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Abstract 
Background: Sony UK Technology Centre is renowned for high-quality products. Quality 

standards must be maintained, more so due to exponential growth in third-party manufacturing 

contracts. Several processes are carried out solely for quality assurance. However, these are 

known as Non-Value-Added tasks which consume time, resources, and effort, without directly 

contributing to a product's value.  

Problem Statement: Product “Testing”, is a Non-Value-Added task, but a necessary process 

for quality assurance, however, it decreases output efficiency and increases costs. Manual 

testing of "Product A," an electronic circuit board, reduces company profits and production 

output without adding value. 

Project Aim and Objectives: The Aim and Objectives of this project are to design and 

develop an automation machine, which can mitigate the Non-Value-Added tasks for Product 

A, by automatically testing the product, within a specified cycle time to quality and safety 

standards, whilst meeting safety requirements.  

Solution: Utilising many design methods, the automated solution uses systems to feed and 

scan Product A, whilst a low-cost Gantry system places the product into a Test Jig for testing. 

Once the test outcome is determined, the Gantry system moves the product to an appropriate 

Conveyor system to transport the product to packing or rework. The machine requires six Test 

Jigs, and two Gantry systems, with each Gantry system having its own Feeder system for 

redundancy and efficiency. Powered by 230V AC and 6 Bar pneumatic pressure, the machine 

is controlled by a Programmable Logic Controller. 

Outcome: The machine initially tested with an output of 7,349 products per week, below the 

design requirement of 9,000. After a Failure Mode Effect Analysis, modifications increased 

output to 11,947 products per week. During Production testing, the output was 7,095 per week, 

but after addressing various issues discovered from a problem analysis, the output reached 

9,395 per week. With a Machine Efficiency of 67.57% and an additional 85% Operational 

Downtime Efficiency incorporated for contingencies, calculations show an estimated average 

output of 9,305 products per week, thus, representing a successful outcome. 

Conclusion: Although the machine operates at 67.57% efficiency, it achieves the target while 

costing £40,000, which is £10,000 below the £50,000 budget. It requires one operator, offering 

a Return on Investment in under a year. This project demonstrates the importance of 

automation in the UK, mitigating Non-Value-Added tasks and fostering employee growth. 

Savings enable employee development and product cost reduction, benefiting the company, 

and employees, and maintaining UK competitiveness in manufacturing. 
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Chapter One  

Project Introduction 

This chapter provides key information surrounding the background of the project, outlining the 

problem statement, whilst further providing a purpose of the project and identifying key areas 

which can aid the manufacturing industry, thus, providing its’ significance.  

1.1. Background of the Project  

1.1.1. Sony UK Technology Centre  

The company for which the project is completed is Sony UK Technology Centre (SUTC), 

which is a division of Sony Europe B.V. located in Pencoed, Bridgend, UK. The centre 

manufactures high-tech Broadcast and Professional Cameras and Systems for worldwide 

markets. 

SUTC is International Organisation for Standardisation (ISO) certified, in Quality, 

Environment, Health and Safety, and Energy, and has won numerous accolades for its 

outstanding manufacturing practises. The centre has received numerous honours, including 

the British Quality Award, the Best Electronics & Electrical Plant Award, and the title of Best 

Factory in Britain in 2013. 

SUTC also has a Business Incubation Centre that is home to several independent businesses 

in sectors such as Digital Technology, Renewable Energy, Media, and Gaming. Furthermore, 

SUTC is dedicated to enhancing its offerings, as demonstrated by its diverse portfolio and 

investment in machinery and processes. 

One major aspect of its operations is contracted electronics solutions, utilising a skilled and 

flexible workforce, combine with the latest electronics manufacturing equipment and 

processes which has enabled SUTC to partner with many global companies, producing world-

class products, from Light Emitting Diode (LED) Technology, Medical Devices and also 

Raspberry Pi Micro-Computers (About Us, 2023). 

1.1.2. Problem Statement  

SUTC is known for its high-quality products, thus, many processes for third-party 

manufacturing contracts are growing exponentially. 

To ensure quality, many processes are completed for quality purposes only, which are Non-

Value-Added (NVA) tasks. According to Kumar (2019), NVA tasks are actions or processes 
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within manufacturing which do not directly contribute to product creation, consuming time, 

resources, and effort, without adding value to the product. Some examples include but are not 

limited to:  

• Defects and Rework of Products: Time spent correcting defects.  

• Overprocessing: Steps in the Manufacturing process which do not add product value.  

• Overproduction: Producing more products than immediately required, therefore, 

storage, handling and inspection costs increase.  

Through a variety of techniques, eliminating or mitigating NVA tasks can improve 

effectiveness, lower expenses, and increase productivity. 

At SUTC, testing products is highly important to ensure the best quality. However, although 

essential, is known as an Overprocess as it does not add value to the product. 

Currently one of the products “Product A” which is an electronic circuit board product for 

consumer use, requires testing to ensure it performs correctly after manufacture. The testing 

process is completed by human operators who test every product, by ensuring component 

continuity and running software through the product ensuring it performs its functions correctly.  

This process does not add value to the product and costs money and resources as it is 

performed by human operators. This further leads to the susceptibility of human error, whereby 

human mistakes can occur which may further lead to Defects and the Rework of products, 

thus further NVA tasks.   

1.2. Purpose of the Project  

1.2.1. Project Aim  

The project aims to ensure NVA task mitigation for Product A, by designing and developing 

an Automated System Solution which will meet the design specification for product testing. 

The specification such as cycle time, quality, cost, and safety requirements must be 

considered and will be stated within section 1.3.  

1.2.2. Project Objectives  

To ensure the project aim is achieved, thus, feasibility, the following objectives must be 

achieved: 

1. Design an Automated Machine utilising Computer Aided Design (CAD) Software, 

ensuring the machine meets the design specification.  
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2. Develop the Automated Machine by creating Engineering Drawings to required 

Geometric Tolerances for ease of Manufacture.  

3. Build and Program the Automated Machine ensuring the automated movement logic 

meets specifications, whilst ensuring user-friendly operator interaction. 

4. Commission an Automated Machine, ensuring integration with the previous production 

process. 

1.2.3. Project Benefits  

Human operators are important within the manufacturing process and play vital roles in many 

situations. Human operators are better than automation in many aspects such as Creativity 

and Problem Solving, whereby creative thinking and problem-solving skills help find new and 

innovative solutions to challenges (Mallon, 2022).  

Furthermore, human operators are better at Adaptability, whereby changes in situations are 

easily undertaken, allowing them to handle unpredictable events, thus, are more suited to 

maintenance and repair of equipment and machinery, allowing them to identify and solve many 

issues (Mallon, 2022).  

However, when completing mundane jobs, humans become complacent, leading to mistakes 

and additional NVA tasks due to rework and repair. Additionally, a lack of enthusiasm 

develops, reducing effectiveness and productivity because of unsatisfactory job roles and poor 

compensation (Benefits of Robots, 2023). 

Automation, however, is better for processes with Consistency and Accuracy requirements, 

as it performs tasks with consistent speeds and accuracy, thus, reducing NVA rework tasks 

by mitigating human error. Thus, as testing of Product A is repetitive, automation can be 

utilised to prevent or mitigate human error (Benefits of Robots, 2023). 

Automation can Increase Efficiency as it does not require breaks or experience fatigue, thus, 

processing indefinitely. Conversely, automation requires maintenance, although predictive 

maintenance can be planned to reduce inefficiencies. Automation is Repeatable, performing 

the same task with consistent precision, done at Higher Speeds than humans, whilst 

maintaining Consistent Quality. All of which Reduce Process Costs (Benefits of Robots, 

2023). 

Therefore, Automating the Testing of Product A, which is repetitive, low-skill and low-

stimulating, can aid in NVA task mitigation, allowing operators to be retrained into more 

complex, stimulating tasks, requiring Creativity and Problem-Solving skills, whereby 
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Adaptability is required, such as machine maintenance roles. This will reduce manufacturing 

costs, providing a Return on Investment (ROI) and an increase in process efficiency through 

automation, whilst also improving the operators’ job satisfaction by providing better 

compensation with higher-skilled stimulating roles.  

The adoption of automation for Product A Testing, mitigating the NVA tasks may benefit the 

UK and its regional economy since it may result in the development of higher-skilled jobs, 

decreased manufacturing costs, and enhanced competitiveness, all of which could increase 

the Gross Domestic Product (GDP) of the nation. 

1.3. Project Specification and Constraints  

This section outlines the Project Design Brief, Design specification, Constraints and Project 

Timeline.  

1.3.1. Design Brief, Specification and Constraints 

A Design Brief (See Appendix One) offers an overview of the solution requirements to 

guarantee that the project's goal is satisfied, whilst stating the design constraints. This results 

in a Design Specification (See Appendix Two), outlining the specifications for the machine in 

great detail. 

1.3.2. Timing Plan  

A timing plan with predetermined deadlines for task completion is used to keep the project on 

track and guarantee timely completion. This makes it possible to assign particular tasks to 

departments and engineers and achieve deadlines. 

To take advantage of opportunities and satisfy rising product demand (see Design Brief in 

Appendix One), the project's completion date of February 22, 2023, has been selected. 

The project's overall time is shown on a Gantt chart (Figure 1, with a more in-depth version in 

Appendix Ten), which uses Critical Path Analysis (CPA) to determine if activities may be 

completed concurrently or whether they need prerequisites. The project's initial design plan is 

shown in the Gantt Chart along with its final implementation, with a projected completion time 

of slightly over five months. 
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Figure 1. Gantt Chart and CPA 
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Chapter Two 

Literature Review 

2.1. Automation 

Automation is the use of technology to perform tasks without human intervention, such as 

robots, computers, and control systems. It can be used for complex or repetitive tasks to 

increase efficiency, reduce errors, and improve safety while reducing costs. 

Robotics, Computer Numerical Control (CNC) machinery, Programmable Logic Controllers 

(PLCs), sensors, actuators and material handling systems may all be used in an automated 

manufacturing process. Which can all be combined to create a smooth, effective production 

process (Automation Systems, 2023).  

2.1.1. Public Perception of Automation and Automation’s Effect on the 

Economy 

Current literature indicates mixed reviews around automation perception. According to 

Kleinman et al. (2019, p.3), Britons are highly optimistic about innovation, with 70% believing 

it will solve future problems, higher than the global average of 66% shown in Graph 1.  

 

Graph 1. British Technology Perceptive (Kleinman et al. 2019) 
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Furthermore, Kleinman et al. (2019, pp.3-4) state Britons are pro-technology when it directly 

benefits them, such as a new smartphone or online shopping. 

Conversely, it is further stated by Kleinman et al. (2019, pp.3-4) the British public is concerned 

about the potential loss of their jobs due to automation, with Jones (2022) stating that a third 

of workers believe their jobs are at risk. 

According to Jones (2022), workers in lower-paying, lower-skilled jobs are more likely to be 

unprepared for automation since they do not think their jobs would be automated. Interestingly, 

workers in occupations where automation is less likely are more concerned, thus, more 

prepared as a result. 

This may lead to higher negativity around automation within lower-skilled jobs, due to the 

uncertainty and surprise when jobs are automated. Holzer (2022) states that lower-skilled 

workers will be competing with machines, however, those who adapt to the change will enjoy 

higher compensation. Therefore, automation may not only benefit employers but also workers. 

Kleinman et al. (2019, p.5) support these statements stating preparation is key for new job 

prospects with increased productivity, although, changing perception is a challenge. 

Automation highlights the need for preparation by outlining the potential employment 

implications and emphasising the necessity for retraining and upskilling. 

Conversely, there are positive perceptions around automation within UK manufacturing. 

According to findings from an annual survey of engineers in the UK manufacturing sector in 

an Article from the Institution of Mechanical Engineers (IMechE), innovation continues to 

be the primary focus of business investment despite challenges posed by Brexit, COVID-19, 

and political and economic unrest. 

There is also a positive correlation between innovation and spending on hiring highly skilled 

workers for automation. The survey also discovered a rising focus on environmental 

sustainability and lowering carbon emissions. The report shows a favourable trend towards 

automation in the industry, despite implementation problems (Automation in manufacturing: A 

UK perspective, 2022). 

2.1.2. Automation’s Impact on the Economy  

The UK economy has been significantly impacted by manufacturing automation, both in terms 

of its contribution to economic growth and its effect on employment. Productivity and efficiency 

gains are the two main advantages of factory automation. Automated manufacturing 

techniques usually increase productivity and lower production costs because they are faster 
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and more accurate than human ones. This enhanced productivity can help firms' ability to 

compete in a global market and boost economic growth (Westrom, 2022).  

Manufacturing automation can result in new technological advancements and job growth in 

addition to improved efficiency. For instance, new businesses like industrial automation have 

emerged as a result of the development of automation technology like robotics and machine 

learning, which creates opportunities for highly qualified employees (Zhang et al., 2015, pp.3-

22).  

Manyika et al (2019) support these statements, however, states automation leads to possible 

job displacement, stating, automated manufacturing processes have the potential to replace 

workers who were engaged in manual labour, resulting in job losses and alterations in the 

skills required in the industry. Conversely, although worldwide job loss due to automation may 

be inevitable, however, these create opportunities for jobs requiring new skills relating to 

Science, Technology, Engineering, and Mathematics (STEM).  

A UK Parliament report on UK automation highlights its potential to increase productivity and 

economic growth, however, also mentions job risks. As a result, the research recommends 

the need for retraining and reskilling to ensure employability, which is in line with Holzer's 

(2022) assertion regarding the need for preparedness. It is noted repeatedly that the adoption 

of ethical automation techniques, as well as greater dissemination of the advantages of 

automation, are crucial (Automation and the future of work, 2019). 

The UK government has taken steps to support the development of automation technology, 

such as the Made Smarter Initiative, which helps small and medium-sized enterprises 

implement new production technologies, such as automation, through funding and support 

(UK Digital Manufacturing Advice &amp; Innovation, 2023).  

According to Make UK (2022) in an article “UK remains in the top ten of largest manufacturing 

countries” the UK is the ninth largest manufacturing nation in the world as of 2016 – 2019, as 

shown in Graph 2. Manufacturing by Country (2022) supports these claims into the year 2022, 

stating the UK contribute 1.8% to the global manufacturing economy.  



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

9 
 

 

Graph 2. UK Global Manufacturing Market Position (UK remains in the top ten of largest manufacturing countries, 
2022) 

GDP measures the size and health of a country's economy. Clark (2022) states the UK has a 

GDP of 2.2 trillion British Pounds, as of 2021, with a global GDP share of 2.1%, placing the 

UK 9th in GDP shares globally (United Kingdom's share of global GDP, 2021). 

The UK contributes 1.8% to global manufacturing, also placing them 9th for their share in 

Manufacturing contributions globally. The manufacturing sector accounts for 9.8% of the total 

UK economic output as of 2021, with it accounting for 8.1% of all jobs in the UK in July-

September 2022 (Manufacturing by country, 2022). 

The McKinsey Global Institute's 2017 paper, "A Future That Works: Automation, Employment, 

and Productivity," emphasises how automation may boost manufacturing output while 

reducing costs and increasing product quality, all of which can contribute to economic growth. 

Automation can create new job opportunities within STEM fields, whilst making it feasible to 

produce larger quantities of product, meeting shifting consumer requirements, thus, opening 

up new markets.  

The article also emphasises the need for legislation and initiatives to lessen negative effects 

on employees and communities that may not profit equitably to ensure equitable sharing of 

gains from automation (A future that works: Automation, Employment and Productivity, 2017).  

A PwC report suggests that the adoption of automation and Artificial Intelligence (AI) in the 

UK industrial sector might raise output by as much as 10% over baseline levels by 2030. The 

article asserts that employment losses brought on by automation could be partially offset by 

the creation of new ones (Will robots really steal our jobs? - An international analysis of the 

potential long-term impact of automation, 2018, pp.17-35).  
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The McKinsey Global Institute further state that automation has positive potential for economic 

benefits, from labour cost savings, performance and productivity increases, and increased 

safety and product quality (A future that works: Automation, Employment and Productivity, 

2017, p.10).  

In its study paper "Robotics and Automation: A New Perspective," the Manufacturing 

Technology Centre (MTC) emphasizes the significance of the manufacturing industry, which 

accounts for more than half of the UK's exports. Robotics and automation have recently made 

significant technological advances, which are essential for increasing productivity and 

sustainability to address issues like Net Zero. The UK, however, falls behind other countries 

in adopting new technologies. 

The article's conclusions state that robotics and automation are essential for boosting 

manufacturing productivity in the UK since they may have a big impact on the economy of the 

entire nation. Additionally, employing automation and robotics can help UK businesses 

maintain their competitiveness in the international market, which can spur economic growth 

(Robotics and Automation: A New Perspective, 2022). 

Therefore, the literature implies that the UK can continue its impact on global manufacturing 

by embracing automation, although the effects of automation on job losses and productivity 

gains are unpredictable. To maintain the UK's competitiveness and fully reap the benefits of 

automation, more actions are required. It's essential for long-term economic growth to find 

solutions to problems. 

2.2. Engineering Design  

Engineering design integrates mathematics, physics and its subfields, production technology, 

material science, machine elements, industrial engineering management, and cost accounting 

(Wang et al., 2006, p.257). 

In support of this, Webster (2015) defines engineering design as a set of decision-making 

processes used to decide the form that an object should take to perform its required functions, 

as well as a systematic and intelligent process of creating and evaluating specifications which 

meets stated goals and limitations. 

Engineering design, according to Smith (2000, p.105), is the act of creating systems, parts, or 

procedures that fulfil a desired need. It entails decision-making and iterative procedures that 

apply mathematics, engineering sciences, and basic sciences to transform resources in the 

best way possible to accomplish a required purpose. 
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Thus, according to the consensus, an object's form is determined by its function and necessary 

objective and Engineering Design involves formulating, generating, analysing, and evaluating 

(Webster, 2015). 

2.2.1. Engineering Design Process  

For effective projects, various design categories (product, software, structural/architectural, 

mechanical) demand various procedures and approaches. 

Engineers use steps in the engineering design process to create solutions to problems by 

designing, creating, and testing products that adhere to specifications. Figure 2 highlights 

various aspects of engineering design while contrasting the engineering design method with 

the scientific method, whilst Figure 3 highlights the processes around engineering design 

(Lasser, 2023). 

 

Figure 2. Engineering Method Vs Scientific Method (Lasser, 2023) 
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Figure 3. Engineering Design Process (Wang, R. et al. 2006) 

Software, electrical, and mechanical design are all included in the scope of automation 

engineering. Mechanical design is heavily utilised in bespoke machine design. To create 

automated manufacturing solutions, mechanical design is used, utilising engineering physics, 

mathematics, and material science. These designs must consider electrical power, software 

control, dependability, maintenance, cost, and quality, while also adhering to deadlines and 

specifications (Fitzgerald & Wilson, 2022). 

Yu Siang (2022) proposes a five-stage design process, as depicted in Figure 4, which is an 

iterative approach that follows a linear path but can be used as a loop for redesigning 

prototypes based on testing and requirements. 
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Figure 4. Five-Stage Design Process (Yu Siang, 2022) 

Alternatively, one can intertwine various processes, due to their similarities, implementing 

additional steps with the iterative approach. Furthermore, process improvement techniques 

can be utilised such as the Define, Measure, Analyse, Improve and Control (DMAIC) Six 

Sigma Process, as shown in Figure 5.  

 

Figure 5. DMAIC Six Sigma Process (Six Sigma DMAIC 5-step process, 2018) 

This method is used to improve processes, so even though it isn't used in the early design 

stages, it can be used for any process design. For instance, it can be used to understand a 
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manual process before automating it. As a result, it can be thought of as a process that is used 

concurrently in the background. 

2.2.2. Design Methods 

Designing can be a challenging process that requires organisations to produce the best 

results. The efficiency of the design must be considered in addition to the previously 

mentioned process steps, and this is where different design methods are useful. Design for X 

(DFX) is one of the main design methodologies used by designers and engineers to produce 

products or systems more successfully for particular goals, according to McGill University 

(2022). 

The "X" in DFX can stand for several focal areas, including but not limited to: 

• Design for Manufacturing (DFM): Designing products to reduce manufacturing costs, 

enhance quality, and boost production efficiency by minimising and standardising 

parts, creating modular designs, designing multifunctional parts, and reducing 

fasteners (Velling, 2021). 

 

• Design for Assembly (DFA):   Designing items for easier assembly with fewer mistakes, 

utilising techniques such as Poka-Yoke (mistake proofing), easy access for 

maintenance and assembly, and modular designs (Velling, 2021). 

 

• Design for Reliability (DFR): Designing for reliability entails including features like 

component redundancy, safety considerations, and stress testing to ensure that a 

product can operate dependably throughout its intended lifetime. Preventive 

maintenance can also be carried out, including simple maintenance and operational 

steps to take before total failure (Velling, 2021).  

 

• Design for Safety (DFS): The process of designing items to guarantee user or operator 

safety and reduce the danger of harm or damage. This can include Hazard Analysis, 

Ergonomic Design, Durability, and Design Safety Features (Design for Safety: Design 

Strategies to generate safe systems, 2021).  

 

Multiple design techniques have been established by McGill University (2022) and can be 

utilised singly or in combination for a project.  
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ADEPT Engineering (2023) propose an approach to problem-solving for engineers that can 

make use of their design technique at each level, which is similar to the Five-Stage Design 

Process. Figure 6 illustrates this, with the different phases and design methodologies that can 

be used to achieve these tasks, some of which can be utilised more frequently than others 

(Product Design Engineering Methods 2023). 

 

Figure 6. Design Methodology Phases (Product Design Engineering Method, 2023). 

Therefore, the design processes and methods can be intertwined to produce various phases 

of the process to achieve successful results.  
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Chapter Three  

Design & Development  

The project's aim is achieved by using a systematic methodology, similar to the Five-Stage 

Design Process, to make sure the design adheres to the project's objectives and 

design requirements. This strategy breaks down each objective to guarantee that the project 

aim is accomplished. The approach is as follows:  

1. Requirement Gathering: Defining functional requirements to meet the overall design 

specification. 

 

2. Conceptional Design: Developing a simple visual representation of an idea for a 

system, or product, to convey the main characteristics and functionality of the idea. All 

designs are created using Solidworks which is CAD software.  

 

3. Design Review: A team of professionals in pertinent fields, such as engineering, 

manufacturing, and quality assurance, assess design proposals for viability and 

potential problems. The evaluation procedure is comprehensive and cooperative. 

 

4. Detailed Design: After the design concept has been approved, a detailed design is 

created using Solidworks, whilst including all necessary calculations, engineering 

drawings, and specifications. 

 

5. Prototype development: To confirm the design and determine any adjustments that are 

required, a functional prototype is created and tested. 

 

6. Production/Integrated Design: Based on the validated prototype, a final production 

design is created. This includes detailed engineering, manufacturing, and quality 

assurance plans. 

DFM and DFA methods are utilised, using a modular design approach, dividing the system 

into subsystems. This offers several advantages, including individualised treatment of each 

subsystem for a simpler adherence to the design specification, as well as ease of 

maintenance, manufacturing, and assembly, as well as machine redundancy.  

Before integration into the larger system, each subsystem design adheres to the design 

process mentioned whilst fulfilling the design specification requirements. As a result, the 

machine design is divided as follows: 
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• Product Testing: This facilitates product testing. 

 

• Pick and Placement: The product must be placed and removed from the testing area 

automatically, whilst conforming to the specification.  

 

• Input System: To enable pick and placement, the product needs a way to enter the 

automation machine. 

 

• Output System: The product must be ejected from the machine when testing is 

completed and sorted into failed and passed products ready for manual packing or 

rework. 

 

• Machine Frame: This is used to integrate all the subsystems, and it must adhere to 

the specification. 

Considerations have been made for safety and design standards, with adherence to the 

Provision and Use of Work Equipment Regulations (PUWER) and the use of relevant ISO 

standards to promote safety, quality, and efficiency. ISO standards applicable to bespoke 

manufacturing equipment and automation machines may vary, with some listed in Appendix 

Three. While not all standards need to be legally followed, they aid in ensuring compliance 

with PUWER and can be used for guidance.  

Note: Although the systematic methodology is followed throughout the project, due to the 

report size limitation, only an overview of each system and its features can be provided, thus, 

various concepts, prototypes, design descriptions, design methods and all ISO adherence are 

not feasible to detail. Furthermore, some chosen methods are based on empirical decision-

making due to experience gained within SUTC. 

3.1. Product Testing Design  

Product A shown in Figure 7, require connection to its’ connection strips (highlighted with red 

circles) to carry out testing. The software program for testing this product is already designed 

by the Test Engineering Team at SUTC.  
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Figure 7. Product "A" Connectors 

Test Engineering has designed Printed Circuit Boards (PCBs) for the testing procedure. A 

Master Control Board (MCB) (Figure 8) serves as an interface for the software and network. 

A Sacrificial Interface Board (SIB) (Figure 9) sits between the MCB, and Product A acting as 

an interface board, handling the load from the MCB and designed to be replaceable within 

designated cycles. 

 

Figure 8. MCB 

 

Figure 9. SIB 
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Mechanical assembly is required for these PCBs allowing for product testing. One method is 

to use stand-offs which is a low-cost option, however, increases failure potential due to dirty 

board conditions and operator-caused short-circuits on the MCB. 

These disadvantages have provided an alternative approach which is to design a Pinbed. 

This is a component which allows the PCBs to be mounted mechanically. It is manufactured 

from G10/FR-4 which is a composite material that consists of glass fabric, and electrical-grade 

epoxy resin.  

The material is chosen due to its’ is non-conductive, high mechanical strength, and good 

dimension stability properties, whilst conforming to BS EN ISO 9001: Quality Management 

(Garolite G10 FR4 machining services: G10 Material Sheets, 2023).  

Figure 10 shows the Pinbed design and PCB assembly. The MCB is mounted to the underside 

with the SIB topside, which allows Product A to connect and disconnect through the 

connection strips.  

 

Figure 10. Pinbed Design & Product Assembly 
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The MCB is mounted with screws, which Pugh (1990, p.137) suggests standardising with 

British Standards Institution (BSI) screws, to increase design efficiency and conform to DFA 

methods.   

To conform to the design specification in Appendix Two (Sections 5.2, 5.3 and 5.4), the SIB 

requires cycle replacement, thus, quick-release clamps are used. Holes in the SIB are 

designed to align with the holes in Product A, allowing for tooling (location) posts fastened to 

the Pinbed, to align the product into the SIB, for easy connection. Post chamfers allow for the 

±0.05𝑚𝑚  connection tolerance shown in Appendix Two, to increase to ±0.25𝑚𝑚 . 

Furthermore, an additional post prevents incorrect orientation of the SIB (Poka-Yoke), 

conforming to DFA.  

Additionally, the Pinbed requires a frame to house all electrical and electronic components, 

including an ethernet hub to connect to the network and a Raspberry Pi to run the software 

through the MCB. Figure 11 shows the full design known as the “Test Jig”. The Pinbed slides 

into this aluminium frame connected to a baseplate for stability. The Pinbed is fastened to side 

supports with aluminium sheets, known as the front and back plates which have cut-outs for 

the electronic components used for external connections. The design thus allows for easy 

assembly and maintenance. Aluminium is chosen due to its high strength-to-weight ratio, non-

corrosive properties, and highly conductive properties to allow for easy electrical earthing.  
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Figure 11. Test Jig Design 

The Test Jig is designed to be integrated into the automation machine, however, due to its 

strong mechanical stability can be used as a standalone if required.  

The number of Test Jigs required is calculated in Appendix Four and is based on the solution 

given for the pick and placement method in section 3.2. thus, described later on in the report.  

3.2. Pick and Place 

It must be possible to pick and place Product A into and out of the Test Jig. This needs to 

adhere to the design requirements and guarantee an accuracy of ±0.25𝑚𝑚  to ensure 

connectivity between Product A and the Test Jig. The method must also conform to size 

requirements set out in the design specification.  

Other requirements are not predetermined based on a minimum but are given importance 

ratings described later on. For example, speed requirements have no minimum due to the 
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speed of the solution chosen being used to determine the number of Test Jigs required to 

produce the required output, which also determines the spacing between the Test Jigs, thus, 

the faster the solution the better, however, it is not a predetermined value.  

3.2.1. Robotic Solutions 

Collaborative robots, or Cobots, have force limits to protect humans and the product. They 

can operate around operators as they stop when a set force is exceeded, meeting safety 

standards and aiding in damage protection. Some Cobots also have proximity sensors and 

operate at slower speeds when humans are nearby. Cobots have a reduced need for guarding 

and safety risks, making them easier to maintain while meeting safety specifications. They can 

also operate on the specified power supply (What is Collaborative Robot (Cobot)?, 2023). 

Cobots are slower than Industrial Robots, but because of their comparable prices and lack of 

guarding needs, they are a more affordable option, whilst reducing any safety risks. 

Figure 12 shows an ABB Yumi and Figure 13 shows a Universal Robot (UR), which are 

potential solutions widely used at SUTC.  

 

Figure 12. ABB Yumi Cobot (ABB's collaborative robot -Yumi, 2023) 
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Figure 13. UR Models (Collaborative robots from UR: Start your automation journey, 2023) 

The Yumi robot has high collaboration, can lift up to 500g, and stops with even a light touch. 

For safety, it adjusts its sensitivity based on mass and acceleration. Although it costs between 

£35,000-£48,000 and has a repeatability of ±0.02𝑚𝑚 , programming with RAPID script 

software can be difficult. The robot's speed is approximately 1.5𝑚/𝑠 (ABB, 2023). 

The UR Cobot comes in various payload capacities, with the lowest capable of lifting 3kg and 

moving at high speeds. It's less collaborative than the Yumi and needs additional safety 

programming such as reducing acceleration below 200 𝑚𝑚/𝑠2. The 5kg version can move up 

to 1𝑚/𝑠. The controller is separate, reducing its footprint. UR has a repeatability of ±0.1𝑚𝑚. 

It has a user-friendly programming language and pendant, can operate on the specified power 

supply and costs £30,000-£38,000 (UR5 technical specifications item no. 110105 - Universal 

robots, 2023). 

Prices can vary depending on the retailer. Additionally, some industries such as SUTC may 

have their prices based on the decision of the retailer. One site “Unchained Robotics” states 

UR is approximately £26,000; however, the ABB Yumi is approximately £46,000 (Cobots, 

2023).   

3.2.2.  Gantry Systems 

A Gantry System is also a robotic system known as a Cartesian Robot shown in Figure 14, 

however, this project divides it into a separate category from robotics due to their 

dissimilarities.  
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A Gantry System employs electrical or fluid-controlled actuators and a Programmable Logic 

Controller (PLC) to operate in X, Y, and Z directions, and occasionally an R direction which is 

a rotation about the horizontal plane (What are gantry robots, 2023). 

 

Figure 14. Gantry System (Tertünte & Endrijaitis, 2014) 

The use of ladder logic makes it simple to program specialised systems such as a Cartesian 

(Gantry) system using PLCs, however, compliance with ISO requirements necessitates 

acceptable torque levels on electrical actuators and pressure monitoring with fluid actuators. 

Additional safety precautions such as guarding, and interlock systems may be necessary if 

the actuator torque or pressures cannot be modified.  

Sintered Metal Corporation (SMC) have high-precision actuators achieving ±0.001𝑚𝑚 

repeatability for the Y and X axis. However, choosing an actuator for precision may have an 

impact on other aspects, such as speed and maximum length. Construction of a Gantry 

system depends on many factors, however, normally costs approximately £6,000-£8,000 

within SUTC and depending on the actuators selected, some are capable of speeds 

surpassing 1𝑚/𝑠. Therefore, speed and precision must be carefully considered in comparison 

to one another (Products, 2023).  

3.2.3.  Chosen Method  

Decision analysis is used to determine the best method. Table 1 shows a scoring table used 

to generate the scores for the decision analysis table. 
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Table 1. Design Analysis Scoring 

 

Each criterion is assigned a weight, with a total weight of 1, which determines its significance. 

For each category of criteria, scores of 1 to 5 are assigned on a scoring chart, except for 

Modifiability, Safety, and Integrability, which have a High-to-Low scale.  

To determine the overall score for each design solution, the scores are multiplied by the 

weights and added. This is done for each solution as shown in Table 2.  

The values are chosen considering the design specification. For example, a larger reach is 

desirable to cover a larger area, with lower costs being desirable to conform to the budget. 

The specification for these systems is taken from the relevant documentation from the 

previously mentioned references.  

 

It can be seen the Gantry system has the highest score. Due to the modular design, it has 

high modifiability, which allows for easy maintenance and part replacement, which can be 

stored at SUTC. It can be easily integrated as it uses a PLC similar to most automation 

Table 2. Pick and Place Decision Analysis 
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machines, with many interfaces. It is also the lowest cost and has similar accuracies to the 

Cobots. 

Although due to the high accuracy, the speeds are limited. Furthermore, safety is lower and 

thus, requires guarding. However, components meet Conformité Européene (CE) and UK 

Conformity Assessed (UKCA) regulations but components will need to be integrated, forming 

further regulation requirements discussed later.  

It can be mentioned mass (system weight) is not mentioned, although this is a design 

specification requirement, the machine can be designed around these weights to reduce the 

mass if required, such as Gantry components or other subsystem components being designed 

differently to reduce overall mass.  

3.2.4. Gantry Design  

Therefore, due to the design analysis, the Gantry method has been chosen as the Pick and 

Placement Subsystem Solution. Two concepts have been designed, both meeting the 

specification, however, having their advantages and disadvantages.  

Design one shown in Figure 15, utilises a single Gantry system over a large area. The area 

chosen is described in section 3.6. 

 

Figure 15. Gantry System (Concept One) 

Design one uses a single "Y" axis actuator connected to a linear rail via a support block with 

the "X" axis actuator attached. An electric motor drives the "Y" axis actuator to move the "X" 

axis support block whilst also moving the linear guide rail, ensuring consistent "X" axis support. 
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To counteract the flection between the actuator and guide rail due to the system's size, drive 

chains connect both sides of the Gantry via toothed rollers connected to the actuator. The "Z" 

axis actuator attaches to the "X" axis actuator support block and allows for movement in the 

"Z" axis, while a gripper is connected to this actuator for part grabbing. Cable chains house 

pneumatics and electrical cables and move with the linear actuators. 

Design two uses a double Gantry system to cover the same area, as shown in Figure 16. It 

utilises the same methods as Design one, but without the need for a drive chain since the two 

Gantry systems cover the same area, resulting in less cumulative movement over the "X" axis 

direction. This method requires double the components, except for the drive chains, for the 

same given area. 

 

Figure 16. Gantry System (Concept Two) 

Findings show that Design one fails the low complexity criteria in section 5.0 of Appendix Two 

and perhaps the performance requirements because the lower cost of using fewer 

components is outweighed by potential alignment problems as slight alignment issues 

accumulate over a distance. Furthermore, more maintenance is required with the additional 

drive chain.  

Design two is less complex with increased efficiency due to fewer area coverage 

requirements. It also decreases downtime with built-in redundancy because the failure of one 

Gantry will only reduce output by half as the other Gantry acts as a standalone and continues 

to operate.  
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Figure 17 shows an example quote gathered for the actuators and drivers required for the 

double Gantry system design.  

 

Figure 17. Gantry System Component Cost Example 

A 1200mm stroke actuator is used for the “Y” direction. A 300m stroke actuator is used for the 

“X” direction and a 200mm stroke actuator is used for the “Z” direction.  

The left- and right-hand Gantry has the same Z-axis actuators, with the Y and X-axis actuators 

having mirrored positioned motors for each the left- and right-hand side.  

Due to the accuracy requirements of ±0.25𝑚𝑚 actuators with an accuracy of ±0.08𝑚𝑚 have 

been chosen as the alternatives did not meet specifications. This has limited the speed of 

each actuator to 500 𝑚𝑚/𝑠. This determines the number of Test Jigs required for a given 

output, discussed later on. For the given number of Test Jigs, a 1200mm actuator is used on 

each side, which is the longest for the given tolerances and speeds. The 300mm actuator 

comfortably meets the X-direction requirements for the Test Jig sizes, and the 200mm 

comfortably meets the Z-axis direction requirements.  

The gripper design for grabbing Product A is shown in Figure 18. This uses a pneumatic 

actuator, with 3D printed gripper tips. A tooling (location) post is added to ensure correct 

alignment with Product A, mitigating alignment issues when placing the product into the Test 

Jig. Prototype examples are shown in Figures 19 and 20.  
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Figure 18. End-Effector Design 

 

Figure 19. End-Effector Prototype Testing 
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Figure 20. End-Effector Prototype Placement Testing 

Furthermore, mass simulations of the Gantry system's components are shown in Figures 21 

and 22. Geometry optimisation is generated, reducing material in non-structural areas. This 

increases Gantry performance (acceleration and deceleration increase), whilst improving 

overall mass compliance.  
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Figure 21. Actuator Support Mass Simulation 
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Figure 22. Optimised Actuator Support Mass Simulation 

By removing unnecessary material from low-load areas, the mass has been reduced from 

4.5kg to 2.3kg while maintaining the centre of mass due to symmetrical reduction, thus, 

preventing Gantry motion change.  

Although, the project consistently considers DFX features, due to report size limitations only 

some examples are given such as the gripper tip considering DFA whereby a location post is 

added to ensure precise alignment within the pneumatic gripper actuator (see Figure 23).  
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Figure 23. Gripper Tip Design 

3.3. Input System  

The machine needs an input system to insert Product A accurately and prevent alignment 

issues with the Gantry system, ensuring the product is placed within the permissible tolerances 

of ± 0.25𝑚𝑚.  

While an accumulating Conveyor system is a viable option, a pragmatic design analysis 

reveals that it lacks the required precision. Therefore, a Feeder System is developed (see 

Figure 24) as a subsystem for the machine's input, following design methods discussed in the 

literature review.  

Product A is manufactured as a 12-panel; thus, a pallet is designed to house 12 electronic 

boards. Manufactured from Durostone (composite material), due to its electrical insulation, 

dimensional stability, and low thermal expansion coefficient, ensuring static discharge 

protection and accurate product placement tolerances (Durostone® CR permits higher loads 

and more compact transformer designs 2023).  
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Figure 24. Feeder System Design 

The system holds three pallets (36 electronic boards) and two empty pallets in the return area. 

The design is manufactured from Aluminium due to its strength-to-weight ratio. The housing 

of the systems contains many mechanisms.  

Firstly, two motors operate a dual belt in both directions on the input side. Placing a 12-panel 

pallet on the belt triggers sensor 1, activating the motors to move the pallet to sensor 2, which 

is stopped with a pneumatic actuator. If sensor 3 is empty, the actuator unlocks and additional 

motors drive another belt on the tilt table moving the pallet until the pallet triggers sensor 3, 

then further actuators lock the pallet into position for accuracy.  

The locking actuators release when the pallet is emptied by the Gantry, which then tilts the 

table, whereby motors reverse the belt, driving the pallet onto roller bearings and to the empty 

pallet area at the input.  

3.4. Output System 

Chosen due to low-cost and low accuracy requirements, two Conveyor Systems are used for 

the output system: one for failed product to be returned to the operator for retesting/rework 

(Figure 25), another thinner Conveyor (Figure 26) to ensure product alignment, sending it to 

the manual packing area.  
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Figure 25. Failed Product Output Conveyor 
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Figure 26. Passed Product Output Conveyor 

3.5. Machine Frame 

A Machine Frame must be designed to house the subsystems. Two materials, Steel and 

Aluminium, are compared based on their strength-to-weight ratio, and thermal, and electrical 

conductivity properties.  

Aluminium is found to be a better choice due to its higher strength-to-weight ratio as Graph 3 

shows. Furthermore, it has good thermal dissipative properties preventing thermal expansion 

which could reduce Gantry accuracy, but also good electrical conductivity which will ensure 

safety standards regarding machine earthing. Additionally, aluminium is resistant to corrosion, 

ensuring dependability and longevity, thus, complying with design requirements (Steel vs 

aluminum – comparison and main differences, 2022). 
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Aluminium extrusion is used in numerous automation equipment because of its geometry's 

suitability for high strength and simple mounting applications. As seen in Figure 27, 45mm by 

45mm and 90mm by 45mm are utilised.  

 

Graph 3. Strength to Density Merit Function (Crew, 2014) 

 

Figure 27. 45 x 45 and 45 x 90 Extrusion Profile (45 x 45 2N aluminium profile, 2023) 

The frame is designed around all subsystems explained in section 3.6. It is generated using 

Solidworks weldment features that extrude profile sketches to conform to the dimensional 

requirements of the design specification and accommodate all subsystems. The full frame is 

shown in Figure 28. 
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Figure 28. Machine Frame Design 

Polycarbonate has been added within the frame to protect the inside from outside influence, 

whilst ensuring safety from the inside contents to operators. Doors have been added to ensure 

easy access for maintenance.  

3.6. Integrated Automation Machine  

With all the subsystems designed, integration is required to ensure each system works 

together as a single unit, whilst maintaining its’ separation when needed for redundancy.  

3.6.1. Test Jigs Integration 

To fulfil product demand requirements, calculations shown in Appendix Four are completed, 

indicating 6 Test Jigs are required. The layout of these within the machine is shown in Figure 

29. Full operation and sequencing of these Test Jigs within the machine are stated in Appendix 

Five.  
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Figure 29. Test Jig Layout 

To conform to the design specification, the system requires Test Jig access for maintenance 

and SIB replacement. The Jigs are mounted on linear rails which are mounted to an aluminium 

base plate as Figure 30 shows. This allows for the movement of the Jigs, acting as a drawer 

system. Rollers as Figure 31 shows, ensure movement stability.  

Shown in Figure 31, sensors mounted to the main machine baseplate, under the Jigs 

communicate the position of the Jigs to the PLC, which activates a locking mechanism 

(pneumatic actuator) shown in Figure 32, to prevent Jig movement until unlocked with a control 

screen, which prevents collisions with the Gantry if trying to move the Jig.  

Furthermore, aluminium safety plates are mounted to the front and rear of the Jig, blocking 

openings when Jigs are locked in the retracted or extended position. Furthermore, the Gantry 

enters a rest mode when the Jigs are in transit between the two positions, minimising safety 

risks.  

This setup provides redundancy, allowing the machine to continue running with the remaining 

Jigs during SIB replacement or Jig maintenance.  
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Figure 30. Test Jig Mechanisms 

 

Figure 31. Test Jig Support Rollers & Sensors 
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Figure 32. Additional Test Jig System Design 

Additionally, a scanner located on a PLC-operated pneumatic actuator extends to scan the 

product when required to identify the product and begin Product A testing. This reduces 

machine inefficiencies as every Jig has its own scanner.  

Furthermore, the Test Jigs are connected by cabling to small computers within the machine, 

within PC panels, which contain all the software, whilst being connected to the factory network. 

These cables are run through the cable chain to prevent damage and allow for quick and easy 

maintenance. The cable chain also houses the sensor cables and pneumatic tubes.  The full 

Test Jig integration is shown in Figure 33.  
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Figure 33. Test Jigs on Main Machine Mounting Plate  

3.6.2.  Gantry System Integration  

The Gantry system, mounted on aluminium plates above the Test Jigs within the frame, uses 

robotic cabling to prevent failure. Electrical cables and pneumatic tubing run through cable 

chains for actuator movement. A solenoid controls the pneumatic gripper actuators, while 

driver units manage electrical linear actuators. Both connect to a PLC in a separate control 

panel. Figures 34 and 35 show Gantry system integration.   
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Figure 34. Gantry System On Mounting Plates 
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Figure 35. Gantry System within the Machine 

3.2.3. Feeder System Integration  

The Feeder system meets ergonomic and functional requirements considering the design 

specifications. It is designed to be height-appropriate for the operator and accessible for the 

Gantry. The frame includes a designated area and an aluminium mounting plate for the Feeder 

system, as shown in Figure 36. 
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Figure 36. Feeder System Mounting Plate 

Large square cut-outs in the frame accommodate cabling and pneumatics, while small holes 

serve as mounting points for the Feeder system, standardised BSI screws and dowel posts. 

Additional holes permit adjustments if needed. Figure 37 illustrates two Feeder systems within 

the frame, which increase efficiency and redundancy for the double Gantry, as each can act 

individually.  
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Figure 37. Feeder Systems Machine Integration 

3.2.4. Output System Integration 

The Conveyor systems are fastened to the main machine baseplate having predetermined 

tapped holes, utilising standardised BSI screws and bolts. They are mounted at the machine 

rear, separated from untested products, to reduce product mixture, as Figures 38 and 39 

show. 

 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

47 
 

 

Figure 38. Passed Conveyor Integration (Longer Conveyor)  

 

Figure 39. Failed Conveyor Integration (Shorter Conveyor) 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

48 
 

A long narrow conveyor transports approved products, ensuring alignment, to the packing 

area, while a shorter wider conveyor handles failed boards separately to prevent confusion. 

The narrow conveyor is within the reach limitations of the Gantry; however, the wider conveyor 

is not, thus, Chutes, shown in Figure 40, address the reach limitations of the Gantry system 

imposed by speed and accuracy requirements. These are suitable for a failed product but not 

an approved product as they may lead to the failure of a passed product.  

 

Figure 40. Failed Conveyor Chutes 

3.2.4. Full Integration  

The final machine design shown in Figure 41, which automates Product A Testing, is made 

up of subsystems, including a pneumatics control area beneath the Feeder systems, and 

electrical panels for power and control under the main baseplate.  
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Figure 41. Full Machine Design 

For a detailed description of machine operation and sequencing, see Appendix Five. The 

machine is controlled via a PLC using Omron ladder logic, while Test Jig programs are 

managed by internal computers beneath the Jigs, connected to the network. Human Machine 

Interface Screens control various machine operations.  

Additionally, for reference, a complete machine CAD concept for the unchosen single Gantry 

system machine design is shown in Appendix Nine. 

3.7. Design Conformity and Design Failure Mode Effect Analysis 

The project follows processes similar to the five-stage design process, including data 

gathering through a design specification. Many resources are utilised to design the machine, 

including additional information gathered from literature not cited within this report but found 

within the Bibliography.  

Subsystems undergo iterative development involving design analysis, simulations, CAD 

designs, and prototypes. Solutions are evaluated based on the design specification and 

adherence to DFX principles, such as modularity, assembly efficiency, and ease of 

maintenance. ISO standards are also considered. A Design Failure Mode Effect Analysis 

(DFMEA) identifies further considerations, as shown in Table 3. The fully integrated design is 

detailed in Appendix Seven, using Appendix Five for an understanding of machine 

sequencing.  



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

50 
 

Table 3. Machine DFMEA 

 

Gripper tip position detection is addressed by adding reed switches, allowing the PLC to 

ensure proper operation, and reducing function loss risks.  

The output system's potential for product damage is mitigated by programming the Gantry to 

stop when the packing area is full, lowering the Risk Priority Number (RPN).  

The passed product conveyor is widened for efficiency and diversion lanes have been added 

to prevent product overlap from the alternative Gantry, as programming and stroke length 

limitations preclude other solutions. The failed product conveyor is repositioned for operator 

accessibility, enabling manual retesting, and reducing the need for walking around the 

machine as Figure 42 shows.  
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Figure 42. Conveyor Modifications 

Furthermore, magnets assembled to the Test Jig rear baseplate (Figure 43), ensure magnetic 

attraction to steel blocks mounted to the main baseplate. This ensures full Test Jig closure, 

preventing partial opening which is within a tolerance “dead zone” of the sensors, meaning 

they are unable to detect tolerances to the placement requirements.  

This full closure ensures the locking mechanism (Figure 44) functions correctly, reducing RPN 

for incorrect product placement and preventing Jig movement during Gantry operation.  

Design changes reduce risks, enhancing the likelihood of a successful machine that meets 

the design specification. Figure 45 displays the final machine design and subsystem designs 

(conveyors are not shown as they are individual off-the-shelf systems), with further depictions 

in Appendix Seven.  
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Figure 43. Test Jig Magnetic Location 

 

 

Figure 44. Test Jig Locking Mechanism 
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Figure 45. Full Machine & Subsystem Design 

3.8. Engineering Drawings & Manufacturing 

For machine manufacturing, numerous engineering drawings and procedures are followed, 

adhering to British Standard (BS) 8888:2020 – BSI when necessary. Geometric tolerances 

are applied as needed, while components are designed with tolerances in mind. Tooling posts, 

dowels, and slots provide easy adjustments, reducing manufacturing costs. 

Numerous engineering drawings and manufacturing methods are employed for the machine. 

This section offers a preview of these methods and drawings. Each subsystem has multiple 

components, making a full description impractical; instead, examples will illustrate 

manufacturing methods, materials, and drawings. Various techniques and methods are used 

to convey component requirements, from engineering drawings to CAD files.  

Table 4 presents a breakdown of Test Jig manufacturing, providing an example of how 

different methods and materials are used for each component.  
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Table 4. Test Jig Manufacturing Methods 

 

3.8.1.  CNC Manufacturing  

CNC machining, a subtractive manufacturing technique, uses computerised machine tools to 

create custom-designed parts by chipping away material based on programming codes (CNC 

Machining 101: Get to know CNC Machining Basics, 2022). 

ProtoLabs is a prominent manufacturer that enables CAD model uploads to their online 

software, which analyses components, material choices, and tolerances without the need for 

engineering drawings. This streamlines the process, saving time and resources. 

Figure 46 displays examples of Test Jig parts uploaded to the software, illustrating materials, 

manufacturing methods, tolerances, and surface finishes.  
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Figure 46. ProtoLabs Manufacturing Quoting Software 

ProtoLabs is employed for various machined components, such as the Gantry system 

mounting plates. Figure 47 demonstrates the manufacturing process and typical cost of the X-

axis support plate, which attaches to the X-axis actuator. "Economy Manufacturing" 

components can be chosen with longer lead times, as long as they conform to the project 

timeline, helping reduce the machine's total cost to meet the budget.  

 

Figure 47. ProtoLabs Economy Manufacturing Example 

Another manufacturing method that employs CNC machining involves using engineering 

drawings to program a CNC machine. Figures 48 and 49 show an engineering drawing 

example of the machine's man baseplate.  
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Figure 48. Main Baseplate Engineering Drawing One 

 

Figure 49. Main Baseplate Engineering Drawing Two 
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The figures show two of nine pages for the main baseplate engineering drawings, highlighting 

its complexity as the primary mounting point and support for the entire machine. Some pages 

specify tolerances as ±0.05𝑚𝑚 linear and ±1° angular unless otherwise stated. Geometric 

tolerances and projection indication aren't needed due to the drawing's simplicity. 

Many machine components are manufactured using CNC processes, especially when made 

from aluminium thicker than 4mm. DFM considerations are considered for CNC methods; most 

components are designed with features created from the same plane, minimising the need for 

component readjustment in the CNC machine, thus reducing costs. 

Furthermore, SUTC has their own CNC, thus, although ProtoLabs have been described, the 

majority of components are completed within SUTC, thus, further reducing costs.  

3.8.2. Laser Cutting  

Laser cutting is employed for aluminium sheets less than 5mm thick in various areas of the 

machine. This process uses a powerful laser beam, controlled by a computer, to cut or 

engrave materials such as metal, plastic, wood, fabric, and acrylic, producing intricate designs 

with clean edges. It offers advantages over conventional cutting techniques and minimises 

waste, making it popular in industries such as manufacturing, sign-making, jewellery-making, 

art, and design (Laser cutting: How it works, 2023). 

Laser cutting is favoured for sheet metal due to its speed, simplicity, and cost-effectiveness. 

Figures 50 and 51 compare Laser Cutting and CNC machining quotes for Test Jig Front Panel 

Plates, highlighting the notable price difference. 
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Figure 50. Laser Cutting Quote Example 

 

Figure 51. CNC Machining Quote Example 

Laser cutting requires minimal engineering drawing input and is used in many areas of the 

machine, from cover plates for safety to bulkheads for securing power and control cabinets 

while enhancing structural stability. The process is quick and efficient, making it an ideal 

choice for various machine parts. Figure 52 shows some examples of the machine's 

bulkheads. 
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Figure 52. Machine Bulkheads 

DXF (Drawing Exchange Format) files are a type of CAD file format used to share and 

exchange 2D and 3D design data between software programs. Commonly employed in 

manufacturing, engineering, and architecture, DXF files facilitate the creation, distribution, and 

updating of design data (Learn about DXF files, 2023). 

A company called Dragon Laser has been utilised for manufacturing sheet metal components, 

including those requiring bending, such as supports for the cable chains. Figure 53 displays 

an example of engineering drawings for the sheet metal, while Figure 54 shows the DXF file 

used to create the laser cutting program. 
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Figure 53. Laser Cutting & Bending Engineering Drawing for the Conveyor Chute 

 

Figure 54. Chute DFX Example 
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3.8.3.  3D Printing  

3D printing has been employed throughout the design and development process, not only for 

prototyping but also for various permanent components. 

Using a digital design file, 3D printing builds objects in three dimensions, one layer at a time. 

There are three fundamental 3D printing techniques, Fused Deposition Modelling (FDM), 

Stereolithography (SLA), or Selective Laser Sintering (SLS).  

To start the process, specialised software is used to melt and extrude plastic filament (FDM 

method), cure liquid resin (SLA method), and sinter powdered material (SLS method). Due to 

its advantages, which include the capacity to create complex geometries and reduce waste, 

3D printing is widely used in a variety of sectors, including manufacturing, product design, 

architecture, medicine, dentistry, and education (What is 3D printing? - technology definition 

and types, 2023). 

Various components, such as the gripper tips used on the gripper system, are produced using 

FDM 3D printing. 3D printing offers several advantages, such as the ability to use a soft 

material such as plastic that will not damage Product A, conforming to the specification 

requirements. 

Polylactic Acid (PLA) is the chosen material, as testing indicates no PCB damage, meets 

accuracy requirements, and is biodegradable, sourced from renewable resources such as 

sugarcane or corn starch. It's novice-friendly, has minimal warping, and is easy to print. 

Converting CAD to Stereolithography (STL) files and using 3D printing software enables 

additive manufacturing of the desired design, as depicted in Figure 55. 

 

Figure 55. CAD to 3D Print 
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3.8.4.  Off-The-Shelf & Pre-Fabrication 

The machine combines manufactured and in-stock parts, with a prefabricated aluminium 

frame built by a manufacturer (KJN) using a Standard for the Exchange of Product Data 

(STEP) file, saving time and cost. Standard parts such as electrical components, Test Jig 

tooling posts, clamps, actuators and so on are purchased, simplifying integration. This "off-

the-shelf" approach reduces development costs and time, ensuring the project stays on 

schedule and within budget. 

These stocked components also adhere to quality and safety standards such as CE and UKCA 

marking. CE signifies compliance with European Union health, safety, and environmental 

protection standards, while UKCA is used in the UK as a replacement for CE marking after 

the country left the EU (UKCA marking information, 2023). 

Purchasing stocked components helps meet ISO standards and regulations such as PUWER, 

however, integrating them into a machine means the entire system must be examined as a 

whole. Purchasing individual components that meet regulations provides added reassurance. 

An engineering drawing for the electrical components of the control panel is shown in Figure 

56, with a Bill of Materials (BOM) created for ordering components before assembly. Figure 

57 displays this for the power panel, while Figure 58 shows an example of a pneumatics layout. 
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Figure 56. Control Panel Engineering Drawing & BOM 
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Figure 57. Power Panel Engineering Drawing & BOM 

 

Figure 58. Pneumatics Engineering Drawing & BOM 
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Figure 59 displays the frame design with a BOM for manufacturing, which includes the main 

baseplates and an empty frame ready for component attachment. 

 

Figure 59. Machine Frame BOM Example 
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Chapter Four  

Assembly & Testing  

4.1. Machine Assembly  

Once the final design is achieved after all previous development stages, parts are ordered and 

manufactured, both on and off-site. Modular designs allow for individual subsystem 

construction, thus, following the CPA, construction can occur concurrently, whilst ensuring 

flexible assembly with DFX adherence.  

Each subsystem has a BOM for component accountability, with an example in section 4.1.2. 

of which not all BOMs are shown due to report word limits, thus, additional examples are in 

Appendix Six and Seven. SUTC utilises 3D-PDF and E-Drawing files, reducing resource 

requirements spent on assembly drawings.  

4.1.1.  Test Jigs  

Utilising the Test Jig BOM, parts ordering and manufacturing can occur. Figures 60 and 61 

show the assembly.  

 

Figure 60. Test Jig Assembly 
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Figure 61. Test Jig Assembly - Alternative View 

4.1.2.  Feeder Systems  

Two Feeder systems are assembled, one for each Gantry. Figure 62 shows the Feeder system 

CAD and BOM, illustrating data available for assembly and component accountability. Figures 

63 to 65 show assembly examples, indicating how they are built as separate subsystems. This 

involves many mechanical, pneumatic, and electrical assemblies, which control the system.  
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Figure 62. Feeder System CAD & BOM Example 

 

Figure 63. Feeder System Assembly 
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Figure 64. Feeder System Assembly - Alternative View 
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Figure 65. Feeder System Electrical and Pneumatic Mounting View 

4.1.3.  Gantry System  

The double Gantry system, though mechanically connected by a central mounting plate, acts 

separately as left and right-hand systems. It can be assembled as a single unit, and to ensure 

DFA, actuators have motors placed accordingly (Left-Hand and Right-Hand Mounted). Linear 

rail mounting plates for the "X" and "Z" axes have mirrored, non-interchangeable components, 

preventing incorrect assembly. 

Figure 66 to 73 shows the assembly of both Gantry systems before being integrated into the 

machine frame.  
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Figure 66.  Gantry System Assembly (Phase One - Right Side) 

 

Figure 67. Gantry System Manufactured Components 
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Figure 68. Gantry System Assembly (Phase One - Right Side) - Alternative View 

 

Figure 69. Gantry System Assembly (Phase Two - Left Side) 
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Figure 70. Gantry System Assembly - Z Axis & Gripper View  
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Figure 71. Gantry System - Completed Mechanical Assembly  
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Figure 72. Gantry System - Completed Mechanical Assembly - Alternative View (Front) 

 

Figure 73. Gantry System - Completed Mechanical Assembly - Alternative View (Rear) 
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4.1.4.  Output  

Conveyors are off-the-shelf systems from Dorner Conveyors, simplifying integration and 

assembly. Tapped mounting holes on the main baseplate enable easy screw-in assembly, 

and they are powered from the power panel and linked to the control panel.  

Figure 74 shows the passed product conveyor and Figure 75 shows the failed product 

conveyor. Sensors are mounted at the end of each conveyor, indicating product presence as 

mentioned previously.  

 

Figure 74. Passed Conveyor Installation 
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Figure 75. Failed Conveyor Installation 

4.1.5.  Machine integration Assembly  

The machine integration includes the subsystem designs, electrical panels, Personal 

Computers (PCs), pneumatics, and cable routing as Figures 76 to 86 show. A BOM and a 3D 

CAD model in E-Drawing ensure component accountability and easy assembly. Its modular 

design allows individual subsystem construction, with no sequence required, adhering to DFA 

and meeting maintenance and redundancy specifications. The entire machine BOM example 

is in Appendix Six, but only a sample is shown due to report size limitations. 
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Figure 76. Power Panel Wiring Assembly 

 

Figure 77. Control Panel Wiring Assembly 
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Figure 78. Main Baseplate Installation into Frame 
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Figure 79. Pre-assembled Frame and Feeder System Baseplate 
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Figure 80. Feeder System Installation 
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Figure 81. Test Jig Installation 

 

Figure 82. Test Jig Drawer System Test 
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Figure 83. Test Jig Drawer System Installation (Right Side) 
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Figure 84. Gantry System Installation 

 

Figure 85. Gantry System Installation - Alternative View 
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Figure 86. Machine Assembly Overview 

In addition to mechanical, pneumatic, and electrical components, the software is included, with 

an example in Appendix Eight sampling some of the PLC programming, which controls the 

machine sequence based on the inputs and outputs and programmed logic flow.  

The program uses ladder logic, a common programming method for PLCs in industrial 

automation. Ladder logic diagrams resemble ladders, with rungs representing PLC commands 

and logic expressions, connected by vertical lines indicating power sources and control 
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signals. Pictorial symbols represent inputs, outputs, timers, counters, and other logic 

operations, depicting steps for activities or processes (Romanov, 2022). 

4.2. Machine Testing  

Testing ensures each subsystem performs its required function. Test Jigs can be used as an 

example, with the steps as follows:  

• Design verification: Ensure compliance with testing requirements and product suitability. 

• Debug: Debugging of hardware and software components. 

• Calibration: Calibrate the measuring and control elements. 

• Verification and Validation: Assess performance against criteria and standards. 

• Testing: Examine Test Jig performance with diverse product samples. 

Each subsystem follows these steps, with the overall machine undergoing an Operational 

Qualification (testing under various conditions) and a Performance Qualification (long-term 

performance evaluation) to ensure design specification adherence.  

The machine is linked to the local network allowing for its main purpose of Product A testing. 

Once the machine is started, SUTC Engineers place sample boards through the machine’s 

Feeder system, and output is measured to calculate theoretical weekly output (see Table 5) 

for the Performance Qualification.  

Table 5. Initial Machine Testing - Output Results 
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As shown, weekly output fails to meet demands on a single shift, thus, would require a two-

shift operation. However, one operator can manage the machine, using only half their time per 

shift for product feeding, allowing for additional tasks elsewhere. Consequently, two shifts 

utilise two operators total, but only one full operator resource, thus, meeting the design 

specification by mitigating NVA tasks. 

However, theoretical calculations in Appendix Four suggest higher numbers, warranting 

analysis using a process Failure Mode Effect Analysis (FMEA) to determine inefficiencies. 

FMEA is conducted after completing an Operational Qualification, which confirms the 

machine's resilience against random events and human error. Discoveries made during this 

analysis are shown in Table 6. 

Table 6. Machine FMEA 

 

The analysis shows a lack of detection mechanisms for correct product orientation within the 

pallet. The board is symmetrical except for its connectors which are slightly offset, thus, a 

method to detect human error is necessary. A scanning feature is added to the Gantry to check 

Product A orientation, using the products’ Quick Response (QR) code position which can 

mitigate errors and enhance efficiency. 

In the FMEA, additional risks are analysed with the new scanner feature, enhancing the 

detection element within the FMEA. Furthermore, chamfers are added to pallet pockets for 

flush board placement. 

The PLC program is reprogrammed to reduce actuator travel time and enhance logical 

efficiency, such as directing the Gantry to wait centrally after placing Product A on the Jigs for 

a shorter post-test travel time. 
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Test Jigs on the machine's left and right sides face opposite directions, necessitating different 

Product A placement and risking operator confusion. A rotary actuator is added to Gantry 2 to 

ensure consistent handling of Product A in the same orientation on both sides. Table 7 

displays post-modification testing results. 

Table 7. Modified Machine-Output Testing Results 

 

The project's aim has been achieved, as the total weekly output on a single shift now 

surpasses the specified target, but this assumes perfect product placement and easily 

readable QR codes. Most improvements stem from reprogramming, while other changes act 

as contingencies to mitigate failures. 
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Chapter Five  

Machine Performance & Discussion  

5.1. Implementation and Commissioning  

The machine's design meets the specification, project objectives, and aims. However, 

additional standardised requirements such as health and safety are required. SUTC uses the 

Performance Level (PL) risk assessment, based on the ISO:13849-1 standard, to evaluate 

machine safety during the design and development phases. 

PL risk assessment involves analysing hazards related to a machine or system and 

determining the necessary safety performance level to reduce risks. Each safety function is 

assigned a PL based on factors such as injury severity, exposure frequency and duration, and 

dependability of the safety-related control system. 

Both quantitative and qualitative techniques are employed in PL calculation, using Mean Time 

to Dangerous Failure (MTTDF) and Diagnostic Coverage (DC) metrics. The resulting PL level 

guides the selection of appropriate safety-related control elements, such as safety sensors, 

relays, and programmable safety controllers. 

Figure 87 displays a typical machine's PL, indicating the required safety PL. Systems chosen 

must be rated accordingly, such as an interlock rated to a "D" level if the PL is at that level. PL 

risk assessment is vital for ensuring device or system security, as it helps identify and mitigate 

potential hazards and guarantees the proper creation and integration of safety-related control 

systems, meeting the necessary safety performance (Fuchs & Zajicek, 2013, p.101). 

 

Figure 87. PL Example (Fuchs & Zajicek, 2013) 
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By performing PL risk assessment, the machine conforms to safety standards and ISO 

recommendations, adhering to PUWER regulations. Machine integration is carried out in an 

area allocated by the Industrial Engineering department, with connections to air supply, 

network, and power supply provided by a Facilities group, enabling full integration into the 

process. 

After machine integration and system setup, the Industrial Engineering and Production 

Engineering groups conduct an additional risk assessment to ensure compliance with further 

regulations and PUWER. Thanks to the comprehensive PL risk assessment, no extra actions 

or modifications are necessary. Figures 88 to 93 show the machine integrated into the 

production process.  

 

Figure 88. Machine Process Integration 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

91 
 

 

Figure 89. Machine Process Integration - Alternative View 

 

Figure 90. Gantry System – Pallet Picking 
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Figure 91. Gantry System Placing Product on Test Jigs 
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Figure 92. Machine Front View – Feeder Systems and Failed Product Conveyor  

 

Figure 93. Passed Product Conveyor 
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5.2. Machine Performance 

The machine is required to produce an output of 9,000 boards per week, enabling reduced 

NVA tasks and increased productivity. During initial commissioning, testing and debugging 

must be performed. 

5.2.1. Product Output 

Figure 94 displays a dashboard during an early stage of implementation, illustrating the 

machine operating on a day shift, from 7 am to 3 pm. The data displayed indicates the total 

output for that shift for each Test Jig (Head), and the cumulative product output for the entire 

shift (Total).  

 

Figure 94. Machine Output Data (Process Integrated) 

Figure 94 also displays the percentages for each Test Jig and the total output, representing 

the First-Time Yield, or the percentage of product A that passed the test on its first attempt. 

Amber indicators appear when the yield drops below 90%, and red indicators appear below 

85%. For example, if 10 products were tested and 9 passed, and the last one was retested 

manually and passed, the first-time yield would be 90%. The graph on the right in Figure 94 

shows the output over time. 
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The initial online trial reveals an average first-time yield of 85.6%, with 1,419 boards tested 

and outputted successfully in a single shift, resulting in approximately 7,095 products passing 

the test per week. Test Jigs 1 to 3 perform worse than 4 to 6, indicating one Gantry 

underperforming compared to the other.  

Figure 95 highlights the reasons for test product failure, with "Boot Check" being a major 

cause, relating to product placement issues. 

 

Figure 95. Failure Reasons  

Repeated tests yield similar results, prompting a Problem Analysis study for the machine using 

a Cause and Effect (Fish Bone) Diagram (Figure 96) to identify and understand the issues. 
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Figure 96. Machine - Cause and Effect Analysis 

The analysis reveals multiple causes for incorrect product placement. Notable changes 

include new operators now operating the machine, not the engineers who tested it. To address 

this, comprehensive training is provided to operators and managers. Additionally, gripper tips 

have been switched from PLA to Carbon Fibre Reinforced plastic (CFRP), to minimise wear. 

Another cause is new QR codes on Product A have been introduced, transitioning from black 

and white stickers to etched codes. This change necessitates adjusting the scanners' position 

on the Gantry to ensure accurate readings. 

After implementing these changes, the First-Time-Yield significantly improves, with a weekly 

output of 9,395 as Figure 97 shows.  
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Figure 97. Modified Machine Output Data 

5.2.2. Performance  

All machines have a set Operational Downtime Efficiency of 85% mentioned later which allows 

for contingencies, with human operators having an Operational Downtime Efficiency of 80% 

as mentioned in Appendix One. These are set by the Industrial Engineering Department.  

However, Machine Performance and Efficiency are also measured for "Test Jig Utilisation 

Time”. When a Test Jig is not being used or is idle with a finished product, Machine 

Efficiency is reduced due to insufficient Gantry pick-and-place speed, leading to underutilised 

Test Jigs. This is also known as Motion Inefficiency. Operators also have this, during manual 

testing but percentages for this are out of the project's scope.   

The Test Engineering Department's software requires a 50-second testing time per product, 

serving as an efficiency benchmark. Ideally, at 100% efficiency, each Test Jig would produce 

one product board every 50 seconds. For example, Gantry 1 having three Test Jigs, would 

mean an output of three boards every 50 seconds. However, extra movements and scans 

before and after testing lower overall efficiency and Test Jig usage time. Table 8 shows 

calculations for a hypothetical 100% efficient machine.  
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Table 8. Theoretical Maximum Efficiency  

 

With no movement and only test time considered, the total efficiency in terms of Test Jig 

utilisation (Machine Efficiency or Motion Efficiency) would be 100%. This means the machine 

could produce one board every 50 seconds for each Test Jig, resulting in the total output 

displayed in Table 9. 

Table 9. Theoretical Maximum Output 

 

With additional pre- and post-test steps, the actual efficiency is calculated using timings in 

Table 10. Table 11 shows the theoretical output based on machine efficiency and the new 

production process.  
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Table 10. Factual Machine Efficiency 

 

Table 11. Machine Output Estimates Based on Efficiency 

 

Although machine efficiency is 67.57%, output requirements are met, with a potential of 10,946 

tested products per week. This is slightly different to when initially tested, which may be due 

to perfect conditions, new components, and engineers running the machine.  

Additionally, Operational Downtime Efficiency is required set by the Industrial Engineering 

team at SUTC at 85%, which factors in for contingencies such as user interfacing, downtime, 

maintenance, and actual product failures. Consequently, with 85% of 10,946, the estimated 

average output is approximately 9,304 boards per week, similar to the recorded results in 

section 5.2.1. 

Note: A double Gantry system results in higher efficiencies compared to a single gantry (first 

design concept), due to reduced movements and steps required per Test Jig.  
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5.3. Machine Success & Discussion 

This section discusses the machine outcome in comparison to the design brief and 

specification.   

5.3.1. Cost and ROI 

The machine meets the design specification requirements, not only by achieving the required 

output per week but also by reducing the need for additional operators. Appendix One outlines 

the operator requirements and associated costs. The machine requires an operator only for 

feeding boards, which has minimal time impact. Consequently, only half the time of the 

operator is needed, meaning the operator can also be utilised elsewhere resulting in a 0.5 

operator resource requirement.  

Due to the vast majority of machine components, a full costs analysis cannot be shown, 

however, Table 12 shows an example of some of the components obtained from the machine 

BOM, whilst showing the total machine cost.  

Table 13 shows a simplified version for a clearer understanding with an approximate cost, 

hence, the slight differences. Therefore, the total cost is approximately £40,000, rounded for 

easy analysis. This is below the £50,000 budget set within the design specification.  

Table 12. Machine Cost Breakdown Example and Total Cost 
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Table 13. Simplified Machine Cost Breakdown 

 

The machine has an ROI within the same financial year, effectively making the machine free 

for the next financial year, assuming numbers remain constant. This is because each operator 

costs approximately £25,000 annually and can manually test approximately 4,300 boards per 

week. To achieve a 9,000-per-week target manually, three operators would be needed 

(£75,000 annually). Therefore, with an initial investment of £40,000 for the automation 

machine, the annual cost is £25,000 due to only one operator required. This is shown in Graph 

4; however, this does not consider inflation costs for manual labour.  
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Graph 4. Compares annual testing costs with and without automation 

Although additional to this project, thus out of the scope, since starting the project an increased 

demand for product A is seen, requiring 18,000 products per week. Thus, approximately 5 

operators would be needed in total to produce this target manually, costing approximately 

£125,000 annually.  

One machine can produce approximately 9,304 products per week due to its efficiency. Thus, 

two machines, as shown in Figure 98, have been integrated into the previous process with the 

original machine, enabling them to produce the required number of products. 
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Figure 98. Two integrated machines connected by a throughput conveyor 

Therefore, with an £80,000 initial investment and £25,000 annually (as one operator can feed 

both machines), the same output is achieved through automation, compared with £125,000 

annually, operating manually, shown in Graph 5.  

 

Graph 5. Shows an Annual Cost Comparison of the Testing Process with Increased Product Demand with and 

Without Automation for a Single-Shift (Two Machines) 

Greater initial savings can be achieved by utilising one machine on a two-shift, as shown in 

Graph 6, however, even though the operator can utilise half their time elsewhere, the resource 
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cost is allocated for the machine, thus, with one machine on a two-shift, one operator per shift 

would be required, thus, costing £50,000 annually, not including shift payment or annual 

inflation for salaries. Therefore, two machines are a better option long term.   

  

Graph 6. Shows an Annual Cost Comparison of the Testing Process with Increased Product Demand with and 

Without Automation for a Two-Shift (One Machine) 

5.3.2. Machine Conformity   

Utilising the design brief, the machine meets the project objectives. Table 14 demonstrates 

how it conforms to the design specification, fulfilling the design brief requirements. The 

machine adheres to size and mass constraints as depicted in Figures 99, 100 and 101.  
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Table 14. Performance Conformity 
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Figure 99. Mass Conformity 
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Figure 100. Width & Length Conformity 

 

Figure 101. Height Conformities 
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It also uses standard power and supply, with electrical control and power relying on mains, 

including a maximum of 6 bar air pressure and 230V AC. Table 15 displays the machine's 

conformity to safety features, while its full maintenance and lifecycle conformity can be found 

in Table 16. 

 

Table 15. Machine Safety Conformity 

Table 16. Maintenance and Lifecycle Conformity 
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With the actual output similar to the output in section 5.2.1. It can be said there are slight 

differences from the original calculations in Appendix Four. Gantry acceleration, deceleration, 

additional scanning, and actuator rotaries are not originally accounted for. An original output 

time estimate of 66.8 seconds per board, per test jig is calculated whilst the actual time is 

approximately 74 seconds, thus, explaining the discrepancy in calculations. Moreover, if Test 

Time reduces, the Motion Efficiency would decrease, as the machine becomes a further 

bottleneck compared to the test program.  

5.3.3. Outcome  

Therefore, with the machine producing over the maximum required output per week, 

preventing additional manning, the machine has an annual saving of approximately £50,000 

for the quantity of 9,000 boards per week.  

During this project, additional requirements are requested, which require an output of 18,000 

products per week, although one machine can run on a two-shift, reducing the initial 

investment, annually, this will cost more, thus, with an additional £40,000 investment, two 

machines can produce over 18,000 a week with one operator on a single shift, with double the 

output on a two-shift if required with one operator per shift, thus, £50,000 annually for operator 

costs.  

Therefore, the machine not only conforms to the design specification, thus meeting the design 

brief but it is also completed under budget and thus, has an ROI of less than one year. It can 

be stated that the machine, thus, the project, is successful.  

Although it is low cost, Machine Efficiency (Motion Efficiency) is 67.57%, thus, with the 

additional Operational Downtime Efficiency of 85%, produces approximately 9,300 a week. 

Therefore, although successful, is very close to the target and would require an additional shift 

if major maintenance or problems were to occur. Therefore, there are some future 

recommendations which will be discussed in section 6.2.  
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Chapter Six  

Conclusion & Recommendations  

6.1. Conclusion  

The non-value-added tasks for Product A are successfully decreased by this project. For a 

9,000-weekly demand of Product A, the automation system costs £40,000 but saves £50,000 

annually after the first year. With the additional investment of £40,000, an additional machine 

produces more than 18,000 products per week, saving the company approximately £100,000 

annually after the first year compared to a £75,000 saving annually after the first year if one 

machine on a two-shift was used, with only £15,000 more total investment in the first year 

(Including operator costs) for two machines, thus, after two years two machines provide a 

better return, with the potential to increase output on a two-shift for a further product demand 

increase.  

Consequently, this project promotes business and UK economic growth. Savings enable 

businesses to cut expenses and compete with nations with lower prices, promoting 

manufacturing in the UK. 

Although some people might be wary of automation, combining design techniques such as 

Design for Assembly and Modular Designs, produces machines that are both efficient and 

effective. These techniques aid in developing a project that is both cost-effective and 

regulatory. 

By showing the impact of innovation and technology on present operations, this project both 

highlights the value of automation in production and responds to public concerns. 

Savings from the project can be used to train and enhance local workers' abilities, which will 

be necessary for upcoming initiatives. This accomplishment demonstrates how ethical 

automation benefits both the business and the employees, which may help the UK economy 

flourish and shape its future. 
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6.2. Further Design Recommendations  

Many recommendations can be made from the design and development of this project. Firstly, 

Design for Sustainability should be considered. Designing machines sustainably is crucial to 

minimise environmental impact, preserve resources, and enhance economic viability. 

Additionally, eco-conscious clients and investors are attracted to brands with sustainable 

machines due to positive brand perception. Sustainable design principles can increase 

equipment lifespan, save money, and reduce waste, contributing to a brighter future. 

One sustainable aspect of the machine is its modular design. Modular machines are easier to 

maintain and repair, increasing longevity and reducing replacement needs. This lowers waste 

and saves businesses money. Other sustainable aspects to consider include: 

• Energy efficiency: Energy-efficient machines consume less energy and have a smaller 

carbon footprint, saving money and reducing environmental impact. Standby modes can 

also be utilised, reducing power consumption when not in use for some time.  

 

• Use of recycled materials: Machines made from recycled materials decrease waste and 

preserve resources, reducing the need to purchase new raw materials and lowering costs. 

 

• Recycling-friendly design: Machines designed for easy recycling cut waste and conserve 

resources, further lowering the need for new raw materials, and saving money. 

An increase to the machines’ 67.57% efficiency can be achieved, which provides more output 

for a given time, thus, supporting sustainability by reducing energy consumption and 

increasing the machine's life. Some examples include:  

• Scan the entire pallet at the feeder section before the gantry pick, with a wide-range fixed 

scanner to save scan time per board. Using methods from section 5.2.2. this is calculated 

to increase efficiency to 70%.  

 

• Use a double gantry in one zone by having one gantry for pick and place and another for 

pick and accept/reject within the same footprint. This reduces bottlenecks and ensures 

that a new board is placed immediately after a previous one has been picked. Using 

methods from section 5.2.2., this can theoretically increase efficiency to approximately 

79%, as movement times are halved.   
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Appendix One – Design Brief   

Product “A” is a small electronic board with the dimensions of 55𝑚𝑚 𝑙𝑒𝑛𝑔𝑡ℎ ×  40𝑚𝑚 𝑤𝑖𝑑𝑡ℎ ×

 4.7𝑚𝑚 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 . A machine must be able to fully automate the testing of the product, 

increasing the output per operator, which mitigates the NVA tasks by producing more boards 

per week, per operator.  

The current process is as follows: One operator has three testing stations, where product 

testing occurs. Prior to this, the boards are stacked in hoppers holding multiple 12-panel 

boards. Therefore, the 12-panel is first broken by the operator and the 12 separated products 

are placed in a waiting area. This can take approximately 60 seconds, therefore, 

approximately, 5 seconds per board.  

Connectors are then attached to counter-part connectors on the board to be tested. The board 

is then scanned to begin the test, which the test takes 50 seconds. Once the test is finished 

the board is taken from the test area and placed in an area ready for packing. The total process 

can take around 70 seconds per station per operator. Therefore, without accounting for time 

removal between movement and already started test times, this can produce 0.8 boards every 

minute for every station. Therefore, with 3 stations, 2.4 boards per minute.  

This equates to approximately 5,376 boards, per operator, per week, per shift. However, due 

to human error, retest work, and additional circumstances such as talking or toilet breaks, an 

80% calculation is factored in known as Operation Downtime Efficiency, thus, an operator can 

produce approximately 4,300 boards per week.  

The production output, however, is increasing with a requirement of 9,000 boards per week 

from March 2023, thus, to achieve this, more operators are required, therefore, requiring three 

operators to achieve this target, as increasing the number of stations per operator can cause 

more human error, thus, more operators are required. The cost of one operator is 

approximately £25,000 annually.  

Therefore, to achieve 9,000 a week maximum, three operators will be required in total, as only 

having two operators produce a slight shortfall from the target. Therefore, an automated 

machine must be able to produce 9,000 per week, whilst mitigating the operator requirement. 

The project budget has been set for £50,000. 

The machine must last for at least three years. The machine must be safe around operators 

and user-friendly. The area the machine is being placed has a footprint area of approximately 

5m by 5m. The tested boards must be transported to a rework area if they fail testing and sent 

to the packing area if they pass.  
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Appendix Two – Design Specification 

A design specification is generated from the design brief. However, some points in the 

specification are not taken from the brief and added due to Sony UK Technology Centre 

Design standards, such as Power Supply, maximum heights of machine for door height 

clearances, safety standards, maximum weights for transportation, and lifecycle, based on a 

two-shift pattern operating over three years. Furthermore, additional details are obtained from 

within the company for this specification.  

Therefore, the design specification is as follows:  

1.0. Performance  

1.1. Test and Output 9,000 Boards Per Week  

1.2. Boards must be transported in and out of the machine 

1.3. Boards must be separated between Passed and Failed 

1.4. Boards must not be damaged  

1.5. Boards must be identified for each test  

1.6. Boards must be able to be tested within a standard test sequence  

1.7. Board loading must be simple for operator use   

1.8. The machine must be able to handle 12 boards at a time (Board Route Number) 

1.9. Product A and SIB connectors must have a ±0.05mm tolerance for connection 

2.0. Size and Weight 

2.1. Maximum Dimension: 4,500mm (Width) 

2.2. Maximum Dimension: 4,500mm (Depth)  

2.3. Maximum Dimension: 1,981mm (Height)  

2.4. Maximum Weight: 1,000kg  

2.5. Optimal Board Input Station Height: 900mm (±150mm)  

3.0. Power and Supply  

3.1. Operate with the factory air supply of 6 bar (87.0226 PSI) 

3.2. Operate with factory power supply (230V AC) 

4.0. Safety  

4.1. Conform to the Provision and Use of Work Equipment Regulations (PUWER) 

5.0. Maintenance and Lifecycle  

5.1. Minimum lifecycle of 11,700 hours (Three years on a two shift)  

5.2. Modular design for easy repair and part replacement 

5.3. Easy maintenance access  

5.4. Jig change and SIB change for machine downtime mitigation  

5.5. Low complexity for easy maintenance   
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6.0. Budget and Cost  

6.1. Return on Investment within one year (£50,000 budget) 
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Appendix Three – ISO Standards  

NOTE: Some of these standards may have been superseded by new standards.  

ISO Standards  Description  

BS EN ISO 12100:2010 Safety of machinery - General principles for 

design - Risk assessment and risk reduction 

BS EN ISO 13849-1:2015 Safety of machinery - Safety-related parts of 

control systems - Part 1: General principles 

for design 

ISO 13850:2015 Safety of machinery - Emergency stop - 

Principles for design 

ISO 14119:2013 Safety of machinery - Interlocking devices 

associated with guards - Principles for 

design and selection 

ISO 16092-1:2017 Machine tools - Safety - Machining centres - 

Part 1: Safety requirements for machine 

tools 

ISO 20607:2019 Safety of machinery - Instruction handbook - 

General drafting principles and detailed 

requirements 

BS EN ISO 14121-1:2007 Safety of machinery. Risk assessment. 

Principles 

BS EN 614-1:2006 Safety of machinery. Ergonomic design 

principles. Part 1: Terminology and general 

principles 

BS EN 953:1997 Safety of machinery. Guards. General 

requirements for the design and construction 

of fixed and movable guards 

BS EN 999:1998 Safety of machinery. The positioning of 

protective equipment in respect of approach 

speeds of parts of the human body 

BS EN 1037:1995 Safety of machinery. Prevention of 

unexpected start-up 

BS EN 60204-1:2018 Safety of machinery. Electrical equipment of 

machines. General requirements 
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Appendix Four – Output Requirements  

To calculate the output of the machine and thus, the number of Test Jigs required per gantry 

system, the following variables are needed:  

• Test Cycle Time (Test Jig Time) – 50 Seconds  

• Maximum Actuator Speeds – 500mm/s  

• Maximum “Y-Axis” Distance – 1.2m  

• Maximum “X-Axis” Distance – 300mm 

• Maximum “Z-Axis” Distance – 200mm 

Therefore, to calculate the times it takes to pick a board and place it on a Test Jig, one can 

utilise these times. However, one will utilise the maximum worst-case scenario distances, thus, 

in theory, the machine will output more boards per minute than this worst-case scenario 

calculation. This is therefore used as a safety factor for the machine. The reason it will output 

more is due to some Test Jigs are closer to the input of the machine at the front, while some 

are closer to the output at the rear, thus, distances alter, therefore, actual times will be less, 

and this can be used for a safety factor for the maximum number of Test Jigs required. 

Picking products from the front of the machine and placing them at the rear of the machine, 

will accumulate a distance within the horizontal plane of 2.4m in the “Y” direction for pre-test 

placement, with an additional 2.4m with post-test output placement and 600mm in the “X” 

direction for pre-test placement with an additional 600mm for post-test placement (Double 

actuator lengths).  

Although cartesian systems can move both actuators simultaneously, thus only the longest 

distance will be utilised, therefore the following equation will be used:   

𝑇𝑦 = 𝑑𝑦/𝑣𝑦 

𝑇𝑦 = 4.8/0.5 

𝑻𝒚 = 𝟗. 𝟔𝒔 

Whereby:  

𝑇𝑦 = 𝑇𝑖𝑚𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑌 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 [𝑆𝑒𝑐𝑜𝑛𝑑𝑠] 

𝑑𝑦 = 𝑌 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 [𝑀𝑒𝑡𝑟𝑒𝑠] 

𝑣𝑦 = 𝑌 𝐴𝑥𝑖𝑠 𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 𝑆𝑝𝑒𝑒𝑑 [𝑚/𝑠 ] 
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With the Z-Axis, being a 200mm stroke, this will require a total accumulated movement per 

board of 1.6m (400mm for the pre-test pick, 400mm for the placement, 400mm for the post-

test pick, and 400mm for the output placement. This could be run simultaneously, however, 

may cause placement issues, thus, assuming the horizontal plate comes to a stop, this 

actuator will travel a total distance of 1.6m. Therefore, utilising the following equation:  

𝑇𝑧 = 𝑑𝑧/𝑣𝑧 

𝑇𝑧 = 1.6/0.5 

𝑻𝒛 = 𝟑. 𝟐𝒔 

Whereby: 

𝑇𝑧 = 𝑇𝑖𝑚𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑍 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 [𝑆𝑒𝑐𝑜𝑛𝑑𝑠] 

𝑑𝑧 = 𝑍 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 [𝑀𝑒𝑡𝑟𝑒𝑠] 

𝑣𝑧 = 𝑍 𝐴𝑥𝑖𝑠 𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 𝑆𝑝𝑒𝑒𝑑 [𝑚/𝑠 ] 

The gripper stroke is very small and would only take approximately 0.5 seconds per stroke, 

thus, with four operations per board for picking, placing, and sorting, this would mean a 2-

second additional time, Each Test Jig also has a scan to initiate the test which may take up to 

2 seconds, therefore a calculation for total time for a product per test jig can be calculated:  

𝑇𝑡 = 𝑇𝑗 + 𝑇𝑦 + 𝑇𝑧 + 𝑇𝑠 + 𝑇𝑔 

𝑇𝑡 = 50 + 9.6 + 3.2 + 2 + 2  

𝑻𝒕 = 𝟔𝟔. 𝟖𝒔  

Whereby: 

𝑇𝑡 = 𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 [𝑆𝑒𝑐𝑜𝑛𝑑𝑠] 

𝑇𝑠 = 𝑆𝑐𝑎𝑛 𝑇𝑖𝑚𝑒 [𝑆𝑒𝑐𝑜𝑛𝑑𝑠] 

𝑇𝑔 = 𝐺𝑟𝑖𝑝𝑝𝑒𝑟 𝑇𝑖𝑚𝑒 [𝑆𝑒𝑐𝑜𝑛𝑑𝑠] 

𝑇𝑗 = 𝑇𝑒𝑠𝑡 𝐽𝑖𝑔 𝑇𝑖𝑚𝑒 [𝑆𝑒𝑐𝑜𝑛𝑑𝑠] 

Therefore, to calculate the boards per minute per Test Jig:  

𝐵𝑚 = 60/𝑇𝑡 

𝐵𝑚 = 60/66.8 

𝑩𝒎 = 𝟎. 𝟖𝟗𝟖 (𝑻𝒉𝒓𝒆𝒆 𝑫𝒆𝒄𝒊𝒎𝒂𝒍 𝑷𝒍𝒂𝒄𝒆𝒔) 
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Therefore with 0.898 Boards Per Minute (𝐵𝑚), one can calculate how many products are 

produced per week (37.5 hours) with one Test Jig Per Gantry. 

𝑂𝑢𝑡𝑝𝑢𝑡 =  0.898 ∙ 60 ∙ 37.5 

∴ 𝑂𝑢𝑝𝑢𝑡 = 2020.5  

Therefore, with two Gantry Systems within the machine:  

𝑂𝑢𝑝𝑢𝑡 = 2020.5 ∙ 2  

∴ 𝑶𝒖𝒑𝒖𝒕 = 𝟒𝟎𝟒𝟏  

This is with one Test Jig per gantry, thus, two Test Jigs. However, as the machine can be line 

balanced and it does not require waiting the full 50 seconds for each Test Jig and the 

movement of the Gantry can be removed from the total test time of an additional Test Jig, this 

can be included with adding an additional Test Jig into the machine per gantry, however, 

testing of this is required, therefore, for simplicity and to add to the safety factor the full times 

will be used. Therefore, to achieve 9000 boards per week, with a rate of approximately 0.9 

boards per minute, per gantry.  

𝑁𝑗 = 9000/37.5/60/0.898 

𝑵𝒋 = 𝟒. 𝟒𝟓 (𝑻𝒘𝒐 𝑫𝒆𝒄𝒊𝒎𝒂𝒍 𝑷𝒍𝒂𝒄𝒆) 

Whereby: 

𝑁𝑗 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐽𝑖𝑔𝑠  

Note: Two Test Jigs per gantry. Therefore, a total of 4.45 Test Jigs is required (5 Test Jigs). 

However, every Test Jig which is added per gantry reduces the machine's efficiency due to 

the gantry becoming the bottleneck when the test is finished, therefore, the other tests finishing 

before the Gantry can pick and place the new product onto the empty Test Jigs before coming 

back to the newly finished Test Jig. This is the reason for a double gantry, to increase efficiency 

and reduce Motion inefficiency.   

Furthermore, Operational Downtime Efficiency accounts for various factors, such as 

maintenance which is a set standard at Sony UK Technology Centre of 85%. Therefore, to 

account for this:  

𝐵𝑚 = 0.898 ∙ 0.85  

∴ 𝑩𝒎 = 𝟎. 𝟕𝟔 (𝑻𝒘𝒐 𝑫𝒆𝒄𝒊𝒎𝒂𝒍 𝑷𝒍𝒂𝒄𝒆𝒔)  

∴ 𝑁𝑗 = 9000/37.5/60/0.76 
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𝑵𝒋 = 𝟓. 𝟐𝟔 (𝑻𝒘𝒐 𝑫𝒆𝒄𝒊𝒎𝒂𝒍 𝑷𝒍𝒂𝒄𝒆𝒔) 

Therefore, a total of 6 Test Jigs are required. As this will ensure it accounts for Operational 

Downtime Efficiency and rounding done in the calculations, thus, allowing for redundancy to 

ensure 9,000 boards can be tested per week, thus, 3 Test Jigs per Gantry system will be 

utilised. 
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Appendix Five – Machine Operation 

This appendix explains the machine and its operation and maintenance. The figures in this 

section show the documents taken from Sony UK Technology Centre, used for not only the 

operation, thus for the production team but also maintenance, used by the Production 

Engineering team.  

Appendix 5.1. Machine Overview  
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Appendix 5.2. Machine Operation and Control  

This section outlines the operational standard for the operator to control the machine, with 

supporting documents for technicians to operate the Human Interface Screens for the 

maintenance and operation of the machine.  
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Appendix Six – Machine BOM Sample  
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Appendix Seven – Full Machine Design and Subsystem Design 
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Appendix Eight – PLC Program Examples 
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Appendix Nine – Single Gantry System Design 

 

This concept is for a single gantry system with 6 Test Jigs, One output system (Conveyor) and 

one input system (Feeder system).  
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Appendix Ten – Gantt Chart (Project Timeline)  
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