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[bookmark: _Toc44009084]Abstract
Given the prevalence of motorcycle theft in the UK a novel approach to preventing theft was developed. A centre stand that can lock in the deployed position was developed using recognised design tools for manufacture. The prototype design is for a Triumph Tiger 800 XCA due to availability for measurement but future models in accordance with market research have been explored. The product targets prevention and deterrence of theft building on concepts that have been explored with limited success.
[bookmark: _Toc43246400][bookmark: _Toc44009085]Introduction
Between April 2011 and March 2016, over 170,000 motorcycles and other two wheeled vehicles were stolen, an average of 35,000 per year. [1]
Motorcycles are easy to steal, they are physically easier to steal than their 4-wheeled counterparts, electrical components are, or can quickly be, exposed to defeat electronic deterrents such as alarms and the motorcycles can be comfortably lifted into a van by a few determined individuals. This fact has caused a sort of arms race between owners and potential thieves.
Security for motorcycles is complex and can be broken down into 3 major categories. Deterrence, prevention and recovery.
[bookmark: _Toc43243077][bookmark: _Toc43246401][bookmark: _Toc44009086]Prevention
The simplest is prevention, padlocks and chains work by securing the motorcycle to a heavy or immovable object. Ground anchors, lampposts, fences and even other bikes are suitable examples. Bicycle chains are basic link chains, designed to be portable the links vary from 5 – 10mm in thickness. Unfortunately, a set of bolt cutters can make short work of such a chain with a 2’ bolt cutter generating 20kN of force. Of course, the thickness of the chain can be increased but so can the size of the bolt cutters. A 19mm titan chain from Pragmasis weighs in at 7.09kg/m [2] so portability is somewhat limited.
Even with a large chain, the prevalence of battery-operated power tools needs a different approach. Disc locks are devices that fit to the disk brakes of a motorcycle to prevent the wheel from turning and the motorcycle from being wheeled away, their design makes access with a power tool difficult. Disc locks are often painted in bright colours in order to be conspicuous, which leads on to…
[bookmark: _Toc43243078][bookmark: _Toc43246402][bookmark: _Toc44009087]Deterrence
Deterrence can be a useful tool in motorcycle theft prevention. Alarms and brightly coloured locks can signal to a potential thief that an attempt to steal it will be met with some resistance. This is sometimes enough to make a thief give up or move on to another victim.
[bookmark: _Toc43243079][bookmark: _Toc43246403][bookmark: _Toc44009088]Recovery
Recovery in the context of motorcycle theft is the worst form of theft prevention but is worth considering in the scope of this project. As over 90% of motorcycle thefts are unsolved. Recovery is almost exclusively covered by GPS trackers, ranging from wired in kits such as the Biketrac system [3] or the battery powered Monimoto [4] which allows for the unit to be hidden away on the frame making it more difficult for tech savvy thieves to locate and disable the system. Tracking devices due to their reliance on GPS normally require a SIM card and therefore a subscription ranging from £3-20 per month [5].  This may not be suitable for all customers. Smart markings also fall into this category, 59% of all bikes that are stolen are sold on with cloned identities or shipped overseas [6]. Smart markings are a way to link parts back with original owners and can interrupt the supply of stolen parts. [7]
It should be noted that no theft prevention or security product is 100% effective, a determined thief will find a way to defeat the challenges laid out by the owner, but a layered approach to security can limit exposure to opportunists and professionals alike.
[bookmark: _Toc44009089]Brainstorming
Brain storming is a process of being free-thinking and creating ideas as a group. The ideas are to be solutions for problems that can be solved via a project. Brainstorming is also very effective at deriving the best ideas from those that get raised by the group. To help the team create precise and accurate ideas, the affinity diagram brainstorming process was used. This process works by the team stating as many ideas as possible on any topics and the chair capturing them. Once all the ideas are captured, the ideas are grouped into set categories by making connections between the generated ideas [8]. The top four groups with the most ideas generated were selected and fed back to the team. The team then decided from the four selected problem statements, three ideas to focus on for each statement. Colleague 8 then concluded that the team would focus on a centre stand locking system for a motorcycle from his selection criteria. The brainstorming template and the teams completed brainstorming assessment can be seen below.
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[bookmark: _Toc44008587]Figure 1 [9] Brain storming template
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[bookmark: _Toc44008588]Figure 2 [10] Brainstorming conclusion
Affinity diagrams excel at deducing a large number of ideas from research, facts and interests [8]. This is why affinity diagrams were selected for our project due to the vast number of topic statements and ideas that could be created to comply with the assignment brief. Affinity diagrams was selected over bingo brainstorming due to the vast range of ideas generated and its more aesthetically pleasing.
[bookmark: _Toc43243081][bookmark: _Toc43246405][bookmark: _Toc44009090]Chosen Design and Concept
Our design for a product to counter motorcycle theft is a locking mechanism for a motorcycle centre stand. Properly considered the device would lock the centre stand in the open position, making wheeling the bike away impossible and the guarded location of the device would make attacks from tools difficult to achieve.
The customer needs were identified as follows:
Any locking pin must resist attack by a thief. As discussed earlier with the availability of tools and equipment an attack resistant pin is essential.
The locking pin must support the weight of the bike. Even if the locking pin can resist a circular saw attack it would be useless if the weight of the bike coming off the centre stand was enough to shear the pin. Material selection and position of the pin in the must be close to the frame to prevent loading with the motorcycle’s weight.
Ease of use. Any theft prevention device relies on the diligence of the owner to engage or use. Our product must be simple enough that its use is akin to locking a car or property.
Cost. The product must be marketable and competitive. The product must compete with well-established security devices.
Aesthetics. As with any design for market the product must be in keeping with the overall look of the motorcycle’s form. However, contrasting colours may be appropriate as this would improve the device’s deterrence performance.
Reliability. The product must function repeatably and default to a fail-safe condition. This was decided so that in the event of a failure a rider would not be left stranded with the security device engaged or have provision for a manual override in an electromechanically operated system.
Impedance of bike controls. This is an important safety consideration. Given the proximity of a centre stand to the rider’s feet, the product should not interfere with the operation of the vehicle, this is not only important for rider safety but if the product were to be determined to be a contributory factor in an incident on a motorcycle the company could be opened up to litigation.
Function of the centre stand. The product would be effectively useless if it were to interfere with the primary function of a motorcycle centre stand which is to lift the bike into a stable position for parking, storage or maintenance.
Resistance to adverse weather. Given the exposed nature of motorcycle components the component must be shielded from dust and water.
Held in position when not in use. Closely related to ease of use, device must remain in place ready to be activated.
These requirements are inserted into a house of quality/ QFD to determine design features and relative importance.
[bookmark: _Toc43243082][bookmark: _Toc43246406][bookmark: _Toc44009091]QFD
Quality function deployment (QFD) is a method of product development that focuses on converting the “voice of the customer” into engineering parameters. Developed by Yoji Akao one of the first uses was for an oil tanker designed by Mitsubishi Heavy Industries [11]. The system provides methods for discerning the both the customer’s stated and unstated needs, it also assists the decision-making process where conflicts arise between parameters as the voice of the customer can give relative importance to product parameters. [12]
Benefits
1. Systematic – Problem is worked logically and presented in a logical way
2. Shorter product development cycle
3. Prevents late stage design changes by considering voice of customer early in process
4. Generates team consensus, good for team cohesion and company direction.
5. Preserves decisions in writing [13]
6. Uses voice of customer, not what company believes is best for the customer.
7. Guides product quality improvements
8. Analyses competitor products
9. Can analyse the location of customer complaints and the characteristic that can remedy.
10. Can prompt sales and marketing teams in key features and characteristics. [14]

[bookmark: _Toc43243083][bookmark: _Toc43246407][bookmark: _Toc44009092]House of Quality
The QFD is based around a concept known as the house of quality, there are six aspects, loosely arranged in a house shape. [15] [16]
[bookmark: _Toc43243084][bookmark: _Toc43246408][bookmark: _Toc44009093]Wall 1 – “The Whats?”
Customer requirements and importance ratings, in this stage the voice of the customer is written out as a series of wants and needs. Each feature is assigned an importance rating, this can be done by the workgroup or through market research.


[bookmark: _Toc44008589]Figure 3 [17]  The Whats
[bookmark: _Toc43243085][bookmark: _Toc43246409][bookmark: _Toc44009094]Ceiling – “The Hows”
This section details how engineering parameters will cause a company’s product to achieve the customer’s needs. These must be within the control of the company and should be measurable.



[bookmark: _Toc44008590]Figure 4 [17] The Hows
[bookmark: _Toc43243086][bookmark: _Toc43246410][bookmark: _Toc44009095]Wall 2 – Competitive Analysis
Here an evaluation of competitor products is completed against identified customer needs, again this can be done within the company, as focus groups or market research. This enables designers to identify gaps that the company’s product can target as a unique feature. In future this can be used to evaluate the final product to confirm performance

[bookmark: _Toc44008591]Figure 5 [17] Competitive analysis
[bookmark: _Toc43243087][bookmark: _Toc43246411][bookmark: _Toc44009096]Main Room – Relationship Matrix
In this section relationships between customer demands and engineering are determined. The relationships can be strong positive, positive, negative, strong negative and neutral (no relationship). These relationships are assigned a numerical value which is used to calculate relative importance of each engineering parameter

[bookmark: _Toc44008592]Figure 6 [17] Relationship Matrix
[bookmark: _Toc43243088][bookmark: _Toc43246412][bookmark: _Toc44009097]Roof – Interaction and Co-relationships
The “Roof” is similar in function to the main room; however, it looks for relationships between each engineering parameter. It is used to identify conflicts and agreements between parameters. Each parameter is given a direction of specification, this serves to remove ambiguity in how each parameter should be optimised.

[bookmark: _Toc44008593]Figure 7 [17]  Interaction and co-relationships
Floor – Targets and Gap Analysis
The floor is the section where the overall importance rating is calculated for each engineering specification. The rating is calculated as follows for each customer requirement:

[bookmark: _Toc43243090]Once the most important parameters are determined, target values are established.
[bookmark: _Toc44008594]Figure 8 [17] Targets and gap analysis
[bookmark: _Toc43246414][bookmark: _Toc44009099]House of Quality – Locking Centre Stand
[image: ]
[bookmark: _Toc44008595]Figure 9 [17]Locking centre stand house of quality
[bookmark: _Toc43246415][bookmark: _Toc44009100]Determined Objectives
From the house of quality the top 3 design parameters were determined and targets are set out below:
Pin Diameter had the highest relative weight as it is central to the function of a security device in preventing theft, it also has a large impact on cost. A pin diameter of 17mm was determined to be most suitable as it is large enough to resist the shear stress of the motorcycles weight and be too large for simple bolt cropper attacks.
Pin material hardness had a similar relative importance as this is what give the locking pin it’s resistance to attack by grinders or other tools.
Case sealing and weatherproofing. Given the exposed neature of the part an IP [18] rating minimum of IP67 in accordance with EN 60529 should be achieved in order to ensure reliabilty of the system.
Aside from the customer voice it’s important that the design be adaptable to fit a wide range of motorcycles, a modular system would be best as it can be fiited to a customers existing stand or with very little modification.
[bookmark: _Toc43243091][bookmark: _Toc43246416][bookmark: _Toc44009101]Shear Force on Pin



[bookmark: _Toc43243092][bookmark: _Toc43246417][bookmark: _Toc44009102]Shear Strength of Steel (OR CHOSEN MATERIAL)
USS (Ultimate Shear Strength) ~ UTS (Ultimate Tensile Strength) * 0.75
SYS (Ultimate Shear Strength) ~ YS (Yield Strength) * 0.58
For Steel 
USS=330MPa
SYS=214.6MPa
Therefore 17mm pin will comfortably support the weight of the motorcycle.


[bookmark: _Toc44009103]2. Literature Review 
[bookmark: _Toc44009104]Product Enhancements 
This design relates to an anti-theft mechanism for two wheeled motorcycles. The theft of motorcycles is an increasing issue with outdated security systems within the motorcycles being the root cause [19]. A stolen motorcycle can simply be wheeled away if there are no security measures in place. 
Motorcycle users frequently use a lock and chain system to secure their bike. The type of lock and chain used depends on where the bike is being stored with thicker heavier chains being used to store the motorcycle at home. The chain is typically threaded through the back wheel of the motorcycle to prevent it from moving as the front wheel can be easily removed [20]. To further secure motorcycles at home some users install a ground anchor which they then attach the chain to securing the bike wheel to the ground or a wall. A security chain is also used to lock a motorcycle to an immovable object to prevent theft [21]. 
Disc locks are commonly used as they are small and light enough to travel with. The disc lock fits through the holes in the motorcycles brake disc and stops the wheel from turning. Unfortunately a motorcycle steering lock does not offer much protection as it can be easily broken, though it is encouraged that one is used as motorcycle security is about deterrence so the more visible locks a motorcycle has, the less likely a thief will attempt to steal the motorcycle [22]. However if a thief wants to steal your motorcycle, having viable deterrence’s will not prevent this from occurring as it is not uncommon that motorcycle security methods to be attacked with bolt croppers, sledge hammers or angle grinders [23]. 
The primary objective of this invention is to deliver an electrical locking system that engages the motorcycles centre stand to lock the stand in the downward operation position so that it cannot be rotated to its retracted position once engaged. The idea is that the system will be controlled by a keyless or magnetic fob powered by the motorcycle. 
[bookmark: _Toc44009105]Lock and Key Systems 
A motorcycle centre stand has two spaced legs which are connected to the motorcycle frame. To prevent the centre stand interfering with the operation of the motorcycle, a tension spring favours the stand to the inoperable retracted position against the underside of the frame. When in operation, the stand is turned towards the ground while the motorcycle is pulled backwards until the foot pads on the end of the legs engage the ground. The motorcycle is then required to be lifted upwards to allow the legs to pass a vertical orientation [24]. Once in a stable upright position, the rear wheel is elevated off the ground making it impossible for the bike to be wheeled away making it an effective deterrent to theft [25]. 
One design involving a locking centre stand is to be able to lock the stand in place using a lock and key mechanism. There are two forms of this type of mechanism. One form is where the locking mechanism is automatically engaged when the centre stand is in operational downward position. The key is then used to unlock the automatic engagement and allow the stand to be moved back to its non-operational position. The second is where the centre stand can be moved to its forward-vertical operation position without automatic locking and the key is used to engage the locking mechanism, locking the centre stand in place. It is noted that the benefit of having a mechanism that allows the centre stand to be locked on when intended to be allows users to use their centre stand to park temporarily as well as it being able to be used even in the event of losing the key [24]. 
[bookmark: _Toc44009106]Tmax
A more modern design created by Yamaha for their ‘TMAX Sport Scooter Range’ allows the centre stand of the scooter to be locked and unlocked using its ‘smart key’ without the ‘smart key’ the stand is unable to pivot to its non-operational position allowing the vehicle to remain stable when parked and deter thieves [26]. 
A remote key or proximity key allows the user to lock and unlock a system without physically using the key itself thus the term ‘keyless entry’. The key contains a software chip that communicates with the software in the computer of the locking system (vehicle/door etc) which is operated over a radio frequency transmitter. Encrypted digital data is sent to the receiver (in the vehicle for example) from the transmitter in the key and if compatible allows the doors to lock or unlock. For further safety, electronic immobilizers are used to prevent the engine from starting unless correct messages successfully pass between the key and the electronic control unit [27]. 
[bookmark: _Toc44009107]Relatable Products 
[bookmark: _Toc44009108]Automatic Handbrake Technologies
In order for the centre stand of the motorcycle to lock automatically the use of proximity sensors and rack and pinion will be required, similar to that used on an automatic handbrake system. 
An automatic handbrake has a hand brake lever that is coupled with rack and pinion setup which is a linear actuator that contains a pair of gears which convert rotational motion into linear motion which operates the handbrake. The ‘pinion’ is a circular gear that engages the teeth on a linear gear bar which is the rack’. A motor which is driven by the control unit is then used to apply and release the handbrake through the rack using infrared sensors. When the vehicle is at a resting state, the handbrake is applied by sensors sending a signal to the control unit. Three sensors are used in total to confirm the neutral state of the vehicle, one near the gear lever, one near any one wheel to authorise the wheel is not running and the last to detect whether the ignition is on or off. The control unit then attached the hand brake when the vehicle is in an idle stage that is confirmed by the sensors. Once the gear lever is changed from neutral the sensor detects and the control unit releases the brake. Attached at both ends of the components is extension springs that absorb and store energy as well as creating a resistance to a pulling force. The purpose of the spring is to make disengagement easier as its interlinked with the handbrake lever at centre base. A lock in this case is being used to seize the motion of the rack at one end. To prevent the rack from sliding back a push button is released at the end when the rack exceeds the marked position. The push button is directly attached with the gear lever so that when the gear is changed from neutral, the push button is released [28]. 
[bookmark: _Toc44009109]Electric Solenoids
A solenoid is a coil which is winded around a metallic core forming a tightly packed helix. The coil has a greater length than it does diameter and when wrapped around the metallic core, produces a uniform magnetic field in the volume of space when an electric current passes through. A solenoid acts like an electromagnet when a current is passed through as it purposefully generates a controlled magnetic field. Electromagnets can be activated as well as deactivated and strengthened or weakened by altering the flow of electric current that flows through [29]. Electronic locking systems have greatly evolved and can now offer enhanced security as well as being extremely convenient to the user. 
[bookmark: _Toc44009110]How electric locks work 
The most straightforward form of electronic locks are solenoids. When the lock is unlocked by the user, a magnetic field is created by a current that travels through a coil of wire which results in the attraction of a metal plunger or locking pin. The metal plunger or locking pin subsequently moves to an unlocked position against a spring. Switching the current off prevents a magnetic field being creating, thus as soon as the current is switched off, the spring pushes the pin back into the locked position. Electric solenoids require a constant current to stay open making it a suitable locking system for the motorcycle centre stand as it will be powered by the motorcycle itself and will be required to be unlocked when the motorcycle is being powered [30]. 
The core material of a solenoid contains a concentration of magnetic lines of flux therefore making it ‘ferromagnetic’ in nature. This increases the property that causes an electromotive force to be generated by a change in the current flowing (inductance) beyond the obtainable inductance capacity within an air-core coil of the same number of turns and of the same dimension. The magnetic flux tends to exist in the core when an electric current is being passed through. However, some of the flux may be near the ends of the core on the outside and a small amount is present on the outside of the coil, to the side. A solenoid ring is winded on a hollow, cylindrical, phenol or plastic form which contains a moveable iron or steel core which is able to travel in and out of the coil on its axis. The coil is vertically orientated and rests below centre, when a current pulse is applied the magnetic field pulls the core in an upward direction. The coil is carried above the centre of the coil by inertia (the power required to overcome friction). The core strikes a piece of metal at the centre of the coil creating a noise [29]. 
[bookmark: _Toc44009111]Example of a Solenoid locking system
Electrified dead bolts contain a simple round dead bolt that’s operated by an electric solenoid, usually found in door frames. The centre stand could use the same principle idea where the lock is in one part of the stand (lock is usually in the door frame) and there is a ‘pocket’ in another part of the stand frame which the dead-bolt is received. The bolt would be required to drop when the solenoid is disengaged as the power to the motorcycle will be cut off when stationery and stand is in use [31]. 
[bookmark: _Toc44009112]Potential Manufacturing Materials 
The centre stand must be able to support the weight of the vehicle with at least one wheel being lifted off the ground and remain stable when in use. The stand must also be able to fold backwards to its travelling position while the vehicle is moving [32]. Taking these requirements into consideration a suitable material that is strong enough to hold the motorcycle but light enough to be able to kickback and travel with must be chosen. As the centre stand is a theft deterrent, it is also necessary to consider a material that will withstand power cutting tool attacks to increase the security of the motorcycle if an attack is attempted.  
Light alloys are generally used where high strength to weight ratio is required. Aluminium alloys are the most common light alloy which are used in aerospace and automotive applications.
Titanium alloys are increasingly popular in the aerospace industries as a result of their low density and high strength property as well as being highly resistance to corrosion. Though titanium alloys properties are desirable the cost of production is a major disadvantage. 
Where further savings in weight are necessary magnesium alloys are used. Magnesium is two-thirds the weight of aluminium, despite the low weight magnesium alloys have a good strength but have poor corrosion resistance and are costlier than aluminium alloys [33].
High strength low alloy steels provide better mechanical properties and greater resistance to atmospheric corrosion than carbon steels. High strength low carbon alloy steels consist of a low carbon content combined with small quantities of chromium, nickel, molybdenum, copper, nitrogen, vanadium, niobium, titanium and manganese in various combinations to acquire the desired properties. 
There are six categories that high strength low alloy steel are divided into:
	Steel Category
	Description

	Weathering Steel
	Contains small amounts of alloying elements. 
Copper and phosphorus are usually added to improve atmospheric corrosion resistance. 

	Micro alloyed Ferrite-Pearlite steels
	Contain very small additions of strong carbide or carbonitride forming elements. These elements include niobium, vanadium and titanium which enable precipitation strengthening, grain refinement and transformation temperature control. 

	As Rolled Pearlitic Steels
	Carbon-manganese steels are included in this category. Small additions of other alloying elements may also be added to increase strength, toughness, formability and weldability.

	Acicular Ferrite Steels
	Within this category are less than 0.05% carbon steels with an exceptional combination of high yield strengths, weldability, formability and good toughness.

	Dual-phase Steels
	These types of steels of a microstructure of martensite within a ferritic matrix that provides good ductility and high tensile strength. 

	Inclusion shape-controlled steels
	Small additions of calcium, zirconium or titanium are added to improve ductility and through-thickness toughness.


[bookmark: _Toc44008596]Figure 10 [34] High strength alloy steels
High strength low alloyed steels are used in heavy duty and off-road vehicles as well as construction machinery and industrial equipment. The application requirements determine which type of high-strength steel is used [35]. 
Mild steel is a non-alloy steel with a low carbon content. Due to its carbon and alloying element content being moderately low, mild steels have properties that differ from those of higher carbon and alloy steels. Low carbon content results in the steel being more ductile, machinable and weldable, though it cannot be strengthened through heat treatment. The high amount of iron and ferrite in mild steel makes it magnetic. On account of the lack of alloying elements, iron in mild steel can readily oxidise if not coated properly. However, the lack of alloying elements enables mild steel to be relatively affordable [36]. 
[bookmark: _Toc44009113]New Technology Material
Carbon nanotubes are cylindrical carbon molecules that possess unique properties making them useful in a wide variety of applications. They consist of rolled-up sheets of single layer carbon atoms known as graphene that are chemically bonded with sp2 bonds, an extremely strong form of molecular interaction. Through Van der Waals forces carbon nanotubes naturally rope together offering the development of ultra-high strength, low-weight materials. Aside from electrical and thermal properties, carbon nanotubes have exceptional mechanical properties. The tensile strength of a carbon nanotube can be up to 400 times that of steel despite being very light weight. Another desirable property carbon nanotube acquire is their extreme resistance to corrosion due to being highly chemically stable. Carbon nanofibers have similar properties to carbon nanotubes though have a lower tensile strength. However, carbon nanofibers are used to strengthen compounds. Owing to the inimitable properties of carbon nanotubes, nanocomposites have become a popular alternative to conventional composite materials capable of offering wear resistance, breaking strength and weight reduction [37]. 
As this centre stand is intended to be used as a security feature, it is important to use a material that can withstand an attack from power tools for at least long enough for someone to notice an attempted theft. By incorporating a number of material properties or mechanisms deriving from a materials structure it is possible to entangle, jam or blunt the power tool filaments. When fibrous material comes in contact with rotating fitments, the fibres become drawn in with the rotation and wrap tightly around the fitment eventually causing the mechanism to jam and prevent further cutting. A high-hardness material that has a higher hardness than an abrasive disc found on an angle grinder will delay the cutting rate. Materials such as high hardness and thick steel can hinder the cutting rate. Nevertheless, materials that have high levels of hardness tend to be brittle and in order to counteract this property additional design is required. Throughout the cutting process, heat is released due to the friction of two surfaces interacting. By using material that undergoes thermal changes there is a possibility that the tool fitment can being clogged or jammed [38]. 
[bookmark: _Toc44009114]3.Team Working Methodologies 
[bookmark: _Toc44009115]Role Assignment 
[bookmark: _Toc44009116]Belbin’s Team Roles
For this project, a group of students have been assigned a task of creating an innovative product and manufacturing it in a sustainable manner. To be as effective as possible, the group will give a self-perception rating against each of Belbin’s 9 team roles. Dr Meredith Belbin observed that there are nine types of behavioural traits needed to create a high performing team [39]. Belbin’s nine roles can be split into three sections. The first section is action-oriented roles, the shaper, implementer and complete finisher are all types of action orientated roles. The shaper shows behavioural traits of someone who is challenging, focused and can overcome obstacles. The implementer shows traits of an efficient, punctual and disciplined person. Finally, the complete finisher shows traits of a person who is conscientious, carful and searches out errors in omission. The second section is people-oriented roles, this covers the roles of the co-ordinator, team worker and resource investigator. The co-ordinator shows behavioural traits of a person who is confident, clarifies goals and can make tough decisions. The teamwork role is shown by a person who is good at listening, mild mannered and avoids friction. Finally, the resource investigator shows traits of someone who is enthusiastic, communicative and is opportunistic. The third section is cerebral roles, this covers the roles of the plant, monitor evaluator and specialist. The plant shows behavioural traits of a person who is unorthodox, creative and can solve difficult problems. The monitor evaluator role is shown by a person who is strategic and has the ability to view all options. The specialist shows traits of a person who is single minded, dedicated and brings expert knowledge of unique topics. It needs to be noted that each role has its weaknesses, but if the team is built up of the nine roles all the team members weaknesses will be counter balanced by another members strength.  Also, the team doesn’t need to have nine members to be an effective team as one person can show behavioural traits of multiple roles [39].
Below is the self-perception table of Belbin’s nine roles for our team. 
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[bookmark: _Toc44008597]Figure 11 [40] Belbin’s self-perception score
The group is well balanced as it doesn’t have any voids in the team. If voids were present this would be an issue as it would lead to an increased workload on certain members of the team which creates dissatisfaction. There are two surpluses in the roles of the implementer and team worker. The implementer will be managed by the group to make sure that no one gets inflexible throughout the project. An issue with a surplus in team workers was apparent when deciding on an innovative idea. It took 2 weeks to finalise the idea, Max Issac’s report on team effectiveness states that an effective strategy for dealing with surpluses is for the team to establish a role for one or two members [41]. By learning from the ideas stage, to be more efficient in the assignment of tasks each team worker with a rating of 1 had a task chosen for them by the team.
[bookmark: _Toc44009117]Outcome and Reasoning
Colleague 1 - Prototyping
Colleague 2 – Marketing research
Colleague 3 – Planning and team working methodologies
Colleague 4 – Establishing a design
Colleague 5 – Literature review
Colleague 6 – Manufacturing processes
Colleague 7 - Reflection
Colleague 8 – Design concept
The final report will be written by each member of the group. Each member has chosen a task that reflects what they have rated themselves against Belbin’s 9 team roles. Colleague 4’s task was to complete the abstract, introduction, scope and key objectives in the report. This was due to colleague 4 scoring highly in the plant, specialist roles and his expert knowledge on motorcycles.  Colleague 5’s task was to complete the literature review due to herself rating highly in the resource investigator role. They are also very thorough and methodical in every task she completes. Colleague 3 was assigned the task of completing the planning and team working methodologies. Colleague 3 was chosen to do this as they rated highly in the co-ordinator and implementer roles. Colleague 8 was assigned the role of project purpose and assessing arguments for and against the product. Colleague 8 was selected for this role as he scored highly against Belin’s team worker. Colleague 8 has good communication skills and works well with others so he will be well suited to his task as he needs to communicate appropriately with other team members about product description and product technology. Colleague 6 was assigned the task of product technological explanation and manufacturing process. Colleague 6 will excel at this task as he scored highly as a plant and a complete finisher as he is very conscientious and free-thinking. Colleague 1 was assigned the task of prototyping the product and describing why he designed it the way he did. Colleague 1 was selected for this task due him scoring highly against the implementer and plant roles. He is very creative and he is able to turn ideas into practical solutions. Colleague 2 was assigned the task of marketing plan and media influences. Colleague 2 was selected for this role as she is scored highly in the complete finisher and shaper roles. Colleague 2 is very motivated to own this task as her personal interests revolve around media and marketing. She is also very hard working and conscientious which make her perfect for her role. Finally, colleague 7 was assigned the task of project reflection and discussion. Colleague 7 scored highly in the resource investigator role, so the reflective task suited him. He will excel in this task due to his enthusiasm and superior listening skills.
[bookmark: _Toc44009118]Initial Project Planning
[bookmark: _Toc44009119]Theories Considered 
Being able to understand what makes a team effective and how a team works is critical in creating a high performing team. Being associated as a team member means to be respectful to the rest of the team and honour each members’ roles and responsibilities. Creating an effecting team relies on the group’s ability to adhere to their group tasks and set aside any previous prejudice. To ensure that no complaints would arise from the assignment of tasks, each group member picked their own section of report writing which correlated with their Belbin team role score. 
Vast majorities of research and investigations have gone into B. Tuckman’s team working model which has four main phases present; forming, storming, norming and performing [42].  The forming phase is when the team is assembled and the task is allocated [43]. At this stage Tuckman implied that the team will not be fully efficient as the team is still planning, collecting information and getting to know each other. The storming phase is the brain storming stage where ideas are created from addressing the task [43]. It is critical that the team has strong facilitative management through this stage to guide the team through to the norming stage. In the norming phase, the team starts to trust each other and team leaders begin to step back and allow working practices to be carried out by the team [43]. Performing is the final phase, performing teams have a high skill set, very knowledgeable and are competent [43]. Not all teams make it to the performing phase but those that do, they have a high level of respect, shared decision making and communicate well.  These four phases are used to evaluate the changes and progression that occur within the group. 
The phases that will be present in our group project go further than Tuckman’s model and correlate effectively with a team that is striving for continuous improvement.  The Defence Acquisition University’s (DAU) team working model illustrates three main phases: Forming, norming, performing and continuous team challenging occurs through the timeline of the group [44]. Pamela Knight’s research was based on technical teams who were tackling a project while being monitored by their instructor. The team size in DAU’s research have between four to eight members in each team. Benfield’s research which 43% of his teams had greater that eleven team members present also noticed very little of the storming phase [45]. I believe that this counter acts the argument that smaller teams have a lower storming rate than that of bigger teams. DAU’s teams’ size is very similar to the group project we are participating in at UWTSD. The team size combined with the short-term project time scale; our group have shown signs of continuous storming through the project which is similar to that seen in DAU’s research.
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[bookmark: _Toc44008598]Figure 12 [46] DAU’s model
[bookmark: _Toc44009120]Gantt Chart 
To have a successful project, there must be an organised and strategic plan. If the co-ordinator creates an organised plan, they are better suited to make decisions as they are prepared. A plan creates team focus and ensures the team are working effectively and towards a common goal [47]. It is important that co-ordinators set goals so the team can be working on the same page, striving for the same target and purpose. If the co-ordinator doesn’t have a plan, the team will not know where to target their efforts. If no plan is in created, time wasting will occur and the team will never achieve its goals. If the co-ordinators plan determines roles and responsibilities within the group, it allows the team to manage their time efficiently. In the plan it is important not to overload your team with tasks. Team members will work more efficient if the workload is shared and team working is being adhered. Having a plan in place allows the allocation of resources to be monitored and prevent overloading a single team member with work.
To plan for this project the team uses a Gantt chart to assign tasks, monitor timelines and evaluate progress. A Gantt chart can be created using Microsoft excel, it tracks time across the horizontal axis and tasks and actions are attached on the vertical axis [48].  Bars are then used to show the length of the task and depending on the colour of the bar implies the completion of the task. A huge benefit of the Gantt chart is that it's easy to read so the team can understand whether we are succeeding or behind our target. The team have two weekly meeting to discuss concerns and feedback on tasks assigned to them. The meeting is hosted by the planner and he keeps the Gantt chart updated. Every action is captured in the Gantt chart, the action is given an estimated date of completion that is agreed with the task owner. The task owner will then feedback of their task at the appropriate meeting when the completion date is due. Meeting notes are also captured by the planner and he emails the notes to each team member. To ensure that no information is lost, the meetings are recorded in Microsoft teams. The teams Gantt chart can be seen below which illustrates the team’s performance throughout the project.
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[bookmark: _Toc44008599]Figure 13 [49] Gantt chart
[bookmark: _Toc44009121]Management methodologies
Throughout the project the five phases of lean six sigma were adhered too. Lean management is a process of eliminating all tasks that waste time but also to maximise efficiency throughout a process.  As we are trying to improve an idea, the lean six sigma’s tool DMAIC was used throughout the project [50]. This acronym implies Define, Measure, Analyse, Improve and Control [51]. Define is the first stage, this is where the team has spotted a process that can be improved. Plans are created to guide the team to their end goal and the customer needs are clarified. This was completed by Gantt charts, brainstorming and having a customer present is the group which understood the needs of our idea. The second stage is measure. This section identifies the scale of the problem, how the current issue is performing and other research takes place from the key objectives outlined in the define phase. These tasks were completed in the literature review and from the media research generated from the team. The next stage is analysis. This section delivers what is causing the problems with the process or idea. The team has completed analysis by using reliable literature to create a hypothesis for enhancing the security of a motorcycle. The fourth stage is improve. This section is for implementing changes to the process or design to fix the root cause. The team has created a prototype using a 3D printer to create our centre stand locking unit.  The final stage is control.  After implementing the changes, it is critical that the changes are monitored. As DMAIC is a continuous improvement tool [52], the team would use the prototype for the tiger 800 motorcycle and try to make it universal so it can be fitted on every type of motorcycle.
[bookmark: _Toc44009122]Outlined Communication Methods
[bookmark: _Toc44009123]Processes Followed
With the COVID-19 pandemic effecting the team’s ability to meet face to face, finding a consistent and reliable method of communicating as a team is critical. Using the advancements in technology, Microsoft Teams was used as a tool to help the team communicate. Microsoft Teams is useful as it allows the team to have online meetings, create folders where information can be shared and the ability to contact each other by messages 24/7. 
Microsoft Teams was used for having a meeting with the team. At first the group was meeting once a week but that changed to twice a week. This was due to more information being needed to be discussed. Meetings would take place at 1930 hours on a Tuesday and Thursday. The following process below shows how the group communicated effectively throughout the pandemic;
1. Meeting would take place on a Tuesday and Thursday at 19:30 hours using Microsoft Teams.
2. Once meeting commenced, notes and actions would be captured by myself.
3. Once a team member got assigned a task, they agreed on a deadline for completion.
4. Meeting notes and actions would be sent out by email and saved in the meetings notes file on Microsoft Teams.
5. The teams Gantt chart would be updated after the meeting so progression of tasks could be monitored.
6. During the next meeting, outstanding actions would be discussed and Gantt chart updated accordingly.
7. The process then repeats from steps 2 – 6 each meeting.


[bookmark: _Toc44009124]4.Market Research 
[bookmark: _Toc44009125]The Purpose and Advantages of Market Research
After establishing a concept, it needs further refinement in order to meet product requirements and customer needs in addition to standing out from competitive products. Market Research will be conducted, considering viability in the market, excessive competition and cost implications to determine the products’ likelihood of success. [53]
The concept design of the product must meet all technical criteria to function and also stand out as an innovative product. Market research studies the target audience to meet and satisfy their needs. To achieve the greatest potential for profit, efficient budgeting and finance management is a key researching subject when selecting raw materials, deciding manufacturing processes and determining the product value. [53]
"Many founders and business owners will leave marketing as an afterthought," said Cirillo. "To get the highest return, you need to conduct research and set targets before you even launch your product. This will help the team stay aligned and have a common vision so you can ensure a successful product launch." [54]

[bookmark: _Toc44009126]Identifying Potential Gaps in the Market
The initial strategy to create an innovative product began with identifying an opportunity, a current need of a potential customer and generating a new concept to meet them. Technical amendments to improve existing products were discussed to improve customer satisfaction. 
In competitive sectors the failure rate for new products can be as high as 90%, so the product development team have worked cohesively throughout the project to create a realistic product roadmap and ultimately maximise the products chance of success. 
A sufficient volume of initial marketing research is key to inventing an innovative prosperous product. Opinions from leading brand ambassadors will be determined in order to attempt to foresee future needs in the selected market. [53]
[bookmark: _Toc44009127]Discussing Social Factors 
After consolidating the initial concept proposals, market trends were considered in order to select a final design concept. The following market targeting techniques were discussed as a team;
· A target market sector was identified based on growth, profitability and risk in order to optimise the products chance of success in that market. [55]
· A large volume of research was conducted to identify the quality and quantity of competition within the market sector; the product must have a stand out design with innovative properties to attract customers. [53]
· In 1984 Dr. Noriaki Kano developed a ‘prioritisation framework’ model to systematically prioritise features on a product roadmap based on likelihood to satisfy customers. The team will use the Kano model, considering benefits vs cost to select the product features. [56]
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[bookmark: _Toc44008600]Figure 14 [56] Kano’s prioritisation framework
[bookmark: _Toc44009128]Considering Popular Motorbike Models
The motorcycle centre stand (with locking device) is a bespoke product created and fitted perfectly to a specific motorcycle make a model. The prototype part will be based on the current most popular motorcycle based on UK sales to allow maximum feedback and relatability during the testing stage. A number of sources were collated below to identify the most popular motorcycle; 


	Source Title
	Reference
	Motorcycle
	Information
	Price

	10 Most Popular Sport Bikes
	[57]
	Yamaha YZF-R3
	· 300cc
· Two-cylinder engine
· 42 horsepower 
· 36.7 pound-feet of torque 
· Weighs 368 pounds

	£4,109

	Top 10 most popular bikes [2019]
	[58]
	Lexmoto Echo
	· 50cc
· 2.4 horsepower
· 30mph top speed
· Weighs 172 pounds
	£1,099

	Top 10 most popular bikes in the UK in 2018
	[59]
	BMW R1200
	· 1200cc
· Two-cylinder engine
· 98hp
· 84.8 pound-feet of torque
· Weighs 439 pounds
	£12,995

	Britains best loved motorbikes
	[60]
	Suzuki GSX-R600
	· 599cc
· 155mph top speed
· Weighs 359 pounds
	£11,399

	Strong start to year for UK motorcycle sales
	[61]
	Honda PCX125
	· 125cc
· 1 cylinder engine
· 73mph top speed
· Weight 278 pounds
	£2,999


[bookmark: _Toc44008601]Figure 15 [62] Table to compare most popular motorbike models
The team deliberated over the best options regarding which motorcycle the centre stand should be designed and manufactured for; it was agreed that the most suitable would be the Triumph Tiger 800. This decision was made based upon a number of factors, value for money being one of those factors, and with the motorcycle costing a relatively low £12,050 new, and a high level of positive feedback from customers, the Tiger 800 was a good choice. The motorcycle has been described as smooth, comfy and accessible with a large amount of new technology and riding aids. The Tiger goes head-on with pricier and larger capacity motorcycles for a lower cost [63]. Another factor is that a member of the team already owns this motorcycle, and as such, we could design and test the centre stand around a motorcycle that we already have access to. With the motorcycles relatively low cost and high demand, we can create a high volume of centre stands that are also cost efficient. 
[bookmark: _Toc44009129]Product Roadmap
An effective tool to focus on goals and benefits throughout the project is a product roadmap, it chronologically describes the key stages in developing a concept into a manufactured product. The roadmap will identify goals with reasonable timeframes to provide a clear action plan and ultimate end goal for the project. Changes are likely to occur during the project, the product roadmap should be regularly reviewed and adjusted to reflect these changes. [64] 
The idea of using a product roadmap inspired the team to use the six sigma DMAIC tool [52].
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[bookmark: _Toc44008602]Figure 16 [65] Start-up product roadmap
[bookmark: _Toc44009130]Competitive Products on the Market 
[bookmark: _Toc44009131]Similar Products on the Market
There are a number of competitive motorcycle stands currently on the market and are considered to be a vital piece of equipment for any chain-driven motorcycle heavier than 400cc [66]. A stand is essential to adequately support a motorcycle in order to fix, park and raise the bike for any required cleaning and/or maintenance.
The highest rated stands in 2020 are listed below, identifying their strengths to inspire the design concept [67]; 
· Venom Sport Bike Motorcycle Stand
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[bookmark: _Toc44008603]Figure 17 [67]  Venom sport motorcycle stand
This stand is considered one of the most functional paddock stands on the market, the manufactures prioritise tenacity and durability. Its advantages include easy assembly, a heavy-duty steel composition and its versatile ability to fit most sport bikes. 
· Safstar Motorcycle Stand 
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[bookmark: _Toc44008604]Figure 18 [67] Safstar motorcycle stand
Safstar has created a hassle-free motorcycle stand, focusing on selling a good value stand for a relatively low price. It has high strength features, extra strong welded construction with a modern black finish. The stand can be adjusted to be compatible with most bikes with makes it appealing to a wide range of customers. 
· Excel gold universal triangle motorcycle stand 
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[bookmark: _Toc44008605]Figure 19 [67] Excel gold universal triangle motorcycle stand
This product is specifically aimed at motorcycles with a kickstand, it has an extremely simple design and advertised as ‘small yet concrete’. It’s made from a high quality, heavy duty steel to support the weight of the vehicle and withstand wear and tear. The stand is designed to take up a small amount of space to easily park a motorcycle anywhere. 
· SMI sport bike rear motorcycle stand for spools
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[bookmark: _Toc44008606]Figure 20 [67] SMI sport bike stand for spools
SMI have manufactured an effective, durable stand. A highlighted feature of this product is its long-lasting large tube design which is supported with a one-year warranty. It has large rolling urethane wheels and an appealing rich block powder coating.
· Trackside Rear Paddock Motorcycle stand 
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[bookmark: _Toc44008607]Figure 21 [67] Trackside rear paddock motorcycle stand
Rear motorcycle stands are popular in the market, this product stands out by addressing a common problem of oxidation; it has a durable powder coat finish to prevent rusting and corrosion. Its features include versatile support brackets, retractable handles, heavy duty tubing and dual wheel casters on each side. 
[bookmark: _Toc44009132]Past Failures and Successes
The available stands were evaluated for benefits and weaknesses in order to optimise the profitability of the design by building on successful features and omitting unsuccessful ones. 
All well rated centre stands met the following basic criteria; 
· They were stable enough to allow secure parking on a range of ground types. 
· They allowed easy access to clean and lubricate chains. 
· They provided an advantage which enabled the bike to fit in small and narrow places, making parking easier.  
Most negative feedback regarding the centre stand was related to their aesthetic, most centre stands are considered functionable but unattractive. 
Another undesirable property associated with centre stands is their weight; to improve engine efficiency, reduce emissions and better fuel economy. 
To appeal to customers the stand will be made from lightweight material with a minimalistic design to avoid becoming an eye saw. [66]
[bookmark: _Toc44009133]Typical Costings
Depending on the quality and efficiencies of the stand, there is a significant range price. The costs of the most popular stands are shown as below to show standard costings;


	Name
	Brand
	Model
	Weight
	Cost 

	Venom Sport Bike Motorcycle Stand

	Venom
	SM16010
	20 pounds
	50.50

	Safstar Motorcycle Stand 

	Safstar
	5559122659
	Unknown
	65.00

	Excel gold universal triangle motorcycle stand 

	Excel
	PST-004
	1.8 pounds
	16.50

	SMI sportbike rear motorcycle stand for spools

	SMI
	SMI3000
	11 pounds
	70.00

	Trackside Rear Paddock Motorcycle stand 

	Trackside
	SL17R
	Unknown
	80.00


[bookmark: _Toc44008608]Figure 22 [68] table comparing motorcyle stand cost
[bookmark: _Toc44009134]Budgeting (considering economic factors)
[bookmark: _Toc44009135]Methods to Reduce Cost and Increase Longevity Within the Market
By considering and investing in cost reduction methods during the initial stages of the project, the overall profitability increases. 29% of start-up companies fail because they run out of cash, while 74% of them fail because they scale up too quickly. [69]
Various techniques to minimise cost were studied to increase the chances of the product surviving in the market long term.  
Reducing Complexity 
Excessive features are commonly added to start up products in attempt to attract customers with unnecessary technology. It is important to analyse what customers need and want, only implementing the functional features to meet their criteria.


Establishing Requirements Early 
To ensure that miscommunication isn’t a problem and that the product roadmap is streamlined, the team need to determine project requirements early days. This should identify any potential issues (such as delays) and provide a clear vision for the end goal. 
Prototype Developing 
Make the prototyping process as quick and cost effective as possible, consider using simulation software to prototype the project to increase the quality without having the burden of real-world prototyping. Alternatively, consider one-off production methods as this will be cheaper than investing in specific mould shapes which may have to be adjusted (post prototype reactions). 
Listening to Opinions 
Each member of the team will have a different skill set and numerous opinions regarding the ways in which the product can be built quicker, simpler and cheaper. It can have a huge impact on cost reduction to listen and respond to the thoughts of all participants; a fresh pair of eyes can identify an unforeseen problem and concepts can be build stronger when considering first hand insights.  
Simple and Effective Designing
Engineers can sometimes have a desire to create overly complicated design to impress potential buyers, this can sometimes mean that making the product user friendly is forgotten and the design is too complicated. It’s key to ensure the product is relatable is easy to use. 
Essential Planning 
There should be a significant concentration of effort made during the planning stages of the project, many developers rush through this stage which increases the likelihood of failure further down the line. Establishing a good foundation early on will reduce the need of costly backward steps later on. 
“By failing to prepare, you are preparing to fail” – Benjamin Franklin [70]

Strategy 	
Using effective strategies can massive increase cost efficiencies throughout the project, agile strategising is recommended to collaboratively managing strategy. The agile strategy map is a method used design changes with the project, making the process transparent, incremental and available to all team members; the map is based on continuous experimentation and adapted throughout the project. This method reduces the number of needed reworks in addition to allowing immediate revisions as a result of feedback during the continuous development process. 
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[bookmark: _Toc44008609]Figure 23 [71] Agile strategy
Project Management
All successful projects require effective project management, to ensure time is not wasted and unnecessary errors are not made the project needs to be managed correctly. This will provide clarity throughout the process to better develop the product. Scientific team working methodologies have been studied and utilised during the project to plan and manage the roadmap. The six-sigma management strategy was followed to increase efficiencies through effective management throughout the project.
Prevention 
Through efficient planning and responding to feedback, potential future problems can be identified and eliminated before they occur. To avoid costly mistakes, team members need to be proactive, not reactive. 
“Be proactive not reactive, for an apparently insignificant issue ignored today can spawn tomorrow's catastrophe.” ― Ken Poirot [72]
Quality Assurance 
Implementing a quality assurance process throughout the entire project will ensure that a high standard product is designed. Dedicating time an effort to certify quality will pay off in the long term. This utility can establish and select functional and non-functional features, designing relevant testing procedures and determining any potential compliance requirements. 
[bookmark: _Toc44009136]Sustainability 
[bookmark: _Toc42082604][bookmark: _Toc44009137]Testing to Increase Sustainability
In order to determine a series of features to satisfy customer needs, the product must arrive at the market at an opportune time, perform effectively while returning a profit. Testing the product continuously during the initial, intermediate and final stages of development is essential to meet the above criteria and ensure the product succeeds in the market long term. 

Listening to Opinions 
Each member of the team will have a different skill set and numerous opinions regarding the ways in which the product can be built quicker, simpler and cheaper. It can have a huge impact on cost reduction to listen and respond to the thoughts of all participants; a fresh pair of eyes can identify an unforeseen problem and concepts can be build stronger when considering first hand insights.
Responding to Customers
 Customer feedback is considered one of the most imperative stages in developing a new product, what the team may consider a good feature may not actually be considered desirable by the customer. The sole purpose of the product is to meet the customer’s needs so if something doesn’t help the customer, then the product doesn’t it – it is a waste of money. Initial customer feedback will allow amendments to be made before the product is on the shelves; positive features can be enhanced and more importantly negative ones can be eliminated.
Recording Defects 
To perfect the design, testing is crucial to identify and record issues to rectify and better the product. The design defects are to be documented and rectified during prototyping and feedback stages before product release.
User Acceptance Testing 
User acceptance test is an effective way to recognise the strengths and weaknesses, it allows amendment of the design earlier on in the process thus saving money. It’s most effective to undergo user acceptance testing after prototyping and functional testing. This process will reduce the chances of redesigning by fixing defects identified.
[bookmark: _Toc44009138]Environmentally Sustainable Products 
Making sustainable products is more important than ever with industrial growth posing an ever-growing threat to the environment. Prioritising sustainable, eco-friend features and methods will appeal to customers in addition to aid the planet. These ideas need to be compromised with economic considerations to produce a successful profit make, yet sustainable product.
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[bookmark: _Toc44008610]Figure 24 [73] Cycle of sustainable products
These concepts should be considered and referenced in the project road map, implanted where possible with a scope to continuously improve over time, the following factors have been studied with an aim to make the product more sustainable;
Resource Base
The goal is to create a product that can be used over and over again until it cannot be used anymore, and then be recycled. Its key to use materials that meet the product criteria and customer needs as well as managing their contribution to overall sustainability of the product – it must withstand conditions to remain functional for a significant amount of time.
Lifecycle Impact 
It’s important to evaluate the life cycle impact that the product has, particularly the influence it has on climate change; minimising contributions where possible. Ideas to positively affect the environment should be considered in the long term.
The Risk of Hazardous Substances 
Ideally any hazardous substances are to be eliminated as an option during the development stages of product development. If that is not an option then management and disposal strategies need to be implemented for health and safety purposes. 


[bookmark: _Toc44009139]5.Developing the Design Concept 
[bookmark: _Toc44009140]Designing to Meet Customer Demand
The aim of this project is to design and create a centre stand locking system that is both robust in nature and a deterrent for bike thieves. All of this, whilst maintaining the aesthetic look of the bike itself and no compromise to any of the motorbike's features. When discussing the concept of our design, a key number of features stood out as the basic principles of what a centre stand locking system offers to a motorbike owner. 
After researching about different designs of a centre stand locking system, the clear and main principle this system offers is an extra barrier of security for your motorbike. This barrier, by design would need to be problematic to tackle if a person attempted to steal the motorbike. This extra barrier will consist of mainly steel elements. Some of the subcomponents used in the assembly will be created using different materials such as plastic. This assembly of components can turn away your small-time thieves. Attempting to destroy the centre stand using an angle grinder to cut through the steel, will take enough time to draw attention to yourself. On the other hand, this does not stop organised crime where large vehicles are used to lift and export motorbikes away quite easily and quickly.
[bookmark: _Toc44009141]Essential Product Features
When designing our product, careful considerations were made to not only the shape and size of our product, but the practicality it offers in terms of a secure locking system. Most low-end motorbikes do not come equipped with a built in OEM immobiliser. This is purely because of the large added expense it causes to manufacture this into the motorbike. This added expense is not seen as a priority for these low-end motorbikes. Unfortunately, this lack of security creates a bigger target for criminals. Not only would the motorbike be stolen, but the motorbike would then be used in a series of other crimes as a getaway. Most of these crimes are violent in nature meaning this is a very serious public safety matter [74].
Our design of the product uses a magnetic key controlled shot bolt locking system. We opted for this system due to its simplicity. This system is extremely effective and easy to use. A simple presentation of the key fob to the housing of the unit will activate the system, locking and unlocking it in quick succession. To achieve this set up a simple wiring to the motorbike battery is needed. This will be the activator that energises the shot bolt to extend or retract. A magnetic switch will be wired to this shot bolt and sit in the housing of the system. This switch is then activated by using the magnetic key.
Our choice of including the magnetic key as part of the locking system was due to its unique characteristics. Radio frequency identification (RFID) systems perform their function by using radio frequencies to locate and match with barcodes built into a tag or unit you are using. Each individual tag has a unique barcode that is imprinted onto a microchip. This microchip has an assigned and very specific frequency. The key holds a built-in reader that will locate this microchip and identify the set frequency. If the frequency matches with the key, the switch will activate. You now have your locking and unlocking system [75].
When considering this product for a higher market motorbike that has a built-in immobiliser, the same sense of added security is present. The wiring of the system would not compromise any built in OEM immobiliser. The combination of the two security barriers creates a much larger deterrent for motorbike thieves. 
[bookmark: _Toc44009142]Desirable Product Features
During our group discussions, a very key idea was pointed out about opening the market of this product to a wide range of motorbike manufacturing companies. We considered the modification aspect of our product to suit multiple models [76]. This opens our engagement to new customers and any existing customers that are offering new models in the market. We discussed the need for this as the problem around motorbike theft is across all motorbike models and brands. All brands
Another desire we had for our product was to ensure it did not spoil the aesthetics of the motorbike. Most motorbike owners would take a lot of pride in the aesthetics of their motorbike. Adding a centre stand locking system to the arsenal of the motorbike security could potentially affect the bikes look. However, this is purely the opinion of the customer and whether our original design and colour scheme is satisfactory. The measures we have put in place to overcome this issue is the option to customize the colourway of the stand to meet the desire of the customer. This option will be an added cost to the overall price of the product.
[bookmark: _Toc44009143]Decisions and Compromises 
When undergoing group activities, it is important to clearly communicate ideas and opinions to one another. We used a number of methodologies to help make our final decision on our project. The first methodology was the use of affinity diagrams. Used as a tool in our group session, we collectively contributed to a series of brainstorming ideas and grouped our ideas into sections e.g. Security, Covid-19, Automotive and Household. 
[image: ]A clear diagram indicating the different subcategories considered. Green sections showing the path that led to our final choice. 
[bookmark: _Toc44008611]Figure 25 [10] Brainstorming conclusion
The use of affinity diagrams proved efficient. This organised method helped us to see obvious patterns and themes that we were collectively aiming towards with each idea. The relationships between each idea were also visible and this aided in our final decision making [77]. Some other ideas we carefully considered for our product development were Lithium Electrodes and Automatic car jacks. Both ideas presented an excellent scope for design and use in the modern world however there were a few reasons why we chose the centre stand locking system over the other two ideas.
[bookmark: _Toc44009144]Lithium-Ion Battery
During the group brainstorming session, a Lithium-Ion battery was one of the key ideas discussed. All members of the group showed great interest towards this idea as Electrical Vehicles (EV) is the emerging technology that is becoming a normality in the modern world. Most car manufacturers are adapting to this new technology and creating hybrid versions or fully electrical vehicles. By using a positively and negatively charged electrode, the battery can be powered during the discharge phase of the negative electrons. These negatively charged electrons travel across the electrolyte to the positive electrode and this produces enough energy to power the battery up. The battery can be easily recharged. During this recharge phase, the positive electrode will give up lithium ions that travel through the electrolyte. These ions will travel to the negative electrode and remain there until they are used again [78].
Further discussions were made about how realistic creating our own version of a Lithium-Ion Battery was. There are a number of safety issues surrounding the process of creating the battery. These high energy dense batteries have the potential to fail catastrophically. They can fail under certain conditions such as overcharging, battery leakage or a car crash. A series of special testing and analysis would have to be performed. This is to achieve an understanding of how our product would withstand the test under any of these conditions [79]. Due to the serious potential of danger surrounded around the creation and application of these batteries, it was decided to not opt for this idea.
[bookmark: _Toc44009145]Automatic Car Jack 
Another idea that we considered was to create an automatic car jack. The use of a car jack is essential to perform any kind of repair that involves you getting underneath the car. The jack can support the weight of the car whilst you perform the repairs needed. This product would be useful to anybody that owns a car and especially useful to a car garage. After some group discussions, we decided not to choose the automatic car jack. However, the benefits it does offer for example, the relief from any physical strain when changing a tire by using the electric jack instead of a manual jack. The electric car jack would also lift the car up a lot quicker. This will shorten your repair time if you need to perform a simple tire replacement [80]. The electric car jack would be very useful to a car garage, where continuous car repairs are taking place.  During our discussions, we concluded that these benefits would not attract many customers to buy the product. This product would also be expensive to manufacture. This would mean the price to buy an electric car jack would also be expensive and most people would opt for a manual version. This is due to the very little use they would get out of the car jack as it would only be needed during an emergency. 
The reasons stated above helped us come to our final decision of designing and manufacturing a centre stand locking system for a motorbike. The easy design and manufacture of this product was very desirable for all of us. There is a gap in the market where most manufacturing companies don’t offer the centre stand as an extra to the motorbike. This will force motorbike owners to look elsewhere. We hope that they stumble across our adaptable and innovative product to add some well needed security to their motorbike.
[bookmark: _Toc44009146]Environmental Factors
For our product, we carefully considered the materials used in the creation process. The use of non-toxic materials was important to us. This consideration was made to avoid creating a product that is potentially hazardous to the consumer. Not only did we consider the health of the consumer but the environment in which our product will be exposed to postproduction. The main material used in the creation of our product is steel. The housing and bolt switch consisting of stainless steel whilst the stand is made up of mild steel. The electronic housing is made of plastic. 
The risks and hazards of both materials' postproduction is non-existent. They are both stable elements and do not pose any risk to our health after they have been processed. The conditions these materials will be exposed to is not enough to chemically alter them. However, there is an environmental impact in producing these parts. 
[bookmark: _Toc44009147]Steel production
When producing our steel components, air emissions is the biggest contributing factor to the environment. Other contributions are hazardous wastes and solid waste produced during the steelmaking process. Steelmaking industries measure their contributions to air emissions. These industries continue to look for ways in which they can reduce these contributions [81]. 
[image: ]
[bookmark: _Toc44008612]Figure 26 [82] A schematic of the sinter plant highlighting process by-product emissions during its operations
Due to the complexities around steel production, there are a series of factors industries must consider in controlling their emissions. The main methods of control are through alterations made to production processes, suppression of causes, extraction and abatement [82]. [image: ]
[bookmark: _Toc44008613]Figure 27 [82] A schematic of the blast furnace highlighting process by-product emissions 
Using these methods to control emissions will allow industries to treat the industrial wastes produced by removing hazardous components. By removing these components, industries can address the impact their processes have on the environment as well as reduce their own industrial costs. This is a positive outcome for an industry as they can meet legal requirements by reducing their current emissions and minimise the exposed risk to humans and the environment. 
[bookmark: _Toc44009148]Plastic housing production
For the electronic housing, a couple of materials were discussed to produce this part. The first material, which is the material we decided to choose for our part is PLA (Polylactic acid). There are several benefits to the use of this material for our part. The energy consumption to produce PLA is 65% less than producing a conventional plastic. PLA also generates 68% fewer greenhouse gases than its conventional counterparts. The use of this material is also beneficial if it were to catch fire. It does not emit any toxic fumes that could seriously harm an individual and impact the environment [83].


The other material that we discussed was ABS (Acrylonitrile Butadiene Styrene). This plastic is created using a few oil-based products. This plastic is inexpensive to manufacture and is a great material used for a large variety of products. This plastic is mainly used for its long lifespan. It is also used when many units need to be machined e.g. computer keys on a keyboard and a plastic faceguard on wall sockets [84]. Although ABS is relatively harmless after you have manufactured your product, our decision to go with PLA plastic was the better choice when considering the environment. When printing ABS material, ventilation is necessary due to the hot plastic fumes that emit during printing. This is a serious health risk and very damaging to the environment [85].
Our decision to use PLA plastic instead of ABS is an environmentally friendly one. The choice of PLA also helps reduce the time it takes to manufacture the plastic housing for our centre stand locking system. Less time spent manufacturing a part is also less impact on the environment due to the low amount of energy used to manufacture the part. 


[bookmark: _Toc44009149]6.Technical Detail and Manufacturing Processes 
[bookmark: _Toc44009150]Product Functionality 
The frame is based for the Triumph 800, for models above 2010 onwards for 800XRx and XRt 2015 onwards, and it is constructed from a high-end stainless steel by the highest of engineering standards. The centre stand will also allow easy access to the drive chain for simple and quick maintenance, it will also allow simple tyre changes, bike cleaning and parking. [86]

[image: Triumph Tiger 800 XR XRx XRt SW~Motech Centre Stand]
[bookmark: _Toc44008614]Figure 28 [85] Tiger 800 Centre stand
[86]
The electronic security attachment will be simple to fit, but difficult to remove without the correct equipment. The power for the solenoid valve will be connected to the battery to ensure a constant source of power for the device, the wires will be routed from within the fairing to ensure that access to it will not be easy. The locking valve will be encased in stainless steel plate making it difficult to access from potential looters. The locking pin can be engaged with a simply key card which the owner will always have it on him alongside the motorcycle keys. When activated a locking pin will move forward through an additional hole on the centre stand which will prevent the centre standing from folding back up to move off, this means the bike stand cannot be moved until it has been disengaged or forcefully removed. So far it can be fitted to Tiger 800 motorcycle stands, most motorcycle centre stands are similar in design, so it may be possible to modify other stands to work with this locking system.
[bookmark: _Toc44009151]Manufacturing Methods 
[bookmark: _Toc44009152]Manufacturing process for enclosure.
The enclosure will made from stainless steel grade 316 sheet, the enclosure will initially just be a flat sheet, this component will cut out using a laser cutter.
[bookmark: _Toc44009153]What is laser cutting?
This is a process of cutting a material using a high intensity laser beam. These types of machinery can either trim down a material or cut it into more complex shapes that traditional drills would struggle with. The process works by having a precise laser beam run through the material that you want to cut, delivering a smooth and accurate finish.
The laser basically melts the material away as the beam makes contact and a gas is blown into the cutting region to expel the molten metal and vapor away from the cutting region, they are two different ways of using the beam, either pulsed or continuous wave beam, as the name says, pulse beam delivers a short burst, will the other works continuously. You can control the beam settings from the console, such as beam intensity, length, and heat output. These settings will vary depending on the material and thickness is used. There is also specialised equipment for metals that have excellent thermal resistance such as special lenses that focuses the beam even more.
This type of process is highly accurate due to the level of control the operator has, as it removes about 0.1mm of material, which greatly minimizes waste if used correctly. [87]
Beam cutting comes in three different types:
· C02 laser cutting.
· Crystal laser cutting.
· Fibre laser cutting.
The one currently being used is fibre laser cutting due to it being the most useful of the three types as it able cut both non-metals and metals, requires very little maintenance and replacements are often very cheap to replace. [88]
[image: ]
[bookmark: _Toc44008615]Figure 29 [89] Fibre laser cutting diagram
As you can see from figure 22, it shows how a general fibre laser general works, from the generator which creates the laser to the mirror and focusing head.
Initially the box will cut into as a flat box, which corners being cut away ready for it be folded into its enclosure.  For example, in figure two the metal sheet after cutting should look like this drawing.
[image: ]
[bookmark: _Toc44008616]Figure 30 [89] Cut out enclosure example. 
Once this process is completed and the edges are nice and smooth, the next step would be to fold each corner into its desired shape. The plate thickness is 3mm and cannot be accurate folded by hand. To complete this we would require sheet folding machine, a typically machine to carry out this process would be a press brake, this can either be done manually or by CNC, due to the simplicity of the enclosure a simple manual press brake would suffice. The operator can just put each fold into a 90-degree mould as shown in figure 24 to create a perfect right angle each time as long they place it in the right area.
[image: ]
[bookmark: _Toc44008617]Figure 31 [89] Brake press tooling for right angle
Once the folds have been completed, each corner will need to weld together to full enclosure the case to strength it, but it also reduces chances of water entering the electronics inside. You can use one of several types of welding methods such as:
· MIG Welding.
· TIG Welding.
· MIG welding.
This can also be known as gas metal arc welding, it a process of continuously feeding a line of electrodes through a specialised welding gun. The welding gun will form an arc of electrodes with the base metal you are trying to weld which will melt and fuse the two pieces together. The operator will be able to change the settings to suit the material that needs to be welded from thick steel plate to thin sheets of steel without burning it. This type of welding equipment is extremely easy to use and provides an exceptionally clean finish, but it will be too powerful to use with thin sheets of weaker materials like aluminium. As shown in figure 25 is the process of how a MIG welder works. [90]
[image: ]
[bookmark: _Toc44008618]Figure 32 [90] MIG welder diagram 
[91]
[bookmark: _Toc44009154]TIG welding.
TIG welding is another popular type of welding processes, also known as gas tungsten arc welding, it’s a process where consumable tungsten electrode is used to heat up the material and melt it, which then creates a weld puddle. Unlike MIG welding this method produces an arc weld from a single metal type because it requires no filler metal to weld two pieces of plate together, however if the gap is too big to weld together you are able to use a filler to fill in this space. This welding process also requires a gas bubble to protect the welding process from any contaminates, this can either be used with helium or argon gas. It can be used with many different types of materials, but thickness can be a major factor. This process is more suited for thinner materials then thicker ones. Its main advantages are is highly precise, an exceptionally clean finish and does not produce any splatter from molten metal, but it’s one of the harder welding equipment to be used and should only be used for experienced welders. [92]
[image: ]
[bookmark: _Toc44008619]Figure 33 [92] TIG welding with filler rod
[93]
[bookmark: _Toc44009155]What welding process we chosen?
The welding process chosen was MIG welding, due to its sheer simplicity of it, which will result in less waste from mistakes if we have new staff with only basic welding training. MIG welding equipment is generally cheaper than TIG welding, MIG equipment being around $415 while TIG is £445, also training required to use the MIG equipment would be cheaper and quicker as it is much easier to use then the more specialised TIG equipment. [94]
Now the welding process is completed it just need to be sanded down by hand to remove any rough edges to make it more pleasing to look at. A fine grit sandpaper would be more then suffice to complete such a process.
[bookmark: _Toc44009156]Manufacturing process for locking pin.
To create the locking pin will be a simple task that can be automated using a CNC lathe which would produce each part in quick succession and produce the same result repeatedly. This could be done by manual lathe, but the result could vary on each component so to avoid this a CNC lathe with a basic program can produce the same part much faster.
What is a CNC lathe?
CNC stands for computer numerical control is a technology quickly replacing standard manual lathes and milling machine. With a little training operator’s will be able to produce a CAM program, using G-codes etc. of the drawing which will guide the cutting tool to it location to produce the part.
[image: ]
[bookmark: _Toc44008620]Figure 34 [95] Typical CNC lathe
The SS316 bar will be fed into the machine, the program selected will produce a test piece. This is to ensure that there are no problems with the program, otherwise the whole batch will have to be disposed of. Each piece should take approx. several minutes to produce each locking pin due to the simplicity of the part. The lathe will automatic cut the finish piece off the shaft and drop it into the collection tray then will move onto the next piece, this is highly automated and once set up correctly can be left alone until it’s finished with the material. [95]
This kit will only need replacement cutting tools, the list of common tools are found below:
· Face turning.
· Parting off tool.
· Chamfering tool.
· Cutting tool.
Each one will have a function; the CNC device will swap to its indicated tooling when it reaches that step of the program.
[image: ]
[bookmark: _Toc44008621]Figure 35 [95] Different types of lathe tooling
[96]
As you can see from figure 28, it best describes what each tool purpose is and how it works.
Once each component is finally completed it then can finally be assembled onto the stand and ready to be used.
[bookmark: _Toc44009157]Estimated Costings Based on Decisions
[bookmark: _Toc44009158]Material ideas for protective case
The protective will completely enclose the locking mechanism to protect from impacts when a theft is in progress, this will make potential thieves think twice as it will take nothing short of an angle grinder to get through the closure.
Due to this we have a criterion that it needs to be meet:
· Impact resistance.
· Corrosion resistance.
· Compact.
· Cost.
Several materials we investigated are as follows:
· Stainless Steel grade 304.
· Stainless Steel grade 316.
· Titanium.
[bookmark: _Toc44009159]Stainless Steel grade 304
This type of stainless steel is regarded as the most common austenitic stainless steel. This contains a high amount of nickel and that usually around 8% to 10% by weight and a high amount of chromium around 18% to 20%.
The high amount of chromium and nickel give this grade an excellent corrosion resistance against water and chemicals. [97]


Mechanical Properties:
	Property
	Value

	Comprehensive Strength
	210MPa

	Proof Stress
	210 Min MPa

	Tensile Strength
	520 MPa

	Elongation
	45 Min%


[bookmark: _Toc44008622]Figure 36 [98]  Mechanical Properties for SS304.
[99]
Applications.
· Piping.
· Commercial food processing equipment.
· Fasteners.
[97]
Cost.
The cost of 304 stainless steel sheet is an estimate of £126 for 500mm x 500mm with an approximate thickness of 3mm. [100]
[bookmark: _Toc44009160]Stainless Steel grade 316
It is like 304 but this grade of stainless steel has a higher amount of chromium and nickel. 316 will also contain silicone, manganese, and carbon. The biggest difference between the two grades is that 316 will contain a small percentage of molybdenum which is around 2%-3%, this allows an increase in corrosion resistance over 304. This grade will also be having excellent forming and welding characteristics, and due to the austenitic structure, it will also give excellent toughness at extreme temperatures. [101]
If cost is still a major factor but still have room to spend more you can upgrade to stainless steel grade 316Ti, this will add titanium which will then provide better resistance to temperature. This will be between 600-900 C to start making an impact.
Applications:
· Laboratory benches and equipment.
· Chemical Containers.
· Woven/welded screens for mining and quarrying.
[102]


Mechanical Properties:
	Property
	Value

	Comprehensive Strength
	290 MPa

	Proof Stress
	290 MPa

	Tensile Strength
	580 MPa

	Elongation
	50 Min%


[bookmark: _Toc44008623]Figure 37 [98] Mechanical Properties for SS316
[103]
Cost.
The cost of 316 stainless steel sheet varies between £140-£150 for the same dimensions of the 304 grades. [104]
To upgrade to 316Ti, the cost will generally increase depending on where you can source it from.
[bookmark: _Toc44009161]Titanium
Titanium is regarded as one of much strongest metals on the planet, it has many uses due to its strength to weight ratio such as aerospace or medical industry. As well as superior strength, it also has great resistance to corrosion and chemicals. Titanium has good flexibility and shock absorption then steel. One of the major disadvantages of titanium is cost, as it generally cost a lot more than most materials due to its rarity. Titanium has a higher melting point then traditional steel making it much harder to cut through with a cutting disk but can still be done. [105]
Applications.
· Medical equipment such as hip replacements.
· Bike frames.
· Aircraft frames such as SR-17 blackbird.
[106]
Mechanical Properties:
	Property
	Value

	Comprehensive Strength
	880MPa

	Proof Stress
	510 MPa

	Tensile Strength
	950 MPa

	Elongation
	14 Min%


[bookmark: _Toc44008624]Figure 38 [98] Mechanical Properties of Titanium.


Cost.
The cost of titanium per sheet varies around £180 for 300mm by 300mm sheet. Much more than steel. So, we need to factor in possible cost when making an enclosure for the device. [107]
[bookmark: _Toc44009162]Why we choose?
The way we choose the best material for this project is by creating a table and valuing how important each section is so it can assist us further with our final decision on the material for the housing.
	Material
	Strength
	Weight
	Cost
	Anti-Corrosion
	Machinability
	Final Score

	SS304
	2
	3
	4
	3
	3
	15

	SS316
	3
	3
	3
	4
	4
	17

	Titanium
	4
	4
	1
	4
	2
	15


[bookmark: _Toc44008625]Figure 39 [98] Decision on what material to use.
Each section will be scored between 1-4, with four being the highest being the most important and 1 the lowest.
From the above table we can value that SS316 will be more than enough to meet the requirements of the enclosure. Generally being midrange in cost but also strong enough to give thieves a hard time breaking through the closure. If a person really wants to break through the enclosure and steal the motorcycle, then no amount of protection will guarantee protection due to the wide range of equipment that can be used such as angle grinders. The best way to do things is to make it as difficult as possible to prevent theft and to make it as affordable as possible.
Titanium was not chosen due to the extra cost to make the closure and it generally harder to machine a closure unless a considerable higher investment in equipment.
[bookmark: _Toc42442371]

[bookmark: _Toc44009163]7.Prototyping
[bookmark: _Toc42442373][bookmark: _Toc44009164]The Purpose and Advantages to Prototyping
[bookmark: _Toc44009165]What is a prototype?
Prototyping is an early form of a design, created to test the functionality of the idea or concept with a group of people. It is typically used to evaluate a new design to improve its accuracy and function. [108]
There are many different types of prototype, from something as simple as sketches, to simulations and physical models. [109] Even within these different types there can be many different levels of detail, known as fidelity. Prototype fidelity defines how much the prototype resembles the final design, and how much detail it has. High fidelity prototypes are things like full scale functional models which very closely resemble the final product, and in some cases are almost a complete version. Low fidelity prototypes are things like basic rough sketches showing ideas and basic functions. High fidelity and low fidelity prototypes have been found to be basically equivalent in finding usability issues. [110] 
[bookmark: _Toc44009166]Why do we do prototyping?
Better understanding of the design intent
Prototyping helps the whole team to understand exactly what they are designing and why they are design it. It allows them to get a look and feel for the design that was previously just an idea.
Early feedback
Getting feedback is critical to the design process. By getting feedback from the various involved parties, goals and actions can be established for each stage of the design. When a new prototype is made new ideas may come from those involved to further improve the design.
Early changes save time and cost
By making all the changes early on when the prototypes are made, changes to the final product can be avoided. Not having prototypes would mean completely reconstructing the final product after time and money had been spent, with most of the design work being made on speculation. This means that the faster feedback can be collected, the better the final design will be, and the more money that can be saved. [109]
Prototyping is critical to successful design as it allows quick testing of ideas before they are implemented, allowing the team to highlight any issues before production. [111] If prototyping is not done many issues with the design could be missed until a full production model is made, at which point a large amount of investment could be wasted, and in the worst case the project may not be able to continue due to this loss.
[bookmark: _Toc44009167]Physical Modelling
The form of prototyping that will be focussed on for this report will be physical modelling, a high-fidelity form of prototype that gives a physical form that can be seen and felt. The purpose of a physical model is to bring an intangible idea into a physical, three-dimensional plane. This allows for much better testing with the involved parties, and it can spark discussions about the form factor of the solution. [112] 
Physical modelling is being used in this case to create the most tangible option for a prototype to get the most insight into the design as possible with the least time and the fewest number of iterations. This form of prototype has many advantages, including the ability to modify the prototype as a physical form without needing to go as far as creating the final product. In many cases physical modelling is done with materials, processing methods and sometimes to a different scale than the final product to keep the prototype low in cost and fast to produce. In this case the prototype has been made using a 3D printer to create a forty percent scale model in PLA (Polylactic Acid) using an FDM (Fused Deposition Modelling) additive manufacturing method [113]. This method has been chosen due to its quick and low cost production, which allows the prototypes to be made in less than a day directly from a 3D CAD (Computer Aided Design) model, also allowing for changes to be made easily with very little resource. 
Due to the method of creating the models, a 3D model must be made first, which is designed using CAD software. This means that an initial prototype is made in the process in the form of the digital model. As this is the case, the digital is reviewed first as the first prototype, and changes can made even before the model has been manufactured. The use of a CAD model allows a 3D visual of the design to be given, forming a semi tangible mid fidelity prototype. The CAD model can also be used for simulation where physical properties of the final target materials can be inputted and force analysis can be carried out, giving details of the weight, strength, rigidity, and other physical properties of the final design. This forms another type of prototype that can be used to get an even better higher fidelity idea of the product. 
[bookmark: _Toc42442372][bookmark: _Toc44009168]CAD Drawings and Explanation
Looking at the three types of prototype generated in the production of the physical model, which were CAD models, CAD simulations, and the physical model, only the CAD and physical models will be required for this design. CAD simulations would give very little as the structural part shown in the design is proven by the Tiger 800 stand, and this would be changed depending on the bike that the lock would be mounted on. As we are looking into the possibility of making a lock that would be interchangeable between multiple models of bike in this design concept, the stand itself is not the focal point. The focus of this design will instead be on the locking system.
[bookmark: _Toc44009169]CAD Models
[image: ]The first type of prototype generated, the CAD models, were the beginning of the design phase in this case. The first CAD model generated was a basic block model showing the overall position of the lock and its main components. This model was able to give the team enough of an idea of the parts to make some comments about the design, and from this it was noted that a secondary metal cover would be needed in addition to the plastic electrical housing for the switch (green) to prevent thieves from accessing the shot bolt (red), and that a breakdown drawing of the parts was required. 
From this a second version was drafted and put into a drawing layout as seen in the below two figures. This version showed a more detailed breakdown of the general components that make up the lock, with the inclusion of the secondary metal cover, now referred to as the “shell”.[bookmark: _Toc44008626]Figure 40 [114] CAD model of initial stand lock design

[image: ]
[bookmark: _Toc44008627]Figure 41 [114] Part drawing of stand lock design, with shell
[image: ]
[bookmark: _Toc44008628]Figure 42 [114] Detail drawing of stand lock, with shell
Using these drawings, the team agreed that the design was right and that a physical model could be made. Some minor modifications needed to be made to make the model more functional than the basic block design. Once the physical model was made, it was showed to the team so an idea of the design could be seen as a physical part.
[image: ]
[bookmark: _Toc44008629]Figure 43 [114] Photos of stand lock prototype
The physical model, made at forty percent scale, is shown in the figure above. With the ability to see the design as a model, a better idea of the design was established. The team agreed that the design was right and could therefore be approved. If this design were to be manufactured as a final product, this approval would be the project gateway leading to final technical analysis before the part would be drawn up as a production design to be sent to the appropriate contractors for orders and production.
[bookmark: _Toc42442374][bookmark: _Toc44009170]Production Method 
For the prototype, the model will be made using 3D printing, using the FDM (Fused Deposition Modelling) method mentioned in the physical modelling section. FDM printing has been the primary form of 3D printing for plastics for a number of years, it was first patented as a concept back in 1989 by Scott and Lisa Crump, who founded Statasys, which is still one of the most prominent 3D printing companies around. The method was properly commercialised with the start of Kickstarter, a popular crowdsourcing platform in 2009, which helped commercial printers to be made and distributed. MakerBot, a company who specialises in 3D printing and founded the largest file repository for printing, Thingiverse, also started in 2009, accelerating the move to commercial 3D printing. [115] Since then many people in industry as well as in household settings have begun using 3D printers on a day to day basis, primarily FDM.
FDM printing is done by melting a thermoplastic feedstock, usually in the form of a wire filament, to its melting point, then depositing it onto a build platform following a predetermined route, building up a part layer by layer, directly from a 3D model. [116] The 3D model is processed using post processing software to translate the model into a tri-axis G-code file, which is a file containing instructions that tell the printed what path to follow, what speeds to use, and when to extrude plastic. [117]	
[bookmark: _Toc42442375][bookmark: _Toc44009171]Materials and Aesthetics 
The prototype has been made using PLA (Polylactic Acid) as mentioned in the physical modelling section. The choice to use PLA as the material comes from its positive environmental characteristics as well as its relatively low cost. PLA is a plant based biodegradable polymer usually made from corn starch, which is a fully renewable material. [118] It is classified as a thermoplastic aliphatic polyester, simply meaning it is an organic carbon-hydrogen plastic that can be re-melted. Aliphatic compounds form one of two major classifications of hydrocarbons, with its main scientific characterisation being that is does not contain aromatic rings, and is instead a straight chain or non-aromatic ring molecule. [119] 
The final product will be made mostly using off the shelf items, so the materials will be as bought, however the shell will be made from a high strength stainless steel to make it more difficult to cut through, and to make it safe from corrosion. 
The model has been printed in grey PLA, as using multiple colours of PLA is more time consuming and is only minorly beneficial for presentation. The colour of the final lock will be optional, but the standard would be yellow, as to be obvious to thieves, proving there is a deterrent in place. In most cases, as long as it is obvious a bike has been secured, it is far less likely that someone will try to steal it.


[bookmark: _Toc44009172][bookmark: _Hlk43701899]8. Reflection
For us as Engineers to increase our efficiency and widen our professional / personal skillset we must critically reflect on our experiences, and not only celebrate what went well but also identify the mistakes we made and ensure they are documented, and lessons are learnt from this. Through additional reading of the theories behind our experiences we can adapt our approaches and increase our understanding.
There have been different models of reflection designed and explored by various sociologists and psychologists. These have identified the benefits of learning by experience and applying this to future tasks. This is the active process of conscious reflection on how you did and how you can better apply yourself in further scenarios. 
Take Gibbs Reflective Cycle [120] as shown below;
[bookmark: _Toc44008630][image: Image result for gibbs reflective cycle | Gibbs reflective cycle ...]Figure 44 [120] Gibbs Reflective Cycle
This repeated process of reflection first asks the question of what happened to garner the context of the experience, what roles did you and your fellow team members play? 
Then you explore your respective feelings about the situation and how they may have altered following the experience. What thoughts did you have before, during and after?
Further evaluation of the situation weighing up the pros and cons about the experience. What did you feel went well and what could have done better?
Following the evaluation an analysis of the situation should be made where you take deeper look into the reasons behind your judgements. What challenges did you encounter and how did they relate to your experience? 
A consideration should be made for any literature, texts or class work participated in which related to your understanding of the experience. The more you read into it the better you will understand and be able to apply theories in practice.
A conclusion should then be made, considering all the previous lessons learnt and assess how you could have improved your performance, and think about the effect this will have on you and your future decision is similar situations. 
They process is cyclic so, following the conclusion you again apply the reflection process to the next experience. The more times you reflect the better you can understand how you can improve both personally and professionally.
[bookmark: _Toc44009173]Benefits of Group Project Work
There are many benefits to working in a group, the main aspect of this being that a larger complex task can be broken down into smaller more manageable sections and these sections can be shared out to individuals some of which may have the required skillset already, making them most suitable to complete the tasks. Other will need to learn and grow into the roles assigned, they can seek guidance and support from those more well versed to expand their knowledge and become a more effective team member.
Working collaboratively brings together a diverse section of people with different personal and professional experiences. Being a part of a diverse team gives you a less biased perspective with differing thoughts and suggestions being offered. Some people will be subject matter experts and can help to better explain to others. The process of communicating in a diverse group exposes us to a multitude of methods and experiences. Different people can work in different ways to achieve the same common goal. We know from Team task Cohesion studies that this collaborative effort strengthens the team’s joint efforts to reach the goals and improves team cohesion as these goals are met.
They produce new ideas and approaches to solve a problem which may not have been considered if it was an individual working on the project alone. This ability to view a problem from the perspective of another is a key aspect of a collaborative working methodology. Specific skills in communication are required in order to work effectively as part of a team. It Is important to learn active listening and when it is right to speak up about your ideas.  Being able to compromise for the overall benefit of the project is also a key aspect to develop. 
With such a diverse section of people in a team, disagreements are inevitable, again the key to strengthen the team is to learn skills in conflict resolution. 
[bookmark: _Toc44009174]Achievements
Each member of the team overcome the challenges of the COVID-19 lockdown – due to this we never got a chance to meet up in person as a team for the entire duration of the project. So, despite not having been through some of the key stages of team forming. [42] We still manage to develop and become an effective team working together on a common goal.
Each member of the team grew in knowledge and experience in their respective team behaviours according to Belbin’s self-perception roles identified [121]
Also, by working on a subject which most of us knew very little of it gave us all an opportunity to widen our knowledge in these specific product areas. 
The team was open and honest providing feedback to one another on how to improve the content of our report and suggesting next steps to further our success.
One member of the team had access to a 3D printer, so we were able to transfer the CAD model into a 3D printed tangible prototype. Which were we going to progress this project to market is a critical step in QA and in user feedback.
[bookmark: _Toc44009175]Challenges encountered 
The challenges we experienced can be split into 3 categories; Coordination, Motivation and intellectual [122]
Firstly, with Coordination there are additional challenges associated with group projects which are not present with individual project work. Mostly the complexities of bringing the project team together for weekly meetings to update on progress and voice any concerns. The size of our group was relatively small at 8 members but due to circumstances we had to conduct all our interaction online. Once we had decided upon our topic, we set about delegating the roles which each member would play in this assignment. This was based on Belbin Team Theory [121] Self-perception test results. We ended up with a very well-balanced team with all models of behaviour being covered.
There were potential issues with this being that each member of the team was reliant upon the other to complete their actions in a timely and effective manner otherwise the assignment would suffer with gaps.
Through study of social interdependence theory [123] we understand that this reliance upon others completing their actions directly affect an individual in completion of their goals. There are two contrasting sides to this negative and positive 
The negative side would result in members feeling like some weren’t pulling their weight, which results in a demotivation and a breakdown in team communication if the tasks of others weren’t completed as per the agreed schedule.
Positive interdependence promotes cohesion in the team, members actively encourage one another to succeed and meet the wider team goals. This collaboration and active communication improve the trust in each other and helps positively resolve any conflicts in the team. This promotion of collaboration helps to develop team task cohesion [124] a positive level of task interdependence directly correlates to the level of team cohesion. 
Due to the mixed nature of the team learning / working style, conflicts were present. 
There are 7 identified learning styles [125];
Visual – works better with images, diagrams and other visual representations
Aural - prefers sound so benefits from spoken brainstorming activities 
Verbal – spoken and written word best helps this type of person, using books, magazines journal articles
Physical – Prefers hands on experiences so they can manipulate objects to better understand.
Logical – works better with a structure approach, easily grasps complicated topics and methods 
Social – works well as parts of a team and learns better in a collaborative way
Solitary – prefer to be in control and can find it challenging to learn / work as part of a team.
Specifically, with the additional restrictions due to lock down any person who works better socially would struggle, also being unable to manipulate any in hand prototypes as a team would be a challenge for some.
Lack of motivation can be an issue which leads to some members sitting back whilst others do the rest of the work. We didn’t have this as a deliberate action but a consequence of mixed shift patterns for some not having as much time to dedicate to the project. Combatted this by delegating sections to each member of the team and reviewed at each meeting to reinforce the accountability.
Under the intellectual category we can reflect on issues relating to group behaviour traits which can have a negative impact on productivity and creativity [122] Groupthink is a psychological term introduced by Irvin Janis [126] the for when a group make less than optimal decisions with a view of maintaining the group consensus, we had some ideas suggested which guided the brainstorm in limited ways. It could be argued that certain topics were avoided as they did not fit with the overall group consensus. 
The illusion of transparency explains that group members can erroneously believe that their reasoning and contribution are understood by all other members of the group. We experienced this challenge when one of the members admitted that they didn’t understand the workings of a centre stand for a motorcycle. So, the more experienced member in the group uploaded some additional information for them to better understand how it worked and appreciate the contributions made by others.
[bookmark: _Toc44009176]Problems Encountered
Although we had a lot of successes in this project, we also encountered some issues. Chief amongst which was in order to combat the challenges we faced being under a government lockdown and unable to meet as a group in person.
With the outbreak of the global pandemic and the subsequent lockdown in place we were forced to conduct all our meetings online. We used the online meeting and management platform of Microsoft Teams. Although this has its advantages we experienced issued relating to the attendance. With some individuals furloughed and others still working shift patterns, we struggled to find a time when all the team was available. 
To mitigate this issue, we decided to record all our video meetings so others could catch up on the progress. This was in addition to the meeting minutes sent out by the person responsible.
Before the close of the meetings we would all agree on the timescales of the delegated actions. With some of the members being absent from the meeting we provisionally added in the actions and had to get their feedback once they had chance to review them.
There is inherently less accountability for remote workers, we saw evidence of this in our team as some members failed to meet the deadlines set. When working as part of a team it is paramount that you ensure actions are met according to plan otherwise the entire project is held back. One way to ensure the goals are possible is to set SMART [127] goals. These are goals which are Specific, Measurable, Attainable, Relevant and Time-based.
[bookmark: _Toc44009177]Hindsight Discussion
 In hindsight one of the main things we struggled with was getting started – we couldn’t settle on a specific task which we all felt met the brief. We had a couple of meetings before we settled on “A Design Concept for a Motorcycle Centre Stand” this was ultimately chosen due to the vast experience of one team member and the readily available bike to take measurements from. Even though this topic was less known by some team members, they were ready to do the necessary research into it. This gave them a greater understanding of the project.
Every member of the team had previously been involved in a group project in one way or another, the additional challenge of working remotely was one which was particularly tough. Initially we met weekly but very quickly we realised and agreed that we should increase this to twice a week. This was mainly due to the crossover of some sections so the reliance upon another team member finishing their actions before you can start yours or see how it will link together.
We met at 19:30 every Tuesday and Thursday, on reflection greater consideration could have been given to the team members who struggled to make these times / days. Most of the team was available for these meetings. We spoke about consideration for those who could not attend, we suggested they could organise a separate meeting asynchronously and updating the minute taken on actions and outcomes.
The use of Gantt chart was effective in tracking the progress – perhaps it could have been utilised better by displaying it in meetings and reviewing as a first point of action. Overall our structure was very fluid for the meetings we held, this could have been handled in a more systematic approach to ensure the best use of time. Although with respect to the mental health of the team, being able to speak to your cohorts certainly helped to boost the morale as being in lock down is stressful and some cope better than others with this.
Initial discussions we considered designing a full bolt on locking centre stand replacement solution. Our early designs we a solid frame. One of the team members who has experience with motorcycle point out that this wasn’t necessary to support the weight of a motorcycle – so the spec changed to be hollow with a 4mm wall thickness as per the modified house of quality. As a team we decided the focus for this project should be the locking system itself. 
Following the initial review of the design the team decided it would be prudent to add an additional metal cover over the existing plastic cover protecting the electrical component from the elements. This additional metal cover serves a dual purpose, protecting the electronics and the shot bolt from attack by would be thieves 
In the process of the project we discussed about the possibility of a universal application for any bike which needs further explorations of the existing variations on different models of motorcycle. 
Overall, we can celebrate what we achieved from our first time working together as a group.
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[bookmark: _Toc43673280][bookmark: _Toc44009181]Meeting notes
1. Project idea - Locking pin system for a centre stand on a motorcycle. This was chosen as due to the ease of stealing a motorcycle off its centre stand so the locking pin would give an extra level of security.
2. Weekly meeting at 7:30pm every Tuesday.
3. Continue with your selected sections that was given out previously and we will submit the group report as a team and share the marks. 
4. Draft report of your given section needs to be completed by 12/06/20 so we can have two weeks to critique each other’s work.
5. Need agreement from everyone in the team that we are happy to submit our final report as a team rather than individually.
6. If anyone can think of a different subject rather than security, let me know and ill update the brainstorming session accordingly.
7. 
	Part
	Material

	Stand
	Mild steel

	Housing
	Stainless steel

	Bolt switch
	Stainless steel

	Electronic housing
	Plastic


8. Arian predicts structure of lock alone will cost £200.
9. Briony needs Arian and Ben to read through her research to check that content aligns.
10. Arian - Taylor's tiger 800 centre stand has a wall thickness of 3mm.
11. Reminder that everyone needs to have 20-25 references.
12. Add work to final report so we can have a review on Thursday evening.
13. Issues with figures with the teams attached pictures/tables.
14. Gareth has spotted 36 grammatical errors which he will show everyone in his final reflection report for the team to amend.
15. Everyone is to use font "calibri body" and font size 12.
16. when using sub-headings, everyone needs make sure they are highlighted (heading 1, 2 or 3) so table of content can be updated accordingly.
[bookmark: _Toc43673281][bookmark: _Toc44009182]Meeting actions
1. Abstract, Introduction, Scope and Objectives - TC
2. Literature Review - CP
3. Team Working Methodologies and Planning (task ownership). Communication throughout - LM
4. Project Purpose, pros and cons of the product - SS
5. Product Technological Explanation and Manufacturing Process (decision made and why) -BL
6. Prototype and Description (reasoning for selections - shape and material used) - AH
7. Marketing Plan and Media influences - BM
8. Project reflection and discussion (outcomes, what went well, limitations and failures) – GG
9. Complete QFD of bike - TC - 22/05/20
10. Scope and key objective   - TC - 22/05/20
11. Explanation to BM of how a centre stand works - TC - 22/05/20
12. Market research for model of bike - BM -22/05/20
13. Review of CP's design and make modifications - BL & AH - 22/05/20
14. Market research of bike models - BM - 28/05/20
15. Research T Max stands - CP - 28/05/20
16. Create a draft model of group using TC drawings - AH - 28/05/20
17. Review QFD once design has been drafted - Team - 28/05/20
18. Complete brainstorming session - LM - 28/05/20
19. Apply reasons why centre stand was chosen and the criteria used to make decision - BL & SS - 28/05/20 
20. Review QFD process - GG - 28/05/20
21. Create a draft design using TC's drawings - AH - 02/06/20
22. Review QFD once design has been drafted - Team - 02/06/20
23. Look over current QFD - GG - 02/06/20
24. Tiger 800 research - BM - 02/06/20
25. Research QFD methodology - GG - 02/06/20
26. Manufacturing process of our design - BL - 02/06/20
27. Organise structure of final report - BM - 12/06/20
28. Tiger 800 research - BM - 04/06/20
29. Material manufacturing process for design - BL - 04/06/20
30. Calculate weight of hollow design - AH - 04/06/20
31. Write communication process followed due to COVID - LM - 04/06/20
32. Talk to BL and correlate ideas and final goal - AH - 04/06/20
33. Ideas of material for housing of locking pin - BL - 04/06/20
34. Find which is best for BL to attend meetings - LM - 04/06/20
35. Ideas of material for housing of locking pin - BL - 09/06/20
36. Review into current wall thicknesses of centre stands - TC - 09/06/19
37. Ideas of material for housing of locking pin - BL - 11/06/20
38. Check with Rachel if we can use names when talking about a team member - LM - 11/06/20
39. Send Gareth tasks that went over their assigned timelines - LM - 11/06/20
40. Make amendment to road map to include use of 6 sigma's DMAIC tool - BM - 11/06/20
41. Upload PDF's of initial and final designs to aid GG in his reflection - AH - 11/06/20
42. Functionality of design - BL - 18/06/20
43. Photos of finished prototype - AH - 18/06/20
44. Table of Figures in final report - BM - 18/06/20
45. Full review of final report on Tuesday...everyone needs to attend - Team - 23/06/20
46. Review the removal of titanium steel alloy section - BL - 19/06/20
47. Use LM brainstorm section in his report - TC - 19/06/20
48. Update citations in his section to allow automatic refresh in table of citations - AH - 19/06/20
49. Add meeting notes to the bottom of the report - LM - 19/06/20
50. Full review of report and highlight any amendments needed - GG - 21/06/20
51. Review of Gareth's reflection actions for final meeting - Team - 23/06/20
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