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Chapter 1

Introduction

Alongside the, somewhat more well known, issues of vehicular emissions, Diesel-Particulates and the issues of air quality, and climate change, the issues of the continual use of non-recyclable/reusable materials still feature significantly in modern vehicles and are detrimental to the health of the planet and a contributing factor to climate change. Despite current attempts at environmentally friendly energy alternatives such as wind, solar, and wave farms in conjunction with the ‘Zero-Emissions by 2030’ scheme employed by the UK Government, both industries fall short of slowing the harm created by the mass-production of automobiles across the world.

[image: Figure 1; Windscreen Landfill - science.org.au]One element of this non-recyclable waste issue relates to the persistent use of Polyvinyl Butyral (PVB) windscreens. Europe alone amasses “9 million windshields […] replaced annually” averaging “225 million pounds of waste”. Each unit is considered to represent 25 pounds (GlasWeld UK – 2022). The waste produced occurs at an uncontrollable rate and is disposed of via landfill (fig. 1). In comparison, glass bottles average “up to 4000 years” of decomposition (ActiveSustainability – 2022). 
Comparatively, windshields, which include PVB featured in the manufacturing of the two-ply glass, result in it being unrecyclable, typically taking over “1 million years to decompose” (GlasWeld UK – 2022).                  Figure 1; Windscreen Landfill. (Australian Academy for Science – 2022)


This technical report aims to look at recyclable alternatives to the current materials featured in commonly discarded parts of vehicles and how their (re)manufacturing process could help develop a more environmentally sustainable approach within the industry, whilst still creating a usable and relevant product in the ever-evolving auto industry. This topic will be addressed by looking at Polycarbonate windscreens as an alternative (to PVB film/two-ply industry standard) and consider the engineering team structure.














Chapter 2

Engineering Team Structure

There are many alternative types of engineering team structures widely used in the modern industry, with a regularly used system known as Matrix; where a network of smaller specialist teams explore different areas of a development process under instruction from a number of team leaders to produce to most effective outcome. 
[image: ]
One example of this could be that of supercar design; where individual teams focus on separate parts of the car (i.e., front wing, doors, interior design, bonnet, etc) these are later brought together as complete, with some models going through an extensive “10 design models” spending “months changing nuances or […] lines” (Bugatti – 2022). 

A breakdown of this process is shown in Figure 2, where during this process, teams are able to collaborate and discuss ideas and directions with other groups in order to ensure overall design integrity and collaboration .Figure 2; Virtual Rendering, Decomposition of Components. (Bugatti – 2022)

A much-stated advantage of a Matrix based team layout is its ability to take specialists from each field and put them to a specific task where their expertise is required (Indeed – 2022). 
Each team has the ability to request adaptations/changes of other team’s input and development to assist in the creation of an integrated final outcome, whilst also allowing innovation and development. 
 
Considering this layout for development of polycarbonate windscreens, it could be seen as advantageous to have different teams look into forms of plasticisation for strengthening, windscreen surrounds and struts as support. Similarly, other teams would be able to explore driver safety on impact of the product and related issues, and another team conduct a ‘life cycle assessment’ of the product; from creation, to use, to the recycling/remanufacturing process.

Conversely, an alternative to a Matrix system could be a Horizontal System layout. In a horizontal team system, the benefits are thought to arise from no hierarchal order of leadership. Responsibility is distributed “based on tasks and skill sets’ filling “specialised roles with minimal overlap”, leaving each member with “little redundancy […] less management” proving mostly “effective for small teams” (Indeed – 2022).




Due to the chosen product being an already tested upgrade for race teams and enthusiasts, the structure of the team would not require a large overlay of sub-teams. With this layout, tasks could be split between 3-4 team members with different fields of research, such as: recyclability, safety/durability, and consumer needs. Responsibilities being delegated “based on tasks and skill sets” would allow specialists to “perform essential roles” (Indeed – 2022) in close contact with other team members, promoting idea discussions and a more thought-out development process. 

The “deep technical expertise” allows developers to “work closely together [and] feed off each other” – resulting in contributing professionals being able to “develop strong feelings of ownership” over the product. (Fischer, R – 2019).

[image: Diagram

Description automatically generated with medium confidence]Despite this, Horizontal teams can be subject to “key deficiencies” in areas such as “customer value, innovation, […] product expertise”, with engineers focusing on challenges found in their “particular layer […] losing customer perspective”, forgetting “the bigger picture” (Fischer, R – 2019). 
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However, a Vertical team’s need for “strong coordination” over larger initiatives distracts from “clear priorities” within the development process, this is not commonly found in Horizontal systems. (Fischer, R – 2019). It is suggested that a smaller, tightly organised, Horizontal team in research and development  can result in better “product prioritization […] on the most important tasks” (Penchant for Product – 2021).Figure 3; Hardware Product Development Stages, 
Penchant for Product – (2021)

















Chapter 3

Product Development

When implementing a Horizontal team layout, a specialist role that is typically included is that of a Product Development Engineer.
[image: A picture containing text, sign

Description automatically generated]
A Product Development Engineer (PDE) has responsibilities for the generation of “drawings and three-dimensional models […] used for tooling, prototyping” and the manufacturing process, alongside “defining patents, marketing and branding” and “advertising and packaging, along with the testing” (JESSUP – 2013).
Due to PDEs being involved in the product’s entire development, and manufacturing process they can often be perceived as a team supervisor.
This ‘overview’ in this engineering role can result in the development of  “strong feelings of ownership” towards the product (Fischer, R. – 2019).

PDEs are characterised as “developing solutions” through “understanding the inner workings” (JESSUP – 2019) of the given product. Figure 4; PDE workflow, Railsware – (2021)

This requires an engineer of practical application due to the need of ‘comfort-testing’ to be marketed to a modern audience, such as low wind-noise, or ensure easy scratch removal, windscreen-tint options for countries suffering from sun/snow-glare. 

Alongside these design issues and considerations, an engineer must also consider possible unknowns such as stress-cracking, impact resilience, breaking/shatter-points, melting points, and vibrational behaviour. Making assurances “during the maturation of the product” testing is often taken to (and beyond) absolute extremities in order to consider ‘factors of safety’ and avoid future mass product recalls/failures in health and safety (JESSUP – 2019).





[image: Diagram

Description automatically generated]The product design process is broken down into 4 stages:

· Product Planning.
· Conceptual Design.
· Embodiment Design.
· Detail Design.

Following a careful “product analysis, concept stage, and product synthesis” helps teams “ensure accurately planned processes” and “effective organisation” (Engineering Product Design – 2022). This, in parallel with a horizontal team layout would leave the team a “wider span of control” due to the “short chain of command”, resulting in “faster, more effective communication” (peopleHum – 2022).Figure 5; Engineering Design Process, EngineeringProductDesign.com – (2022)


Organising the team for best results of the chosen product would be structured as below:

Product Analysis
Product Development Engineer (Supervisory).


Concept Stage

Health and Safety Engineer.
Consumer Comfort Engineer.
Environmental Engineer.


Development



Product Synthesis
Final Product/Postproduction Assessment.
Future Developments.




Figure 5a; Proposed Horizontal Team Layout. Burnside, R. – (2022)




The development stage would require team members (e.g., Health and Safety Engineer,  Environmental Engineer, and Consumer Comfort Engineer) to research their specialist field whilst liaising with the Product Development Engineer.
In a structure like this the Product Development Engineer  typically organises meetings with each engineer team in order to assess that the development concept is maintaining focus and aspirations, abiding to a set of compromises, without hindering the overall design success. Although that said, the PDE may also consider focus group discussions and for a seeking wider findings/views; finding out which areas they are unwilling to compromise on, resulting in a well-balanced product.




Chapter 4

Issues

[image: A picture containing car, outdoor, transport

Description automatically generated]Websites such as www.acwmotorsportplastics.co.uk boast an already saturated market of multiple brand-compatible windscreens, with bespoke cutting an option if needed. Proposing “, just under half  […] glass at ” (ACW Motorsport – 2022). This may indicate at the potential success of this development idea. However, wider concerns do indicate that polycarbonate is not without issue.

Polycarbonate is known to scratch easy. With this in mind, customers may be forced to require repeat polishes, over the lifetime of the product, to maintain clear vision. Impact chipping may be more likely, and this could cause ‘new’ issues, and result in safety concerns picked up in industry and governmental testing (e.g., MOT inspections). The result may be a transferal of additional costs to customers.Figure 6; Why Polycarbonate? - ACW Motorsport Plastics (ACW - 2022)


It is equally important to consider in the ‘Life Cycle Assessment’ the wider (unforeseen) environmental impacts that developments such as this may cause. An area that could also be considered by the team is how the increase in maintenance of products (e.g. polish use) may affect the industry and subsequent environmental impacts through disposal and manufacturing. In using the proposed team structure, the team would be at an advantage where a specialist individual/group would focus on the health and safety aspects of the product, and a further group consider ‘life cycle assessment’. In the former, the product would be tested to a high grade in order to ensure impact protection and shatter-proof designs. The Health and Safety Engineer would research the effect on windscreens exposed to consistent polishing. This would make windscreens thinner over time, with the heat possibly causing the polycarbonate to go brittle over extended periods.
[image: A picture containing cat, engine
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Polycarbonate by nature has a “ductile response to high-speed impact”, however, the “amorphous nature and high free volume between […] molecules” causes polycarbonate to be extremely poor in resistance to absorbing hydrocarbon chemicals, becoming “brittle” and failing to a process called “Environmental Stress Cracking” (PEG – 2022).
Figure 7; ESC of Polycarbonate. (PEG – 2022)


In the latter, methodologies could be developed for quantifying the sustainability of the product through life cycle assessment (LCA). With LCA offering a systematic analysis of environmental impact over the course of the entire life cycle of a product, component materials, manufacturing and installation process, or other measurable activities.

Legislation & Standards

[image: A picture containing indoor, several

Description automatically generated]It would be essential to ensure that the team adhere to current high testing standards. The 2018 FIA WTCR Technical Regulations states in order to be safety approved a front Polycarbonate windscreen must have a “minimum thickness 5.58mm” alongside a “plastic rear window” having a minimum “3.85mm” (FIA – 2018). 
 
As a template this would allow engineers to access data of testing from motorsport practices whilst considering the stresses of day-to-day use. Further criteria from the FIA states “polycarbonate [must have the] same transparency as the original glass”. (FIA – 2018).

World Touring Car Championship (WTCC) state a “minimum thickness of 4mm” and offer “off the shelf polycarbonate windscreens [of] 6.2mm +/-0.18” for their series racers in order to make readily available safety-assured windscreens. (plastics4performance – 2022).Figure 8; FIA approved Polycarbonate windscreen. (racefans.net – 2018)


Polycarbonate is susceptible to scratches/deeper marks. Government Legislation shows windscreens “shall be maintained in such a condition that it does not obscure the vision of the driver”. This includes “surface damage, cracks, or discolouration” (GOV.UK – 2022). Windscreens are divided to “better define what maybe permissible”, with ‘Zone A’ being a “vertical area 290mm wide” in line with the steering wheel but “350mm wide on vehicles over 3.5 tonnes”, alongside ‘Zone B’ being “the remainder of the swept area of the windscreen” (GOV.UK – 2022). This legislation gives exact parameters that a “single damaged area shall be contained within a 10mm diameter circle”, with no minor damage “more than 10mm” (GOV.UK – 2022).



















Chapter 5

Personal Development Plan

The career path I intend to pursue upon completion of this degree course is as a Trackside Race Mechanic on a competitive motorsport team in racing series’ (e.g., FIA WEC, working on LMP cars). Equally, Formula 2, and 1 are both of interest to me (including WRC and DTM).
[image: A car engine with its hood open

Description automatically generated with medium confidence]Previously, I have built two Austin Minis for track use, and the adjustment of vehicles for track environments is one that I found interesting and rewarding. The adaptation of features such as adjustable suspension/gas shock absorbers, quick-rack systems, poly-bushes, and twin carburettor systems helped development my interests further.

Looking at career opportunities, (e.g., advert for DAMS F2 Team) (fig. 2), key race mechanic duties include: “car build, service and repair; strip and inspect parts; travel to races/test events; pitstop team, [and] manufacturing of components” (Motorsport Jobs – 2022).Figure 9; One of the Minis, post engine-reinstall. (Burnside, R. – 2021)

[image: Graphical user interface, text, application, email
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I currently have related knowledge in manufacturing components for vehicle use, however, the Machining and Engine Workshop aspects of my current course will help to develop these skills further.

Similarly, an advert for a “Trackside Development Engineer” in France, highlights a need for knowledge in “dynamic characteristics” and “development of chassis” in series such as “LMDH, GT3, [and] LMP2” (Motorsport Jobs – 2022).Figure 10; DAMS Race Mechanic job advert for F2. (MotorsportJobs.com – 2022)


To enter this section of industry I believe that focusing on Machine and Engine Workshop Sessions over my degree (and beyond) will develop my practical skills, and studying the Motorsport Technology, Physics, and Electronics lectures will develop my overall knowledge to help design, test, and adapt, competitive car concepts for competing race teams.








Conclusion

With many opportunities in different team layouts, the supporting evidence discussed shows that a Horizontal system would benefit the team best.
Research into software engineering teams following similar, smaller layouts, shows high functionality in involved individuals working closely alongside each other.

Already available data puts teams at advantage and is a useful aid that would be undertaken again. It is now understood that finding a research ‘platform’ to base further investigation assists the team in exploration of specialist industry areas whilst saving them time, testing, and legislation that would normally hinder a development process.
The layout gives an effective outcome with clear, defined leadership and a team built on trust of expertise, as opposed to a committee.
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DAMS is a professional race team competing in the FIA Formula 2 Championship, Formula 1's main
feeder series. Using its world-class expertise, the French outlit trains and prepares young, talented
drivers for the pinnacle of motorsport. Created at the end of 1988, DAMS' elite team of mechanics and
engineers has resulted in success in every category it has raced in, including F2, Formula Renault 3.5,
Formula E and Porsche Supercup.

We are currently looking for a mechanic with experience i single seater categories to join our Formula 2
team, reporting directly to the Chief Mechanic.
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