using design automation 

tools (Mahendran, 2007).  

 

The purchasing manager also explained how these models benefited the suppliers and 

reduced the cost of manufacturing the parts for the chosen modules. Utilising these 3D models 

gave the suppliers additional options in how they can manufacture the parts. Utilising models 

gave the supplier the option of loading the CAD model directly into their CNC machines, or 
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they had the option to use offline programming software to interrogate the CAD data and 

generate an offline CNC program for manufacturing the part. This reduced the manufacturing 

time, making the CNC machine much quicker to program than manually inputting the data 

from the two-dimensional CAD drawing. Driving innovation up the supply chain and involving 

suppliers benefits both parties. The suppliers can assist with design innovations but 

additionally improving suppliers' manufacturing efficiencies should reduce the cost for TFW 

for procuring the part the supplier is manufacturing. Utilising innovation and design automation 

tools also leads to a more resilient and sustainable supply chain.    

 

Incorporating 3D models into the process also made the inspection of parts quicker as the 

parts could be inspected in comparison to the model rather than a drawing, which is a faster 

process. Manufacturing the models from CAD data is also better in terms of quality. There is 

significantly less chance of making a mistake due to the operator not having to interpret a 

drawing and manually input the data. Proving this theory will be captured in further work as 

there was insufficient data to prove this during the duration of the research, but it’s a logical 

consequence of removing the potential for human error. 

  

In conclusion, modularisation of the machine involved breaking the product down into smaller, 

interchangeable components. These modules were assembled off the machine, which further 

improved the build efficiency. A modular design approach was verified to improve production 

efficiencies in the design of HVLVHV machinery products, and therefore, it was incorporated 

into the framework. 

 

 

Efficiency improvement proposition 5: Using design automation tools will improve efficiencies 

in the mechanical design of HVLVHV machinery products. 

 

 

Develop a design specification 

 

For cycle three, a design specification was generated as this was fundamental to preventing 

the delays that were seen during cycle two from happening. It is complex to quantify the 

efficiency gains achieved from generating this document, but the Engineering team would not 

have been able to progress without it. The specification didn’t change in the latter stages of 

the project as was seen during cycle two due to having this clearly defined specification at the 

outset. The process followed for defining this specification is captured in Appendix 7.15 and 

the work instruction WI266. 
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Reflections 

 

The following sections utilise reflection to question what steps were undertaken and whether 

there is a better, more efficient way of doing them. It also aids the researchers' learning as it 

challenges the researcher’s assumptions of professional knowledge and their own response 

to the situations that arose during this cycle. It utilises the PDCA cycle to give a consistent 

approach to the research problem and aid reflection, as shown in the section below. 

 

 

Cycle 3 – Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15, HVLVHV design process efficiency model 

 

Figure 15 shows the HVLVHV design process efficiency model of the work undertaken for 

cycle three of the research, this being the TFW3 range of machines. This cycle proved to be 

a success, and several primary learning points were taken from this cycle into the final 

conceptual model.  
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The primary factor that differentiates this cycle from the others is the adoption of a more refined 

framework with standard processes that the mechanical engineering team worked to. 

However, the framework still evolved through this final cycle as knowledge was attained from 

undertaking the cycle. Adopting a clear process at the start where wasteful steps had been 

removed saved significant rework that previous cycles had come up against. Having a clearly 

defined framework that incorporated iterative design reviews proved significantly more 

efficient, and at no point did designs have to be totally redesigned from scratch as in previous 

cycles. This was due to the iterative process of capturing changes as the designs developed.  

 

Lean design principles, which focused on minimising waste in the design process, were 

utilised in developing the framework. Several techniques were used, including DFA & DFM 

reviews, mapping the design process, reducing unnecessary steps in the design process, and 

undertaking a value stream map of the production process. A further way to remove waste in 

the design process was to optimise the use of resources. This was evidenced by the formation 

of the standardisation team and the acceleration in progress of cycle three in comparison to 

other cycles. Finally, reflection and identifying areas of improvement in the organisation's 

culture were fundamental to the successful implementation of the production efficiency 

improvement tools. 

 

Another factor that caused several issues in cycle two and made designing the product difficult 

due to the lack of information was the need for a clearly defined specification. For cycle three, 

a clear specification was generated before any design work took place, making the design 

process far more efficient. This was made far easier due to the modularisation of the design, 

as a mini specification could be developed for each of the modules. This was all intertwined 

with the implementation of agile methods for this cycle. Agile methods became clear later in 

the research and therefore were not included in the literature review.  

 

Agile methodologies break down the design into smaller manageable tasks and incorporate a 

sequence of iterations in the design process (Feldhusen, Lower and Bungert, 2009). Due to 

the design's modularisation and the standardisation team's formation, this tool aligned itself 

with this cycle to a high level. Microsoft Project was utilised to manage the tasks, timing of the 

project and resource allocation. Figure 16 below shows an example of the task breakdown in 

Microsoft Project for a single module of the machine. However, this same methodology was 

utilised for all modules on the machine. 
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Figure 16, Example agile methodologies incorporation 

 

Using agile methodologies improved the design process efficiency and reduced the risk of 

errors. The Lead Design Engineer utilised design automation tools to generate a design. A 

review was then held with members of the design engineering team to check the design was 

suitable. The Apprentice Design Engineer was present for this review so that they gained 

insight into the module and the design process, as well as sourcing knowledge from other, 

more experienced engineers. Once the model had been updated to incorporate any changes 

by the Lead Design Engineer, the Apprentice Design Engineer was tasked with generating the 

drawings. They generated drawings from the three-dimensional computer-aided design that 

the Lead Engineer had generated. Generating the drawings once the model had been 

reviewed was far more efficient as it meant that changes only had to be incorporated into the 

model rather than the model and the drawings. Utilising the Apprentice Design Engineer for 

this task gave them significant exposure to the design process and the drawing standards that 

they should adhere to, and this was a significant learning opportunity. This also freed up the 

Lead Design Engineer to start generating the next module, further improving efficiency in the 

design process. 

 

Incorporating agile methodologies into the project plan helped to prioritise and structure the 

modules. Utilising this methodology allowed for incremental development of the module as it 

transitioned through the various reviews. This was found to simplify the project's structuring 

and allowed for more efficient work distribution and maintenance. It was apparent that 

incorporating this methodology reduced errors, as rather than just addressing a module, it was 

split into numerous subtasks, so there was a reduced probability of missing design errors. This 

also increased the efficiency of cycle three as it allowed for the work to be scheduled so the 

team had a constant flow of work. 
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As mentioned previously, once the drawings had been generated, two reviews were held to 

check the module and see if it could be improved in terms of DFA and DFM. The drawings 

were shared in advance of the meeting so that any comments could be added to the drawings. 

This meant that when the meeting took place, it was undertaken as efficiently as possible. The 

catalyst for this was the high cost of having significant numbers of staff in a meeting at once 

and utilising this structure for the meetings worked effectively. The proposed changes to the 

module were discussed and agreed upon during the review. The researcher was also present 

during the reviews so that they could make a final decision on any points that were being 

debated. This was important as it meant that when everyone left the meeting, there was a 

clear and final decision on what changes would be incorporated into the module. Having a 

clear and open discussion on any proposed changes during these meetings with cross-

functional departments meant that it was very easy for the researcher to make these decisions 

and at no point was there conflict. This was also helped as all members of the team appeared 

to have a genuine desire for the initiative to succeed, and they, therefore, understood that 

decisions had to be made to move the project forward. 

 

Any changes were then incorporated into the design before the drawings were updated, and 

they then went for checking. This check was undertaken by the manufacturing engineer, as 

he has many years of experience assembling machines. As seen from the above, three 

reviews are undertaken in total, and there is a detailed checking stage. Breaking the process 

down into manageable tasks with a dedicated resource improved efficiency in the process and 

reduced the risk of errors. This could potentially be evidenced by the reduction in the number 

of errors reaching the shop floor. Proving this theory will be captured in further work. 

 

Although this is the final cycle of the research, the production efficiency improvements should 

be sustained in the case study company as the framework generated now forms the process 

for how the mechanical design engineering team works. Additionally, due to the feedback 

loops within the framework, the researcher believes that the case study company will 

continually improve. Proving this theory will be captured in further work.  

 

Implementing continuous improvement programs relies on a cultural change in the 

organization. For organizational change to be a success, it cannot be rushed and takes time. 

Kotter (1996) recommends an eight-step model for organizational change that aims to 

establish employee commitment and reduce scepticism. For the production efficiency 

improvement program to continue, it relies on management's total commitment to the cause. 

Continuously improving is a fundamental principle of both lean and agile methodologies. By 

continuously reviewing the design process and capturing potential improvements with the 
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feedback loops, the case study company can achieve further production efficiency gains. This 

should be a team activity, and again, communication is key. Although the key personnel are 

the individuals who work in the design process, engagement should be with all personnel 

within the business, and they should be encouraged to communicate any potential ideas that 

can improve production efficiency. This openness to improvement should be embedded in 

both the departmental and organisational culture, and it’s the role of senior management to 

enforce this.    

 

 

Efficiency improvement proposition 6: Embedding continuous improvement in organisational 

culture will improve production efficiencies in the mechanical design of HVLVHV machinery 

products. 

 

 

This section discussed the production efficiency improvements that have been incorporated 

into the framework during cycle three. The framework that is the output from cycle three is the 

concluding framework of the research. Although the framework is concluded, by continuously 

reviewing the design process and capturing potential improvements with the feedback loops, 

further production efficiency gains can be achieved in the case study company. The following 

section discusses the ethical considerations that were contemplated whilst undertaking the 

research. 

 

 

4.2 Ethical Considerations 

 

The following section discusses the ethical challenges considered whilst undertaking action 

research. The key ethical challenges of undertaking action research are discussed, and 

consideration is given to how they were addressed. The ethical side of undertaking this 

research was essential and highly complex. The complexity was enforced by the researcher 

undertaking action research whilst being employed as a practitioner within the case study 

company. The benefit to this research of being employed as a practitioner within the case 

study company is greater access than would be given to an individual who was an outside 

researcher. This greater access allows the researcher, as an actual member of the 

organisation, to make a more impactful contribution due to insider knowledge about the 

organisation and its culture and the challenges of implementing change. The disadvantage to 
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undertaking action research as a practitioner within the case study company is the challenge 

of maintaining an objective stance and remaining detached. 

 

Analysis of undertaking action research whilst being employed as a practitioner within the case 

study company highlighted several areas that required careful deliberation. Firstly, how does 

the researcher guarantee a research participant’s anonymity? Secondly, how does the 

researcher get valid consent from a research participant? Finally, how does the researcher 

avoid political consequences for the researcher or any participants of the research (Coghlan 

& Brannick, 2005)?  

 

The case study company is a medium-sized company, and confirmation from key stakeholders 

has explained that what could be considered private or sensitive information appears to rapidly 

pass among personnel throughout the company. This is relevant as any participants in the 

research would potentially be known to have participated, and therefore, their anonymity could 

not be guaranteed. This led to the researcher having to ensure that any views or opinions 

remained anonymous. This was a requirement for both the researcher and participants, as 

voicing opinions in the public domain could have potential consequences. This issue was 

addressed by anonymising any views or opinions expressed. Additionally, utilising an 

academic writing style aided in overcoming this issue, as having a logical progression of ideas 

and a strong argument should lead the reader to draw the same conclusion as the researcher 

presented in the writing. 

 

The researcher was responsible for gaining consent from the employer and the individual 

employees before undertaking research involving participants. Details of the research are 

provided verbally and on a participation information sheet. Emphasis is given to the employees 

that participation is voluntary. Participants are then given a minimum of seven days to decide 

if they wish to participate. It is clearly emphasised verbally and in writing that if they choose 

not to participate or withdraw, it will have no bearing on the researcher and the participant 

professionally and will have absolutely no impact on their employment. A consent form is 

provided to sign, enabling the participant to make an informed decision on whether they wish 

to engage in the research. All participants can read English and have no communication 

issues; therefore, there are no issues concerning communication problems. There is a 

potential issue that due to the progressive cycles being used, there is potential for the research 

to develop to the point that the consent forms are no longer valid. This could potentially result 

in any consent form that a participant filled in requiring additional validation. This issue is 

overcome by writing additional data on the consent form that covers such eventualities as the 

research changing focus and the participant's rights and requisites. 
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Brydon-Miller (2008) states that before a researcher starts the research process, they should 

have a clear idea of their core values and how they may impact participants. Considering this 

before starting the research will help the researcher respond to ethical challenges in a conduct 

aligned with the researcher’s core values, as well as allow them to re-examine these values.  

 

Additionally, it is acknowledged that the research philosophy deemed most appropriate for 

undertaking this work is a Pragmatic approach. Undertaking the research philosophy section 

highlighted to the researcher the importance of maintaining an objective stance in this 

research and remaining detached. This could have been challenging as the researcher works 

in the company where the study took place. Due to the anticipated challenges, the strategy for 

sustaining an objective approach was to mainly utilise quantitative data and pre-defined 

metrics.  

 

To avoid potential bias by the researcher, the data was independently verified to confirm the 

accuracy of the findings. The engineering manager undertook this verification within the case 

study company, which had no specific allegiance to the research and, therefore, should remain 

objective. Additionally, support was sought from the supervisory team to ensure that the 

researcher remained objective and wasn’t influenced by any personal bias. In conclusion, it 

was the intention to publish the findings regardless of the outcome as it would add value to 

the knowledge currently existing on improving production efficiencies in the mechanical design 

of HVLVHV machinery products, and therefore, it was the intention to maintain transparency 

throughout the research process.  

 

In conclusion, before undertaking this research, the Birmingham City University Academic 

Ethics Committee granted the necessary ethical clearance. Prior to engaging with any 

participants, they were given details of the research verbally and on a participation information 

sheet, see Appendix 7.10. Additionally, a signed copy of the participation consent form was 

required prior to any research being undertaken involving the participant (see Appendix 7.11). 

The researcher utilised reflection to assist in remaining professional throughout, maintaining 

an objective stance and remaining detached whilst recognising the challenges of this as a 

practitioner within the case study company.  
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4.3 Conclusions and Recommendations 

The purpose of this research is to develop a framework to assist companies in improving 

production efficiencies in the mechanical design of HVLVHV machinery products. The 

following section details the conclusions and recommendations for the three cycles 

investigated whilst developing the framework. 

 

4.3.1 Conclusions and Recommendations Cycle One 

 

The purpose of cycle one was to test several tools for improving production efficiencies in the 

mechanical design phase of the product lifecycle that were found whilst undertaking the 

literature review. This cycle verified which tools were appropriate for implementation into the 

framework. It also served to select appropriate data collection methods and determine the 

criteria for success. For cycle one, the tools were implemented on a single module of the 

machine. 

 

Although it isn’t implemented into the framework, as it isn’t specifically a tool for improving 

efficiency, the VSM was invaluable for collecting data. Therefore, prior to implementing the 

framework, it is a worthwhile exercise to undertake this process. Once generated, the VSM 

shows the sequence of all operations in the order in which they are performed and includes 

inspections, time allowances and materials used in the business process – from the arrival of 

raw material to the final product (Yerasi, 2011). Undertaking this process baselines the current 

process and highlights processes with waste that are causing delays. Having this knowledge 

in advance of implementing the framework gives focus to specific areas of the business where 

accelerated results can be achieved. Having the potential accelerated results identified in 

terms of efficiency improvements helps foster engagement as it gives the management team 

tangible benefits to undertaking the work. An additional benefit of the graphical representation 

of the process is that it is an excellent tool for stimulating conversation and getting the 

management team engaged in the project in this early phase.  

 

During this research, the importance of communication and its significance in terms of aiding 

engagement has been mentioned many times. During cycle one, the researcher missed the 

opportunity for the MD to discuss the project in detail at the town hall meeting. Had the MD 

discussed the project in detail, it would have had a significant impact as the MD was 

presenting, and this would have potentially gained additional support for the project. A further 
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benefit that would have been observed is the avoidance of confusion with the shop floor 

personnel not truly understanding the plan and when the improvements would be 

implemented. Having a clear communication plan in advance of implementing the framework 

would be extremely beneficial and avoid the issues that arose during cycle one.  

 

During cycle three, a standardisation team was developed, and this played a significant part 

in the success of that cycle. This is the preferred approach to implementing the framework, 

which is to have a dedicated team who clearly understands the intricacies of the project. This 

will be expanded on in cycle threes, conclusions, and recommendations; see section 4.3.3. 

Regardless of the standardisation team, when implementing the framework, its success is 

intertwined with successful communication and sustaining engagement with stakeholders in 

the project. As highlighted by Kumar et al., (2014), unless communication is considered, it can 

lead to anxiety in workers, and a lack of awareness of the purpose of the change can even 

result in resistance to change (Lodgaard et al. 2016). Therefore, successful communication 

and sustaining communication with key stakeholders when implementing the framework is 

extremely important, and this should sustain engagement.  

 

Cycle one proved that adopting the Lean design principles of DRA and DFM reviews and the 

process and methodology for capturing the results are sound. The process for capturing the 

data involved utilising the quantitative data from the company’s ERP software and the data 

capture sheets. Therefore, this production efficiency tool was implemented in the framework 

and is captured in the Tollgates 3.3 & 3.4. This tool formed the first of the efficiency 

improvement propositions that are incorporated into the framework.   

 

Efficiency improvement proposition 1: Adopting Lean design principles will improve production 

efficiencies in the mechanical design of HVLVHV machinery products. 

 

 

When developing the framework for cycle one, it was found that by standardising the 

processes and work instructions that underpin the framework, unnecessary steps were 

eliminated, and the process was optimised for efficiency. Although this work has been done 

for the framework, it can be foreseen that should a company want to implement this framework 

for their products, they would have additional processes or work instructions specific to their 

organisation that would require generating. Creating new procedures and work instructions for 

subroutines in their design process should be streamlined, and waste should be removed 

before integrating them into the framework. Due to this production efficiency tool being proven 
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during cycle one, it was implemented into the framework. This tool formed the second of the 

efficiency improvement propositions that are incorporated into the framework.    

 

Efficiency improvement proposition 2: Standardising the mechanical design process will 

improve production efficiencies in the mechanical design of HVLVHV machinery products. 

 

 

4.3.2 Conclusions and Recommendations Cycle 2 

 

The purpose of cycle two was to test the framework developed in cycle one on a complete 

machine. Due to limitations in time and resources, the head module (402-A), the base module 

(403-A) and the clamp module (408-A) were utilised for the investigation. This verified that the 

framework developed in the cycle was appropriate for implementation on a complete machine 

and was effective in improving efficiency in the mechanical design of HVLVHV machinery 

products. 

 

The first primary learning point discovered during cycle two was a clearly defined specification 

requirement. The lack of a clear specification for cycle two caused several issues and made 

designing the product difficult due to the lack of information. Therefore, this document is 

incorporated into the framework as F224. Should a company want to implement this 

framework for their products, they should generate this document before undertaking any work 

defined in the framework. As seen in the framework, the specification document F224 is 

generated before the team responsible for delivery is involved in the project. Generally, this 

document is generated by the sales team with input from the customer and various personnel 

within the case study company. Therefore, although this document is necessary, there can 

still be ambiguity, and an additional document is required to resolve this.  

 

Due to the reasons outlined, a “Design Brief” document F413 is incorporated into the 

framework. This document contains additional, more detailed information than a traditional 

specification. Generating this document gives the engineering team responsible for delivering 

the product a chance to familiarise themselves with the project and check that they have 

sufficient information to undertake the project. Should a company choose to implement the 

framework in their organisation, then the researcher should highlight the importance of this 

document. Capturing any issues at this early stage in the project can prevent significant costs 

or delays in the latter stages of the project. 
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During cycle two, the product specification was defined by the customers’ requirements rather 

than the general market requirements. It is recognised that the product must meet the 

customers’ requirements, but focusing on a single customer can limit the spectrum of 

customer's products that a potential module can be appropriate for. For example, if a customer 

wants to weld a range of components between ten and fifty millimetres in diameter, a module 

should be designed specifically for these diameters. If the general market requirements 

demand a range of components between ten and sixty millimetres, then the module isn’t 

appropriate for the general market. Therefore, when generating specifications for standard 

modules, the general market requirements need to be considered rather than specific 

customers, as this maximises the potential for each module. Consideration does need to be 

given to rare or extreme customer requirements, though it may be more beneficial to make a 

special module for these customer requirements rather than incorporating these requirements 

into the standard module and, therefore, adding additional cost to it.        

 

During cycle two, attempts were made to engage with other departments in relation to the 

standard documentation; much of this communication was via email. This was predominantly 

a result of COVID-19 and homeworking, but it should be acknowledged that there are better 

forms of communication for implementing this type of change. Should a company choose to 

implement the framework in their organisation, they should consider communication and the 

best format for the message they are conveying. Ensuring the correct form and frequency of 

communication are utilised should ensure engagement and increase the likelihood of buy-in, 

therefore preventing the delays seen in the case study company. 

 

During section 4.1.2, it was discussed how the original intention for the cycle two machine was 

for it to comprise a new standard modular design and this be a new machine. Due to COVID-

19, product development was stopped, and this machine's specification was driven by a 

specific customer's order, as described earlier in this section. The impact of this is that rather 

than the product development team working in isolation on development machines, they 

worked on live orders. Additionally, the format of product development was changed, and 

rather than having a dedicated team for product development, the work would be used to fill 

quiet periods in the design office for all Mechanical Design Engineers. Therefore, if an 

engineer was running low on work, they would pick up some of the product development work.  

 

The intention of the case study company when making this decision was explained as wanting 

to accelerate product development. The idea of having a greater number of resources 

available to work on product development sounds positive in principle. The reality was 

somewhat different, and product development stalled between cycle two and the 
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standardisation team being developed. The potential additional engineers were busy with live 

orders, so there was no capacity to undertake product development. Additionally, when 

engineers did pick up tasks, they weren’t familiar with the process and generally worked on 

that section in isolation. This went against the modular concept the business aspired to, where 

the modules could be fitted to differing machines and were interchangeable. This made the 

case study company vulnerable to potential errors that could have been costly. This is an 

inefficient way of working, and should a company choose to implement the framework in their 

organisation, then the researcher would recommend utilising a dedicated team, as was seen 

in cycle three. It is acknowledged that there is a cost to having a dedicated resource, but from 

the work undertaken in the case study company, the savings achieved by the work are far 

greater than the cost of the resource, and therefore, the team pays for itself.   

  

Finally, it was decided that for cycle three, the order of development would be to standardise 

the machine and then implement any changes or suggested improvements. Standardising the 

product first creates a baseline prior to implementing the changes. This was important due to 

the number of changes and potential variations between modules. This process is 

incorporated into the framework and captured in WI266. 

 

 

4.3.3 Conclusions and Recommendations Cycle 3 

 

The purpose of cycle three was to verify the transferability of the framework onto a different 

machine type. Undertaking this cycle verified the transferability of the framework and its 

appropriateness for implementation on a completely different machine type. Additionally, it 

further verified its effectiveness in improving efficiency in the mechanical design of HVLVHV 

machinery products. 

 

During cycle three, the true benefits of modularisation in terms of cost savings were 

highlighted. These savings were viable because procurement had confidence that the same 

module would be used multiple times. This confidence allowed them the opportunity to buy 

larger quantities of the parts that make up the module. Modularisation of the machine involved 

breaking the product down into smaller, interchangeable components. Additionally, these 

modules were designed to enable them to be assembled off the machine, further improving 

the efficiency of the build phase. Designing the modules to enable them to be assembled off 

the machine also opened the opportunity to pre-assemble modules to keep them in stock. This 

reduces the lead time further as assemblies can be pulled from stock rather than built to order. 
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Should a company wish to implement the framework and achieve the efficiency improvements 

seen in the case study company, incorporating a modular design into their product is a 

requirement. The procedure for generating the modules is captured in the framework; see 

WI266.  

 

Efficiency improvement proposition 3: Utilising a modular design approach will improve 

production efficiencies in the design of HVLVHV machinery products. 

 

 

The biggest change for cycle three in comparison to the other cycles was the development of 

the standardisation team. Having this dedicated cross-functional team was transformative to 

the project in terms of accelerating the progress. Additionally, as discussed previously, 

collaborating with cross-functional teams led to a wealth of additional benefits unforeseen by 

the researcher, including but not limited to organisation culture and having access to a broader 

knowledge base and skill set than that of a single department. A feedback loop was also 

incorporated into the framework for production efficiency improvements for cycle three. Should 

a company wish to implement the framework, having a dedicated cross-functional team has 

been proven to be the most effective way of achieving efficiency improvements. 

 

Efficiency improvement proposition 4: Fostering collaboration will improve production 

efficiencies in the mechanical design of HVLVHV machinery products. 

 

 

During cycle three, the case study company maximised the use of design automation tools to 

improve efficiencies. Firstly, the new standard modules utilise three-dimensional (3D) models 

in their design. This opened the opportunity for further tools to be utilised, including FEA 

software, the ability for suppliers to load the CAD model directly into their CNC machines and 

then inspect the manufactured part to the CAD model. Using these design automation tools 

improved the efficiency of the production process, and therefore, should a company wish to 

implement the framework in their organisation, then they should also maximise the use of 

design automation tools where possible. 

 

Efficiency improvement proposition 5: Using design automation tools will improve efficiencies 

in the mechanical design of HVLVHV machinery products. 

 

One of the biggest challenges faced by any organisation looking to achieve production 

efficiencies during the mechanical design phase when dealing with HVLVHV machinery 
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products is sustaining the change. From the work undertaken, implementing this framework 

has been proven to improve efficiencies, but sustaining the change relies on a cultural change 

in the organization. Cultural change needs to be driven by senior management, which needs 

to embody the desired culture through its actions and communications. Should a company 

wish to implement the framework, then senior management needs to engage and drive 

sustained change. Once the framework has been implemented, continuously reviewing the 

design process, and capturing potential improvements with the feedback loops will assist in 

achieving further production efficiencies. However, the openness to improvement needs to be 

embedded in both the departmental and organisational culture, and senior management’s role 

is to enforce this and drive sustained change.    

 

 

Efficiency improvement proposition 6: Embedding continuous improvement in organisational 

culture will improve production efficiencies in the mechanical design of HVLVHV machinery 

products. 
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5. Conclusion 

 

 

This research aimed to qualify if production efficiencies can be achieved during the mechanical 

design phase when dealing with HVLVHV machinery products. This aim was aligned with 

several key objectives to assist in the investigation. 

 

 

• Objective 1 - Undertake research to verify existing tools appropriate for improving 

production efficiencies in the mechanical design phase of HVLVHV machinery 

products. 

• Objective 2 - Develop a standard process for the mechanical design of HVLVHV 

machinery products. 

• Objective 3 - Develop action research cycles to verify appropriate tools for improving 

production efficiencies in the mechanical design phase of HVLVHV machinery 

products. 

• Objective 4 - Develop a framework for improving production efficiency in the 

mechanical design phase of HVLVHV machinery products. 

• Objective 5 - Confirm the transferability of the framework for improving production 

efficiency in the mechanical design phase of HVLVHV machinery products. 

 

The research was conducted with three distinct work packages that form part of the research 

plan, and these are defined in Figure 7. The research question and the objectives defined 

drove these work packages. 

 

Objective 1 - Undertake research to verify existing tools appropriate for improving production 

efficiencies in the mechanical design phase of HVLVHV machinery products 

 

Research objective one was achieved during cycle one of the research projects. A systematic 

literature review was undertaken, and several tools were identified and thus implemented into 

the framework for verification. The tools revealed by the literature review included DFM & DFA 

reviews, product, and process development, PDCA, standard modules, the UWES 

questionnaire, and finally utilising lean design principles. Of all the tools captured in the 
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systematic literature review, all were incorporated into the final framework besides the UWES 

questionnaire. Although the questionnaire and process of measuring employee engagement 

were found to be valuable tools, the impact on this specific research compared to the work 

required to undertake the questionnaire and survey analysis made it impracticable for 

implementation into the framework. 

 

 

Objective 2 - Develop a standard process for the mechanical design of HVLVHV machinery 

products 

 

The original process for the mechanical design of the products within the case study company 

was known as the P10 document, see Appendix 7.1. This document described a process but 

was not underpinned by any detailed documentation describing the internal process within the 

mechanical design engineering department. The framework output from this research evolved 

through each cycle, as seen in Appendix 7.2 – 7.4. This framework is a standard process with 

standard documentation aligned to each element of its composition; see Appendix 7.15. Here, 

the documentation pertaining to the mechanical design phase between tollgate 3.1 and 

tollgate 5 is shown. This research objective has, therefore, been achieved, and any efficiency 

improvements seen are reflected in work undertaken. Additionally, the validity of the 

documentation and process has been proven by its application in the mechanical design 

engineering department within the case study company throughout the duration of this 

research. 

 

 

Objective 3 - Develop action research cycles to verify appropriate tools for improving 

production efficiencies in the mechanical design phase of HVLVHV machinery products 

 

Research objective three was applied during each cycle of the research. Additionally, this is 

reflected in the HVLVHV design process efficiency model section at the end of each cycle. 

Utilising action research cycles aligned to the PDCA model proved to be successful. Dehe, 

Bamford, and Kotcharin (2022) discussed that using technical tools such as Plan-Do-Check-

Act (PDCA) as a consistent approach to innovation problems aid in capturing knowledge. 

Using this structure aided the researcher in structuring each cycle, and the primary learning 

points from each cycle became the actions for implementation in the next cycle. 
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Objective 4 - Develop a framework for improving production efficiency in the mechanical 

design phase of HVLVHV machinery products. 

 

The framework developed from undertaking this research is shown in Appendix 7.4. Due to its 

implementation, significant improvements were seen in the production efficiency of the case 

study company, as discussed in section 4.1.3. Therefore, it can be concluded that the 

framework developed from this research is effective in improving production efficiency in the 

mechanical design phase of HVLVHV machinery products. Research objective four was 

therefore achieved, and the effectiveness of the framework was verified. 

 

 

Objective 5 - Confirm the transferability of the framework for improving production efficiency 

in the mechanical design phase of HVLVHV machinery products 

 

The transferability of the framework was tested during cycle three of the research. When 

implemented on a different product in the case study company’s portfolio, significant 

improvements were seen in the production efficiency of that product. Therefore, it can be 

concluded that the framework developed from this research is transferrable and remains 

effective in improving production efficiency in the mechanical design phase of HVLVHV 

machinery products. Research objective five was therefore achieved, and the framework's 

transferability was verified. 

 

 

Key Findings 

 

The key findings from this research are that the framework developed from this research has 

proven effective in improving production efficiency in the mechanical design phase of HVLVHV 

machinery products. Additionally, this must be attributed to the following efficiency 

improvement propositions being incorporated into the framework: These included adopting 

lean design principles, standardising the mechanical design process, utilising a modular 

design approach, fostering collaboration, and using design automation tools. It was not viable 

to incorporate embedding continuous improvement in the organisational culture into the 

framework as this needs to be driven by senior management. This highlighted to the 

researcher that these efficiency improvement propositions need consideration in addition to 

the framework. Considering these efficiency improvement propositions as learning points 
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when implementing the framework will aid organisational learning and, therefore, increase the 

chance of the successful production efficiency improvement program described in this 

research. Management should drive these efficiency improvement propositions and make 

them engrained in the organisational culture. These efficiency improvement propositions are 

additional learning points from the research undertaken and are derived from the work 

undertaken to develop the framework that forms the main output of this research. 

 

 

Efficiency improvement proposition 1: Adopting lean design principles will improve production 

efficiencies in the mechanical design of HVLVHV machinery products: 

 

 

Efficiency improvement proposition 2: Standardising the mechanical design process will 

improve production efficiencies in the mechanical design of HVLVHV machinery products: 

 

 

Efficiency improvement proposition 3: Utilising a modular design approach will improve 

production efficiencies in the design of HVLVHV machinery products: 

 

 

Efficiency improvement proposition 4: Fostering collaboration will improve production 

efficiencies in the mechanical design of HVLVHV machinery products: 

 

 

Efficiency improvement proposition 5: Using design automation tools will improve efficiencies 

in the mechanical design of HVLVHV machinery products: 

 

 

Efficiency improvement theory 6: Embedding continuous improvement in organisational 

culture will improve production efficiencies in the mechanical design of HVLVHV machinery 

products 

 

Summary 

 

Prior to the research commencing, the case study company was in a challenging position 

where it needed to make positive changes to remain competitive in an increasingly pressured 

market. The researcher identified that a key component to improving the company’s 
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competitive position was to focus on how profitability could be improved. This led to conducting 

research to test the viability of achieving production efficiency improvements during the 

mechanical design phase when dealing with HVLVHV machinery products. 

 

The research commenced in 2018 through to 2024. There was turbulence within the case 

study company during this period and the importance of this research was apparent in terms 

of the appropriateness of the timing of the research. During this time the company entered a 

state of flux due to both internal and external factors, see pages 20 – 21 and specifically 

paragraph two on page 21. This included internal factors such as compulsory redundancies 

and a high turnover of senior leadership and also the external factors such as the Ukrainian 

war and the Covid-19 pandemic. 

 

Despite these significant challenges, over the course of this research, the researcher was able 

to develop a framework that incorporates the efficiency improvement tools described 

previously. When the procurement department utilised the opportunity to procure two of the 

products rather than one-off as they had done previously, the cost to procure the three 

modules was reduced by 25.7% when compared to the original modules and the build time 

was reduced by 7.25%. Although further savings could be achieved by buying larger 

quantities, due to the low volumes of product produced per annum in HVLVHV machinery 

products, this is not a viable option and is therefore not included in the comparison. This real-

life example shows the potential production efficiency improvements that can be seen by 

utilising the framework developed during the mechanical design phase for HVLVHV machinery 

products. Feedback from key stakeholders in the project from within the case study company 

has been extremely positive and is captured in Appendix 7.13 and 7.14, and this includes both 

the Commercial and Supply Chain Manager and the Head of Operations. 

 

Based on these significant findings, substantial changes have been implemented in the 

company by the researcher. The company is now focused on its core product of friction 

welding machines and is seeing significant benefits from utilising standard modules. There 

has been a noticeable efficiency improvement in the Mechanical Design Engineering team, 

and they are now able to issue a machine in a week rather than the several months that it took 

previously. The utilisation of standard modules has therefore driven productivity improvement 

within this department. The utilisation of standard modules has also driven productivity 

improvement within the build process as the fitters who assemble the modules are assembling 

the same modules and therefore learning the most efficient assembly method. The case study 

company is also seeing significant cost savings due to the procurement team having the 

confidence to purchase bulk quantities of parts. This has led to the case study company now 
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being in a position where the machine price and lead time are reduced to being close to that 

of its direct competitors. The overall effect of this is that the outcome of the implantation of the 

researcher's work has enabled TFW to remain competitive as a company.  

 

5.1 Contributions to theory & practice 

The following sections discuss the contributions of this research and are split into two areas: 

contribution to theory and contribution to practice. 

 

 

Contribution to theory:  

 

The key contribution of this research for theory is the development of a framework for 

improving production efficiencies in the mechanical design phase of HVLVHV machinery 

products. It builds upon existing research and gives a new concept for application in terms of 

the framework. The framework's effectiveness is proven by being applied in an industrial 

application and therefore verifies the tool's effectiveness, which was incorporated from existing 

academic literature found during the literature review. Additionally, there is a contribution to 

knowledge as the tools have been applied, and this reinforces the established effects in a new 

environment. The framework is proven in the case study company and, therefore, offers the 

opportunity for other researchers to undertake further work and test the validity of the 

framework in other companies that manufacture HVLVHV machinery products.  

 

Additionally, when undertaking the systematic literature review, although it revealed some very 

interesting literature, the results indicated what appears to be a gap in the literature. The 

literature review focused on the specific keywords “Manufacturing”, “Design”, “Efficiency”, and 

“Jobbing shop” or “HVLVHV” or “Bespoke” as the filter to limit it to documents containing these 

words. None of the papers reviewed discussed improving production efficiency during the 

mechanical design phase of HVLVHV machinery products. Additionally, none of the papers 

covered mechanical design, as they were more focused towards clothing manufacturing and 

construction. As the results from the literature review indicated a lack of data on the research 

subject it identifies that this research is relevant both in terms of time but also importance. This 

is an opportunity to contribute to what appears to be a gap in the literature on increasing 

production efficiency during the mechanical design phase of HVLVHV machinery products.     

 

This research has also extended the application of Modularisation by applying Modularisation 

theory to improve production efficiencies in the mechanical design phase of the product 
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lifecycle of HVLVHV machinery products. Historically, most of the research undertaken on 

Modularisation has focused on areas with high production volumes with much of the research 

being focused on the construction sector. This research has highlighted the value of 

Modularisation when implemented into lower volume production during the design phase and, 

therefore, has extended the theory on this efficiency improvement tool. Utilising modularisation 

gives a manufacturer the ability to fulfil the customer's needs with interchangeable modules 

but at a lower cost than bespoke machines.  

 

A further contribution to theory is the identification of the efficiency improvement propositions. 

Five of the propositions were verified through application in the framework, which is a 

contribution to theory. Verifying the proposition of embedding continuous improvement in the 

organisational culture was not viable as this needed to be driven by senior management. As 

well as the verification of the propositions the identification of them is a contribution theory as 

they are additional learning points that can be tested outside of the framework.   

 

 

Contribution to practice: 

 

The environment that this research focuses on, this being the manufacture of HVLVHV 

machinery products, is a very niche area. The results from the literature review indicate that 

there appears to be a gap in the academic literature. This leaves very little supporting data for 

a company wishing to improve production efficiency during the mechanical design phase of 

HVLVHV machinery products. The results from this research indicate that the case study 

company achieved time, cost, and quality improvements by implementing the framework 

developed. 

 

These improvements can be attributed to the identification and implementation of the 

efficiency improvement propositions. Although five of the propositions were verified through 

application in the framework, it was not viable to incorporate embedding continuous 

improvement in the organisational culture into the framework as this needs to be driven by 

senior management. The researcher believes that these efficiency improvement propositions 

need consideration in addition to the framework. The identification of these propositions is a 

contribution as they are additional learning points when implementing the framework. 

Additionally, considering them, they aid organisational learning and increase the chance of 

the production efficiency improvement program described in this research being successful. 
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As the case study company is ISO 9001 certified, the processes that underpin the framework 

are aligned to achieving certification. Therefore, should a company choose to implement the 

framework and follow the underlying processes, it would assist in achieving ISO 9001 

certification and passing an audit. However, it must be understood that the standards are not 

business improvement tools to drive change and improve organisational performance. The 

processes developed by this research are different in that they assist a company in achieving 

adherence to the ISO 9001 standard for the Mechanical Engineering Design function of their 

business. The byproduct is that they improve production efficiencies in the Design of HVLVHV 

machinery products. 

 

Therefore, the main contribution to practice is the sharing of a fit-for-purpose Strategic Design 

Management framework integrated into the business management system. The framework 

operates at a level equivalent to achieving ISO 9001 certification and the results indicate the 

framework is effective in improving production efficiencies in terms of time, cost, and quality 

during the mechanical design phase of HVLVHV machinery products. The underlying model 

to the framework is a  further contribution to practices as it is a structured way to understand 

a complex process. It also offers a consistent and standard approach to the problem and helps 

in communicating the process for achieving efficiency improvement in HVLVHV machinery, 

see the HVLVHV design process efficiency model on page 136. 

 

 

5.2 Impact 

 

The proposed research methodology in this thesis was in the form of action research within a 

single case study company. The contribution to practice was in the sharing of a fit-for-purpose 

Strategic Design Management framework integrated for improving production efficiencies in 

the mechanical design phase of HVLVHV machinery products. As the implementation of the 

framework proved to be a success, the company saw both cost savings in manufacturing their 

machines and a reduction in the assembly time.   

 

Due to the framework incorporating Lean design principles, standardising the mechanical 

design process, utilising a modular design approach, fostering collaboration and using design 

automation tools, the organisation should see several additional benefits, including quality 

improvements, faster employee development, and increased morale. These impacts are 

complex to evidence and, therefore, are not included in this investigation. However, they will 

be considered in future research and implications. Customers of the case study company saw 
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a reduction in lead time, which made the case study company more appealing as a supplier 

than its direct competitors, as they have a greater lead time.  

 

The proposed research will add to the academic literature currently existing on increasing 

production efficiency during the mechanical design phase of HVLVHV machinery products 

where there is limited data. The framework output from this research could be utilised in other 

industries, and again, this will be discussed in future research and its implications. Should a 

company choose to implement the framework and follow the underlying processes, it would 

assist in achieving ISO 9001 certification and passing an audit. The process developed by this 

research assists a company in achieving adherence to the ISO 9001 standard for the 

Mechanical Engineering Design function of their business, with the byproduct being that they 

improve production efficiencies in the Design of HVLVHV machinery products. Therefore, a 

further impact of this work is the potential to assist a company in achieving ISO 9001 

certification. This is work that future researchers could undertake, further adding to the 

knowledge within academia.  

 

Throughout the development of this research, one focus was on publications, and undertaking 

this work will contribute further to practice and theory. As the intention of publishing this work 

was considered from the outset, the researcher had intended to publish regardless of the 

outcome. Even if the implementation of the framework had failed and production efficiencies 

hadn’t been achieved, it would have still added value to the current knowledge on this subject. 

 

During section 1.8, timeline events several challenges were highlighted that occurred during 

the timeline of this research including a global pandemic and a war in Ukraine These events 

added additional challenges to the manufacturing sector to those discussed earlier in the 

problem statement section. The purpose of discussing this chain of events is to highlight the 

challenges faced by the case study company during this period of work. At the start of the 

research, the intention was for this work was to reduce the costs of manufacturing the products 

to enable the case study company to remain competitive. Although it is acknowledged that the 

issues discussed are global as they are faced by everyone in the manufacturing sector. 

 

Although the company’s competitors are also facing these challenges, the situation regarding 

reducing the costs of manufacturing its products to remain competitive was still pertinent. 

Additionally, this chain of events appeared to have a significant impact on the mindset of the 

management team. Prior to the period discussed, there was a desire to improve but very little 

momentum, and the strategy, or lack thereof, was directionless. After the events described, 
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the management team's mindset changed, and the focus was on improving efficiencies within 

the business. The formation of the standardisation team evidenced this.  

 

Therefore, although it is difficult to authenticate it is the belief of the researcher that 

undertaking this research and achieving the results that have been evidenced whilst being 

exposed to the global challenges during this period had a significant impact on the 

management team’s mindset. This resulted in a significant shift in their perspective on strategy 

and the importance of driving efficiency improvements throughout the business. Had the 

research not been undertaken and the results not been evidenced, the researcher believes 

that even considering the global challenges, the mindset of the management team wouldn’t 

have been altered to the level it has, and therefore, this mindset shift has an impact. 

 

 

5.3 Future research and implications 

 

At the outset of this research, the manufacturing style within the case study company was 

aligned with bespoke manufacturing. This is a highly skilled and labour-intensive production, 

with the machine orders being designed or customised specifically for each customer. Due to 

the standardisation of the modules and the confidence within the business that the modules 

would be used, they decided to build and stock several of the larger modules that make up 

the machine during a quiet period in assembly. This machine with modules built to stock was 

based on a machine order that the Head of the Business Unit for AWS was confident the case 

study company would receive.  

 

This change in strategy led to several benefits for the case study company. When a customer 

order was received, the procurement phase was reduced significantly, as the majority of the 

long lead machine modules were manufactured and assembled. Additionally, it allowed 

procurement to buy larger quantities of the parts they put into stock, thus reducing the cost of 

the modules. There are negatives to this strategy, though holding inventory reduces cash flow 

as payment for the product can’t be received until it is sold.  

 

Another potential strategy that could be incorporated into that of the case study company’s 

existing one is by linking procurement of the product to a build schedule and incorporating 

just-in-time (JIT) manufacturing techniques. Work undertaken by Matsui (2007) on Japanese 

manufacturing companies proved that JIT production systems contribute to improving 

competitive performance. This could be at odds with bulk procurement, though and the 
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benefits this allows the case study company to exploit. Therefore, this is an ideal opportunity 

for further investigation to see if both strategies can be aligned to reap both benefits. The 

outcome of this work could be a coordinated, evidence-based, holistic production strategy for 

HVLVHV machinery products.   

 

Due to the case study company utilising design automation tools, the chance of mistakes being 

made by the operator manufacturing the part should be significantly reduced. This is because 

the operator is no longer required to manually input the data. There was insufficient data to 

prove this during the duration of the research, but it’s a logical consequence of removing the 

potential for human error. Therefore, this is a further body of work that requires further 

investigation to build on the body of work completed to date. Additionally, standardising the 

modules and using design automation tools should improve quality and reduce the number of 

errors reaching the shop floor in the case study company. This is additional work that also 

requires further investigation. 

 

As the framework implemented in the case study company now forms the process for how the 

mechanical design engineering team works, production efficiency improvements should be 

sustained. Additionally, due to the feedback loops within the framework, the researcher 

believes that the case study company will continually improve. Furthermore, due to the 

framework incorporating Lean design principles, standardising the mechanical design 

process, utilising a modular design approach, fostering collaboration, and using design 

automation tools, the organisation should see several additional benefits, including quality 

improvements, faster employee development, and increased morale. These impacts are 

complex to evidence and, therefore, require further investigation. 

 

Additional work would be needed to implement the framework output from this research in 

other industries.  This is work that future researchers could undertake, further adding to the 

knowledge within academia. Additionally, should a company choose to implement the 

framework and follow the underlying processes, it would assist in achieving ISO 9001 

certification and passing an audit. This is additional work that future researchers could 

undertake, and it could be linked to transferring the framework to other industries.  

 

 

5.4 Limitations of the study 

The primary limitation of this research was enforced by the researcher undertaking action 

research whilst being employed as a practitioner within the case study company. Although this 
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was a necessity as the case study company manufactured the HVLVHV machinery products 

that the research hinged on, there was a potential for bias. This bias was minimised by utilising 

mainly quantitative data, and the PDCA give a consistent approach to the research problem 

and aids reflection. Additionally, support was sought from the supervisory team to ensure that 

the researcher remained objective and wasn’t influenced by any personal bias. 

 

The purpose of cycle three was to evidence the transferability of the framework to a different 

product in the case study company’s portfolio. This was achieved, and it could be concluded 

that the framework developed from this research is transferrable and effective in improving 

production efficiency in the mechanical design phase of HVLVHV machinery products. This is 

the only measure of effectiveness, though it is being applied in a single case study company 

and to a single type of Machinery. Therefore, at this stage, it cannot truly be considered 

generalisable. To validate the generalisability, further work is required to apply the framework 

to a different industry and machine type. 

 

During cycle three, there were issues with getting cost data for parts. The procurement 

department liaised with suppliers and shared part drawings before and after the improvements 

took place. Initially, the suppliers were happy to quote on both parts, but then there was 

understandable resistance as they quoted on parts and gave away their valuable time without 

getting an order. This justification for the lack of order was the purpose at this point: to measure 

if the improvements had reduced the cost to manufacture the parts, not to procure them. This 

resulted in the researcher utilising the purchasing Manager to put forward an estimated saving 

as he has many years of experience in procurement and manufacturing. Due to this 

individual's experience and knowledge, this was considered an acceptable measure for this 

research. It would have given the data more validity if quotations had been sourced for the 

parts before and after the changes from three separate suppliers, and the average cost could 

then be used as the basis of the measure to verify whether the changes had been successful. 

Unfortunately, this was not viable due to the reasons already explained, and it is 

acknowledged that the costs could be considered subjective; therefore, this is identified as a 

limitation of the research. 

 

For cycles two and three of the research, it was decided that although all of the machine 

modules would have the data capture sheets generated, only three would be the research's 

focus. These three modules comprised the head module (402-A), the base module (403-A) 

and the clamp module (408-A). The main factors instigating this decision were issues in 

gaining access to shop floor Mechanical Fitters and the time it took to generate the data 

capture sheets. However, these modules form the majority of the mechanical elements of the 
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machine and, therefore, are reflective of the efficiency improvements that would be seen in all 

modules. Capturing data for three modules rather than all the mechanical modules that form 

the machine is recognised as a limitation of the research. 

 

This research took place over a six-year period in a dynamic industrial setting. An example of 

this is that the Managing Director was changed four times in the case study company during 

this period. Additionally, as mentioned in the impact section, numerous global influences 

impacted the organisation. Therefore, it would be disingenuous to claim that all the efficiency 

improvements seen within the company were a result of the research. The researcher was 

there to facilitate change within the case study company. As this was action research, there 

were numerous participants that had an impact on the research with their contribution, as 

highlighted by the acceleration of progress due to the formation of the standardisation team. 

The discussion on the case study company sustaining the change highlights an ideal 

opportunity for future research to measure the impact when the researcher is not facilitating 

the efficiency improvements whilst being absorbed in the research and transformation 

program. 

 

Finally, this research focused on a Medium-sized company that manufactures RFW machines 

in the UK. The improvements were during a transition period of standardising their existing 

product range modules. As the company evolves and looks to develop new products, it should 

still be able to maximise the production efficiency of said products due to the framework and 

underlying working practices that they adhere to. However, sustaining the discipline to work 

to the framework needs to be driven by management and measured by audits. Additionally, to 

sustain the production efficiencies seen in the mechanical design phase of HVLVHV 

machinery products, the company needs to embed continuous improvement in the 

organisational culture driven by senior management. 
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7. Appendices 

7.1. Original P10 Procedure 

 
 

1.0   PURPOSE 
 
The purpose of this procedure is to control design and development activities to 
insure conformance to customer requirements.   
 
 
 

2.0   SCOPE 
 
This procedure shall apply to all design and development activities carried out by TFW 
and KUKA.   

 
3.0 PROCEDURE 
 
3.1 Responsibility 
 
3.1.1  The Engineering Manager(s) and Design Engineers shall be responsible for the 

following activities unless specified otherwise. 
 
 
3.2     Design And Development 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design and Development Planning 
Project Execution Plan (PXP), Baseline Timing Pan (TP) and Project Cost Sheet 

(PCS) shall be raised by the PROJECTS department and shall include all of the key 
design stages together with responsibilities and timing requirements. The above 

documents must be approved by all parties involved in the project during T2 toll gate 
review.  

 

Design and Development Inputs 
Project Launch Document (PLD), Sales Risk Register (SRR) and Sales Cost Sheet 

(SCS)(MIKA) issued by SALES department shall include all customer’s specified and 
implied contractual and statutory requirements. The above documents must be 

approved by all parties involved in the project during T1 toll gate review.  

Design and Development Outputs 
Functional Design Specification (FDS) outlining the project specifications and full 

scope followed by Design Risk Assessment (DRA) shall be produced by 
ENGINEERING department and must be approved by all parties involved in the 

project during T3 toll gate review. 
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3.3 Design Document Control 
 
3.3.1 All Company raised drawings shall be prepared in accordance with the Company 

standard drawing sheet. (Ref. Templates set up in Autodesk/CATIA Software & KSUK 
Drawing Issuing Procedure Issue 7 for creating new drawings in Inventor & AutoCAD). 

 
3.3.2 The BOMS’s, (Bills of Materials) mechanical, hydraulics and electrical as appropriate) 

shall constitute the master list for drawing issue control purposes. The MRP on Visibility 
shall and the Vault systems shall supplant the above for new projects. 

 
3.3.3 All drawings and drawing revisions shall be reviewed and approved by the originator 

and checked by a qualified drawing office person (Mechanical Design Manager or 
Technical Competence Centre Co-ordinator in the first instance). 

 
3.3.4 (Pre MRP systems) Where a drawing is revised, the BOM shall be amended and up-

issued accompanied by a Change request document. A brief description of the change 
shall be identified on the drawing and within the Change request. 

 
3.3.5 All drawings issued shall contain a modification table clearly displaying the date of 

issue, initials of the originator and of the checker, brief description and change request 
number if applicable (Ref. KSUK Drawing Issuing Procedure Issue 7). 

 
3.3.6 Parts designed for the contract shall be identified with the project number suffixed with 

a sequential Part/Drawing number derived from the BOM. (ref. F 41) 
 
3.3.7 When drawings are issued to the machine builders by the drawing office the Parts List 

shall be date stamped with the date issued. (ref. F 42) 
 
3.3.8 When a document has been superseded the obsolete document shall be marked as 

being obsolete and retained for reference purposes in Archive folder (to be created as 
and when required).  
Superseded drawings are managed and retained by the Vault system automatically 
(see Vault procedure below).   

Design and Development Outputs 
Files, electronic or hard copy shall be raised which shall identify/include drawings and 

calculations as appropriate which will enable verification against the contractual 
needs. 

Drawings and calculations shall be reviewed and approved by the originator and 
checked by Mechanical Design Manager or Technical Competence Centre Co-

ordinator. Relevant Design Review documents must be stored on Vault system and 
minutes of reviews shall be maintained. 

Specify, as applicable, any critical items, including any key characteristics, and 
specific actions to be taken for these items 

(Drawing Control see below) 
Bills of Materials and Detail/GA drawings shall be produced by ENGINEERING 

department and  must be approved by all parties involved in the project during T4 toll 
gate review. 
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3.3.9 Configuration management shall be controlled via the DMS/MRP software whereby 

any change to an approved drawing shall warrant the completion of a change request 
document within the system. The change request document shall identify each aspect 
of the change (Ref. KSUK Drawing Issuing Procedure Issue 7). 

 
3.3.10  DMS (Vault) Procedure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

New Drawing 
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Note: Vault DMS system stores not only issued drawing revisions but also every version of a 

given document every time it has been checked in by a user (date of access, user 
name and comments are also recorded). 

 
 
Programme/Software Control 
 
3.4.1 The name and versions of the software used for programming the machine shall be 

recorded on the Software Issue & Revision Record (ref. F 43) by the commissioning 
engineer at the point of machine acceptance. 

 
3.4.2 The programme issue numbers shall be the contract number suffixed with an alpha 

notation for the PLC software and a numeric suffix for the Welder software. 
 
3.4.3 All revisions to the Programmes after machine acceptance shall be recorded on the 

Software Issue & Revision Record (ref. F 43) 
 
3.4.4 Copies of the above data shall be either kept on disk, on the server or on the Software 

Engineers PC under the contract/issue number. 
 
3.4.5 Programmes shall be validated as a consequence of function testing. (ref. P 08) 
 
 
3.5 Design and Development Change Control 
 
3.5.1 Design and development changes shall be identified and records maintained as part 

of the drawing Change Request software.  
 
3.5.2 Changes shall be reviewed, verified and validated, as above, and approved before 

implementation. 
 
3.5.3 The review of design and development changes shall include evaluation of the effect 

of the changes on constituent parts and product already delivered. Records of the 
results of the review of changes and any necessary actions shall be maintained within 
the Change Request software. 

 
3.5.4 Aerospace and Nuclear customers/product shall be required to confirm the acceptance 

of a proposed change and issuing by the client an amended ‘User Required 
Specification’. 

 
 
4.0 RECORDS 
 

• Design files, both hard copy and electronic shall be maintained for the lifetime of the 
machine/installation. 

• The Engineering Manager shall be responsible for maintaining the hard copy files 
and the computer system administrator responsible for the electronic documents. 
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7.2. Cycle 1 – Output Framework 
 
Pre-Order to Tollgate T1 Phase 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17, Cycle 1 – Framework, part 1 
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Pre order to Tollgate T1 Phase 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18, Cycle 1 – Framework, part 2 
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Pre order to Tollgate T1 Phase 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19, Cycle 1 – Framework, part 3 
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Tollgate T1 to Tollgate T3.2 Design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20, Cycle 1 – Framework, part 4 
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Tollgate T3.2 to Delivery to customer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21, Cycle 1 – Framework, part 5 
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7.3. Cycle 2 – Output Framework 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 22, Cycle 2 - Framework, part 1 
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Figure 23, Cycle 2 - Framework, part 2 
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Figure 24, Cycle 2 - Framework, part 3 
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Figure 25, Cycle 2 - Framework, part 4 
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Figure 26, Cycle 2 - Framework, part 5 
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7.4. Cycle 3 – Output Framework 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 27, Cycle 3 - Framework, part 1 
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 Figure 28, Cycle 3 - Framework, part 2 
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Figure 29, Cycle 3 - Framework, part 3 



P a g e  | 195 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 30, Cycle 3 - Framework, part 4 
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Figure 31, Cycle 3 - Framework, part 5  
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7.5. UWES Questionnaire 
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7.6 Example Data Capture Sheet 

 

 

 

Literature review 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



P a g e  | 199 

 

Document: Manual – Achieving production efficiencies HVLVHV Machinery    

Issue: 1     
Date: 29/02/2024    Page 199 of 536  
  

 

7.7 Global total production of Crude Steel 
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7.8 DFM Cost saving estimate 
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7.9 Procurement of 1-off vs 2-off 
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7.10 Participation Information Sheet 
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7.11 Participation Consent Form 
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7.12 Transcribe video Kuka Now August 2023  

 

Hello all, So, just a very quick few words from me today. We have obviously been through a 

difficult time, a difficult time for various people within the business and the management 

team has had to make some tough decisions concerning the future direction of the business 

and as difficult as that can be I do feel that we are now able to move forward with clarity and 

a clear focus on developing the business in the coming years. 

 The global economic situation is making the closing out of orders for large capital goods 

which we manufacture a longer process than we would hope, but the levels of enquiries we 

are seeing for our machines and the automation of them are still at a high level which is 

encouraging. The strategy of standardisation and therefore the ability to kick off procurement 

and production of sub-assemblies against sales forecast is starting to give us advantages.  

Standard products mean that we're now able to speak to the supply chain to talk about 

opportunities that we've never had before to reduce the manufacturing costs of our product. 

The build of standard assemblies against future sales also allows us to smooth out production 

peaks and troughs and also offer a reduced lead time on standard machines which is very 

attractive to our customers.  

By the time you watch this video, I am hopeful that we will have received an order that will 

utilise a number of the standard sub-assemblies that we currently have in progress. This will 

then automatically kick off the process of internal reordering again which will allow us to 

offer a better value shorter lead time product to our customers on an ongoing basis. We do 

have hard work ahead of us but success will come with innovation, effort and teamwork. 

Thank you for taking the time to watch. 

 

 

Steve Leadbeater, Kuka Now August 2023 

 
Commercial and Supply Chain Manager 
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7.14 Letter from Head of Operations 
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7.15 Framework – Underpinning documentation 

 

  

Manual  

Achieving production efficiencies HVLVHL   

Machinery  
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1 Description  
The following manual aims to support personnel in achieving production efficiencies during 

the mechanical design phase when dealing with HVLVHV machinery products. This 

document contains the framework for attaining said production efficiencies and the template 

document that aligns with the framework.  
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2 The HVLVHV production efficiency framework  

 
  

Figure 1, Cycle 3 - Framework, part 1  
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   Figure 2, Cycle 3 - Framework, part 2  
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Figure 3, Cycle 3 - Framework, part 3  
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Figure 4, Cycle 3 - Framework, part 4  
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 Figure 5, Cycle 3 - Framework, part 5  
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3 SOP065 – Drawing Office Standard  

  

  

SOP065 - Drawing Office Standard  

Document Number:  SOP065  

Process Owner    

Description:  Drawing Office Standard  

  

  

  Print Name  Sign  Date  
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Glossary of terms and abbreviations  

Term or abbreviation  Definition  

LFE  Learning From Experience  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

produced (or modified) in order to meet a specific 

business need.  
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1, Purpose  
The purpose of this procedure is to provide an overview of the arrangements for the management 

of any design projects, to promote understanding and therefore successful delivery of design 

solutions to support projects. The procedure outlines the engineering standards to which the 

company should aspire.   

  

The procedure provides a summary of:  

• Legislation and regulatory requirements to be met by the organisation and how they impact 

on the design arrangements.  

• Design principles and expectations of the design solutions including the application of risk 

informed solutions.  

• The company practices and procedures which form our design process.  

• The engineering standards that are used to deliver the detailed design.  

• The design guidance that is available to support development of designs and maintenance 

of existing designs.  
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2, Quality Management System Requirements  
The design arrangements are certified to Quality Management Standard ISO 9001:2015 and 

address the arrangements from design concept through to design implementation.  

  

3, Regulations   
The design arrangements and design solutions are required to meet Legislation and Directives 

such as the Health and Safety at Work Act 1974 (HASAWA). A significant number of Acts may 

apply to any individual design and are supported by the relevant Code of Practice. The 

Responsible Person is required to identify the relevant legislation and ensure that it is delivered 

by the design solution.   

  

The procedure arrangements include provision to ensure the control and delivery of a design 

solution that will meet relevant Legislation. Reference is made for the ‘designer’ to produce and 

control a Register of Regulations to which the design solution shall be delivered.  

  

4, Engineering Standards   
Detailed design is developed by the suitable selection and application of engineering standards. 

The specific design functions also possess a series of design guides to inform the designer of 

good practice and experience on aspects of the design.  

  

Throughout the complete lifecycle engineering design relies heavily on the use of engineering 

standards. Their use may be required to meet the law, ensure performance/reliability for safe 

operation, to enable substantiation or reliability claims for safety analysis, repeatability, or 

compatibility. Therefore, it is important that adequate and appropriate standards are identified, 

selected, used and conformance verified.  

  

Nominally the expected hierarchical use or selection of Standards would be as indicated in the 

list below:  

1. International – IAEA, European, worldwide adopted US standards, 

Japanese 2. National – BS EN (European harmonised), BS, DIN  

3. Company Standards.  

  

The use of design standards provides numerous benefits including predictability of outcome, 

consistency of quality and interchangeability. They provide a benchmark and yardstick to judge 

conformance and alternatives. The application of standards also promotes solutions & practices 
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that work (national, industry or the company) and a reference point for later evaluations 

including cost savings. The company accesses and uses both external and internal standards. The 

external standards are enabled through a licensed service provider via a periodically renewed 

contract.  

  

All design work will be carried out to BS 8888: 2017 – Technical Product Documentation and 

Specification. As a minimum.   

  

5, Procedures   
For all Procedures, please see Procedure SOP10 – Design Procedure.  

  

6, Design Process  
The use of a structured design process provides confidence in the technical adequacy of a design 

and ensures that the design satisfies the requirements and includes additional design input 

considerations such as constructability, operability, and operating experience.  

  

Principles:  

  

Design Start-up and Strategy:  

• A clearly defined Specification is agreed before design work is initiated.   

• The Specification will identify any relevant historical information, Learning from 

Experience (LFE).  

• The scope of Specification is clear, unambiguous, and agreed prior to commencing work.  

• Selection of procedures and standards are appropriate to the scope of work.  

• The use of Computer Aided Engineering tools is appropriate to the work and takes due 

account of configuration management, future record keeping and modification 

requirements.  

• Technical risks are identified, recorded, owned, eliminated, or mitigated, and have fallback 

plans.  

• Residual risks are communicated to those affected.  

  

Specification of Requirements:  

• The Specification is produced for all design work appropriate to the size and complexity of 

the scope.  
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• Specification contains the functional requirements and relevant constraints for each stage 

of the complete life cycle. Where requirements / constraints apply to more than one stage 

they clearly identify the stages to which they apply.  

• Data and drawings issued as part of the Specification are verified for accuracy as far as 

possible prior to issue.  

• Where appropriate, Specifications are checked and validated prior to approval.  

• Key stakeholders validate each requirement as necessary and that all requirements have 

been captured. Validation tests each requirement with the questions “how will I know if it 

has been achieved? Will the intended deliverer understand what is required?   

  

Recording the Design Intent:  

• Design intent is captured so that it can be maintained through all following life-cycle stages.  

• Recording of design intent includes manufacturing processes where this impacts 

significantly on the characteristics of the equipment.  

  

Verification of the Design:  

• Modelling and analysis should be used appropriately during the design process to verify 

the design.  

• All engineering work is checked and approved in line with SOP067 - How to Produce, 

Check & Approve Technical and Engineering Documents.  

• Assumptions used in computer models and calculations are verified.  

• Design reviews are scheduled according to the significance of the design. Reviews check 

compliance with the requirements and corporate standards. See Procedure SOP066 – 

Design Review Procedure.  

• Testing at works, on rigs, on installation or during commissioning is performed to assure 

that the systems or equipment performs according to the design requirements.  

• The extent and location of testing is commensurate with the consequences of potential 

nonconformity with the design intent.   
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4 SOP067 – How to Produce, Check & Approve Technical 

and Engineering Documents  
  

  

SOP067 - How to Produce, Check & Approve  

Technical and Engineering Documents  

Document Number:  SOP067  

Process Owner    

Description:  How to Produce, Check & Approve Technical and Engineering 

Documents   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner        

Process Owner:        

Quality Manager:        
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Glossary of terms and abbreviations  

Term or abbreviation  Definition  

Approver  Is the person appointed by the Responsible Person to 

validate that the document is fit for its intended 

purpose, meets the customer requirements, and can 

be released for its intended use.  

CAD  Computer-Aided Design  

Checker  Is the person (or team of people) appointed by the 

Responsible Person to verify the technical and 

engineering content of the document.  

PDF  Portable Document Format  

Producer  Is the person (or team of people) appointed by the 

Responsible person to produce (i.e. prepare, draft, 

create, or modify, etc.) the technical or engineering 

document  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

produced (or modified) in order to meet a specific 

business need.  

Technical and 

engineering document  

May be any document which contains technical, 

engineering, or other related information intended to 

be shared with or communicated to others, or to 

record information as a business record. This could 

include both physical documents, such as Design 

Brief’s, drawings, calculations, technical reports, etc. 

as well as  

electronic documents, such as word-processed 

document files, PDFs, CAD drawing files, etc.  
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1, Purpose  
  

The purpose of this procedure is to assist those involved in the production, checking, or approval 

of technical and engineering documents to ensure that a consistent quality and approach to the 

delivery of these documents is followed within the company.  

  

2, Scope  
This procedure applies to all technical and engineering documents produced by the company. 

personnel or external organisations working on the company’s behalf. It applies to all technical 

and engineering documents produced by the company using the company Templates, drawing 

frames, or forms etc. regardless of whether the documents are produced in-house by the 

company staff or whether they are produced by external/other organisations for the company.   

  

This procedure need not apply to documents which have been produced by external 

organisations using their own templates, drawing frames, or forms, etc. where that organisation 

retains responsibility for and control over the technical contents of the document. However, the 

company employee responsible for the relevant overall work package must ensure that the 

external organisation employs appropriate arrangements to ensure the quality of its documents is 

equivalent to those produced following this procedure, a Design Review may be required where 

the company employee responsible shall be in attendance.  

  

    

3, Process  
3.1, Identify the Need to Produce a Document   

The production of any document (including non-technical or engineering documents) must be 

based on a clear business need or requirement for the use of that document.   

  

This need could come from the requirement to transfer verified information from one group to 

another, for example, a scheme drawing, or technical specification used to convey information / 

requirements to a sub-contractor who are producing automation for integration into an automated 

cell. It could arise from the need to record a decision or outcome, such as the minutes of a 

meeting or a note for the record.  

  

Typically, technical and engineering documents will be identified as deliverables within a 

project, task, or contract.  



P a g e  | 233 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 233 of 536  
  

  

In identifying a need to produce a document it is essential that thought is given to the intended 

reader(s) of the document and the purpose for which the document is to be used. Technical or 

Engineering documents should not be produced unless there is a clear business need, a defined 

purpose for the document, and an identified intended reader (or group of readers) for the 

document.  

  

In identifying the need for the document, the Responsible Person must consider:  

• The type of document required. (eg. a technical specification versus a drawing);  

 Who retains control of the document?  

• What kind of information it should contain?  

    

3.2, Appointing a Responsible Person    

Typically, the Responsible Person will be a defined role holder within a project team such as, a 

Project Manager, Design Manager, Project Engineering Manager, or Responsible Engineer, etc. 

or a manager within a department or functional group.   

  

The appointment of Responsible Person to produce documents may come from the role itself, 

such as Project Manager, where the role description identifies this accountability. However, such 

an appointment could be made for a specific task where their accountability has not been 

identified previously.  

  

The Responsible Person must satisfy themselves that they fully understand the business 

requirements for the document(s) to be produced and their intended use or purpose. The 

Responsible Person must ensure that the appropriate competent people are selected, and that 

enough time and resources are allocated to produce the document.  

  

Where the requirement covers multiple documents, the Responsible Person should draw up a 

schedule to identify the number and type of documents required and identify the production and 

validation & verification arrangements appropriate to each.  

  

Where the company documents will be produced by external organisations or other third parties, 

the Responsible Person must ensure that, as part of the contractual arrangements, the external 

organisation is made aware of the company requirements for the documents to be produced and 

their intended use or purpose.  
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The Responsible Person must ensure that the external organisation allocates enough time and 

competent resources to deliver the documents to the required quality.  

    

3.3, Establish Checking Level Required  

The Responsible Person must assign a level of checking commensurate with the purpose of the 

document to be produced, its intended use, and the risks associated with errors, omissions, or 

ambiguity.  

  

The Responsible Person must identify the appropriate level of checking required for the 

document(s) before production of the document commences.  

  

In determining the level of checking required for the document(s) the Responsible Person must 

consider the following issues:  

  

• What is the purpose of the document?  

• What type of document is to be produced?  

• What is the significance of the document to the project / to the company?  

• At what stage will the document be used by the project?  

• What are the consequences of inadequate content or inaccuracy?  

  

The Responsible Person must ensure that enough time and resources are allocated within the 

delivery programme to check the document to the assigned level. The level of checking assigned 

by the Responsible Person must not be dictated by the remaining time available to the Project. 

The Responsible Person must plan and secure enough time and resources within the programme 

of work to check the document to the appropriate level.  

  

The Responsible Person must also plan and secure enough time and resources within the 

programme of work to carry out any reviews or other governance activities which may be 

necessary for certain documents.  

  

Guidance on the typical requirements for each level of checking is given in APPENDIX 1.  

  

    

3.4, Appointing the Producer, Checker and Approver    
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The Responsible Person must appoint suitably qualified and experienced people to fulfil the 

roles of Producer, Checker, and Approver of the document.  

  

The Responsible Person must ensure that the people appointed to carry out these roles are 

competent to do the work, i.e. they possess the appropriate skills, knowledge, experience, and 

training to undertake the work for which they have been selected.  

  

The Responsible Person can appoint themselves to any of the roles if they possess the 

appropriate skills, knowledge, experience, and training to carry out the role. Typically, the 

Responsible Person might wish to take the role of Approver. However, the Responsible person 

can fulfil the role of Producer or Checker where it is appropriate to do so, and they possess the 

necessary skills, knowledge, and experience for that type of document.  

  

The Responsible Person should ensure that the appointments are recorded in the Quality Plan (or 

similar document) for the project or work package.  

   

• The Responsible Person must ensure that the Producer (or Production Team, where the 

document covers several disciplines or specialities within disciplines) has the appropriate 

skills, knowledge, experience, and training to produce the complete document assigned, to 

the appropriate standard and quality. This applies both to the production of new documents 

and to the modification of existing documents.   

  

• The Responsible Person must ensure that the Checker (or Checking Team, where the 

document covers several disciplines or specialities within disciplines) has the appropriate 

skills, knowledge, experience, and training to check the complete document assigned, to 

the appropriate standard and quality, as required for the level of checking allocated. This 

applies both to the checking of new documents and to the checking of existing documents 

after they have been modified. The Responsible Person \must ensure that the Checker is 

independent and did not play a part in the production of the document for which he has 

been appointed to check.  

  

The Responsible Person must ensure that the Approver has the appropriate skills, knowledge, 

experience, training, and authority to approve the document. There should only be a single 

Approver required for any document. This applies both to the approval of new documents and to 

the approval of existing documents after they have been modified.  

  

However, for some types of documents, individuals may only be authorised to carry out a 

specific role by their appointment to an organisational position or through a delegated power. 
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This may be identified within the company training records and their competency covered by 

formal role or line management assessment.  

  

3.5, Producing the Document    

The production of a document refers to both the generation of a new document or the 

modification of an existing document.  

  

For many documents there will be an obvious and clearly identifiable Producer. For example, 

where the document is a conventional CAD drawing, the Producer is typically the engineer or 

designer who created the drawing. For other documents, such as specifications or reports, there 

may be more than one Producer for the document, especially where the document is a multi-

disciplinary document which covers several technical or engineering disciplines or specialities 

within disciplines. In the instance of multiple people compiling the document this will then be 

known as a production team.   

  

The Producer must have the appropriate skills, knowledge, experience, and training to produce 

the complete document allocated to them to the appropriate standard and quality.  

  

Where the appointed Producer is not considered to be fully competent, for example, where they 

are still training (such as an apprentice, graduate, or junior engineer) and is working under the 

supervision of a Mentor or other supervisor, care should be taken to ensure that the true Producer 

is identified. Where mentors or supervisors are working in this way they must not be appointed 

as the Checker for the document, see section 3.6)  

  

The Producer should produce the document to meet the specific business needs identified. The 

document should be suitable and enough to deliver the business need, avoiding unnecessary or 

redundant detail. The Producer should create a document which addresses the specific need at 

hand and must avoid creating complex or catch-all documents which might address some future, 

yet undefined, potential use for the document.  

  

The Producer must produce the document in line with the appropriate standards, guides, and 

Codes of Practice, etc. for that type of document. The Producer must ensure that the document is 

produced using the correct forms or templates for that type of document and is written in an 

appropriate style for its intended reader(s) and its intended use. See company Procedure SOP065 

– Drawing Office Standard Procedure.  
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The Producer must ensure that the finished document:  

• Fully complete.  

• Suitable and enough for its intended purpose.  

• Avoids ambiguity, needless generalities, repetition, and unnecessary background 

information.  

• Ensure the document includes appropriate references to supporting documents and source 

material.  

  

The Producer must ensure that his full name (or the names of the Production Team, where 

applicable) is stated clearly within the document, for example, on the front sheet for a 

specification or in the modification box for drawings, etc.  

  

Where existing documents are being modified or amended the Producer must ensure that the 

reasons for the amendments are identified appropriately within the document or Change Request 

Process (See company Work Instruction WI167 – Introduction to Change Requests) so that a 

clear audit trail for the modification is maintained.   

  

This can be done in several ways:  

  

• In the case of drawings, the Producer should state clearly the revised purpose of the 

document (which might be different to the original purpose at the time it was first 

produced), the reasons for the modification and, where appropriate, what has changed in 

the modified drawing in the ‘mod box’ on the drawing sheet.  

• For other documents, such as technical reports, specification’s, etc. the Producer should 

state clearly the reasons for the modification and, where appropriate, the key aspects which 

have changed in the modified document —either in a ‘history sheet’ or in the body of the 

document. This could be included within the ‘purpose’, ‘scope’, or an ‘introduction’ at the 

beginning of the document.   

  

  

Basic checks:  

  

Before issuing the checking print to the Checker, the Producer must carry out their own ‘Self-

check’ of the document to ensure that it is complete and of an acceptable quality to issue for 

checking. See company Work Instruction F238 –Self Check Tick List Template.  

  



P a g e  | 238 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 238 of 536  
  

Once the Producer has completed the document, they should issue a copy of the document to the 

Checker for checking.  

  

3.6, Issuing the Document for Checking    

Checking refers to the process of confirming that the document is complete and free from errors 

and/or omissions, i.e. verifying the technical content of the work to a level corresponding with 

its purpose and appropriate for the customer’s needs. Where multiple Checkers are involved in 

the checking of a document those involved are termed the Checking Team.  

  

A checking print is a printed hard copy of the document used by the Checker to verify the 

technical content of the document. The Checker does this by marking the document to confirm 

the information, to amend incorrect information, to add missing information, or to comment on 

ambiguous information.  

  

The Checker or Checking Team must have the appropriate skills, knowledge, experience, and 

training to check the complete document allocated to them to the appropriate standard and 

quality.  

  

The purpose of checking documents -  

  

The purpose of checking is to confirm that the document is error free before it is approved and 

released to the intended readers for its intended purpose. The process of checking must not be 

used to complete part-finished or sub-standard documents.  

  

The checking process is intended to ensure that:  

• The document is error-free.  

• The document meets the business need.  

• The document is fit for its intended purpose.  

• The document has been written in a style that is suitable for its intended reader(s).  

• The document has been produced using the appropriate methods and standards.  

• The document has been produced using the appropriate templates or forms  

• The document contains valid technical content, including relevant metadata and references.  

• The document is suitable for use, processing, and retention as a record.  

  

The Checker must check the whole document to the appropriate level (see appendix 1) by 

methodically reading, analysing, and verifying each statement. Where the document being 

checked is one which has been amended or modified the Checker must check the whole 
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document and any related documents and not just the elements of the current document which 

have been amended, added, or deleted from the previous version.  

  

  

  

  

Notes for the Checker -    

In order to demonstrate that a systematic and methodical approach has been taken by the 

Checker the following convention for marking the checking print should be adopted by the 

Checker:  

• Verification or confirmation of a statement should be indicated by tick (or similar mark) in 

BLACK on the checking print.  

• Deletions should be indicated by striking through the text (or other content) using a BLUE 

pen;  

• Corrections or additions to the text should be marked clearly using RED a pen, and;  

• Comments, queries, or requests for clarification should be marked clearly using a GREEN 

pen.  

  

Should any deletions, additions, corrections, or other comments be identified by the Checker he 

should discuss his findings with the Producer and then return the document to the Producer to 

carry out the corrections or other adjustments he has marked on the checking print (i.e. repeat 

step 3.5).  
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3.7, Is the Document ready for Approval?    

  

No errors identified:  

  

Following the checking stage, if the Checker considers that the checking print is error-free and 

has been produced to the required quality, the Checker must pass the checking print to the 

Approver to demonstrate that the information within the document has been verified and the 

checking process is complete.  

  

Errors identified by the Checker:  

  

Following the checking stage, if the checking print is not considered error-free the Checker must 

return the annotated checking print to the Producer to amend as indicated (i.e. repeat from step 

3.5).  

  

However, if the following points have been observed:   

• There are several substantial defects.  

• The type of defect identified is significant or critical to the functionality or safety of the 

technical content of the document.  

• The document still contains errors following a previous return to the Producer for 

amendment.  new defects have been introduced by the Producer during the amendment 

process.  

  

The Checker must discuss the status of the document with the Responsible Person to determine a 

suitable solution.   

  

a) the checking print should be returned to the Producer to amend the document as indicated;  

(repeat from step 3.5)  

b) an alternative Producer should be appointed to amend the document; (repeat from step 3.4)  

c) An alternative Checker should be appointed to re-check the document after it has been 

amended as directed by the original Checker, (repeat from step 3.4).  

d) A new document should be produced which allows the technical and engineering content 

of the document to be presented more appropriately (ie. repeat from step 3.2)  
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The Responsible Person must decide which course of action is taken. In any case, the Producer 

of the amended document should generate a new checking print to be used by the Checker at the 

second iteration.  

  

  

  

3.8, Issue the Document for Approval?    

Following successful checking of the document the Checker must pass the final verified 

checking print to the Approver to demonstrate that the information within the document is error-

free, to the required quality, and is suitable for approval.  

  

The Approver must have the appropriate experience, training, knowledge of the requirement for 

the document, and the authority to validate that the document is fit for its intended purpose, 

meets the customer requirements, and to approve the document for release.  
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3.9, Is a Document / Design Review Required?    

Within this procedure, a review refers to the process of independent scrutiny or peer review. 

However, before the document is approved, the Approver must ensure that any reviews which 

have been identified within the Quality Plan or Contract Requirements (or specified by other 

procedures) have been carried out. See company SOP066 - Design Review Procedure.   

  

3.10, Review the Document / Design Review   

Where the review process confirms that the document has been produced to the required quality, 

the Checker must pass the validated checking print (or the version of the document which was 

submitted for formal review) to the Approver to demonstrate that the information within the 

document has been verified and the checking and review process is complete.  

  

Where a formal review of a document has been carried out it is often appropriate to record some 

details of the review in a review document. See company SOP066 - Design Review Procedure.  

  

If, however, following a formal review amendment are suggested it must be returned to the 

Responsible Person determine what the most appropriate course of action is before the document 

can be approved and released for use.  

  

Whilst the reviewers are responsible for the accuracy and validity of their advice or opinions it 

remains the responsibility of the Approver to ensure the document is fit for its intended purpose 

before it is released. Therefore, the Approver must decide whether any recommendations, 

deficiencies, or discussion points, etc. identified by the reviewers should be acted upon or not.  

    

3.11, Approve the Document   

The ‘Approver’ is the person appointed by the Responsible Person to validate that the document 

is fit for its intended purpose, meets the customer requirements, and can be released for its 

intended use. The Approver must have enough awareness of the business needs and 

requirements to understand the potential consequences of use of the document once it is released.  

  

Where the approver considers that the document is fit for its intended use:   

Following the checking stage (and review of the checking print) if the Approver considers that 

the document is error-free, has been produced to the required quality, and is fit for its intended 

use the Approver should approve a master copy the document by signing the document in the 

appropriate place and instructing the producer to release the document through Vault.   
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The Approver must ensure that the purpose for which the document has been approved is 

defined and identified clearly on the document. The purpose of approval should be clear, 

specific, and relate directly to the business need for which the document was produced —and the 

reason the document is released for use. For example, ‘APPROVAL FOR MANUFACTURE’, 

‘APPROVAL FOR DESIGN REVIEW’ etc.   

  

Upon completion the finished approved document must be forwarded to the appropriate 

Document Controller for formal issue and distribution See company Procedure SOP069 – 

Issuing Documents – Visibility or company Procedure SOP070 – Issuing Documents - Nuclear.  

    

4, Appendices   
4.1, Appendix 1   

  

Checking refers to the process of confirming that the document is complete and free from errors 

and/or omissions —i.e. verifying the technical content of the work to a level commensurate with 

its purpose and appropriate for the customer’s needs.  

  

The purpose of checking is to confirm that the document is error free before it is approved for 

release to the intended readers for its intended purpose.  

  

The amount of effort required to check the document will depend on the type of document, the 

nature of its content, and the purpose for which the document will be used.  

  

The ‘level of checking’ applied to any document should a measure of the relative importance of 

the document and the consequences of error, inaccuracy, or completeness. The level of checking 

is an indicator of the extent of the work or effort anticipated to verify the technical content of the 

document.  

  

The level of checking is not a measure of the number of allowable mistakes; all documents 

should be error free after they have been checked —checking to Level 1 should yield an error-

free document just as should a check to Level 3.  

  

A document which contains errors after checking at whatever level is not fit for purpose.  
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For many documents a simple check of the arithmetic or technical statements will suffice. For 

some documents, such as calculations, a detailed check of the methodology or modelling 

technique might be required. For others, such as specifications, a comprehensive check of the 

references and supporting information might be necessary to confirm that the document is fit for 

its intended purpose.   

  

    

The following table provides guidance on what is expected for the level of checking assigned:  

  

Typical Checking Requirements for this 

level  
The check should confirm:  

Level 1   

Proof-read the complete document  The document content is readable, 

understandable, and in logical sequence. 

The author (and company) have been  

identified.  

It is correctly/uniquely identified with the 

appropriate reference number, and the  

version/modification status is identified.  

Order of magnitude checks for any technical  

content  

Any figures & values used are correct to 

the appropriate accuracy (eg. round figures 

rather than many decimal places.)  

Any values, statements, or figures used are 

appropriate for the document and are  

credible.  
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Confirmation of validity of any reference  

documents identified  

Any supporting references identified are 

available and appropriate to the document. 

The information contained in the references 

should not be essential to the use or  

understanding of the document but should be 

identified to substantiate or establish the  

source of information in the document.  

Fit for purpose’ check, i.e. confirm the 

document meets the business requirement and 

is  

appropriate for its intended use.  

Conforms to quality requirements and 

format  

Completed and validated in accordance with 

company or external rules, processes, 

procedures, codes and standards  

Any protective marking on the document is  

appropriate for content  

  

Level 1 checking should not be assigned to any documents with any safety significance.  

  

Level 1 checking should only be assigned to documents with a low financial, programme, or 

commercial consequences if found to be incorrect —or documents where there is an 

opportunity to correct such defects readily.  

  

Typically, Level 1 checking should only be assigned to documents such as those issued for 

estimating or assessment purposes, rather than action, where a subsequent check will be carried 

out (usually to Level 2 or 3) before the document is issued.  

  

For example, a document could be checked at Level 1 for approval for issue for the purpose of 

estimating or evaluation but will be checked to a higher level before it is approved and released 

for the purpose of manufacture.  
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Level 2  

Consisting of Level 1 Check with the 

inclusion of the following:   

  

Validate the arithmetic or technical basis  The Checker should re-trace the Producer’s 

steps in producing the document, e.g. Follow 

step-by-step the calculation, or re-assess the 

technical basis and methodology of the report.  

Validate accuracy of the content  Any figures & values used are correct to the 

appropriate accuracy, this is likely to be a 

higher degree of precision or accuracy than a 

level 1 check (e.g. decimal places not round 

figures.)  

Confirm the adequacy of the audit trail  Any supporting references identified are the 

valid, at the latest version, and the data 

selected from the reference source is correct 

and valid.  

  

Level 2 checking should only be assigned to documents with minor safety significance.  

  

Level 2 checking should only be assigned to documents for action (eg. manufacture, 

purchasing) where the Responsible Person has determined that the safety, operational, 

financial, programme, or commercial consequences will be low if later found to be incorrect.  

  

Level 3  

Consisting of Level 2 Check with the 

inclusion of the following:  

  

A comprehensive check of the total contents 

of document  

A level 3 check should look for ambiguity, 

error traps, etc. in the content or 

presentation.  

Any figures & values used are correct to a 

higher degree of precision or accuracy (e.g. 

>2 decimal places or fine tolerances.)  
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Verify that learning (internal and external 

sources) from similar applications has been 

researched and incorporated  

In the case of calculations, where novel 

methods have been used (for example 

computer modelling or FE analysis) more 

conventional methods should be deployed to 

confirm the validity of the results.  

  For some types of documents, a specific type 

of checking process might be required (e.g. A 

defined approach or methodology to confirm 

the validity of the technical content.  

  

Level 3 checking should be assigned to any documents with safety significance —including 

conventional, nuclear, radiological, chemo toxic, or environmental —or other business 

liabilities or consequences for the company.  

  

Level 3 checking should be assigned to any documents where the Responsible Person has 

determined that the safety, operational, financial, programme, or commercial consequences 

could be substantial if later found to be incorrect.  
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4.2, Flow Diagram  

 

Figure 6, Producing, Checking and Approving documents process flow  
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5  SOP068 – Issuing Documents - Vault  
  

SOP068 - Issuing Documents - Vault  

Document Number:  SOP068  

Process Owner    

Description:  Issuing Documents - Vault  

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner        

Process Owner:        

Quality Manager:        
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Glossary of terms and abbreviations  

Term or abbreviation  Definition  

DMS  Document Management System  

Document  May be any document which contains technical, 

engineering, or other related information intended to 

be shared with or communicated to others, or to 

record information as a business record. This could 

include both physical documents, such as 

specification’s, drawings, calculations, technical 

reports, etc. as well as  

electronic documents, such as word-processed 

document files, PDFs, CAD drawing files, etc.  

DMS  Document Management System  

PDF  Portable Document format  

Producer  Is the person (or team of people) appointed by the 

Responsible person to produce (i.e. prepare, draft, 

create, or modify, etc.) the technical or engineering 

document.  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

modified in order to meet a specific business need.  
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1, Purpose  
This procedure defines the process which is to be followed by the Mechanical Engineering 

department when issuing or modifying documents.  

  

2, Process  
When the request / requirement for a drawing to be produced or modified has been processed, 

understood, and accepted by the Responsible Person they will issue the task to a Producer. 

Ensuring the process & requirements set out in the company Procedure SOP067 - How to 

Produce, Check & Approve Technical and Engineering Documents are being adhered to.   

  

Upon completion of the task, the document will then be issued to the relevant parties by 

releasing the document to an ‘Issued’ state in the Vault. The issuing process is outlined within 

this procedure.   

  

2.1, Document First Issue  

For issuing a document for the first time the producer will follow these steps:  

1. Assuming the Document is saved in the relevant folder within the Vault (See company 

Work Instruction WI14 – Working with Vault and Inventor). The document will be at 

‘‘Initial State’ 0.1.   

2. The relevant document can be issued in Vault from the ‘Initial State’ to ‘Intermediate’ 

using the change state action. The Document will now be at state 0.2.    

3. The Document will be issued for checking. See company Procedure SOP067 - How to 

Produce, Check & Approve Technical and Engineering Documents.  

4. Upon completion of step 3. The modification box on the Document will be updated to show 

who has checked / approved the Document.   

5. The relevant document will then be up issued in Vault from the ‘Intermediate’ state to 

‘Issued’ using the change state action. The Document will now be at state 1.   

Note: For Inventor Drawings the drawing file and associated models will need to be 

approved simultaneously due to Vault restrictions.   

6. Once the document has been set to ‘issued’ within the Vault a Portable Document format 

(PDF) file will be automatically generated and stored within the Vault.  
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2.2, Document Modification  

If a document needs to be updated or modified for any reason the producer will follow these 

steps:  

  

1. The relevant document will be up issued in Vault from the ‘Issued’ state to ‘Initial State’ 

using the change state action. The Document will now be at state 1.1 for example.    

2. The Producer must ensure that the reasons for the amendments are identified appropriately 

within the document or Change Request Process (See company Work Instruction WI16 – 

Introduction to Change Requests) so that a clear audit trail for the modification is 

maintained.  

This can be done in a number of ways:  

• In the case of drawings, the Producer should clearly state the revised purpose of the 

document (which might be different to the original purpose at the time it was first 

produced), the reasons for the modification and, where appropriate, what has 

changed in the modified drawing —either in ‘notes’ on the drawing or in the ‘mod 

box’ on the drawing sheet.  

• For other documents, such as technical reports, Specification`s, etc. the Producer 

should clearly state the reasons for the modification and, where appropriate, the key 

aspects which have changed in the modified document —either in a ‘history sheet’ 

or in the body of the document. This could be included within the ‘purpose’, 

‘scope’, or an ‘introduction’ at the beginning of the document.   

3. The Document is then to be updated to make them fit for purpose with the changes required.  

4. The relevant document will be up issued in Vault from the ‘Initial’ state to ‘Intermediate’ 

using the change state action. The Document will now be at state 1.2 for example.   

5. The Document will be issued for checking. See company Procedure SOP067 - How to 

Produce, Check & Approve Technical and Engineering Documents.  

6. Upon completion of step 5. The modification box on the Document will be updated to show 

who has checked / approved the Document.   

7. The relevant document will then be up issued in Vault from the ‘Intermediate’ state to 

‘Issued’ using the change state action. The Document will now be at state 2 for example. 

Note: For Inventor Drawings the drawing file and associated models will need to be 

approved simultaneously due to Vault restrictions.   

8. Once the document has been set to ‘issued’ within the Vault a PDF file will be 

automatically generated and stored within the Vault.   
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2.3, Document First Issue Flow Diagram  
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2.4, Document Modification Flow Diagram  
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6  SOP069 – Issuing Documents – Visibility  
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Glossary of terms and abbreviations 

Term or abbreviation  Definition  

BOM  Bill of Materials  

DMS  Document Management System  

Document  May be any document which contains technical, 

engineering, or other related information intended to 

be shared with or communicated to others, or to 

record information as a business record. This could 

include both physical documents, such as FDS’s, 

drawings, calculations, technical reports, etc. as well 

as electronic documents, such as word-processed 

document files, PDFs, CAD drawing files, etc.  

Producer  Is defined as the person (or team of people) 

appointed by the Responsible person to produce (i.e. 

prepare,  

draft, create, or modify, etc.) the technical or 

engineering document  

Responsible Person  Is defined as the person given the responsibility for 

ensuring that the technical or engineering document 

is modified in order to meet a specific business need.  

RFC  Request for Change  
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1, Purpose  
This procedure defines the process which is to be followed by the Mechanical Engineering 

department when issuing or modifying documents using Visibility.   

  

2, Process  
When the request / requirement for a drawing to be produced or modified has been 

processed, understood, and accepted by the Responsible Person they will issue the 

task to a Producer. Ensuring the process & requirements set out in company 

Procedure P04 - How to Produce, Check & Approve Technical and Engineering 

Documents are being adhered to.   

  

Before drawings are issued to the purchasing or production department in accordance with the 

procedure explained below, please ensure all drawings are checked as per the ‘Mechanical 

Engineering Drawing Modification & Checking Procedure’ document and “issued” in Vault. If 

drawings aren’t “issued” in Vault, the purchasing department are unable to view drawings and 

make arrangements for their manufacture.  

  

2.1, Document First Issue  

2.1.1, Visibility  

  

For issuing a document for the first time the producer will follow these steps:  

  

1. If required, create a front sheet for the contract you’re working on. i.e. T70000. If a front 

sheet for the contract already exists with issued sub-assemblies, the revision of the front 

sheet must be raised.  

2. Create a Bill of Materials (BOM) for the sub-assembly you’re issuing using the General 

arrangement number i.e. T70000-A02A-200.   

3. If “component part numbers” aren’t already present within Visibility create them i.e. 

T70000A02A-301.  

4. Populate the BOM with all manufactured parts and bought-out items.  

Note: The “Ref” number allocated to each item should match the associated item balloon 

called up on the general assembly drawing. As a rule of thumb manufactured parts are 
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allocated a “ref” number which corresponds with the last 3 digits of their “component 

part number”. i.e. “ref” 301 would correspond to “component part number” T70000-

A02A-301. All bought-out items are allocated numbers from 500 onwards.   

5. Add the sub-assembly BOM you’ve generated to the front sheet. If the revision of the front 

sheet requires raising as described in the first bullet point, ensure this is done so before the 

subassembly BOM is added. Check that the quantities of this sub-assembly are correct.  

6. If the BOM is complete then change it to “Frozen”, see section 3.  

7. Generate a PDF of the front sheet for the first issue of a BOM on the contract only.   

8. If the revision of the front sheet has been raised to enable the sub-assembly to be added a 

Request for Change should be created.   

9. The PDF of the First issue BOM should be saved with an appropriate file name i.e. T70000-

First Issue within Vault.  

  

2.1.2, Change Request (RFC)   

  

1. Create a RFC document in Vault following "WI167 - Introduction to Change Requests", 

unless first issue of front sheet.  

2. Populate accordingly and check against the BOM’s you’ve generated.  

3. Change the status of the RFC document to “issued”.   

  

  

2.1.3, Email   

  

1. Create an email and populate with the relevant personnel from Production, Purchasing and 

Projects.  

2. Write in the subject of the email the project number, project name, RFC number and a 

subject description i.e. Project Number: <T70000>, Project Name: <Customer Name>, 

RFC Number: <RFC0001>, Subject Description: <Head Assembly First Issue>.  

3. Attach the RFC document or BOM for first issue to the email.  

4. Write a brief description of the work undertaken.  

5. Send email.  

6. Store the email in the relevant contract folder in your inbox. If there isn’t a folder already 

created, create one.  
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2.2, Document Modification  

If a document needs to be updated or modified for any reason the producer will follow these 

steps:  

  

NB. If the BOM is frozen the steps in 3.1 should be followed.  

2.2.1, Visibility  

1. Raise the revision of the front sheet and sub-assembly you’re modifying. Ensure the 

revision of the BOM’s are raised in this particular order.  

2. Raise the revision of the “component part number” you’re modifying. Alternatively, add 

the new “component part number” or bought out item to the sub-assembly BOM.  

3. Generate a change request detailing the change.  

  

2.2.2, Change Request (RFC)   

1. Create a RFC document in Vault.  

2. List all modified, added or removed parts and check against the BOM’s you’ve generated.  

3. Change the status of the RFC document to “issued”.   

  

2.2.3, Email   

1. Create an email and populate with the relevant personnel from Production, Purchasing and 

Projects.  

2. Write in the subject of the email the project number, project name, RFC number and a 

subject description i.e. Project Number: T70000, Project Name: <Customer Name>, RFC 

Number: 0001, Subject Description: Head Assembly Modification.  

3. Attach the RFC document to the email.  

4. Write a brief description of the work undertaken.  

5. Send email.  

6. Store the email in the relevant contract folder in your inbox. If there isn’t a folder already 

created, create one.  

  

2.2.4, Reference Only Modifications  

In certain instances, a requirement to record modifications undertaken by the shop floor may be 

requested. If this is the case, the procedures outlined above should be followed. The RFC 

document and email should clearly state that the modification undertaken is reference only, and 

no action is required. This prevents unnecessary work for the purchasing department. The 

exception to this is detailed in the following sections:  
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2.2.5, User Error Modifications  

If for whatever reason a drawing requires modifying but the function of the part hasn’t been 

affected i.e. adding a missing dimension, the following procedure should be followed.  

  

1. Raise the revision of the front sheet and sub-assembly you’re modifying. Ensure the 

revision of the BOM’s are raised in this particular order.  

2. Raise the revision of the “component part number” you’re modifying. Ensure the revision 

of the “component part number” is raised after completion of the first bullet point.  

3. No RFC or PDF document needs to be created.  

4. No email needs to be sent.  

  

  

3, Frozen BOMs in Visibility  
Upon completion of a Machine/Cell sub-section all drawings and Bills of Material’s 

(BOMs) should be issued to procurement as and when they are checked and 

approved. The procedure detailed in previous sections should be followed. Once the 

BOM and all Drawings are issued the BOM should be converted to a frozen state, and 

this should be communicated to procurement. To communicate to procurement that 

the BOM is in a Frozen state the procedure above should be followed and upon 

issuing the final issue the following steps should be followed.  

  

• Up rev the part to the next sequential number, typing it into the Revision column shown 

below.  
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• Click on the text Icon.  

 

  

• Type Frozen in the text box.  
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• Save the change.  

 

  

These drawings are then defined as approved status or freeze point and cannot be changed until 

the end of the contract. All BOM’s that have been issued to procurement should have a PDF 

created and this should be added to the relevant contract folder within Vault. Any drawings 

being issued on that BOM should be checked within Vault. The check should include checking 

that the latest issue of the drawings matches with the revision in vault and that only the latest 

issue of the drawing is in the contract folder. Therefore, any old revision levels of the drawing 

should be added to the Archive folder within the relevant contract folder in Vault. In the instance 

of an approved technical and engineering document needs to be modified then the process 

“SOP072 – Non-Nuclear Design Change control” must be adhered to.   
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3.1, Procuring goods on a Frozen BOM  

  

If for any reason an oversight has occurred and parts are missing from a frozen BOM that need 

procurement, then the following steps should be taken.  

  

  

1. Ensure the parts are in visibility so that they can be added to the BOM when appropriate 

but don’t change any BOM’s.  

  

2. Email the purchasing manager requesting the parts are added to the BOM stating the 

sections, quantity, and description as below:  

  

K05792-4100  

   

1-off - 219504 - CALIBRATION PLATE 10mm   

   

K05792-4500  

   

4-off - F1235-00997 - Ø22 (M20) WASHER DIN 9021 – BZP  

   

K05792-4262   

   

1-off - M1064-00013 - NORBAR TORQUE TRANSDUCER #Q5091 - SEE QUOTE  

1-off - M1064-00006 - TTT INSTRUMENT (SEE QUOTE DW2017 007)  

  

  

It is the responsibility of the purchasing manager to then create the red line BOM and 

add it to the Red Line folder within the contract folder.  

  

3. Ensure that the email clearly communicated that it is a red line BOM that is required.  
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  4, Appendices  

4.1, Document First Issue Flow Diagram  
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4.2, Document Modification Flow Diagram  
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4.3, User Error modifications Flow Diagram  
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7  SOP071 – Design Risk Management  
  

SOP071 - Design Risk Management  

  

  

Document Number:  SOP071  

Process Owner    

Description:  Design Risk Management  

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed by:        

Process Owner:        

Process Owner:        

Quality Manager:        
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Amendment History  

Issue  Amendment  Author  Date  

Draft  Initial Issue      

        

        

        

        

        

        

  

  

Glossary of terms and abbreviations  

Term or abbreviation  Definition  

DFMEA  Design Failure Mode Effects Analysis  

PFMEA  Process Failure Mode Effects Analysis  

Responsible Person  This is the person given the responsibility for 

ensuring that the technical or engineering document 

is produced (or modified) in order to meet a specific 

business need.  

RPN  Risk Priority Number  
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1, Purpose  
The purpose of the following document is to describe how to identify potential designs risks at 

the outset of a project. Utilising the below assessment method will identify risks and assist in 

deciding if the project should continue or if undertaking a mitigation strategy will suffice.  

  

The following document should be read in conjunction with:  

  

• F234- DFMEA Template  

• F241 - Risk Ranking and Filtering Template  

• F242 – PFMEA Template  

  

2, Risk Ranking and Filtering Introduction  

The following sections describes the Risk Ranking and Filtering process.  

  

2.1, What is a Risk Ranking and Filtering Guide?  

A Risk Ranking and Filtering guide is an aiding document used prior to conducting a Failure 

Mode Effect Analysis (FMEA), this can either be design or process specific. The document is 

used to quickly highlight any potential risks that may pose as a threat to the overall 

product/design. This is done by allocating Failure Modes to their assigned category and 

evaluating their possible risks by their categorised Risk Priority Number (RPN) as opposed to 

individually.   

  

2.2, Why perform a Risk Ranking and Filtering Guide?  

The purpose of performing a Risk Ranking and Filtering Guide is to reduce the workload 

required from a FMEA. This initial assessment only entails a brief evaluation for each filter 

rather than an in-depth analysis. From this, attention can be focused on the specific design 

criteria that warrants further action rather than the entirety. Consequently, the process is efficient 

rather than laborious.  
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3, How to perform a Risk Ranking and Filtering guide  

The Initial review of the Risk Ranking and filtering guide is an independent process that in most 

cases will involve the input of a design engineer or if needed a manufacturing engineer. If a 

follow up review is necessary, then the participation of additional personnel i.e. sales and finance 

can be sought.  The format of the sheet is designed so that it can be filled out swiftly and is 

completed as follows:   

  

3.1, Design Criteria  
This field is predetermined and comprises of the filters that are to be assessed. These filters are 

the categorised risks that are devised of the individual Failure modes.   

  

3.2, Scoring  
The Scoring System is based on a 1-10 scale, with 1 being a Low-level risk and 10 being high. 

The scoring fields are also conditioned to follow a traffic light colour system, with red indicating 

a high-level risk, amber a medium level risk and green a low-level risk.  

  

3.2.1, Occurrence  

“Occurrence” is a ranking number associated with the likelihood that a failure mode and its 

associated cause will present itself in the item being analysed. This is measured on known or 

lack of data of the item and thus has a direct relationship with the item’s history.   

  

3.2.2, Detection  

“Detection” is a ranking number used to consider the likelihood of identifying a failure 

mode/cause before it reaches the end-user/customer.  

  

3.2.3, Severity  

“Severity” is a ranking number selected based on the impact or danger to the end user/customer. 

This figure is given by the most serious effect for any given failure mode.   
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3.2.4, Risk Priority Number (RPN)  

This is the measure used for assessing the risk identified by the design criteria. The RPN values 

range from 1 (absolute best) to 1000 (absolute worst) and this is generated from the product from 

the three previously stated rankings:    

Occurrence * Detection * Severity  

  

3.2.5, Comments  

This is an additional field used to store any relevant information in relation to the design criteria.  

  

3.2.6, Further Action  

This is prompted by the value of the RPN. If the RPN is greater than the agreed limit, then either 

a DFMEA or PFMEA is essential.   

  

3.2.7, Design Failure Mode Effect Analysis (DFMEA)  

DFMEA is a methodical approach used for identifying potential risks introduced in a new or 

changed design of a product/service.   

  

3.2.8, Process Failure Mode Effect Analysis (PFMEA)  

PFMEA is a methodical approach used for identifying risks on process changes.   
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4,  Introduction to a Design and a Process Failure Mode 

Effects Analysis (DFMEA and PFMEA)?  

 A Design Failure Mode Effects Analysis (DFMEA) and a Process Failure Mode Effect Analysis 

(PFMEA) are used as tools to identify potential failure modes and their causes. They should be 

used by the company Engineers when introducing a new product/design or fundamentally 

changing an existing one. The specific risks that require an analysis should have been identified 

by undertaking a Risk Ranking and Filter analysis. The following document will describe how to 

undertake the analysis and the procedure surrounding this work.  

  

5,  What is a DFMEA and PFMEA?  

“A DFMEA is a methodical approach used for identifying potential risks introduced due to a 

new or changed design of a product/design. Alternatively, a PFMEA is a methodical approach 

used for recognising any potential failure modes resultant of process changes. Both the Design 

and Process FMEA initially identifies design functions, failure modes and their effects on the 

customer with corresponding severity ranking / danger of the effect. The causes and their 

mechanisms of the failure modes are then identified. High probability causes, indicated by the 

occurrence ranking, may drive action to prevent or reduce the cause’s impact on the failure 

mode. The detection ranking highlights the ability of specific tests to confirm the failure mode / 

causes are eliminated. The Design and Process FMEAs also tracks improvements through Risk 

Priority Numbers (RPN) reductions. By comparing the before and after RPN, a history of 

improvement and risk mitigation can be chronicled” (Quality-One, 2024).  

  

6,  Why perform a DFMEA and PFMEA?  

“Risk is the substitute for failure on new / changed designs and processes. It is a good practice to 

identify risks on a program as early as possible. Early risk identification provides the greatest 

opportunity for verified mitigation prior to program launch.  

Risks are identified on designs and processes, which if left unattended, could result in failure. 

The DFMEA and PFMEA is applied when:  

• There is a new design / process with new content.  

• There is a current design / process with modifications, which also may include changes due 

to past failure.  
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• There is a current design / process being used in a new environment or change in duty cycle 

(no physical change made to design)” (Quality-One, 2024).   

    

7,  How to perform a DFMEA and PFMEA?  
The Design and Process FMEAs are an iterative process and should be completed in sections at 

different times within the design timeline of the project, not all at once. The forms are completed 

in the following sequence:  

  

7.1,  Item / Function  
The Item / Function column permits the Design Engineer to describe the item that is being 

analysed. The item can be a complete system, subsystem, or component. The function is the 

“Verb – Noun” that describes what the item does. This should include the part number and the 

change level of the item / Function. There may be many functions for any one item.  

  

7.2,  Requirement  
The requirements, or measurements, of the function are described in the second column. The 

requirements are provided by sales in the Project Launch Document (See: WI155 - Introduction 

to Project Launch Document). The requirement must be measurable and should have test 

methods defined. If requirements are poorly written or non-existent, design work may be wasted. 

The first opportunity for recommended action may be to investigate and clarify the requirements 

to prevent wasted design activity.  

  

7.3,  Potential Failure Mode  
List each potential failure mode for the specific part and part function. The assumption is made 

that the failure could occur but will not necessarily occur. A review of past FMEAs test reports, 

quality, warranty, durability, and reliability concerns on similar components is a recommended 

starting point.  

Failure Modes are the anti-functions or requirements not being met. There are 5 types of Failure 

Modes:  

• Full Failure  

• Partial Failure  

• Intermittent Failure  

• Degraded Failure  
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• Unintentional Failure  

  

  

7.4,  Potential Effects of Failure  
Assuming the failure mode has occurred, describe the effects of the failure in terms of what the 

customer might notice or experience. Many effects could be possible for any one failure mode. 

All effects should appear in the same cell or grouped next to the corresponding failure mode. 

These should be stated in terms of the system performance. Examples of typical descriptions or 

failure effects are shown below:  

• Noise  

• Erratic Operation  

• Inoperative  

• Unstable  

• Intermittent Operation  

• Small  

• Operation Impaired  

  

7.5,  Classification  
“Classification refers to the type of characteristics indicated by the risk. Many types of special 

characteristics exist in different industries. These special characteristics typically require 

additional work, either design error proofing, process error proofing, process variation reduction 

or mistake proofing. The Classification column designates where the characteristics may be 

identified for Process FMEA Collaboration. This section is not required for all FMEA analysis” 

(Quality-One, 2024). 

  

7.6,  Potential Causes / Mechanisms of Failure  
“Causes are defined for the Failure Mode. The causes should be determined at the physics-level. 

The causes at a component level can be related to the material properties, geometry, dimensions, 

interfaces with other components and other energies which could inhibit the function. These can 

be derived from pre-work documents such as Boundary (or Block) Diagrams, Parameter (P) 

Diagrams and Interface Analysis. Causes at the system level are cascaded as failure modes in 

more detailed analysis. Geometry and dimensions are cascaded (waterfall) into special 

characteristics, which can be transferred to the Process FMEA. Use of words like bad, poor, 

defective and failed should be avoided as they do not define the cause with enough detail to 

make risk calculations for mitigation.  

Examples of causes are:  
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• Material properties (inadequate strength, lubricity, viscosity, etc.  

• Material geometry (inadequate position, flatness, parallelism, etc.)  

• Tolerances or stack ups  

• Interfaces with mating components   

• Physical attachment / clearance  

• Energy transfers (heat vibration, peak loads, etc.)  

• Material flow or exchange (gas, liquid)  

• Data exchanges (signals, commands, timing, etc.)” (Quality-One, 2024).   

• Assembly error  

• Incorrect torque  

• Incorrect Heat Treatment  

• Poor Weld  

  

7.7,  Current Design Controls Prevention  
“The prevention strategy used by an engineering team when planning and completing a design / 

process has the benefit of lowering occurrence or probability. The stronger the prevention, the 

more evidence the potential cause can be eliminated by design / process. The use of verified 

design standards, proven technology (with similar stresses applied) and computer-aided 

engineering (CAE) are typical Prevention Controls” (Quality-One, 2024). In this section list all 

the current controls which are intended to prevent the cause(s) of failure from occurring or are 

intended to detect causes of failure or the resultant failure mode.  

Current controls (Engineering Specifications, quality control systems, etc.) are those that have 

been or are in place for the same or similar design. The initial occurrence and detection rankings 

will be based on these controls. The controls listed should be directly related to prevention or 

detection of specific causes of failure.  

Do not assume that any current controls will be implemented unless they are detailed in the 

specification, are standard industry practice, are used on similar designs, or have been verified 

by the affected activity. If any other specific control measures are necessary, they should be 

listed under the recommended action (Column 7.13).  

It is the responsibility of the design engineer to obtain verification of all current quality control 

systems listed on the FMEA from the affected manufacturing, assembly or supply activities. The 

design engineer should obtain copies of the pertinent process flow charts and inspection sheets 

on similar parts as an aid in the FMEA development.  

For an all new design, the current controls may be very limited or non-existent. However, the 

engineer may use planned controls if they have been approved by the appropriate activity.  
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  7.8,  Current Design Controls Detection  

“The activities conducted to verify design safety and performance are placed in the Current 

Design Controls Detection column. The tests and evaluations intended to prove the design is 

capable are aligned to the causes and failure modes identified with the highest risks. Specific 

tests must be identified when risks are in the highest severity range (9-10) or the high criticality, 

non-safety combinations. Examples of Design Controls Detection are:  

• Design Reviews  

• Verification Test Methods  

• Bogey Test to 1 Life  

• Test to Failure  

• Degradation Testing” (Quality-One, 2024). 

  

7.9,  Occurrence (OCC)  
The Occurrence ranking is an estimate based on known or lack of data. When estimating the 

occurrence ranking, the following two probabilities should be considered:  

1. The probability that the potential cause of failure will occur. For this probability all current 

controls which are in place to prevent the cause of the failure from occurring on the designated 

item must be assessed.  

2. The probability that once the failure has occurred, it will result in the indicated potential failure 

mode. For this estimate, it must be assumed that the cause of failure and failure mode are not 

detected before the product reaches the customer.  

The engineer should mentally combine these two probabilities when estimating the occurrence 

ranking.  

The following Occurrence Ranking should be followed to ensure consistency:  

• “1: Prevented causes due to using a known design standard  

• 2: Identical or similar design with no history of failure   

• This ranking is often used improperly. The stresses in the new application and a sufficient 

sample of products to gain history are required to select this ranking value.  

• 3-4: Isolated failures   

• Some confusion may occur when trying to quantify “isolated”  

• 5-6: Occasional failures have been experienced in the field or in development / verification 

testing  
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• 7-9: New design with no history (based on a current technology)  

• 10: New design with no experience with technology  

  

Actions may be directed against causes of failure with a high occurrence. Special attention must 

be placed on items with a Severity of 9 or 10. These severity rankings must be examined to 

assure that due diligence has been satisfied” (Quality-One, 2024).  

  

7.10,  Severity  
(The Severity of each effect is selected based on the impact or danger to the end user / customer. 

The severity ranking is typically between 1 through 10 where:  

2-4: Annoyance or squeak and rattle; visual defects which do not affect function.  

5-6: Degradation or loss of a secondary function of the item studied.  

7-8: Degradation or loss of the primary function of the item studied.  

9-10: Regulatory and / or Safety implications  

The highest severity is chosen from the many potential effects and placed in the Severity 

Column. Actions may be identified to change the design direction on any failure mode with an 

effect of failure ranked 9 or 10. If a recommended action is identified, it is placed in the 

Recommended Actions column of the DFMEA / PFMEA” (Quality-One, 2024).  

  

7.11,  Current Design Controls Detection (DET)  
“Detection Rankings are assigned to each test based on the type of test / evaluation technique 

with respect to the time it is performed. It is ideal to perform tests (on high-risk items) as early in 

the design process as is possible. Testing after tools are completed is called Product Validation 

(PV) and is used to supplement Design Verification (DV) tests. PV tests may be used to save test 

time and resources on low-risk items.  There is often more than one test / evaluation technique 

per Cause-Failure Mode combination. Listing all in one cell and applying a detection ranking for 

each is the best practice. The lowest of the detection rankings is then placed in the detection 

column.  
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Typical Detection Rankings can be found below:  

1: Failure prevented through Design Solution, Design Standard, Standard Materials, etc.  

2: Use of Computer Aided Engineering (CAE) highly correlated to real world user/stress profiles  

3: Test to Failure with measurement of output tracking degradation (performed before 

Design Freeze (DV))  

4: Test to Failure (DV)  

5: Bogey Test, test to pass to 1 life and suspend the test (DV)  

6: Test to Failure with measurement of output tracking degradation (performed after 

Design  

Freeze (PV))  

7: Test to Failure (PV)  

8: Bogey Test, test to pass to 1 life and suspend the test (PV)  

9: Use of CAE, but not yet correlated to real world stress profiles  

10: Cannot evaluate, no test available or current tests do not excite the cause / failure 

mode  

  

Actions may be necessary to improve testing capability. The test improvement will address the 

weakness in the test strategy. The actions are placed in the Recommended Actions Column” 

(Quality-One, 2024).  

  

7.12,  Risk Priority Number (RPN)  
“The Risk Priority Number (RPN) is the product of the three previously selected rankings, 

Severity * Occurrence * Detection. RPN thresholds must not be used to determine the need for 

action. RPN thresholds are not permitted mainly due to two factors:  

• Poor behaviour by design engineers trying to get below the specified threshold.  

• This behaviour does not improve or address risk. There is no RPN value above which an 

action should be taken or below which a team is excused of one.  
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• “Relative Risk” is not always represented by RPN” (Quality-One, 2024). 

  

7.13, Recommended Actions  
“The Recommended Actions column is the location within the DFMEA and PFMEA that all 

potential improvements are placed. Completed actions are the purpose of the DFMEA and 

PFMEA. Actions must be detailed enough that it makes sense if it stood alone in a risk register 

or actions list. Actions are directed against one of the rankings previously assigned. The 

objectives are as follows:  

• Eliminate Failure Modes with a Severity 9 or 10  

• Lower Occurrence on Causes by error proofing, reducing variation or mistake proofing 

 Lower Detection on specific test improvements” (Quality-One, 2024).  

  

7.14,         Responsibility and Target Completion Date  
“Enter the name and date that the action should be completed by. A milestone name can 

substitute for a date if a timeline shows the linkage between date and selected milestone” 

(Quality-One, 2024).  
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DFMEA and PFMEA Section 

  

 

7.15,          Actions Taken and Completion Date  

“List the Actions Taken or reference the test report which indicates the results. The Design 

FMEA should result in actions which bring higher risks items to an acceptable level of risk. It is 

important to note that acceptable risk is desirable and mitigation of high risk to lower risk is the 

primary goal” (Quality-One, 2024). 

  

7.16,        Re-Rank RPN  

“Using the new conditions  the fields 7.16, 7.17 and 7.18 are to be populated as before. This will 

generate a new (re-ranked) RPN, which is then to be compared with the original RPN. A 

reduction in this value is desirable. Residual risk may still be too high after actions have been 

taken. If this is the case, a new action line would be developed. This is repeated until an 

acceptable residual risk has been obtained” (Quality-One, 2024). 
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 8  SOP072 – Design Change control  
  

SOP072 - Design Change Control  

Document Number:  SOP072  

Process Owner    

Description:  Design Change Control  

  

  

  Print Name  Sign  Date  

Originator:        

Checked        

Process Owner        

Process Owner        

Process Owner:        

Quality Manager:        
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Glossary of terms and abbreviations 

Term or abbreviation  Definition  

DTN  Document Transmittal Note   

LTR  Lifetime Records  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

produced (or modified) in order to meet a specific 

business need.  

Technical and 

engineering document  

May be any document which contains technical, 

engineering, or other related information intended to 

be shared with or communicated to others, or to 

record information as a business record. This could 

include both physical documents, such as FDS’s, 

drawings, calculations, technical reports, etc. as well 

as electronic documents, such as word-processed 

document files, PDFs, CAD drawing files, etc.  
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1,  Purpose  
The purpose of this procedure is to instruct any persons involved in an engineering project the 

process of identifying and recording design changes to an approved technical drawing or 

engineering document. This procedure addresses the requirements of BS EN ISO 9001:2015 

Section 7.5.3 ‘Control of documented information’.  

  

Upon completion of a design when the status of the document has been advanced to an approved 

status, then this baseline design must be controlled. This will require the management of 

subsequent design changes or design queries thus ensuring that a controlled and consistent 

approach is taken to maintaining the baseline design. This document is specific to all projects 

within the company.  

  

  

2,  Process  
Upon completion of a Machine/Cell sub-section, all drawings and Bills of Material’s (BOMs) 

should be issued to procurement as and when they are checked and approved. Once the BOM 

and all Drawings are issued the BOM should be converted to a frozen state, detailed in procedure 

SOP069. If any changes are required on a frozen BOM, the following steps should be followed.  

  

2.1,  Submit a design change proposal  

This Procedure is based on design change control being completed as PDF red line drawings. 

The records will form part of the audit trail to support quality improvements this evidence must 

be recorded in the contract folder specific to the order under the relevant section. See below for 

an example of the route for the design change control folder for a TFW contact.  

  

Y:\Contracts\T70??? – Customer name\12. Project Status and Reporting\10. As-Built 'Red 

Book'\10.4. Red Line Drawings  

  

Once a project or work package starts up the Project Manager or Responsible Person shall 

establish administrative arrangements that:  
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• Define arrangements for the communication of approved design changes to the relevant 

persons.  

  

The originator of the design change proposal will be a Production Engineer and they shall:   

  

• Identify the project or work package against which the design change proposal is proposed   

• Identify the reason(s) that have initiated the requirement for the design change proposal 

being raised and identify supporting references where applicable – see section 2.2.   

• Provide a description of the design change proposal with several supporting drawings and 

documents as required to define the change.   

• Provide a provisional indication of the equipment that is affected – see section 2.3.  

• Identify the Drawings and documentation affected – see section 2.3.  

• Submit the design change proposal to the responsible person – see section 2.4  

  

2.2,  Identify Reasons for the Design Change Proposal  

The reasons for a design change proposal can be from one or more sources or drivers during 

detail design, document production, fabrication, assembly, or commissioning. There may be one 

or more reasons varying from minor modifications during assembly to substantial changes that 

may affect function. Therefore, the design change proposal originator shall identify the reason 

for the proposed change supported by reference(s) or marked-up documents where required.   

Typical reasons are listed (but not limited to):  

  

• Results of underpinning development work.  

• Design Reviews.   

• Changes to the Engineering Substantiation.  

• Errors / Inconsistencies identified in Approved Documentation / Drawings.  

• Changes to Fabrication / Assembly Methodology.  

• Changes to Testing / Commissioning.  

• Resolution of fault observations that require Design Changes.   

• Project Scope Change.  

• Project Variation Note.  

• Manufacturing Change.  

• Changes to Engineering Orders.  
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 2.3,  Identify Affected Equipment   

The Production Engineer shall clearly identify the equipment that will be affected by the design 

change by populating the required form “F437 – Design Change Control Report”, clearly stating 

the following:   

  

• Project (if not stated on the drawing).  

• General Assembly Drawing stating current revision.   Detail Drawings stating 

current revision.  

  

2.4,  Accepting the Design Change Proposal   

The Production Engineer will contact the relevant person (generally the lead engineer), share the 

populated F437 document, marked up red line drawings and discuss reasons for change and the 

affected equipment. The relevant person on the project will review the proposal to confirm 

understanding of the cumulative effect of design changes on the design and project. The relevant 

person can then sign and date the documents to say they approve it, thus allowing the originator 

of the design change to continue their work. Upon acceptance of the design change, the 

Production Engineer is required to store the marked-up drawing, BOM, or engineering document 

in the Red Line Drawings Folder detailed in section 2.1.  

  

Actions:  

• Production Engineer – Discuss changes, Mark up changes in red.  

• Relevant person – Sign, date, and print name.  

• Production Engineer – Sign, date, and print name. Add documents to the “Red Line 

Drawings Folder”.  

  

If for any reason the responsible engineer does not accept the design change proposal a technical 

meeting is required with the relevant parties to discuss the reasons behind this decision and to 

find a solution that best addresses the issue identified.   
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2.5,  Updating the Technical Documentation    

Upon completion of the project, all data captured through this process and stored in the Red Line 

Drawings Folder will be updated in Vault and Visibility to ‘as-built’ status. The BOMs will be 

marked in the comments box as “As-Built”, as detailed in section 2.  

  

  

2.6,  Procuring goods on a Frozen BOM  

If for any reason an oversight has occurred and parts are missing from a frozen BOM that need 

procurement, then the following steps should be taken.  

  

1. Ensure the parts are in visibility so that they can be added to the BOM when appropriate.  

  

2. Email the purchasing manager requesting the parts are added to the BOM stating the 

sections, quantity and description as below:  

  

  

K05792-4100  

   

1-off - 219504 - CALIBRATION PLATE 10mm   

   

K05792-4500  

   

4-off - F1235-00997 - Ø22 (M20) WASHER DIN 9021 – BZP  

   

K05792-4262   

   

1-off - M1064-00013 - NORBAR TORQUE TRANSDUCER #Q5091 - SEE QUOTE  

1-off - M1064-00006 - TTT INSTRUMENT (SEE QUOTE DW2017 007)  

  

  

It is the responsibility of the purchasing manager to then create the red line BOM and add it to 

the Red Line folder  
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9 SOP073 - HOW TO RESOLVE ENGINEERING 

TECHNICAL QUERIES, CONCESSIONS AND 

NCR’S  
  

SOP073 - How to Resolve Engineering Technical  

Queries, Concessions and NCR’s  

Document Number:  SOP073  

Process Owner    

Description:  
How to Resolve Engineering Technical Queries, Concessions and 

NCR’s  

  

  

  Print Name  Sign  Date  

Originator:        

Process Owner        

Process Owner        

Process Owner        

Process Owner:        

Quality Manager:        
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Glossary of terms and abbreviations  

Term or abbreviation  Definition  

Producer  Is the person (or team of people) appointed by the 

Responsible person to produce (i.e. prepare, draft, 

create, or modify, etc.) the technical or engineering 

document  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

produced (or modified) in order to meet a specific 

business need.  

Technical and 

engineering document  

May be any document which contains technical, 

engineering, or other related information intended to 

be shared with or communicated to others, or to 

record information as a business record. This could 

include both physical documents, such as FDS’s, 

drawings, calculations, technical reports, etc. as well 

as electronic documents, such as word-processed 

document files, PDFs, CAD drawing files, etc.  

Technical Query (TQ)  A request for clarification of technical or engineering 

information typically contained in drawings, 

specifications, contract documents and the like.  

Non-Conformance 

Report (NCR)  

Product or service that does not conform to stated 

requirement (generally expressed within the  

Engineering Standards, specifications and drawings).  

Concession  A retrospective request to accept a deviation from 

specification e.g. manufacturing non-conformance. 

Where an existing non-conformance (defect) with the 

requirements has been identified, a request for a 

concession (generally to accept “as-is”) can be made 

as an alternative to re-work. A non-conforming 

product may be subject to certain conditions 

restricting its use. Concessions should only be 

considered where there are genuine technical 

difficulties in meeting the requirement. They should 

not be used to condone poor quality workmanship.  
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1,  Purpose  
This Procedure must be used for the resolution of any technical and engineering queries and 

deviations from specification. These typically include the physical and functional attributes of 

equipment as described in standards, drawings, specifications, manufacturing and construction 

records, inspection and test criteria and spares requirements. The procedure applies throughout 

the equipment lifecycle, design, manufacture, assembly, commissioning, and maintenance 

activities.  

The purpose of this procedure is to assist those involved using technical and engineering 

documents to receive authoritative direction on the interpretation of such information. Whenever 

there is doubt or ambiguity in the Engineering or Technical information or it is possible that a 

product or service may not meet the design intent, this practice should be used to resolve the 

situation. The procedure provides permission to deviate from requirements in the form of a 

concession, as well as providing clarification in the form of a technical query.   

Triggers for this process that can invoke a design input include, validation and verification of 

construction work, fault observations, supply chain queries, changes to conditions for acceptance 

and general requests for clarification. quality and approach to the delivery of these documents is 

followed within the company.  

  

NOTE: This procedure does not include design change. Where a design change is required, the 

appropriate process is initiated in accordance with either SOP072 - Design Change Control or 

SOP116 - Conducting Design Change Control (Nuclear).  

  

    

2,  Process  

2.1  Identify Responsibilities    

The procedure is applicable to Manufacturing, Projects and Engineering Operations both 

internally and interfacing with the supply chain. Therefore, it is a prerequisite that a protocol for 

communications must be established. The protocol should cover document control in accordance 

with Company Practices including the tracking and distribution of documents and data capture.   

  

NOTE: Project Managers must establish arrangements within their Projects.  
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2.2,  Raise a Technical Query (TQ), Concession’s and Non-Conformance 

Report (NCR).  

Engineering and technical issues for resolution can be raised by anyone using such information. 

Originators should raise their issue on the relevant form and identify the initial request as either a 

query or a deviation request.   

When concessions are being raised, specific reference must be made in the request to the 

document and issue in question. Such requests should be discussed with the relevant responsible 

person, and the relevant specialist if appropriate, at the earliest opportunity.   

The contents should be clear and concise, explaining what the request is and, for a concession, 

providing a clear justification why it is needed. Where applicable the request should explain the 

relationship to interfacing equipment such that the impact of the request is fully understood. This 

section should also identify where possible any previous requests that might relate to the same 

equipment to enable the cumulative impact of concessions to be evaluated.   

Any solutions proposed by the originator should be included and the request then forwarded to 

the responsible person for resolution.   

Any item which could fail in service must be quarantined to prevent its inadvertent use. For 

items currently in use, consideration must be given to the ongoing safe operation of the 

equipment.  

  

The originator shall clearly identify the equipment by clearly stating the following:   

• Project (if not stated on the drawing)   

• General Assembly Drawing stating current revision  

• Detail Drawings stating current revision   

• Any other Engineering Documentation in question eg specifications or procedures.  

    

2.3,  Distribution of Documentation  

TQ’s, NCR’s and Concessions will be received by the relevant, the company nominated contact. 

The nominated contact shall undertake the relevant checks to ensure the validity of the 

documents, checks should include registration and titles that accurately reflect contents in order 

to assist with its resolution and data capture. The nominated contact may reject the document at 

this stage and return it to the originator if information is missing or clarity is required.  

  

If the documents are acceptable, they then may be issued to the relevant responsible person to 

review and resolve the request. The nominated person will distribute the document in accordance 

with the agreed protocol and to any additional recipients, requesting responses as required.   
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2.4,  Resolving the Documentation  

The responsible person must assess the information and reasoning presented in the document 

submitted and then respond accordingly.  

 If the request involves a change to the design intent or the design baseline or whether there is 

any potential impact on safety or the environment. Safety in this context includes compliance 

with conventional safety legislation e.g. Control of Major Accident Hazards or machinery safety. 

If the answer to any of these aspects is ‘Yes’ or ‘Not Sure’, then the proposal must be treated as 

a ‘Design Change Proposal’ in accordance with either SOP072 - Non-Nuclear Design Change 

Control or SOP116 - Conducting Design Change Control (Nuclear).  

Examples that should be raised as a Design Change would be: material, dimensional, functional 

or form changes that would affect compatibility now or in the future, i.e. Design intent changed 

and requires the design baseline updating and would be required for replacements or repeat 

orders.   

Examples that could continue to be progressed through this process would be, to correct errors, 

add missing information, incorporate clarifications. No design intent change or substitutions, or 

direct material substitutions, dimensional, functional, form changes that would not affect 

compatibility now or in the future, e.g. for replacement and repeat orders.  

The responsible person is responsible for completing the form, ensuring suitable justification for 

the decision, and return to the originator. The response must be distributed to the relevant 

recipients with additional recipients added as required. Responses concerning Engineering 

Standards, specifications or processes should be copied to the document owner.  

If for any reason the responsible engineer does not accept the design change proposal a technical 

meeting is required with the relevant parties to discuss the reasons behind this decision and to 

find a solution that best addresses the issue identified.  

  

  

2.5,  Updating the Technical Documentation  

When required, the relevant documents are updated (see examples in stage 2.4). This could be 

simple correction, incorporation of information to provide clarification or adding missing 

information.  
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10  SOP117 – Design Review AWS & HMP  
  

  

SOP117 - Design Review AWS & HMP  

Document Number:  SOP117  

Process Owner    

Description:  Design Review AWS & HMP  

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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Glossary of terms and abbreviations 

Term or abbreviation  Definition  

LFE  Learning from Experience  

Formal Review  A formal review may be called to input to business 

governance processes (Assurance) or assist the work 

in the development of a good and cost-effective 

design solution (Assistance).   

  

These reviews require an independent Chairman.  

Informal Review  A review, with or without independence, which does 

not form part of the Governance process. Short 

duration with a small number of participants.  
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1,  Purpose  
Design reviews are an important activity in assisting studies, tasks and projects to develop 

design engineering quality and in assuring that design maturity is appropriate to progress 

through the relevant stages of the company Toll Gate Process. This process aims to avoid rework 

by providing timely advice and assurance.  

  

This procedure applies to all studies, projects and tasks that include design engineering content 

and should be applied pragmatically in accordance with risk-based principles, e.g. accounting for 

scale and complexity. This includes engineering substantiation work.  

  

It is important that formal and informal design reviews are recorded via the company Design 

Quality Process and are categorised correctly so that the resulting business Key Performance 

Indicators provide an accurate picture of design engineering maturity.   

  

Note: This Procedure has been written to generally align with BS EN 61160: 2005.  
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2,  Process  
2.1,  Overview  
This procedure covers formal reviews on all work that includes design engineering. It is 

important that the number and scope of reviews is proportionate to the scale, complexity and 

risk of the work in accordance with risk-based principles.   

No design is too small to be reviewed, but in some circumstances, such as minor tasks, modified 

existing designs, and so on, the review may be brief and only involve a small number of people. 

This procedure should be interpreted in a manner appropriate to the review and stage.  

  

Each design review shall have a clear and stated objective, i.e. a question (or number of 

questions) to be answered at the end of the review.  

  

Design Review’s should not carry out checking activities but should confirm that appropriate 

principles have been applied and that correct activities and good practice have been carried out.  

The reviews shall be undertaken in the following order to ensure efficiency and 

relevance at each stage as the design progresses:  

1. Concept Review  

2. Production Review   

3. Manufacturing Review   

  

+ Informal Reviews – As required throughout.  

    

2.2,  Design Review Attendees   
Every review should consider the need for reviewers who:  

• Have appropriate competencies, experience, specialism and engineering expertise (e.g.  

subject experts, supply chain, technical specialists).  

• Are a source of Learning from Experience (LFE).  

• Are independent peers to the design team.  

• Are independent from the project or task under review (are objective).  

• May need to influence the design but who are not designers (e.g. operators, quality, 

manufacturers).  

• Represent Assembly, Manufacturing and Commissioning (As Required).  

  

The review team may include reviewers who are independent from the project but not the 

programme area and reviewers who are entirely independent of the programme. This make up of 
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review team can be effective by providing diverse experience and utilising individuals who are 

efficient in sharing best practice and lessons learned.   

  

Where the work is being carried out in partnership with contractors or suppliers who are 

involved in the design, they may attend to support the Responsible Engineer. Although it is 

important that all relevant views are represented, every effort should be made to keep the number 

of individual attendees as low as possible, to enable an efficient meeting to be held.   

  

Where practicable all attendees of a review should have carried out enough pre-work to be 

familiar with the project, with the purpose of the review and with any required detailed 

information. This is to minimise the time taken in the review bringing people to a common level 

of understanding.  

  

2.3,  Concept Review   
A concept review shall be undertaken with the relevant company personnel present, where 

required an independent company employee shall be present to provide an unbiased opinion 

from those involved with the project. All reviewers shall possess appropriate skills, knowledge 

and experience of the equipment or systems under consideration.  

The Concept Review shall be undertaken by reviewing the 3D General Assembly Model.  

Reviews should be scheduled a minimum of 1 week in advance.  

All actions shall be recorded on the relevant section of the Design Review Template. Any 

actions shall be investigated and addressed accordingly by the responsible person.  

  

 See Document Template F233 – Design Review Template.  

  

2.4,  Design for Assembly Review   
A Design for Assembly Review shall be undertaken with the relevant company personnel 

present, where required an independent company employee shall be present to provide an 

unbiased opinion from those involved with the project. All reviewers shall possess appropriate 

skills, knowledge and experience of the equipment or systems under consideration.  

The Production Review shall be undertaken by reviewing the preliminary General Assembly 

drawings.  

Reviews should be scheduled a minimum of 2 weeks in advance and all materials identified for 

design review should be issued at least one week before the review.  
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All actions shall be recorded on the relevant section of the Design Review Template. Any 

actions shall be investigated and addressed accordingly by the responsible person.  

  

 See Document Template F233 – Design Review Template.  

  

2.5,  Design for Manufacture Review   
A Design for Manufacture Review shall be undertaken with the relevant company personnel 

present and identified Manufacturing representative shall be present to provide an unbiased 

opinion from those involved with the project. All reviewers shall possess appropriate skills, 

knowledge and experience of the equipment or systems under consideration.  

The Manufacturing Review shall be undertaken by reviewing the preliminary Manufacturing 

Drawings.  

Reviews should be scheduled a minimum of 3 weeks in advance and all materials identified for 

design review should be issued at least 2 weeks before the review.  

All actions shall be recorded on the relevant section of the Design Review Template. Any 

actions shall be investigated and addressed accordingly by the responsible person.  

See Document Template F233 – Design Review Template.  

    

3,  Informal Design Reviews  
It is feasible that during the life of a project informal reviews or “Engineering Discussions” will 

take place outside of the formal design review procedure. Informal reviews are common in the 

early stages of a products lifecycle and a two-person team can conduct an informal review. It is 

important that although informal these discussions are captured to evidence the design 

development. When undertaking an informal review, the “F243 – Engineering Discussion 

Template” should be used.  

4,  References   
   BS EN 61160: 2005 – Design Review  
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11 WI154 - Introduction to Learning From Experience (LFE)  

  

  

  

WI154 - Introduction to Learning from Experience  

  

  

Document Number:  WI154  

Process Owner    

Description:  Introduction to Learning From Experience (LFE)   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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Amendment History  

Issue  Amendment  Author  Date  

01  Initial Issue      
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1,  Description  
To continuously improve as a company by enhancing systems and equipment designed and 

provided by the company, or removing any issues previously encountered on similar projects, 

learning from experience (LFE) is crucial. The ‘F226 - Learning from Experience (LFE) 

Template’ document allows for information from previous projects to be easily located.   

The ‘F226 - Learning from Experience (LFE) Template’ document is stored within the document 

management system Vault at the top level as shown below.  

To view or add to the ‘F226 - Learning from Experience (LFE) Template’ from inside Vault the 

following steps must be followed:  

1. In the project explorer select ‘Designs’, right click ‘F226 - Learning from Experience (LFE) 

Template’ and select get (for reference) or check out (for data entry).  
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2. From the Index table on the ‘Index’ tab, Navigate to the required section you wish to view or 

add information to.   

Note: If a Tab has not been created for the relevant section add one as required. Please do 

not duplicate sections.   
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3. If entering any data, on the desired section, complete the table with the required project information for future reference.   
1. Enter the Project Number in ‘Project Number’  
2. Enter the Project Title in ‘Project Title’  
3. Provide a brief description of the Project in ‘Project Description’  
4. Provide a description of any issues / problems / Improvements in the ‘Description’ column.   
5. Provide a description of any actions taken to resolve the problem in the ‘Action’ column. If no actions were taken for whatever reason i.e 

project timescales please state so.   
6. Add any recommendations for future reference in the ‘Recommendations’ column.   
7. Enter the responsible person / persons names in the ‘Responsible Person’ column. This will allow for any users in the future to discuss 

the comments.   
8. Enter the date the information was recorded in ‘Date’ Column.   
9. Enter any reference documents in the ‘Reference Documents’ column. This could be, Drawings, Design Reviews, Meeting Minutes etc. 

which can be accessed through Vault.   

 
  

4. Upon completion of data entry, save the file and check the document back into Vault for other users to use / view, using the ‘Check in’ Command.   

  

  

 Document: Manual - Achieving production efficiencies HVLVHL Machinery  

Issue: 1  
 Date: 11/03/2024    Page 109 of 3
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12  WI155 - Introduction to Project Launch Document  

  

WI155 - Introduction to Sales Form AWS001  

  

  

Document Number:  WI155  

Process Owner    

Description:  Introduction to Project Launch Document  

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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Amendment History  

Issue  Amendment  Author  Date  

01        

02        

        

        

        

        

        

  

Glossary of terms and abbreviations  

Term or abbreviation  Definition  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

produced (or modified) in order to meet a specific 

business need.  

Producer  Is the person (or team of people) appointed by the  

Responsible person to produce (ie. prepare, draft, 

create, or modify, etc.) the technical or engineering 

document.  
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1,  Description  
The Project Launch Document (AWS001) from an engineering perspective is a file created by 

the sales department which details each section of the project detailing the customer’s 

specification. This document should have enough detail to enable the Engineering department to 

start the design process.    

If there is insufficient or missing information preventing a producer from undertaking their 

work, the responsible person for that order should be informed as soon as the issue is identified, 

at the latest during the during a weekly progress review.  

This weekly update will enable the responsible person to pursue outstanding information and 

adjust their plans for resource to suit.  

The ‘F276 - Project Launch Document’ is available to access within a file location like 

Y:\Contracts\Contract No – Contract Name\01.0 RFQ_SALES_ENQUIRY.   

An example of a “Project Launch Document” is displayed below.  
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13  WI156 - Introduction to Sales Risk Register  

  

WI156 - Introduction to Sales Risk Register  

  

  

Document Number:  WI156  

Process Owner    

Description:  Introduction to Sales Risk Register  

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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Amendment History  

Issue  Amendment  Author  Date  

01  Initial Issue      

        

        

        

        

        

        

  

  

  

Glossary of terms and abbreviations  

Term or abbreviation  Definition  

Responsible Person  Is the person responsible for ensuring that the 

product being designed is produced (or modified) in 

order to meet a specific business or customers’ 

requirement.  
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1,  Description  
The Sales Risk Register from an engineering perspective is a file created by the sales department 

which documents risks to the project and actions to manage the risk. The Sales Risk Register is 

essential to the successful management of risk and should be read by all company Engineers 

undertaking work on a project. If any additional risks are identified they should be 

communicated to the responsible person on the project. The responsible person should then log 

the risk on the register and identify actions to respond to the risk. The document revision should 

then be raised, and the document should be circulated to all relevant personnel from Sales, 

Projects and Engineering.  

  

The Sales Risk Register is available to access within a file location like Y:\Contracts\Contract 

No - Customer\05.0 CONTRACT_ACCEPTANCE\05.4 SALES_RISK_REGISTER. A hard 

copy should also be available to view within the project folder.   

  

An example of a “Sales Risk Register” is displayed below.  
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14  WI157 - Introduction to Sales Cost Sheet (SCS) MIKA  

  

WI157 - Introduction to Sales Cost Sheet (SCS) MIKA  

  

  

Document Number:  WI157  

Process Owner    

Description:  Introduction to Sales Cost Sheet (SCS) MIKA  

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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Amendment History  

Issue  Amendment  Author  Date  

01  Initial Issue      

        

        

        

        

        

        

  

Glossary of terms and abbreviations  

Term or abbreviation  Definition  

Responsible Person  Is the person given the responsibility for ensuring 

that the technical or engineering document is 

produced (or modified) in order to meet a specific 

business need.  
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1,  Description  
The MIKA cost sheet from an engineering perspective is a file created by the sales department 

which details each section of the project taken from the customer’s specification. This will 

identify the design hours allocated to each of the tasks for the project. The MIKA cost sheet acts 

as a basis for work to be distributed within the department. The responsible person for the 

project will use this information to plan and allocate the correct resource for the task.  

In the event the hours allocated to the task have been underestimated for any reason such as the 

complexity of the task not being fully understood or an unforeseen issue arises, this will be 

captured by a responsible person within the department during a weekly progress review with 

the producer. In this progress review the responsible person should identify the following:  

• Current task and predicted finish date.  

• Future tasks and predicted finish date.  

• Estimated availability.  

  

This weekly update will enable the responsible person to adjust their plans for resource to suit.   

The MIKA cost sheet is available to access within a file location like Y:\Contracts\Contract No - 

Customer\05.0 CONTRACT_ACCEPTANCE\05.5 SALE_COST_SHEET.  A hard copy should 

also be available to view within the project folder.   

An example of a MIKA cost sheet is displayed below, to view the project tasks and design hours 

allocated to the job navigate the tabs at the bottom of the excel sheet and select ‘MACHINE 

COST TEMPLATE’.  

 

Note: If an additional project task is required for any reason, the appointed project manager 

should be informed of this requirement  

  



P a g e  | 328 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 328 of 536  
  

15  WI158 – Design Risk Assessment Work Instruction  

  

WI158 - Design Risk Assessment Work Instruction  

  

  

Document Number:  WI158  

Process Owner    

Description:  Design Risk Assessment Work Instruction   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        

  

  

 

 

 

 

 

    



P a g e  | 329 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 329 of 536  
  

Amendment History  

Issue  Amendment  Author  Date  

01        

02        
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1,  Description  
A Design Risk Assessment is required to comply with the requirements of the EU Machinery Directive 

(2006/42/EC). The regulations require the designer to carry out a risk assessment of their design, eliminate 

hazards and risks by using the hierarchy of risk control and record details of remaining hazards in the form of 

a Residual Risk Register (See WI159 - Residual Risk Register Work Instruction). To produce a Design Risk 

Assessment, the producer shall follow the following steps:   

1. Using the DRA Template (See F228 – DRA Template). Please complete the front sheet with relevant 

project specific information.  

 
  

2. Read through the instructions stated on the relevant tabs.   

  

3. Work through each of the sections answering each question appropriately ‘Comply’, ‘Not Comply’ or 

‘Not Applicable’ and then add a supporting comment, if necessary, in the relevant sections.  
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16  WI159 - Residual Risk Register Work Instruction  

  

WI159 - Residual Risk Register Work Instruction  

  

  

Document Number:  WI159  

Process Owner    

Description:  Residual Risk Register Work Instruction   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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1,  Description  
A ‘Residual Risk’ is the amount of risk or danger associated with an action or event remaining 

after natural or inherent risks have been reduced by risk controls.   

  

Upon completion of a Design Risk Assessment (See WI158 - Design Risk Assessment Work  

Instruction), any remaining risks that have been identified must be recorded in the ‘F230 - 

Residual Risk Register Template’.          A ‘F230 - Residual Risk Register Template’ is required 

to comply with the requirements of the Construction (Design Management Regulations 2007).   

To produce a ‘F230 - Residual Risk Register Template’, the producer shall follow the following 

steps:   

1. Populate the front sheet with the required information, Document Number, Revision Date, 

Producer name etc.   

  

2. Populate the Introduction section with the project title and provide a brief description of 

the equipment.   

  

3. Populate each of the required fields shown below, this information should be taken from 

the Design Risk Assessment.  
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17  WI160 – Introduction to Toll Gates  

WI160 - Introduction to Toll Gates  

  

  

Document Number:  WI160  

Process Owner    

Description:  Introduction to Toll Gates   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Quality Manager:        
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1,  Description  
The Tollgate procedure is detailed in ‘P10 - Design Procedure’. To avoid duplication and 

potential error this source document should be read to understand this procedure.  

  

The “SOP10 - Design Procedure” is saved in:  

Vault:\Project Explorer\Designs\1.Procedures\SOP10 – Design Procedure  

  

&  

  

V:\Iso9000 2000\OPERATING PROCEDURES_____________@@@@\New BMS 

Procedures\P11 Product Realisation\P11_Product  
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18  WI161 – Introduction to Emails  

  

WI161 - Introduction to Emails  

  

  

Document Number:  WI161  

Process Owner    

Description:  Introduction to Emails   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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1,  Description  
The use of emails is an effective way to communicate with customers, suppliers and colleagues 

as it acts as a piece of evidence to clarify what was and wasn’t said between two individuals. 

When communicating through emails it’s important to populate the subject area to the following 

format:  

  

By following the format outlined above, a substantial amount of time can be saved for the 

recipient when reading the email as it clearly identifies the project, task and purpose for the 

email. Furthermore, conforming to this format is beneficial for traceability and filing.  

  

Note: When sending emails consideration should be given to the recipients of the email, are all 

the relevant parties involved? Is the content of the email relevant to all parties?   
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19  WI162 – Introduction to the Front Sheet  
  

  

WI162 - Introduction to Front Sheet  

  

  

Document Number:  WI162  

Process Owner    

Description:  Introduction to Front Sheets   

  

  

  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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1,  Description  
All projects require a ‘F231 - Front Sheet Template’, this work instruction details how to create 

a ‘F231 - Front Sheet Template’. The ‘F231 - Front Sheet Template’ acts as a point of reference 

for the engineering department to see what is yet to be issued and what has been issued and 

when. The ‘F231 - Front Sheet Template’ is stored within the document management system 

Vault inside the relevant contract folder.  

To create a front sheet inside Vault the following steps must be followed:  

1. In the project explorer select ‘Designs’, right click ‘F231 - Front Sheet Template.xls’ 

before selecting ‘Copy Design’ as displayed below.  

 

  

  

  

  

  

  
2. Right click ‘F231 - Front Sheet Template.xls’ and select ‘Copy To…’ before proceeding to store it in 

the relevant Project location inside Vault as shown below.  
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3. Proceed to remove the ‘Prefix’ automatically generated by Vault and enter an appropriate ‘Base Name’. 

The standard format ‘Base Name’ for a Front Sheet is ‘CONTRACT NUMBER-400’.  
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4. Select ‘Execute Copy’ as illustrated below. This excel sheet will now be accessible within the location 

previously selected inside Vault.  

  

  
5. Open the Excel file created upon completion of the previous steps, the sheet should be populated in a 

similar manner to what’s shown below. The front sheet should be populated in accordance with the 

MIKA sheet created by the sales department, (See WI157 - Introduction to Sales Cost Sheet (SCS) 

MIKA). The Front Sheet should be updated as and when sections of the project are issued.  
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P a g e  | 351 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 351 of 536  
  

2,  Tollgates  
The front sheet template has a tab that include the deliverables for each of the tollgates. Some of 

the tollgate deliverables are internal documents for Engineering only and some are to be 

included as deliverables for the business tollgates. This is clearly shown on Tab 2 of the 

template.  

  

 

All documents created should be saved within Vault under the contract file. Additionally, it is 

the responsibility of the Lead Engineer on the contract to ensure that the relevant documents are 

generated and saved as required for each of the tollgates.   
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3,  Document Register  

The front sheet contains a document register that should be adhered to, and all documents 

created must be added to this register. Each machine section has a tab, and each tab should be 

populated with the relevant documents for that section including, calculations, General 

Arrangement drawings etc (See WI205 – Document Naming and Numbering Convention Work 

Instruction)  
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20  WI163 – Introduction to Timesheets  
  

  

WI163 - Introduction to Timesheets  

  

  

Document Number:  WI163  

Process Owner    

Description:  Introduction to Timesheets  
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Process Owner:        

Quality Manager:        
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1,  Description  
Timesheets are maintained in the engineering department to record the hours and projects each 

employee has worked on throughout the month. The primary function of timesheets from an 

engineering perspective is to enable the sales and projects departments to revisit past data with 

the aim of being able to accurately cost and plan future projects, thus it’s important to input data 

as accurately as possible.  

  

The following excel spreadsheet is available to assist in recording timesheet data for the working 

month prior to entering onto Visibility. This template is circulated by the accounts department 

annually.   
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To record your data inside Visibility the following steps must be followed:  

1. Upon logging into visibility select ‘Menu’ at the top of the page as shown below.  

  

2. Navigate the menu as displayed below before selecting ‘Timesheet’.  

  

3. Before adding an entry to the timesheet, first select the appropriate ‘Work Week’ as 

displayed below.  
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4. To add an entry to the timesheet, select the plus on the left-hand side of the screen as shown 

below.  

 

  

5. Upon adding an entry to the time sheet, you should select a specific ‘Date’ for that working 

week as demonstrated below.  
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6. Select a charge type as displayed below. Engineering have one of two options for this drop 

down menu, those being ‘Project’ or ‘Department Overhead’. ‘Project’ should be selected 

when the task you have been working on is for a specific contract that is ‘active’. 

‘Department Overhead’ should be selected for instances such as training/university, 

holiday, sick, meetings/administration, etc.  

 

7. The next step is to enter the ‘Charge #’ as shown below. If ‘Project’ was selected in the 

previous step proceed to enter the allocated contract number. If ‘Department Overhead’ 

has been selected in the  previous step, choose the appropriate code from the following 5 

codes:   

  

• S093 – Training/University  

• S094 –Holiday  

• S095 – Sick  

• S096 – Meetings/Administration  
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Note: If ‘Department Overhead’ was selected at step 6 the next step isn’t necessary.  

8. The next step is to enter the ‘Operation #’ as shown below. This code identifies specific 

task / section of the project work has been carried out for. For example, ‘402A’ refers to 

the head assembly.   

  

Note: The code enter should NOT contain any hyphens i.e. 402-A. If the code entered 

prompts the following window it symbolises that an ‘Operation #’ hasn’t been created for 

that task / section. If this is the case then contact the relevant person in the Accounts 

department with a request for the task / section to be created, with approval of your line 

manager and request for them to create the required ‘Operation #’.   
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Note: ‘Operation #’ can be selected from various ‘Operation #’ created for that specific 

‘Charge #’ generated by accounts. To do this click the magnifying glass within the 

‘Charge #’ field as shown below which will prompt the following window. It’s important 

to note that each ‘Operation #’ will have several occurrences due to the various cost types 

throughout the business. Within the Engineering department the designated cost type is 

‘05’ and thus this occurrence should be selected.   
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9. Enter the ‘Hours’ worked on that job as shown below. The time spent on the job can be 

recorded to the nearest 15-minute interval which is represented by 0.25.  

 

 

 

 

 

10. The penultimate step is optional but is of particular use when using generic ‘Charge #’ such 

as S093, S096 and S098 which can be ambiguous and may require further details. The 

comments section can be used to briefly describe what tasks have been undertaken e.g. 

working on contracts deemed ‘closed’ to assist the service department.  
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11. Upon completion of the previous steps and all the required fields have been populated, save 

the entry as demonstrated below.  

 

  

12. Repeat the steps outlined above for all required entries for the month.   

13. Upon completion of the monthly timesheet, the time sheets will be approved by the line 

manager and issued to the Accounts Department. Whilst this process is taking place it’s 

important NOT to post any further entries into the timesheet for the upcoming month until 

instructed to do so by the Accounts Department via an email.  
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1,  Inventor  

1.1,  Initial Settings & Display Settings 

1. Navigate to “File > Options”. 

  
  

  

2. On the ‘General’ tab change the username to your initials and click apply.  
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3. Navigate to the ‘Display’ tab and select the ‘Use application settings’ option. 

  
  

  

4. Click ‘Settings…’ and select ‘Shaded with edges’ from the drop down menu in the new 

window.  
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5. Select ‘OK’ on both open windows.  
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1.2,  Setting a Project Folder  
  

1. Select the ‘Projects’ button. 

  
  

  

2. Select the ‘Browse’ option.  

  

  

  

  

 

  

  

  

3. Navigate to “This PC > OS (C:) > $Vault” and select and open the ‘company.ipj’ file.  
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4. Ensure that the tick is next to the newly added project file and select done.  
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2,  AutoCAD  

2.1,  Adding the Vault Tab to the Ribbon  
1. In an open drawing file type ‘CUILOAD’ and press enter.  

  

  

  

2. Select ‘Browse’.  
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3. Select the ‘VaAc.cuix’ file and press open.  

                 

4. Select ‘Load’, if this is successful the work ‘Vault’ will appear in the upper box. Close the 

window.  

  

5. The ‘Vault’ tab should now have appeared in the ribbon. 
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2.2,  Setting the Template files location  
1. Open a new file.  

  

2. Navigate to “File > Options”. 

   

3. On the ‘Files’ tab navigate to “Template Settings > Drawing Template File Location” and 

double click on the file path.  

  

  

   



P a g e  | 375 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 375 of 536  
  

4. Next navigate to “Inventor (\\TAV25) (I:) > Inventor > Templates > AutoCAD” and 

select ‘OK’ whilst this folder is highlighted.   

  

5. Select ‘OK’ to close the options window. 
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22  WI165 – Working with Vault and Inventor  
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1,  Description  

1.1,  Introduction to Vault  
Autodesk Vault is the document management software used at the company. The documents 

stored in the Vault are held under revision control and the system records when documents have 

been modified throughout their life cycle to ensure full traceability of any changes made to the 

files. The system also ensures that there are no duplicate file names meaning that drawing 

numbers should remain unique. All file types can be stored inside the Vault system and have the 

revision control applied.   

Whilst the Vault system can work with all file types, the interaction between these files and the 

Vault system is limited with non-cad files along with cad files that are not native to Autodesk 

software (e.g. Catia, Solidworks, etc.). For these files the Vault system works in a similar way to 

windows explorer with that additional feature of revision control. For native Autodesk files the 

Vault system will ensure that links are maintained upon returning files to Vault by ensuring the 

files are checked in through the appropriate software package.  

1.2,  Introduction to Inventor  
Autodesk Inventor is a 3D parametric modelling software package and is the primary design 

software package used at the company. The software is used to create 3D models of components 

from which 2D drawings are created which will then be used to manufacture the parts. The 

software is also used for the creation of assemblies and G.A drawings. Inventor also contains 

tools which allow for stress analysis, interference analysis, tube and pipe run creation, frame 

generator (allows placement of standard sections to a skeleton) and content center which 

contains a store of standard components (e.g. fasteners, pipe fittings)  
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1.3,  Working Inside Vault  
1.3.1, Logging into Vault  

Upon opening the Vault software, a log in window will appear. In this window you will fill in your username 

and password. In addition to this ensure that the Server and Vault are entered correctly as displayed in Figure 

7.  

 

  

When you log into Vault for the first time you will be greeted with a pop-up message as displayed in Figure 8. 

This message indicates where on your local drive files will be stored when they are brought down from the 

Vault server.  

 

  

1.3.2, Finding Files inside Vault  

Once you have logged in you will enter the Vault at the ‘Project Explorer ($)’ level which is the 

top level of the Vault folder structure. From this level you can navigate through the folder 

structure to the desired contract folder. The path to get to the contract folder varies for TS and 

AWS projects detailed below.  

  

• TS Project - ‘Project Explorer ($)\Designs\TS\CONTRACTS\######’  
• AWS Project - ‘Project Explorer ($)\Designs\AWS\CONTRACTS\######’  

From this location you can navigate to the desired file.  
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An alternative way of finding the correct file is by searching for it. The search bar is located at the top right of 

the main view (see Figure 9).  

 
Into this bar you can enter the desired filename or parts of the filename if the full name is not known. This 

search function will search through all properties associated with a file. If you wish to narrow the search to 

only interrogate specific properties, select the double down arrow located to the right of the search bar (see 

Figure 10).  

This opens further options for the search tool (see Figure 11). In these options you can search specific 

properties such as the Title, who created it, if it is checked out, etc.  

  

 

1.3.3, Adding Files into the Vault  

In order to add new files into the Vault they must first be created outside the Vault system. It is important that 

any files created are saved in the correct location – the corresponding local folder to the desired place in Vault. 

For example, if the file needs to be placed in the ‘TFW5’ contract folder inside the Vault then the file should 

be saved in the following location, ‘C:\$Vault\Designs\TFW\CONTRACTS\TFW5’.   

 
For native CAD files the parts must then be checked in through the software (see section below). However, for 

non-native CAD files and non-CAD files they will be added to the Vault differently. These files are added by 
the drag and drop method. Navigate to the desired destination folder in the Vault browser and navigate to the 
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file in windows explorer. Then drag the desired file into the Vault. Once this is done an add files pop up 

window will appear (Figure 12). Select ‘ok’ and the file will be added  

 
into Vault.  

  

1.3.4, Creating Files Inside Vault  

Whilst many files are created outside and then added into the Vault, there is one method of using the Vault to 

create new files. This is by using the copy design process. The first step is to find the file that you wish to 

copy. This can be any form of file inside the Vault. If an assembly file is selected, then all  

 
the part files inside the assembly can also be copied at the same time. Once you have navigated to the file, 

right click and select copy design from the right click menu (Figure 13).   
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This will bring up the copy design window. In the window select the files that you want to copy and right click 

and select ‘copy to’ (Figure 14). Alternatively, you can select ‘copy branch to’ which will select all items at 

lower levels in the tree.  

 
Then select the destination folder of your new files (Figure 15).   

 
The files that will be copied will now be emboldened in the main panel (Figure 16).  

Rename the new files in the numbering panel (Figure 17). You can change the base names individually or you 

can do a find and replace, which can be found by right clicking in the numbering panel, whichever is 

preferable.  

   

 
 



P a g e  | 384 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 384 of 536  
  

 
The main panel will now show the new name of the file. Check this to ensure it is correct. If there are any 

parts which have been selected to copy and do not need copying, right click on the parts in the main panel and 

select reuse (Figure 18).   

 
Once you have checked the parts and ensured that they are correct you can then execute the copy. To do this 

select the execute copy button at the top of the copy design window (Figure 19). If there are any drawings 

associated with the models, then these will also be copied and given the same filename as the model file.   
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Your new files will now be in the selected Vault location.  

1.3.5, Editing/Viewing File in Vault  

Navigate to the desired file as in section 0. You can then open the desired file by either double clicking the file 

or right clicking on the file and selecting open from the right click menu. If this file is not issued a pop-up 

window will appear asking if you want to check out the file (Figure 20).  

If you are opening the file for viewing purposes only select ‘No’, if you need to edit the file select ‘yes’.  

 
If you have checked the file out, you must check the file back in to Vault once you have finished editing it. 

When checking in Autodesk CAD data it must be done through the associated software package (see section 

1.4). If the file in question is non-native CAD or non-CAD data, then the file will be checked in through the 

Vault browser. This is done by right clicking on the file and selecting check-in from the right click menu 

(Figure 21).   

 

 



P a g e  | 386 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 386 of 536  
  

 

Figure 21: Vault File Right Click Menu  

A popup window (Figure 22) will then appear showing the file which will be checked in. You can select the 

‘delete working copies’ option which will remove any copies of the file from your ‘C’ drive, this will allow 

you to ensure that the storage space on the drive does not get too full. Once the settings are  

 
complete select ok and the file will be checked into Vault.  

If you have checked out a file and edited it but you do not wish to save the changes to the file you can select 

the ‘undo check out’ option. This will also have a pop-up window similar to the check in option. If this option 

is selected the file will revert to the state it was in prior to your modifications.  

Once you have finished modelling and drawing the files will then be sent through the issuing process. See 

company Procedure ‘SOP068 - Issuing Documents - Vault’.  
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1.4, Working Inside Inventor  
1.4.1, Logging into Vault Inside Inventor  

Open the Inventor software and navigate to the ‘Vault’ tab in the ribbon. Then select ‘Log In’ (Figure 23).  

 
A log in window will then appear. In this window you will fill in your username and password. In addition to 

this ensure that the Server and Vault are entered correctly as displayed in Figure 24.  

 
Select ‘ok’ and you will now be logged into Vault inside Inventor.  
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1.4.2, Creating Files Inside Inventor  

Any new CAD files (models or drawings) will be created through the CAD software. To do this inside 

Inventor, for either model or drawing, select ‘file’ then ‘new’ (Figure 25).   

 
Once new is selected a pop-up window will appear allowing you to select a template file. Ensure that you 

select a template from the inventor folder as shown in Figure 26.  
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Once you have selected a template select ‘create’ and a new file will be opened. A pop-up window will appear 

in which you must fill in the relevant information for the file (Figure 27). This includes the Title, Material and 

Treatment. You will not be able to fill in the part number in this window, this will be completed in the next 

step. Once the relevant information is inputted, select ‘update’ and then ‘done’.  

 
The next step is to save the file. Navigate to file then save. A pop-up window will appear (Figure 28). In this 

window input the part number of the file to be created and select ‘ok’.  

 
Next navigate to the correct destination folder in your local workspace in the save window (). The destination 

path will begin with the following ‘C:\$Vault\Designs\.......’ once the folder is correct, check that the file name 

is as desired and select ‘save’.  
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1.4.2.1, Inventor File Types  

Inventor can be used to create various different files depending upon the components which will be created. 

For certain types of components specific files must be used. The list below details the different files.  

• Sheet Metal Components (e.g. covers) – Sheet Metal IPT File  

• Fabrications – Weldment IAM Flie  
• Standard Sections (e.g. box section) Fabrication – Frame Generator – Weldment IAM File  

1.4.2.1.1, Sheet Metal IPT File  

To enter the sheet metal environment, create a new IPT file and navigate to the environments tab on the 

ribbon. From here select convert to sheet metal (Figure 30).  

 
When in the sheet metal environment select the ‘sheet metal defaults’ button to set the material thickness. This 

will bring up a pop-up window (Figure 31). In this window you can set both the thickness and the rule used to 

add in the excess bend material when creating a flat pattern.  

 

You can then begin sketches and create the part file. For further details on sheet metal refer to the inventor 

help pages or request further training.  

  

1.4.2.1.2, Weldment IAM File  

A weldment file can be selected from the template selection window when creating a new part (see Figure 26 

in section 0). In this file type individual plates are modelled using standard part files in their pre-fabrication 
condition, assembled together inside the weldment, welded and then machined. This allows for the easy 

creation of a cutting list. The individual plates will be named as the weldment part number followed by –A, -
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B, -C, etc. (e.g. TFW5-05-C001-A). For further details on weldments refer to the inventor help pages or 

request further training.  

1.4.2.1.3, Frame Generator  

Some weldments will require the use of frame generator to input forms of standard sections. The first step to 

using frame generator is to create a part file which contains a skeleton, this is a series of lines onto which the 

sections will be added. The skeleton file should be saved as the part number followed by –SKELETON. (e.g. 

TFW5-05-C001-SKELETON). This skeleton file will then be placed inside a weldment.   

Frame generator is accessible from the design tab inside a weldment file (Figure 32).   

 
The frame generator window will appear, select the desired section, and select the lines of the skeleton on 

which you will place the section. Then select OK. If this is the first insertion of frame parts in the assembly 

file, then you will be asked to save the frame and the automatically generated reference file associated with it. 

For the frame save it as the part number followed by –Frame 00001 and for the skeleton save the part number 

followed by –Skeleton 00001 (Figure 34).  

 
Select ‘ok’ and a new window will appear (Figure 33). The file path will be the same as the original part with 

some additional folders, one will be the part number and the second will be entitled ‘frame’ if this is the case 

select ‘ok’.  

  
You will next have to save the members of the box section. These will be saved as follows – part number 

followed by the standard and size of the box section, followed by 00001, 00002, etc. This can be seen in 

Figure 35.  
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Once you have selected ‘ok’ another window will appear (Figure 36). Modify the display names to match that 

of the file name and ensure that it is saving in the same location as the 2 previous files.  

 
Once this is done select ‘ok’ and the frame members will be inside the weldment. Save the weldment file and 

the frame will also be saved. For further details on frame generator refer to the inventor help pages or request 

further training.  

1.4.3, Adding Files to the Vault from Inventor  

Once you have finished modifying a file it must be placed into vault, whether for the first time or to return the 

file that is being modified. This process is called checking in. To check a file into vault you must first ensure 

that it has been saved. Then select check in from the vault tab in the ribbon (Figure 37). The select ‘ok from 

the pop-up window.  
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23  WI166 – Introduction to Engineering Change Log  
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1,   Description  
The engineering change log is a tool used to record any problems on projects that have been 

built or are being built that weren’t corrected at that instance through the undertaking of a 

modification. The engineering change log is a useful source of information to refer to when 

producing new designs as it’s often the case that existing designs are copied over from job to 

job.   

By using this tool not only can improvements be incorporated within any new design, but it also 

prevents past errors being carried over from job to job. The excel sheet is accessible via the file 

path W:\Engineering Change Log and is called ‘Engineering Change Log.xlsx’. Upon opening 

the excel file you will be prompted to enter a password. The password to enable access to the 

engineering change log is ‘CHANGELOG’.  

  

The engineering change log can be used for two purposes, the first being to record any issues 

encountered that won’t be corrected at that instance.   

To record an issue, populate columns ‘Date’, ‘Contract’, ‘Drawing Number’, ‘Issue’, ‘Request 

Number’, ‘Comment/Action Requested’, ‘Drawing or Image’ and ‘Raised by’ with the 

appropriate data as demonstrated below.  

  

The second purpose of the engineering change log is to document a response to the 

‘Comment/Action Requested’ raised. When responding to a ‘Comment/Action Requested’ it’s 

important to be as descriptive as possible through populating the ‘Engineering Response’, 

‘Drawing Number’, ‘Issue’, ‘Action Taken’, ‘Requested for Change Number’, ‘Actioned By’, 

‘Signed Off’ and ‘Date’. Upon responding to a ‘Comment/Action Requested’ its good practise to 

highlight the associated columns to signify precautions have been to taken to prevent the same 

issues arising on future contracts as demonstrated below.  
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Upon completion of the change log it’s important to save any changes and close the spreadsheet 

promptly. This is because the engineering change log works in such a way that once someone 

has it open all other employees are only able to view it in a read only format and are unable to 

edit the spread sheet as shown below.  
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24  WI167 – Introduction to Change Requests  
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1,  Description  
A change request must be completed at each occurrence of a part being modified, added or 

removed from a bill of material (BOM). Multiple occurrences of parts being modified, added or 

removed can be captured on a single change request across multiple machine sections but they 

must all be associated with a specific contract number.  

Change requests are stored under revision control inside the document management system 

Vault.  

To create a change request inside Vault the following steps must be followed:  

1. In the project explorer select ‘Designs’, right click ‘F246 – Change Sheet Template.xls’ 

before selecting ‘Copy Design’ as displayed below.  
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2. Right click ‘CHANGE_REQUEST.xls’ and select ‘Copy To…’ before proceeding to store 

it in the relevant location inside Vault as shown below.  
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3. Select ‘Change Sheet’ as displayed below.  

 

  

4. Select the excel sheet on the left hand side of the page and drag and drop it into the area 

shown below.  
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5. Select ‘Execute Copy’ as shown below which will automatically generate an excel sheet 

number along the lines of ####. This excel sheet can be found within the location 

previously selected inside Vault.  

  

6. When opening the change request, the excel sheet shown below will appear which should 

be populated in accordance with the following steps.   
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7. Enter your name and the intended issue date of the change request in the bottom left corner 

of the excel sheet.  

 

8. Write a brief overview which justifies your reason for change in the box located at the top 

of the excel sheet as shown below.  

 

9. Enter the ‘CONTRACT No.’ you’re modifying as illustrated below.  

 
  

10. Enter the ‘SECTION’ of the machine you’re modifying or adding as displayed.  
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11. Entre the ‘BOM REF No.’ and associated ‘DWG No./COMPONENT PART No.’ you wish 

to modify, add or remove.  

Note: If it’s the first issue of a project ‘SECTION’ then you DO NOT need to specify each 

individual ‘BOM REF No.’ & ‘DWG No./COMPONENT PART No.’ comprised on that BOM.  

  

 

  

12. Select from the drop down menu whether the items you have recorded are being modified 

i.e.  

a change in revision, added i.e. first issue or removed from the BOM.  
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13. Enter the ‘PREV REV No.’ & ‘NEW REV No.’ of each item you have recorded within the 

excel sheet. Note: If you’re adding a part the ‘PREV REV No.’ should read ‘N/A’ as there 

isn’t a previous revision of newly issued parts. If you’re removing a part the same principles 

apply but the ‘NEW REV No.’ will read ‘N/A’.  

 

14. The ‘MODIFY FROM EXISTING DWG OR PART No.’ column is rarely used but relates 

to modifying an existing ‘DWG No./COMPONENT PART No.’ which was manufactured 

but not used on a previous contract to create a new part number for the desired contract.  

 

  

15. Enter the ‘PREV QTY.’ & ‘NEW QTY’ of each item you have recorded within the excel 

sheet. Note if you’re adding a ‘DWG No./COMPONENT PART No.’ that wasn’t 

previously on the BOM the ‘PREV REV No.’ should read ‘N/A’ as there isn’t an existing 

quantity of that ‘DWG No./COMPONENT PART No.’. If you’re removing a ‘DWG 

No./COMPONENT PART No.’ from the BOM completely the same principles apply but 

the ‘NEW REV No.’ will read ‘N/A’. If you’re modifying an item comprised within the 

excel sheet it’s likely that the quantity will remain the same, if this is the case the figure 

entered into ‘NEW QTY’ box should match that within the ‘PREV QTY’ box.  
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16. The ‘COMMENTS’ column isn’t compulsory to complete but can be a useful tool to 

highlight important information regarding that particular part. An example of effectively 

using the ‘COMMENTS’ column could be “No action required, modification undertaken 

on shop floor”. This would prevent a duplication of work as the purchasing/production 

department wouldn’t proceed to organise work that’s already been undertaken.  

 

  

17. To complete the change request the final step requires a ‘MOD REASON’ letter to be 

entered for all ‘DWG No./COMPONENT PART No.’. There are 5 letters to choose from 

in a drop down menu as displayed below. The only time this box should be left empty is 

when you’re issuing parts for the first time, otherwise the letter deemed the most 

appropriate should be entered. It’s important when selecting a letter to fill in the ‘MOD 

REASON’ column that you’re honest as they act as a Key Performance Indicator (KPI) for 

the business.  
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18. Once you have completed filling in your change request it’s important to set the revision 

of the file to an issued state inside Vault. This will prevent anyone from being able to edit 

the file without releasing it to an initial state. In addition, you should create a PDF of the 

change request and save it under a file path similar to Y:\Contracts\T##### - Friction 

Welding Machine Test\14.0 DRAWING_SYSTEM\14.4 CHANGE_REQUESTS 

replacing the highlighted text with the associated contract folder. The filename of the PDF 

should match that of the change request i.e. ####.  

  

19. All part drawings enlisted within the change request which have been modified should have 

their title block populated with the change request number in the ‘MOD No’ column prior 

to any drawings being issued.  

  

The changes recorded in the change request should then be replicated inside Visibility in order to 

generate the associated BOM’s.  
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25  WI168 – Introduction to Purchase Requisitions  
  

WI168 - Introduction to Purchase Requisitions  
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  Print Name  Sign  Date  

Originator:        

Reviewed By:        

Process Owner:        

Process Owner:        

Process Owner:        

Quality Manager:        
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1,  Description  
A purchase requisition is one of three formal methods of getting a part ordered by the purchasing 

department.   

Purchase requisitions should be used in an instance when modifying the ‘Company – Indented 

Bill of Material’ would make it incorrect for future reference. A prime example of using a 

purchase requisition is when a brought-out item has been accidently damaged during the 

machine build or lost. In this situation increasing the quantity of the required item on the 

‘Company – Indented Bill of Material’ would make it incorrect for future reference i.e. if the 

sub-assembly was manufactured again there would be a spare item that isn’t required.   

Purchase requisitions SHOULDN’T be used in an exercise to avoid undertaking a change 

request. To get a purchase requisition raised an email will need to be sent to an authorised 

individual.   

The information that should be included is as follows:  

1) Visibility part number (If there is one).  

2) Part description.  

3) Cost if known - This can be given in the form of a quote or email from the supplier.  

4) Quantity.   

5) The project code to book it against i.e. K05778-4100.  

6) Specified delivery date if required.  

  

Once the email has been sent, the authorised individual will then take ownership of processing 

the request. After which they will then inform the purchasing department in order to get the 

desired item on order.   
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26  WI203 – Introduction to Lifting Plans  
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1,  Description  
A Lifting Plan document outlines the process and equipment required to lift a specific piece of 

equipment or assembly.  

Regulation 8(2) of LOLER defines a lifting operation as 'an operation concerned with the lifting 

or lowering of a load'. A ‘load’ is the items being lifted, which includes a person or people.  

In planning any lifting operation, the identification and assessment of risk is key to identifying 

the most appropriate equipment and method for the job.  

Lifting operations range from:  

• Routine Lifts - where minimal on-the-job planning by trained, competent people may be 

all that is needed to manage risk.   

• Complex Lifts - which require detailed planning / records, with expert input, monitoring 

and supervision - undertaken by specially trained personnel. The complexity of the plan 

and the extent of the resources used to manage risk must reflect the complexity and 

difficulty of the lifting operation.  

The planning of individual routine lifting operations may be the responsibility of those who 

carry them out (eg a slinger or crane operator). But for much more complex lifting operations 

(eg a tandem lift using multiple cranes), a written plan should be developed by a person with 

significant and specific competencies - adequate training, knowledge, skills and expertise - 

suitable for the level of the task.  

  

The plan should set out clearly the actions involved at each step of the operation and identify the 

responsibilities of those involved. The degree of planning and complexity of the plan will vary 

and should be proportionate to the foreseeable risks involved in the work.  
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2,  Process  
Complete each of the sections within the template providing the relevant information.  

Introduction:   

  

Provide a brief introduction specifying the project name and description of equipment as 

prompted.   

  

Example:   

 
  

Summary Details -  Size of 

Major Components:   

Specify the overall dimensions of each major component which will be lifted with 

associated part number.  Example:  
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Weight of Major Components:  

State the weight of the load  

Example:  

  

 
  

Access Opening Size:  

Specify the access route and any apertures that the load must pass through.  

Example:  

 

Equipment Required:  

Specify all equipment required, such as Versa-lifts, Building Overhead Travelling Cranes, 

Slings, Shackles, etc.  

 3,  Method  

  

Method  -  

Pre-Requisites:   

Specify any prerequisites that must be undertaken/completed before any lifting operations can be 

undertaken.  Example:  

3.1,   Prerequisites:  

• An industrial risk assessment has been carried out and has been read, understood, and 

signed on to by the operatives.  

• All operatives involved in the work will be briefed by the task supervisor on this lifting 

plan and associated risk assessment prior to commencement and will sign the attached 

register to indicate their understanding of the contents.  

• Ensure that all personnel are SQEP to carry out their designated duties.  

• Work shall not start until the method statement and risk assessment have been approved 

and relevant permits to work have been issued.  

• Confirm test certificates are valid for all lifting equipment.  
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• Ensure the work area is free of hazards and that all obstacles are clearly identified in task 

risk assessment.  

• Confirm all anchor bolts have been removed.  

• Confirm all services have been disconnected.  

• Confirm all components on the assembly have been secured for transport.  

 Risk Mitigation:  

Identify any risk mitigation methods which must be adhered to.  

Example:  

  
 

Method:   

List the steps required to be undertake the lifting operation. Identify any hold point or key points 

required. Example:  
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References:   

List any references such as GA Drawings, Part Drawings, Regulations or Manufacturer’s 

Instructions etc.  Example:  

  

   

Lifting Drawing:  

  

If it is required a suitable lifting drawing shall be produced demonstrating the method required 

for lifting the component / assembly being lifted.   
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27 WI205 – Document Naming and Numbering Convention 

Work Instruction  
  

  

WI205– Document Naming and Numbering Convention 

Work Instruction  
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1,  Description  
All Technical and Engineering Documents shall be suitably named with a relevant title which 

reflects the content of the document or drawing, and unique document number assigned.   

The Technical and Engineering Documents shall be recorded on their relevant sections of the 

project specific F231 - Front Sheet Template and saved within the project location within Vault 

or the preagreed location where deemed necessary.    

The following numbering convention for Technical and Engineering Documents shall be 

adhered to:   

  

PROJECT-SECTION-100 to 199 – Documentation (Example: Calculations, Lifting Plans & 

Leak Test Procedures).  

PROJECT SECTION-200 to 299 General Assembly Drawings.  

PROJECT SECTION-300 to 499 – Detail / Manufacturing Drawings.  

  

Note:   

• Section specific Technical and Engineering Documents such as drawings and calculations 

these shall be produced and stored under their relevant section number.   

• Overarching Project Technical and Engineering Documents such as specification shall be 

produced and stored under 450A – Project Support.  

For Project related documentation utilising the company Form Templates such as F239 - 

Meeting Minutes, F234 - Engineering Discussion, F223 - New Sales Enquiry Hours, etc the 

following numbering convention shall be adhered to:  

  

PROJECT – FORM NUMBER – TITLE (OR REVIEW TOPIC) - DATE  
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28  WI242 – Introduction to Shop Floor Document 

Package  
  

WI242 - Introduction to Shop Floor Document  

Package  
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1,  Description  
The shop floor document package is a company requirement which should be produced upon the 

project being issued to the shop floor. The shop floor document package consists of all general 

assembly drawings (GA’s). An A2 hard copy of each drawing should be printed, folded, put in 

an A3 plastic wallet, and compiled in an A3 folder. This folder should then be given to the 

Production Manager. It is the responsibility of the Production Manager to then issue this folder 

to the shop floor.  
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29 WI266 – Initial Standard Modules Development Work 

Instruction  
  

WI266 - Initial Standard Modules Development Work  
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1,  Description  
The following work instruction aims to instruct personnel on how to develop a standard modular 

design for an existing product type. When considering a legacy product type, several steps 

should be taken to ensure that the achieved specification covers an appropriate range without 

being excessive. The steps detailed below have also been proven by developing a modular 

product for previous products, so the process is established.     

  

  

2,  Develop a design specification  

  

The first step in developing the new modular standard machine type is to create a specification 

for the product. A specification contains a product description and serves as a guideline for the 

design engineers to ensure the final product meets the desired objectives. For this document to 

be generated, the engineer must plan what machine sections or modules are intended to be the 

basis of the new machine type.   

  

  

3,  Selection of modules  

  

Table 1 below shows the selection process that should be undertaken. Firstly, a list of all the 

machines sold was compiled. This data is sourced from the company’s machine list, a Microsoft 

Excel list showing all machines sold, the size of the machine, the component types and the data 

of sale. This Excel document has filters applied that enable a 10-year period to be filtered out, as 

well as the machine type. This ten-year period was used in this example, but it may be different 

depending on the product selected and the duration that it has been manufactured.  
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Table 1, Machine Module Selection Process  

STEP  ACTION  

1  List all Piston Rod (PR) and Drill Pipe (DP) machines sold in the last 10 years.   

2  List all modules used for each machine.  

3  List all General arrangements used for each module.  

4  List the specifications for each module.  

5  Identify duplicate GA's and remove them.  

6  Identify special 1-off modules and remove them.  

7  Identify the GA as the master design for each module.  

8  Model the selected Modules to the new drawing office standard.  

9  Detail the module to BS 8888.  

10  

Check that the modules fit together and update the model and drawings as 

required.  

  

Once the machine list had been generated, the modules or Bills of Materials (BOMs) that make 

up each machine specific to the customer's order are listed. This data can be sourced from the 

company’s ERP System. Once the modules used for each machine have been listed, the General 

Arrangement (GA) drawings are listed for each module.   

  

The next step is to list the specifications for each GA. This stage is necessary as adding this data 
will ensure that the machine can achieve the broadest specifications whilst still serving as a 
guideline for the design engineers to ensure the final product meets the desired objectives. 
Selecting the modules that have the best performance will ensure this is the case. An example is 
the Clamp assembly for the Piston Rod machine; the largest component this can hold could be 
ø140mm or a diameter of ø160mm. Going for the larger diameter will ensure that the largest 
range of components possible can be welded on the machine. However, consideration needed 
to be given to ensure that the other modules on the machine can also achieve this larger diameter. 
Not checking that all the relevant modules can achieve this larger diameter can result in additional 
unnecessary costs being incorporated into the machine. This assumption, being based on a 
larger part that can’t function at this larger size, contains more material and, therefore, costs more 
to manufacture.  
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Table 2, TFW3 - Machine Database  Comparison example 
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The next step is to identify which modules are considered specials and are therefore, not to be 

included in the standard machine options. The defining feature of these modules that identified 

them as special is that they had been used only once or twice in the 10-year period selected. 

Therefore, they are not considered standard options that will be regularly sold to customers. 

Although from the perspective of a percentage of machines sold, discarding modules that have 

been used twice may seem excessive. The driving factor for this is the requirement for 

standardisation of commonly used sections and cost reductions. All modules that can be 

incorporated into the base machine add cost to this machine, so the number of modules has to be 

reduced to the minimum while still achieving the customer's desired objectives. Once these have 

been removed, the GAs are selected, which will be the master design for each module.   
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30 F226 – Learning From Experience (LFE)  
The LFE template document should be read in conjunction with WI154 – Introduction to Learning From Experience (LFE).  
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31 F228 – DRAs Template  

The design risk assessment template should be read in conjunction with WI158 – Design Risk 

Assessment Work Instruction.  
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1   Introduction  

  

INTRODUCTION  

Adding protective measures to a design can increase costs and restrict the facility of use 

of the machine if added after a design has been finalized or the machinery itself has 

already been built. Changes to machinery are generally less expensive and more effective 

at the design stage, so it is advantageous to perform hazard risk assessment during 

machinery design.   

The hazard risk assessment (sometimes referred to as Design risk assessment) is 

performed once again when the design is finalized, when a prototype exists and after the 

machinery has been in use for a while. Apart from at the design stage, during 

construction and during commissioning, hazard risk assessment can also be performed 

during revision or modification of machinery or at any other time for the purpose of 

assessing existing machinery, e.g., in the case of mishaps or malfunctions. The 

effectiveness of implemented protective measures will need to be verified before the 

carrying out of further iterations (BSI, 2024).  

PREPARATION  

Hazard risk assessment is generally more thorough and effective when performed by a 

team. The size of a team varies according to the following: a) the risk assessment 

approach selected; b) the complexity of the machine; c) the process within which the 

machine is utilized; The team should bring together knowledge on different disciplines 

and a variety of experience and expertise. However, a team that is too large can lead to 

difficulty in remaining focused or reaching consensus. The composition of the team can 

vary during the risk assessment process according to the expertise required for a specific 

problem. A team leader, dedicated to the project, should be clearly identified, as the 

success of the risk assessment depends on his or her skills. However, it is not always 

practical to set up a team for risk assessment and it can be unnecessary for machinery 

where the hazards are well understood, and the risk is not high (BSI, 2024).  

  

METHOD (TOP DOWN)  

A top-down approach is one that takes as its starting point a checklist of potential 

consequences (e.g. cutting, crushing, hearing loss — see potential consequences in ISO 

14121-1:2007, Tables A.1 and A.2) and establishes what could cause harm (working 

back from the hazardous event, to the hazardous situation and thence the hazard itself). 

Every item in the checklist is applied to every phase of use of the machinery and every 

part/function and/or task in turn. One of the drawbacks of a top-down approach is the 

over reliance of the team on the checklist, which cannot be complete. An inexperienced 

team will not necessarily appreciate this. Therefore, checklists should not be interpreted 

as exhaustive, but should encourage creative thinking beyond the list (BSI, 2024).  

  

This form uses this top-down approach where the column marked Type or Group of 

Hazard lists the source of the hazard. Next the column marked Origin list the mode or 

behaviour of the machine that could result in a hazard. Next is the column marked 

Potential Consequences which lists kind of harm that could result from the hazard. Next 

is the column marked Machine Phase where the various machine uses are listed so as to 

differentiate those hazards that might arise from the machine being in operation, 
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maintenance, setting or transport. Finally, the column marked Specific Hazard 

Description is how the particular hazard applies to the machine under assessment.   

DEGREE OF POSSIBLE HARM (DPH)  

Choosing just one DPH to be considered is not always easy. The most severe can be very 

improbable and the most probable inconsequential, so that using either will lead to an 

inappropriate estimation of risk. For example, it is almost always credible that death will 

be the worst severity of harm: a simple cut can kill if it becomes septic or severs an 

artery; nevertheless, despite the probability of a cut being high, death is usually a remote 

probability. It can therefore be helpful to estimate the risk of a range of representative 

severities and use the one that gives the highest risk (BSI, 2024).   

FREQUENCY OF EXPOSURE  
The estimation of the exposure to the hazard under consideration (including long-term damage to health) requires 

analysis of, and shall account for, all modes of operation of the machinery and methods of working. In particular, 

the analysis shall account for the needs for access during loading/unloading, setting, teaching, process changeover 

or correction, cleaning, fault-finding, and maintenance. The risk estimation shall also take into account tasks, for 

which it is necessary to suspend protective measures.  
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1   Introduction  

  

POSSIBILITY OF AVOIDANCE  
Possibility of Avoidance is the possibility of avoiding or limiting harm. Consider, for example, whether the 

machine is to be operated by skilled or unskilled persons, how quickly a hazardous situation can lead to harm, and 

the awareness of risk by means of general information, direct observation or through warning signs, so as to 

determine the level of avoidance (BSI, 2024).  

RISK REDUCTION (MITIGATION)  
The objective of risk reduction can be achieved by the elimination of hazards, or by separately or simultaneously 

reducing each of the three elements that determine the associated risk:  
⎯ severity of harm from the hazard under consideration; ⎯ 

frequency of exposure to that hazard; ⎯ possibility of 

avoidance of the hazard.  
All protective measures intended for reaching this objective shall be applied in the following sequence, referred to 

as the three-step method:  

  
Step 1: Inherently safe design measures  
Inherently safe design measures eliminate hazards or reduce the associated risks by a suitable choice of design 

features of the machine itself and/or interaction between the exposed persons and the machine.  
  
Step 2: Safeguarding and/or complementary protective measures  
Taking into account the intended use and the reasonably foreseeable misuse, appropriately selected safeguarding 

and complementary protective measures can be used to reduce risk when it is not practicable to eliminate a 

hazard, or reduce its associated risk sufficiently, using inherently safe design measures.  

  
Step 3: Information for use  
Where risks remain despite inherently safe design measures, safeguarding and the adoption of complementary 

protective measures, the residual risks shall be identified in the information for use. The information for use shall 

include, but not be limited to, the following:  
⎯ operating procedures for the use of the machinery consistent with the expected ability of personnel who use the 

machinery or other persons who can be exposed to the hazards associated with the machinery;  
⎯ the recommended safe working practices for the use of the machinery and the related training requirements 

adequately described;  
⎯ sufficient information, including warning of residual risks for the different phases of the life of the machinery;  
⎯ the description of any recommended personal protective equipment, including detail as to its need as well as to 

training needed for its use. Information for use shall not be a substitute for the correct application of inherently 

safe design measures, safeguarding or complementary protective measures.    
HAZARD RISK NUMBER  
The Hazard Risk Number (HRN) is calculated automatically (SoI x FoE x PoA) and colour-coded (see Look-Up 

Table). In addition, the Calculator shows the corresponding Risk Level so that the user can decide if action is 

required. A risk is 'Negligible' if there is very little risk to health and safety; a risk is 'Low, significant' if hazards 

exist that require control measures; a risk is 'High' if there are potentially dangerous hazards that require control 

measures to be implemented urgently; and a risk is 'Unacceptable' if continued operation in this state is 

unacceptable.  
MITIGATION ACTION REQUIRED  
If action is required, it should be outlined in the first Action column. A further assessment must then be carried 

out to see the effect on the HRN and Risk Level of taking the action. If the Risk Level is still too high, additional 

action can be specified in the second Further Action Required column on the far righthand side, after which a 

confirmatory assessment should be carried out.  
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SAFETY RELATED PARTS OF THE CONTROL SYSTEM  
If the Action column employs a mitigation solution involving Safety-Related Parts of the Control system 

(SRP/CS), a further assessment of its Performance Level requirement (PLr) must be done. To denote this 

additional requirement, enter a Y (yes) in the Requires SRP/C column. The PLr value will feed directly into the 

safety system validation effort performed via an additional document and instruction.  
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32 F230 – Residual Risk Register Template  

The Residual Risk Register template should be read in conjunction with WI159 - Residual Risk 

Register work instruction.  

  

  

 
  



P a g e  | 456 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 456 of 536  
  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



P a g e  | 457 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 457 of 536  
  

  

 
 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



P a g e  | 458 

 

Document: Manual - Achieving production efficiencies HVLVHL Machinery  
Issue: 1  
Date: 11/03/2024    Page 458 of 536  
  

  
  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



P a g e  | 459 

 

 

 F231 – Front Sheet Template  

The front sheet template should be read in conjunction with WI162 – Introduction to the Front 

sheet  
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33 F232 – Calculations Template Word  
The purpose of the calculation template is to standardise the approach to undertaking calculations 

within the Mechanical Engineering Department. This should improve the quality of the 

calculations being undertaken and additionally assist with interpretation to aid learning.   
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34 F233 – Design Review Template  
The design review template should be read in conjunction with SOP117 – Design Review 

Procedure.  
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 Peer Review  
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DFA Review  
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DFM Review  
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36 F234 – DFMEA Template  
The purpose of the Design Failure Mode Effect Analysis is to identify potential failure modes or 

defects during the design phase of a product. The DFMEA Template should be read in 

conjunction with SOP071 – Design Risk Management.  
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37 F235 – Lifting Plan Template  

  

The Lifting Plan Template should be read in conjunction with WI203 – Introduction to Lifting 

Plans.  
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38 F238 – Self-Check Tick List Template  
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39 F239 – Meetings Template  
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40 F240 – Risk Assessment Template  
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41 F242 – PFMEA Template  
  

The PFMEA Template should be read in conjunction with SOP071 – Design Risk Management.  
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42 F243 – Engineering Discussion Template  
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43 F409 – Standard Machine Colours  
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