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1. Introduction & Product Overview
[bookmark: _Toc523527058]Introduction
Due to ever-increasing strain on our ecosystems due to accelerated climate change, more stringent emissions regulations worldwide and massive congestion in our cities modern pedestrian transportation needs an evolution. This product design specification aims to help define and aid in the intellectual design, engineering manufacture and economic implementation of a part of that evolution in the form of Electric Motorized Pedestrian Scooters.
Following the Market Research and Initial Discussion stages of this project it has been determined that there is a need for an electric two wheeled vehicle that can be used in an inner city urban environment for daily commuting, business and pleasure.  This vehicle must comply with current European law and licensing, worldwide industry standards and current market trends. The product should be accessible and “easy-to-use” for the general public with no special training above current motorcycle training and testing.  
[bookmark: _Toc523527059]Product overview
The aim of this project is to, by working with other faculties within University of Wales Trinity Saint David design and produce a small capacity, electrically powered, mode of motorized pedestrian transport that fills the role between a full sized motorcycle and pedal driven bicycle. This bracket of two-wheeled transport consists of two main classes of motorcycle, “Mopeds” and “Scooters”.
Loosely defined, these classes are thus:
[bookmark: _Toc523527060]The Moped
Mopeds are the smallest capacity of two-wheeled vehicle that can be classed as motorcycle by legal definition in most countries, and traditionally are used for urban transportation and low cost, economic commuting/delivery. Across the globe, legislation surrounding mopeds is fairly consensus;
a) They are generally restricted to, or designed with a maximum design speed of between 30km/h and 45km/h.
b) The minimum age required to ride one legally is between 14 and 16 years of age.
c) In addition, if powered by an internal combustion engine the capacity must not exceed 50cc. 
[bookmark: _Toc523527061]The Scooter
Scooters and “Underbones” (Scooters have footboards for the riders feet, “Underbones” do not) are, in most cases, not distinguished from motorcycles by law as they exceed the specifications of Mopeds for speed and power characteristics. Traditionally these motorcycles are distinguishable by:
a) Their “step-through” frame design.
b) Small diameter wheels.
c) Drive systems that are either attached to the rear wheel or located under the rider’s seat.   

In short, a Moped is a specific legal definition for a small motorcycle and a Scooter is a broader design definition that encompasses some Mopeds but it is not exclusively limited to them. 
[bookmark: _Toc523527062]Design Specification parameters and overview
[bookmark: _Toc523527063]Parameters of the use and application of the specification
This product design specification is to be used as an overall guideline to assist Design, Manufacturing and Electronic Engineering students in achieving the goal of creating a viable transport product. This specification is not a rigid set of parameters more of a useful guide of specifications and values based on market research and educated assessment of current issues/trends. 
[bookmark: _Toc523527064]Overview of the specification
This product design specification will detail a list of criteria related to the design, planning and manufacture of a viable electric moped/scooter product for the modern motorcycle market. The criteria that will be addressed in this specification will cover topics such as:
· Performance and Economy.
· Target costs, Product Life Span and Design Time.
· Customer Base and Environmental/Socio-Political Factors.
· Materials, Manufacturing and Required Facilities/Processes. 
· Size, Weight, Ergonomics and Safety Features.
· Appearance, Finish and Packaging.
· Durability, Maintenance and Service Life. 
· Industry Standards.
· Testing.
· Competition and Market Constraints.    
[bookmark: _Toc523527065]Definitions

	PDS – Product Design Specification 
EV – Electric Vehicle 
Moped – Motorized Pedestrian Transport
kWh – Kilo Watt Hour
Ah – Amp Hour
kW – Kilo Watt
V – Volt
km – Kilometer 
Retro – Modern throwback to a previous design trend
	Db – Decibels 
Nm – Newton Meter
km/h – Kilometer per Hour 
mm – Millimeter
KERS – Kinetic Energy Recovery System (Regenerative Braking)
CBS – Combined Braking System
EBS – Electronic Braking System (Brake by Wire)
MR – Market Research







[bookmark: _Toc523527066]Customer base and Environmental/Socio-Political Factors
[bookmark: _Toc523527067]Customer base
The customer base for this project will be clients in a modern urban environment requiring a clean, efficient, sustainable method of transport for commuting, pleasure and business.
The product should take into account a multitude of customer profiles. Such consumers as; professionals requiring transport to and from their workplace, delivery personnel requiring clean economic transport for work and everyday people with a need for a cost effective, stylish transport product at a reasonable price point utilizing up-to-date technology, “green” manufacture and production and design aspects in-keeping with market trends.  
[bookmark: _Toc523527068]Environment
As the primary goal of electric vehicles as a whole is to reduce carbon emissions and the production of products harmful to the atmosphere, this project should be undertaken in an environmentally friendly and conscious manner.
[bookmark: _Toc523527069]Production and Manufacture
The production and manufacture of this vehicle should be undertaken in such a way that any steps that can be taken to reduce carbon footprint and work in an environmentally friendly fashion are carried out.
[bookmark: _Toc523527070]Materials 
Where possible, environmentally friendly alternatives and recycled/recyclable materials should be used to lower the overall carbon footprint and assist in creating an environmentally friendly product.
[bookmark: _Toc523527071]Socio-Political Factors
There is currently a great drive toward electric transportation, two-wheeled urban commuting and sustainable/renewable energy and manufacture around the world. To this end, during the design and production process close consideration should be taken to current political and social events concerning; the electrification of motor vehicles, advances in sustainable and clean manufacture/production and to political policy related to vehicles of the kind explored in this project. 
With political moves such as those seen in Shanghai to eliminate gasoline mopeds altogether from their roads by stopping license plate renewal as of 2000 to ensure that green alternatives are used and cities around the world consistently cutting back on fossil fuel powered transport, electric scooter and moped sales have been booming. Social Factors such as Uber planning to adopt Jump and Lime to provide electric two-wheeled transport are also helping drive a need for electric scooters and mopeds.  
The current socio-political stance on pollutant vehicles can also be used to great advertising effect when extoling the virtues of this project/product. Recent changes to include motorcycles in the congestion charge in the ULEZ (Ultra Low Emissions Zone) in London and the banning of polluting gasoline motorcycles from cities like Paris lend great strength to the argument of electric pedestrian two-wheeled transport as a viable alternative to current vehicles in UK and European cities. 

  
[bookmark: _Toc523527072]Industry Standards
This is a non-exhaustive list of Standards and Specifications pertaining to the target product and its production and design. During the design and manufacturing process applicable industry standards relating to the specific task/component should be followed and adhered. Further standards relating Mopeds/Motorcycles and the manufacture or design thereof can be found at –
https://www.iso.org/ics/43.140/x/p/1/u/0/w/0/d/0
https://www.bsigroup.com/en-GB/standards/

ISO 3833:1977 
Road vehicles -- Types -- Terms and definitions
ISO 10355:2004
Mopeds -- Positioning of lighting and light-signaling devices
ISO/TR 13062:2015
Electric mopeds and motorcycles - Terminology and classification
ISO 13063:2012
Electrically propelled mopeds and motorcycles -- Safety specifications
ISO 13064-1:2012
Battery-electric mopeds and motorcycles -- Performance -- Part 1: Reference energy consumption and range
ISO 13064-2:2012
Battery-electric mopeds and motorcycles -- Performance -- Part 2: Road operating characteristics
ISO 18243:2017
Electrically propelled mopeds and motorcycles -- Test specifications and safety requirements for lithium-ion battery systems
ISO 18246:2015
Electrically propelled mopeds and motorcycles -- Safety requirements for conductive connection to an external electric power supply
ISO/TS 19466:2017
Electrically propelled mopeds and motorcycles -- Test method for evaluating performance of regenerative braking systems
ISO 19689:2016
Motorcycles and mopeds -- Communication between vehicle and external equipment for diagnostics -- Diagnostic connector and related electrical circuits, specification and use
ISO 9000
Standards relating to Quality Management
ISO 9001:2015
Standards relating to Quality Management
ISO 10006:2017
Quality Management – Guidelines for quality management in projects




[bookmark: _Toc523527073]Performance and Economy 
The figures expressed in this criteria are a result of market research and comparison and should be used as a baseline average taken from current market trends. 
[bookmark: _Toc523527074]Overall performance & Economy
[bookmark: _Toc523527075]Top Speed – 
The top speed required for this product will be 45 km/h (28mph) for an AM category machine or a top speed of 100km/h (62mph) or greater for an A1 category machine. The definition of top speed for AM is a legal definition of a restricted top speed. The definition of top speed for A1 is an ideal definition (as there is no legal limitation) based on market research and current fossil fuel products.
[bookmark: _Toc523527076]Acceleration – 
The acceleration of the machine should be comparable to, and ideally, exceed gasoline alternatives. As benchmarks for gasoline vehicles are primarily 0-100km/h or greater and are rarely taken for mopeds or small “scooters” this criteria has been generated by taking an average of several modern 125cc motorcycle 0-100km/h times and then converting this average to a 0-45km/h time. It must be stressed that this is rough estimate and should aim to be exceeded. The average calculated value is 0-45km/h in 8.23 seconds. 
[bookmark: _Toc523527077]Range – 
The machine must have a range applicable to current market trends and therefore the value generated has been taken from an average of current machines. The range of the machine from a full charge should exceed 85km, as this is the average value generated from the MR phase of this project. 
[bookmark: _Toc523527078]Motor
[bookmark: _Toc523527079]Power
The Power criteria of the motor is split into two separate values; Rated & Maximum:
Rated Power
The Rated Power of the motor should be in excess of 1.9kW (the average value generated by the MR phase of this project).
Maximum Power
The Maximum Power of the motor should not be in excess of 11kW as this is the legal upper power limit for A1 licensing. The optimum value should be in excess of 3.3kW as this is the average value found in the MR. 
*In addition to the legal maximum power output for A1 licensing there is a limit to the power-to-weight ratio allowed under an A1 license. 0.1kW/kg is the maximum allowed power-to-weight under the A1 license and this should be taken into account when designing the vehicle. 
[bookmark: _Toc523527080]Torque
Maximum torque generated at the motor is the most common method of measuring an electric motor. The average maximum torque generated at the motor found in the MR is 135Nm; this figure should be reached or exceeded to ensure the vehicle has ample acceleration.
*For legislations relating to features and quality control in Electric Motorcycles refer to section 4.

[bookmark: _Toc523527081]Battery and charger performance & Economy
[bookmark: _Toc523527082]Capacity
The capacity in Kilowatt Hours should exceed the MR average of 2.2kWh to provide competitive range and economy.
[bookmark: _Toc523527083]Voltage Output 
The Voltage Output provided by the battery pack to the motor should meet or be in excess of the 59V figure found during MR to provide a competitive Capacity value and allow good performance from the motor. 
[bookmark: _Toc523527084]Motor Type
The most common type of motor used in two-wheel EV application is a DC permanent –magnet brushless unit. An increasingly popular example of this type of motor (in the Chinese electric scooter market) is the Bosch “eScooter” hub motor. Information regarding this motor can be found at: https://www.bosch-mobility-solutions.com/en/products-and-services/two-wheeler-and-powersports/powertrain-systems/electric-integrated-system-with-in-hub-motor/
[bookmark: _Toc523527085]Charge Time 
The charging should be as quick as possible to provide a useful that does not require lengthy waits for charging. The average figure found in the MR was 5 hours. This should aim to be reduced as far as possible. 
[bookmark: _Toc523527086]Charger Input Voltage
The charger input voltage should be applicable to standardized “mains” power around the globe. A common figure found in the MR phase was a 110/240V input voltage. 
[bookmark: _Toc523527087]Charger Type
The ideal charger type for the modern electric scooter market is a removable battery pack that can be charged at home, at work or anywhere that there is a common “mains” power supply. Therefore it would be advantageous to have a charger that can be stored in the vehicle and then removed (along with the battery) to charge once the rider reaches their destination. 
[bookmark: _Toc523527088]Battery Dimensions 
If the battery is to be made removable, the pack should be of a size and weight that can be manually handled by the average person to and from the charging point. Sub 12kg is a good maximum weight goal as most removable battery packs on the market currently are below this value. 
[bookmark: _Toc523527089]Battery Life
The battery life between first charge and the point at which the Depth of Discharge drops below 80% should be in excess of 1100 charge cycles.    
[bookmark: _Toc523527090]Additional Features
[bookmark: _Toc523527091]Braking Features
Modern motorcycles commonly feature advanced braking features for both safety and energy recovery. Systems such as ABS, CBS, EBS and KERS should be considered when designing the vehicle to ensure that the product is both effective and competitive. 
[bookmark: _Toc523527092]Connectivity
A recurring group of features found in the MR was that of connectivity in electric scooters as a premium feature. Such connectivity features as Bluetooth™, diagnostic applications and security measures were commonly found in competitor machines and thus should be considered in the design process to ensure that the product is competitive with current market trends. 
[bookmark: _Toc523527093]Size, Weight, Ergonomics and Safety Features
The figures expressed in this criteria are a result of market research and comparison and should be used as a baseline average taken from current market trends. 
[bookmark: _Toc523527094]Size & Weight
[bookmark: _Toc523527095]Wheelbase 
 The overall average wheelbase found by the MR is 1283mm. This design should aim to be below 1500mm max and above 1100mm min to provide ample space for the rider, systems and provide stable yet agile vehicle dynamics. 
[bookmark: _Toc523527096]Seat Height
The overall average seat height found by the MR is 769mm. To allow the maximum range of riders to fit the machine and provide a center of gravity high enough to allow for an agile vehicle the minimum seat height should be no more than 750mm and the maximum should be no greater than 800mm. 
[bookmark: _Toc523527097]Ground Clearance
The overall average ground clearance found by the MR is 157mm.The ideal ground clearance for a vehicle of this type would be within the 120mm-200mm range to allow such maneuvers as rolling the moped/scooter up a pedestrian curb (100-200mm).
[bookmark: _Toc523527098]Length, Width and Height
The overall dimensions of the vehicle should not be such that the vehicle is ungainly or awkward from a riding dynamics standpoint.
Length
The vehicle should not be overly long but a small overhang of the front or rear is acceptable. The average found by the MR phase was 1852mm. Any length below 2000mm will be acceptable. 
Width
The vehicle should not be an excessively wide design as this can affect the handling and maneuverability characteristics. The MR average was 690mm but anything under 800mm should be feasible without affecting “rideability”. 
Height
The maximum height is often measured from the upper tip of the front windscreen and thus the screen should not protrude to a level that would cause significant drag or physical issues such as entering low garages. The average height found in the MR phase was 1127mm. Any value under 1750mm would be acceptable. 
[bookmark: _Toc523527099]Weight
The weight of the vehicle should not cause issues with manual handling and, due to the nature of performance, weight is intrinsically linked to the range/top speed/acceleration/handling of the vehicle. Therefore, the lighter the vehicle the better. The average value found in the MR was 118kg including batteries and 75kg minus batteries. The ideal weight goal should be close to or lesser than these values. 



[bookmark: _Toc523527100]Ergonomics
[bookmark: _Toc523527101]Overall Ergonomics
The vehicle should be designed in such a manner that the widest possible number of users can both fit and ride the moped/scooter without undue physical exertion, awkward or ungainly control movements and/or distraction to the rider during everyday road use. 
[bookmark: _Toc523527102]Hand Controls
The hand controls of the vehicle should be within easy reach for operation without the rider needing to remove their hands during operation. For example, the rider should not have to remove their hands when signaling to turn or operation the brakes. 
[bookmark: _Toc523527103]Foot Controls 
If foot controls are included in the design they must be within easy reach of the footrest areas and should not require any undue physical effort to operate. 
[bookmark: _Toc523527104]Seating Position
The seating/body position of the rider should not be overly cramped or strained as to reduce the level of fatigue the rider will undergo during operation.
[bookmark: _Toc523527105]Handling
The handling of the vehicle both during operation and in manual manipulation should be such that it does not require extreme force or exertion to maneuver the vehicle. The vehicle should be able to be operated without the need for advanced riding techniques or skills. 
[bookmark: _Toc523527106]Safety Features
When designing the vehicle both rider and pedestrian safety must be taken into account. Safety features must be included in both the rider interface of the product and in the inner workings of the vehicle itself to prevent danger to the user and damage to the product.
Fail-safes should be incorporated into the drivetrain and internal components to prevent issues such as overheating, component failure and combustion due to circuit shortage. 
Rider-oriented fail-safes and safety features should be utilized to ensure the safety of the rider, passengers and other road users during operation and/or emergency. For example, side-stand cutouts to prevent the rider from moving from a stationary position with the stand down and braking features such as ABS can be implemented to provide greater safety during adverse conditions/situations.  

*For legislations relating to features and quality control in Electric Motorcycles refer to section 4.   






[bookmark: _Toc523527107]Materials, Manufacturing & Required Facilities/Processes
[bookmark: _Toc523527108]   Materials
[bookmark: _Toc523527109]Materials Selection
The materials selected for the chosen design should be in keeping with modern automotive standards and common practices; they should provide ample material properties for the given application within the design and should exceed safety standards (European & Worldwide) for the specific use. 
[bookmark: _Toc523527110]Weathering
The materials selection should take into account any weathering conditions that may affect the materials properties or operation. Components that are manufactured out of materials that may be affected by exposure to weathering and external degradation should be appropriately coated, treated or otherwise prepared to withstand these external factors. 
[bookmark: _Toc523527111]Degradation
The materials selection should take into account any parts that may wear or degrade over time and, where possible, try to negate the replacement of parts due to poor materials selection. 
[bookmark: _Toc523527112]Construction Materials
The selection of materials used in the construction of the design should also be carefully considered to negate and degradation or weathering. For instance, weld material choice in the case of metallic frame components should be selected as to not weaken the overall structure or allow intrusion of oxidation, and, if such an operation will allow these processes to occur, preventative/compensatory measures should be undertaken.  
[bookmark: _Toc523527113]Manufacturing & Required Facilities/Processes
[bookmark: _Toc523527114]Manufacturing Processes
The manufacturing processes used to produce the product must comply with current industry standards (ISO 9000, ISO 9001 etc.) and be undertaken in accordance with current market/industry practice for quality, safety and application.
[bookmark: _Toc523527115]Manufacturing Safety
Any processes undertaken must be within safety guidelines of the of the operating production facility and under Health and Safety legislations pertaining to the process selected. 
[bookmark: _Toc523527116]Timely Manufacture
The selection and implementation of manufacturing processes should be in a timely and professional fashion as to not impede the deign/manufacture timeline of the product as whole. 
[bookmark: _Toc523527117]Selection of Correct Manufacturing Procedure/Process
When selecting the manufacturing process to be used, care and consideration should be taken as to the quality of manufacture, implementation of the process in the design timeline and conjunction with other processes required. 

*For legislations relating to features and quality control for manufacture refer to section 4.   
[bookmark: _Toc523527118]Appearance, Finish and Packaging
[bookmark: _Toc523527119]Appearance 
[bookmark: _Toc523527120]Overall Appearance
The overall appearance of the product should be professional and clean. Raw functional components such as wiring or unsightly components should be placed in such a way that they are not features of the design and do not detract from the overall aesthetic of the product. 
[bookmark: _Toc523527121]Target Appearance 
Regardless of the target audience, retro/modern/futuristic/alternative, the overall appearance of the product should be in keeping with the modern motorcycling world in terms of design styling and overall visual appearance.
[bookmark: _Toc523527122]Public Opinion
The appearance of the product should not cause offence to members of the public.  
[bookmark: _Toc523527123]Finish
[bookmark: _Toc523527124]Overall Finish
The overall finish of the product should be of a professional and aesthetically pleasing fashion. 
Rough edges should be removed and signs of manufacturing processes, where applicable, should be reduced to provide a high-quality finish that is aesthetically pleasing to the end user. 
The quality of finishing processes should be to a degree that is competitive with other comparable products within the market.  
[bookmark: _Toc523527125]Specific Finish
Finishing processes of certain parts e.g. transmission or bearing surfaces, should be to the correct applicable standard and provide ample finish qualities for the given application.
[bookmark: _Toc523527126]Packaging
[bookmark: _Toc523527127]Product Storage
The design of the vehicle should be in such a manner that it can be broken down for commercial transport in such a way that the minimum available dimensional space is used within the packing materials to maximize transportable units per m3.
[bookmark: _Toc523527128]Packaging of Components
Electronic components such as chargers, battery packs and power delivery devices should be such that during use, transport and storage they cannot degrade or be damaged by external conditions. Structural components should be finished and packaged in such a way that they will not degrade during storage or transport. 




[bookmark: _Toc523527129]Durability, Maintenance and Service Life
[bookmark: _Toc523527130]Durability 
[bookmark: _Toc523527131]Product Durability
The product as an overall package should be durable enough to withstand the rigors of everyday road use in all weather conditions and under any normal on-road circumstances. The drivetrain and charging system should be durable enough to undergo use for extended periods without failure and undertake a degree of unintentional “abuse” that could be inflicted by improper or uneducated use. 
[bookmark: _Toc523527132]Battery Pack and Charging System
The battery and charger should be able to withstand a high volume of cycles over a short period as products of this kind are often used for daily commuting or delivery work. The units should also be physically tough and able to withstand accidental drops from average carrying height on to pavement without breakage. This is particularly important for removable battery designs. 
[bookmark: _Toc523527133]Material Durability
The selected materials for critical components should be able to withstand the rigors of everyday use in all conditions, without fatigue failure or degradation.
Bodywork and visual components should be able to withstand UV attack and weathering damage to maintain the look and feel of a durable, high quality vehicle.
[bookmark: _Toc523527134]Maintenance
Due to the nature of electric vehicles, the maintenance needed compared to a gasoline vehicle will be minimal. 
[bookmark: _Toc523527135]User Maintenance
The maintenance that should be undertaken by the user should be kept to an absolute minimum if possible, periodic adjustment to suit their riding style or component wear is acceptable. 
[bookmark: _Toc523527136]Professional Maintenance 
The primary maintenance that should be undertaken by trained professionals should be drivetrain and running component consumable such as braking components and tires. Parts should be simple to work on and easy to change to aid in correct maintenance and fitting.
[bookmark: _Toc523527137]Service Life
[bookmark: _Toc523527138]Overall Product Service Life   
An ideal product service life would be in the region of 10-15 years from sale to scrappage as this would be in-line with the average figure of 13.9 years for a gasoline consumer car at the age of scrappage on UK roads (2015).
[bookmark: _Toc523527139]Battery Life
Realistically, with current battery technology, the battery will not last as long as the rest of the product due to the nature of its use. An ideal battery life would be anything upwards of 1100 charge cycles before a drop to below 80% Depth of Discharge.
*For legislations relating to features and quality control for manufacture and Electric Motorcycles refer to section 4.   
[bookmark: _Toc523527140]Target costs, Product Life Span and Design Time
[bookmark: _Toc523527141]Target Costs 
[bookmark: _Toc523527142]Overall Final Product Cost (Cost to the consumer)
The average price found by the MR for final cost to the consumer was approx. £3346. This price is inclusive of a battery pack and charger. To allow for premium design and high quality production the cost to consumer of this product should including first battery pack and charger should not be in excess of £4000 before purchase taxes and registration fees. This final cost will allow for an affordable product produced to a high quality.  
[bookmark: _Toc523527143]Product Life Span
[bookmark: _Toc523527144]Overall Product Life Span 
With regular maintenance and careful ownership, this vehicle should be capable of an indefinite design life span similar to that of gasoline vehicles currently still in private ownership. If common, interchangeable consumable components are utilized, repair and maintenance can be carried out long after the vehicles projected service life.
[bookmark: _Toc523527145]Battery Life Span
Due to the consumable nature of current battery technology, the battery life span of this vehicle a projected battery life span based on the average battery service life would be in the region of 1375 cycles before complete battery breakdown. 
[bookmark: _Toc523527146]Design Time
[bookmark: _Toc523527147]Overall Design Period
The overall time for initial research and design should be a maximum of 8 months due to the nature of the university academic year. Moreover, due to the nature of academic module structure, this time may be truncated further. 
[bookmark: _Toc523527148]Further Development and Production
As this project will aim to be more than a theoretical study into the research and design of an electric moped/scooter, further development and production must be considered. Through the co-operation between the project, industry and the university concept creation and initial production is a real possibility. As such, the time taken from the design and research phase to a finished, working concept should be no longer than one year. 








[bookmark: _Toc523527149]Testing 
[bookmark: _Toc523527150]Safety Testing
All components must be inspected/tested on both a visual level and operational level prior to road tests. During road testing, all systems and operations should be tested in multiple scenarios to ensure a correct degree of operation and safety is achieved.
[bookmark: _Toc523527151]Chassis and Running Components 
Any load bearing components or running gear in the system must be tested and checked thoroughly for load bearing and dynamic properties in both a virtual (CAD,FEA) and physical (destructive and non-destructive testing) environment. All components MUST exceed safe working specifications for their specific applications. 
Chassis and load bearing components must be constructed from ample thickness materials for the required task/material selection and be of a design sufficient for the task. 
Suspension components must be able to withstand beyond the expected/calculated loads and stresses to provide a safe and stable riding platform without failure 
[bookmark: _Toc523527152]Electrical Components
All electrical components must be tested against, shorts, overheating, overcharging and incorrect operation to ensure the safety of the rider during operation and during the charging process. All components must be tested against the appropriate standards and legislations (The Electrical Equipment (Safety) Regulations 2016 etc.).
[bookmark: _Toc523527153]Performance and Quality Testing
[bookmark: _Toc523527154]Performance Testing
There are certain industry benchmarks that should also be tested for to both provide a portfolio of the vehicles specifications and provide press/advertising material for the project. These specifications area minimum of: Top speed, Range and Full Charge Time. Ideally, these would be done in a real world environment but can be calculated using a Dynamometer.
These three main criteria in combination with the figures specified in sections 5, 6 & 9 will provide a comprehensive “spec-sheet” for the public and industry to evaluate the vehicle.
[bookmark: _Toc523527155]Quality Testing
Quality testing should ideally be undertaken on all components of the product for, damage due to overloading or excessive use, weathering damage, improper use and extended usual service use to simulate a commuting/frequent use scenario. All components must work towards or comply with legislations and standards found in section 4 of this PDS. 
[bookmark: _Toc523527156]Failure 
During the testing and concept stage, there will inevitably be failure of certain components; in spite of this, the limit for failures in non-critical components such as bodywork should be no greater than 5% component failure and the limit for failures in critical components should be no greater than 1%. Finish defects are permitted within reason but designers and engineers should take a “zero-tolerance” policy to component failure. 
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[bookmark: _Toc523527158]UK Competition & Market Constraints 
In the UK currently the market competition is extremely small currently with Zero Motorcycles taking the lion’s share of sales for electric motorcycles; this is due to the small number of motorcycles and mopeds on the governments plug-in grant scheme for the subsidy of electric motorcycles and mopeds. The list is as follows:
Motorcycles:
BMW C Evolution
Scutum Silence S02
Torrot Muvi (Executive)
Zero Motorcycles (all models) 
Mopeds:
Torrot Muvi (City)
Due to this small subsidy pool and public opinion, the market in the UK has remained relatively small up until present, particularly Mopeds. Due to changes in socio-political opinion detailed in Section 3.3 and a worldwide move to be “greener” in developed countries, the market will expand during the ne few years, particularly in inner city, urban environments due to increased pressure in both air pollution and congestion.
Emerging Mopeds in the UK market include:
Artisan EV1200 & EV2000R
Askoll eS 1,2 & 3
Super Soco TS & TC (AM Light Motorcycles)
In addition, companies such as E Rider are providing extremely cheap options ranging from pedal assisted bicycles up to electric mopeds and scooters equivalent to 125cc motorcycles. 
The UK market is beginning to expand from opposite ends with Zero, KTM Freeride E and companies like English Electric Motor Co. moving slowly into the full size motorcycle sector. With Honda, Vespa and Harley Davidson set to introduce electric models by 2020 at the latest; this sector of the market will expand rapidly and help drive competition.
 At the lower end of the market spectrum, pedestrian capacity systems such as those provided by Inokim are beginning to gain favor in London although due to political issues with the Department of Transport it might take longer for this end of the market to expand.   





[bookmark: _Toc523527159]Worldwide competition
The worldwide market is a little more competitive than the current UK market as there has been a larger push towards electrification in Europe, North America and Asia. Despite licensing issues in some cities and municipalities, electric scooters and mopeds have made great market expansions in highly populated areas. China particularly has seen a large market increase in the past decade or so.   
A few current leaders in the Worldwide Market for electric mopeds are:
Gogoro Series 1 & 2
Torrot Muvi (City & Executive)
Niu N & M Series
Scutum Silence S02 & 3
These examples and others have garnered extremely large customer bases due to their, affordable price point, executive styling, relative simplicity and ease of use. More modern approaches, such as the Gogoro and Niu models, have attractive features such as smartphone connectivity and diagnostics that encourage sale as customers can keep track of their vehicles vitals and customize their performance to their required riding style.  
[bookmark: _Toc523527160]Physical and Technological Market Constraints
Several technological market constraints are currently working against the EV market as a whole and against the electric moped/scooter market in particular.
Chiefly these are the issue of weight and the issue of battery technology. These constraints are linked because our traditional battery cell technology means that current batteries are proportionately very heavy in relation to their capacity and output.  Even Lithium-Ion units can become cumbersome when high performance is required, the current fastest production motorcycle & fastest electric motorcycle the Lightning LS 218 weighs in at a staggering 225kg almost 30kg heavier than its contemporary gasoline alternatives. This weight coupled with the following constraints has caused many traditional motorcyclists to shy away from electric alternatives. 
Additionally current charge times are incredibly restrictive when it comes to small battery size; the automotive industry is beginning to rectify this charge time issue with extremely high capacity charging systems. One such system is the Tesla “supercharging” system that uses 480V DC to provide a charge up to 145kW allowing for a car of 85kWh to be fully charged in around 75 minutes, no two wheeled electric vehicle charger is even remotely close to these figures as current.    
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