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[bookmark: _Toc88481710]Introduction

The aim of this project was to theoretically lead an engineering team in designing and developing a product. This report highlights collaborations between different departments within the engineering and marketing sectors, discussing organisational structures, time constraints and the code of conduct expected by engineering in developing a new product. The task chosen was to design and manufacture an Aero-kit for a Toyota GT86. The car community is vast, and customers are continuously looking for a unique look to their vehicle. This provided a key opportunity to develop a product within this sector as market demand is high for an Aero-kit that is both aesthetically appealing and aerodynamically efficient.

[bookmark: _Toc84598534][bookmark: _Toc88481711]Objectives and Criteria

The main objective was to evaluate successful development strategies to efficiently and cost effectively produce the Aero-kit ready for retail sales. To complete this task, the team needed to comply with strict time schedules and complete work to a high professional standard in line with the engineering code of conduct. Factors such as team collaboration and financial costs, as well as environmental and safety concerns were to be considered throughout the project. 
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Description automatically generated]This section focuses on the teams involved in the project, highlighting which departments covered each stage in the development of the Aero Kit. Before the project began, a sturdy project organisation structure was put in place to ensure efficient working procedures. There are 4 main types: Functional, Matrix, projectized and composite. Each organisational structure comes with benefits and downfalls in certain areas such as communication between sectors or additional financial costs. Figure 1 provides an overview of resource availability and hierarchy within these organisational pre-sets.
[bookmark: _Toc85716813][bookmark: _Toc88481723]Figure 1: Organisational structures on projects (A Guide to the Project Management Body of Knowledge (PMBOK® Guide) Fifth Edition)

Due to the nature of the project, collaboration with sources outside of the development team were essential. These are known as Subject Matter Experts (SME’s). As the name suggests, the Aero-kit needed to be aerodynamically efficient as well as be visually attractive to the consumer. This meant that consulting an experienced aerodynamicist would be detrimental to the project. As the product was designed for road use, there was potential for a vehicle fitted with the Aero-kit to be involved in a pedestrian impact. For this reason, collaborating with a professional body such as Euro NCAP was crucial for legal reasons and to ensure public safety. 
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Description automatically generated with medium confidence]Figure 2 highlights a strong matrix organisation which was used during this project. The main benefit of this structure is that it has open communications, allowing information to be spread throughout the project with fewer obstructions than other organisation structures, thus improving project efficiency. Another benefit is that it allows all departments to access highly skilled specialists from other departments to aid in resolving project issues. They may also have access to other sources of resources to propel the project through a crucial moment. The downsides are that it is more cost intensive due to functional and project managers being involved in the project full time. There may also be confusion between staff when two managers have equal authority in the same sections of the project. This, however, can be resolved by the chief executive defining clear roles and responsibilities (Westland, 2018).[bookmark: _Toc88481724]Figure 2: Strong matrix organisational structure (A Guide to the Project Management Body of Knowledge (PMBOK® Guide) Fifth Edition)


 Figure 2 is an outline that needs to be tailored specifically to this product. The functional managers comprised of specialists from these departments:
· CAD and Design
· Manufacturing
· Finance and Marketing
The Aero SME collaborated with the CAD and Design team during the development stage. Each staff member within the section silos report to both the section functional manager and a project manager. A project manager was assigned to each of these sections to ensure that all work was being completed to the correct standards, in line with the engineer’s code of conduct, and to the executives’ specifications. The code of conduct is outlined by The Royal Academy of Engineering and the Engineering Council in 4 bullet points as follows (Engineering Council, 2017):
· Honesty and Integrity
· Respect for life, law, the environment and public good
· Accuracy and rigour
· Leadership and communication
The points above are highly condensed, for a more detailed code of conduct refer to section 7 of the report. The code is there to ensure that all engineers are working to sufficient standards with respect to fellow colleagues, the environment and public safety as well as respecting their professional responsibilities.
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[bookmark: _Toc88481714]Project Timescale

[image: Chart, timeline

Description automatically generated]To competently lead a project to the acquired performance criteria, the organisation, planning, monitoring and control of the project must be safely achieved within predetermined time, cost, and objective restraints. (Smith, 2002). Figure 3 portrays the timescale for the project. Each section was to be completed by the corresponding departments within the allotted time. There was tolerance for an additional 20% float time in case any issues arose during any of the development phases. Figure 3 also displays the handover periods between departments. This relates to Figure 2’s organisational structure, however when a sections workload is completed, they are taken off the project to reduce costs. This excludes the functional and project managers.[bookmark: _Toc88481725]Figure 3: Project Gantt Chart
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An issue raised during the cost analysis phase was that it was not feasible to manufacture the Aero-Kit purely from carbon fibre. This was due to the material costing too much which would severely increase the sales value of the kit, therefore narrowing the target audience.

 For this reason, other materials such as fibreglass, polyurethane and ABS plastic were considered as a suitable replacement. Each come with benefits and drawbacks. Fibreglass is cheap yet requires the most amount of prep and is difficult to install due to its rigidity. Polyurethane is very durable however is more expensive. If not prepared properly, the parts would deteriorate after a short period of time. The material is also heavy compared to the other material choices. ABS Plastic is the material of choice by manufacturers as it is lightweight and very resistant to heat, chemical and impact damage. It is more rigid than polyurethane yet has superior paint adhesion for longevity. Carbon fibre is extremely lightweight with a high tensile strength and high thermal and chemical resistance. It is the material of choice for race teams however it is very expensive (M.K, 2017).
Considering all these factors, the GT86 Aero-Kit was made from ABS Plastic as it is inexpensive, very resistant, and versatile which would be better suited to the varying terrain and asphalt quality of public roads. 
 




[bookmark: _Toc88481716]Analysis & Discussion

This section focuses on the possible repercussions that the Aero-Kit may have regarding public safety and environmental factors.

[bookmark: _Toc88481717]Pedestrian Safety
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Description automatically generated with medium confidence]G.Crocetta stated in the journal of Accident Analysis and Prevention that around 1.2 million pedestrians die due to pedestrian impacts every year, 35% of which are children (2015).  Therefore, it was a priority that the kit will not contribute to raising those statistics.  Due to this, precautions were taken to minimise damage from the kit itself. This was crucial for the front bumper as most pedestrian incidents occur from a head on collision. This restricted some aspects of the bumper design as precautions were taken towards canards, bumper protrusion, and bonnet cut-outs. [bookmark: _Toc88481726]Figure 4: Pedestrian Impact Zones, Accident Analysis and Prevention 2015


Figure 4 shows the impact points for various vehicle types, as a 2-door sports car the GT86 would have the highest initial impact on the mid leg region. This meant that accessories such as the front diffuser and canards needed to be rounded off to reduce lacerations to these areas. Bonnet cut-outs/catches were placed in a manner to avoid causing additional damage to a pedestrian upon impact. 


[bookmark: _Toc88481718]Environmental Protection

Recycling has become increasingly important over the decades in a bid to minimise the waste produced, subsequently helping our planet. M.Hall wrote an online article stating that the UK alone produces on average 12 million tonnes of waste per year (2021). These are significant values which is why the product aimed to minimise waste as much as possible. ABS plastic is a thermoplastic that possesses the ability to be melted down and reused for another product. It is a non-toxic material that has no known carcinogens and is less harmful to the environment than other plastics when recycled. Considering this, any additional waste from manufacturing the Aero-Kit can be correctly and efficiently disposed of, as stated in the Environmental Protection Act of 1990 (Refer to section 7 of the report), aiding sustainability for the planet.


[bookmark: _Toc88481719]Conclusion

To conclude, this report has outlined the department organisational structures, the difference between functional and project managers as well as the different development stages involved in developing a product. The objectives outlined in the introduction have been achieved as aims such as the timescale, team communication and work quality have all been evaluated. Furthermore, careful consideration into the implications the Aero-Kit could have to both the public, and the environment, have been highlighted. 

[bookmark: _Toc88481720]Personal development

After consideration of my career path, I have realised I would like to have hands on involvement with high performance vehicles whether it be on a race team or working in a specialist garage or a high-end manufacturer. Ideally, achieving a first or 2.1 in motorsport engineering will be the first steps in achieving this goal, however, I would like to evolve my skillset further by getting trained in fabrication and design so I can manufacture custom parts for high-performance cars. 
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At the opposite end of the spectrum to the functional organization is the projectized
organization, shown in Figure 2-5. In a projectized organization, team members are often
colocated. Most of the organization's resources are involved in project work, and project
managers have a great deal of independence and authority. Virtual collaboration techniques are
often used to accomplish the benefits of colocated teams. Projectized organizations often have
organizational units called departments, but they can either report directly to the project
manager or provide support services to the various projects.
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be clearly identified even when a more representative set of vehicle
shapes, and a broader range of vehicle impact speeds and
pedestrian initial positions is considered. Moreover, this work
aimed at assessing whether a relation could be identified between
the pedestrian ground impact configuration (head first, pelvis fist

The influence of vehicle front-er X -

Heght (m) 147 1
c heght (m) 0565 oose
g () 230 5

Anaysc and Prewation 79 (2015) 56-69

Sports car

>of

Small SUV

Compact car

Fig. 1. MADYMO model of th vehices and 50th % male pdestrian model.

categories: a sports car, a compact car, a big car, a small SUV, a big
SUV and a van. The vehicles were characterized by bonnet leading
edge (BLE) increasing in height from the sports car to the van but
also having different bonnet angles and length, see Table 2. The
bonnet leading edg is defined according to the EuroNCAP protocol
as the front upper outer structure of the vehicle including the
bonnet and wings, the upper side members of the headlight
surround and any other attachments (EuroNCAP, 2013).In Table 3
are shown for each combination of vehicle type and pedestrian
model the values of the ratio "bonnet leading edge height/
pedestrian centre of gravity height” and of the ratio "bonnet
leading edge height/pedestrian height".

23, Contact characteristics

MADYMO is a commercial multibody simulation software
package in which systems of rigid bodies connected by kinematic
joints are allowed to contact and penetrate each other. Contact
forces are computed according to specified contact characteristics.
The loading and unloading curves for the present study were
sourced from a study by Lyons and Simms (2012). The loading
functions for the bumper and the bonnet provided by Lyons and
Simms were based on a paper from Liu et al. (2002), while the
windscreen stifffess was extracted from the impactor tests of
Mizuno and Kajzer (1999). The unloading curves for bumper,
bonnet and windscreen were based on 10% of the stifness of the
corresponding loading curves and the unloading curve for the BLE
was based on 1% of the stiffness of the BLE loading curve.
Afriction coefficient of 0.3 for the vehicle-pedestrian contacts
was used as previous studies found that it gave reasonable results
(Simms and Wood, 20062.0.d). The hysteresis slope was set to 10°
for all vehicle contacts. The combined force-deformation charac
teristics of both contacting surfaces were used in all contacts
pt for the vehicle-head contact, in which only the vehicle
deformation characteristics were used.
As regards the pedestrian-ground interaction, no validated
contact model is available yet. Therefore, only the pedestrian
contact characteristics were used and the ground was modelled as

Table 2
trical dimensions of vehicl

Ground
Windscreen anle

arigid surface. To model the friction force in the contact with a dry-
asphalt road a friction coefficient of 0.58 for the pedestrian-ground
interaction was chosen, based on experimental test results (Wood
and Simms, 2000).

24, Impact conditions

Impact simulations were performed for three initial vehicle
velocities: 20, 30 and 40 km/h to reproduce the range of typical
impact speeds in pedestrian accidents (Simms and Wood, 2006¢).
Very high speeds were not considered since survivability following
primary contact with the vehicle is then low. A constant
deceleration of 0.75g was applied to the vehicles to simulate
braking at impact on a dry-asphalt surface, similarly to the
approach taken in previous studies (Simms and Wood, 2006b:
Simms et al., 2011). Vehicle dipping during the braking due to
suspensions compression and tyres deformation was neglected as
done in previous studies (Van Rooij et al 2003; Simms and Wood,
20063; Shen et al., 2008; Untaroiu et al, 2010; Ellott et al, 2012).

Six nitial stance configurations were chosen from the gait cycle
defined by Untaroiu et al. (2009) with the pedestrian facing
sideways to the vehicle. The selected stance configurations are
those ircled i g 2: the struck leg was leading in three cases (07%
10%, 50%) and lagging in the other three (30, 50% 60%). Impacts
were performed with the pedestrian both stationary and moving
transversally to the vehicle at a (walking) speed of L4mys (Simms
and Wood, 2006¢), though the full complexities of walking were
not modelled. The simulation parameters are summarized in
Table 4. A total of 648 multibody simulations of vehicle-pedestrian
impacts was carried out using MADYMO.

There are currently no experimental data for validation of
pedestrian ground contact kinematics and injuries. Accordingly
the predictive capabilities of the MADYMO pedestrian model for
ground contact assessment cannot currently be tested. To address
this limitation, the results presented from this work focus on
trends rather than absolute values of head impact speed
predictions
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4 Analysis & Discussion

“This section will focus on the possible repercussions of the Aero-Kit regarding health and safety and
environmental factors. G.Crocetta stated in the journal of Accident Analysis and Prevention that
around 1.2 million pedestrians die due to pedestrian impacts every year, 35% of which are children
(2015). As the Aero-Kit is intended for road use, it s crucial that the design does not compromise.
the GT86's OEM pedestrian safety evaluation and that the kit will not contribute to raising those
statistics. Therefore, precautions will be taken to minimise damage from the kit tself. This is most
important for the front bumper as the majority of pedestrian incidents occur from a head on
collision. This restricts some aspects of the bumper design as precautions will have to be taken

towards canards, bumper protrusion and bonnet cut-outs.
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