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Introduction

1.1 Project Brief
We were presented with several projects to work on throughout the year, and we chose the “electric scooter” brief to work on. We felt this task was best suited to us as a group and would get the best out of our respective abilities.

We were tasked with researching a range of factors than go into the manufacture of an electric scooter, and to work in tandem with the art department to find a suitable design for the device.

1.2 Project Tasks
We were specifically tasked to research and consider the following issues:

Consideration of the properties of materials that would be suitable for use in the electric scooter.

An evaluation of what methods could be used to manufacture the scooter. 

Development of design criteria and evaluation of designs

Types of battery that can be used to power the scooter and energy requirements

An analysis of end of life issues

Project Costs

Before beginning on any of this, we first came up with a project plan (gantt chart) and allocated responsibilities for each member, detailed in section 2.

Team member’s responsibilities & Project organization
Team leader: Habtom Ghirmay

Responsibilities; Supervision, material analysis, chassis design, suspension design, regenerative brake design.

Team Member: Uzayr Ahmed

Responsibilities; Battery design, motor design, market research

Team Member: Zhaoyu Hu 

Responsibilities; Environmental analysis, safety analysis

Team Member: Tianhao Huang 

Responsibilities; Customer requirements & design criteria, shell manufacturing, tyre analysis
Specific work
3.1. Market Research (Uzayr Ahmed)

3.1.1 Introduction

Given the open-ended nature of the brief, we decided it was important to understand the motorcycle market as whole, in order to have a clearer vision of where electric scooters fit within the market and identify core requirements of the project.

3.1.2 Motorcycle market growth

The motorcycle market is expected to be worth 156 billion US dollars by 2025 globally (Persistence Market Research, 2019) and is experiencing, strong, consistent growth with an approximate increase in registered motorcycles of 75% and an even stronger growth in sales of approximately 243% in the last ten years (Grand View Research, 2018). The industry is growing with a compound annual growth rate of 3.6% (Persistence Market Research, 2019).

We identified that this growth is likely due to two key factors, first, ever increasing petroleum pricing, with the stock price of crude oil rising by approximately 169% in the last 20 years (Macrotrends.net, 2019) and the pump price of diesel, in the UK, rising by approximately 30% since April 2009 (Racfoundation.org, 2019). This increase in pump price can also be attributed to ever changing amounts of fuel tax in the UK. Motorcycles require much less power run compared to cars and most 4 wheeled vehicles, making the fuel efficiency much greater, which leads to this rapid adoption rate.

Secondly, a rapid growth in urban populations, with 3.9 billion (54% of global population) people living in urban areas, expected to rise to 6.4 billion by 2050 an increase of 64% (International Organization for Migration, 2015), has left city streets riddled with traffic. The small form factor of motorcycles makes them ideal in heavy traffic, often able bypass large chunks of it.

3.1.3 Electric Scooter Market

Both factors also lend themselves extremely well to electric vehicles, which is why the global electric scooter & motorcycle market specifically, is expected to be worth 13.864 billion US dollars by 2025, growing at a faster rate of 7.3% annually (Prescient & Strategic Intelligence, 2019), when compared to the motorcycle market as a whole. Electric vehicles also have a major advantage where the environment is concerned, with electric vehicles producing on average 31,467 less pounds of green-house gas emissions over a full vehicle life time when compared to a conventional internal combustion engine vehicle (ICEV) (Brennan and Barder, 2016). This is a 23% advantage and should only increase as we become less dependent on crude oil as a means for energy. This point is critical in a society that grows ever more concerned with the state of global warming.

We have identified two key drawbacks that could be responsible for stopping adoption rates rising to their perceived potential. Firstly, electric scooters & motorcycles have lower operating performance levels, currently incapable of providing the same power as an ICEV, leading to restricted top speeds and distance coverage. Progress is being made on this front, with the adoption of lithium-ion (Li-ion) batteries over sealed lead acid (SLA) batteries becoming more prevalent, types of batteries which are discussed in section (X) below.

The second key drawback is the higher cost of electric scooters & motorcycles when compared to an ICEV, the batteries used in electric vehicles are simply expensive manufacture, leading to higher entry prices. This compounds when considering that the total cost of ownership over twenty years for an electric vehicle is, on average, 43% more than owning an ICEV. This figure does not account for tax incentives a government might provide. (Brennan and Barder, 2016).

The market is currently highly fragmented, with the top five companies accounting for less than 35% of sales (Prescient & Strategic Intelligence, 2019), meaning that there is ample space in the market for innovation and new product launches.

3.1.4 Existing Devices

In order to help find a rigid set of specifications for our device, a list of 7 popular electric scooters, already on the market, was compiled in table 1 below. Table 1 clearly shows this reduction in operating performance described earlier, with low ranges and top speed even with pricing in the +£2000 range. For context, entry level ICEV’s such as the Honda SH125i can achieve top speeds of 65mph with a range of 140 miles and costs £2,465 new.

An average consumer is looking at spending £10,000 + if they want a high range electric vehicle, that is fit for use on a motorway. It is also important to understand that electric scooters that offer this high range & speed, become much heavier, something that actively detracts from a key selling point of good manoeuvrability in heavy traffic. 

Given that the market is heading in the direction of catering for urban commuters, we decided that our scooter should focus on being lightweight, around 90kg, and have a moderate range of around 75 miles on a single charge. The only practical way to achieve this until batteries become smaller and higher capacity is to limit the top speed, which should not be an issue for the given audience.

	
	Yamaha EC-03
	Artisan EV1200
	E-rider Model 40
	GO! S2.4
	Ekobikes Model 30
	CityCoco City
	BMW C Evolution
	Vespa Eletrrica

	Price (£)
	2000
	1695
	2995
	5012
	1995
	2000
	13,500
	5600

	Peak Power (kW)
	2
	2
	4
	3
	1.5
	1.2
	36
	2.23

	Continuous Power (kW)
	1
	1.2
	2.5
	2
	1
	1
	11
	4

	Weight (Kg)
	56
	118
	142
	115
	80
	68
	265
	102

	Top Speed (MPH)
	25
	30
	40
	28
	27
	26
	75
	35

	Average Range (Miles)
	14
	37
	68
	49
	36
	50
	62
	62

	Battery Capacity (kWh)
	5.8
	1.4
	3.2
	3
	1.2
	1.2
	8
	

	Battery Type
	Li-ion
	Lead-acid
	Li-ion
	Li-ion
	Li-ion
	L-ion
	Li-ion
	Li-ion


Table 1 - Specifications of existing devices

3.1.5 Device Category

Our decision to focus on range and weight synergises well with license requirements of owning a bike in the UK. The most basic licence is an AM license and entitles a user to ride any moped with speeds of between 15.5 and 27.9 miles per hour (Mph). For a vehicle to qualify for this category it can’t exceed 27.9Mph and can have a max power rating of 11kW (GOV.UK, 2019). This falls perfectly in line with our expectations for this project, and provides us with both a theoretical maximum power output and top speed. All decisions with regards to the battery and motor requirements kept this in mind.

Doing this also opens up a new audience, companies that offer a delivery service such as fast food, almost exclusively supply there workers with an AM restricted device. Our device would cater to them well, given that it costs less the charge an electric vehicle to full then fill a gas tank, ideal so long as we manage to achieve the range we’ve targeted.

3.1.6  Evaluation of factors that  customers need (Huang Tianhao)

In terms of consumer demand, the group has done some market research work, the following is the conclusion of the survey:

①Top speed：Consumers want the Top speed to have strong differences. Young people generally hope that his scooter is as fast as possible. Most of them want a Top speed of at least 40km/h. Middle-aged and elderly people are relatively conservative, and their expected top speed is around 35km/h. But as far as China is concerned, the top speed of the scooter prescribed by law cannot exceed 25km/h. Therefore, some manufacturers adopt a strategy of fraud on the dashboard of electric vehicles. When it shows that your speed is 40km/h, the actual speed is only about 30km/h, which is consistent with the daily experience of using scooter.

②Acceleration：In terms of acceleration, consumer opinions have differentiated. Most consumers are not sure how much acceleration they need. Some people say they want faster acceleration so they can start the scooter faster. Some people do not want scooter to start too fast, which is mainly considered for safety and comfort.

③In the range, consumers generally hope that the battery life of electric vehicles can exceed 100km, 50% of people require to travel more than 150km, 20% think that the farther, the better.

④On the weight, the consumer is not more concerned about the actual weight of the vehicle, but the convenience of moving it when it is not working, and its load capacity, consumers want it to carry the weight of two ordinary adults. Specifically, it should be able to withstand a weight of 200kg.

⑤In size: Consumers want scooter's size to be smaller, and they want to be able to store their electric scooter easily. The length is around 1.3m and the width is 0.5m to make them ideal size.

⑥On the battery: Consumers are very concerned about this issue, consumers want to be fully charged for 4-6h, hoping not to exceed 8h. If it exceeds 12h, consumers generally say that it is unacceptable.

3.2 Design Criteria of Electric Scooter (Huang Tianhao)

Our group got some creative works of scooters from the students of the art school, and selected seven of them to compare with the two works on the market. The following are the process and results of our evaluation.

3.2.1 Evaluation process

We have listed the following eight evaluation indicators, and after the indicators, clarified the characteristics of the electric scooter that it focuses on, and how important it is:

①Meet consumers’ need（10%）: Pay attention to the design of the necessary functions of electric bicycles, such as lights, storage space, etc.

②Comfort Level During Ride（20%）: focus on assessing the comfort level of each design, such as whether the seat is reasonable, riding experience, etc.

③Safety of design（20%）: Pay attention to assessing the safety considerations of each design. For example, whether the body structure is stable, whether the scooter has a high degree of recognition during driving, and whether it is easy to avoid the occurrence of an accident.

④Innovative body Design（10%）: focus on assessing the creativity and aesthetics of each design.

⑤Sufficient Storage place（10%）: the size of each design subsystem

⑥Easy to maintain（10%）: flexible to repair.

⑦Easy to move when parking（10%）: weight of the scooter based on the external structure

⑧Anticipated manufacturing costs（10%）: assess the manufacturing costs that may result from a design

The following are some of the evaluation details of the design:
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Scooter 1

Generally great in terms of user experience, but is practically hard and expensive to manufacture

Positives 

Decent aesthetic–would stand out amongst a set of similar looking vehicles in terms of colour choice

Comfortable–Big seat and upright riding position will make design comfortable

Storage space–Big seat also allows for a lot of storage space for both battery and customer use

Safety is good due to big front lights

Negatives

Curved back end would be difficult and expensive to manufacture 

Wide design would make it harder to store inside

Wide design would make slow control i.e. when parking very difficult
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Scooter 2

Positives

Striking design–No other bike on the market looks like this, easy to identify in a slew of similar looking vehicles

Frame design–new innovative design  

Negatives

Wider contours result in mismatch between what user feels and what happens, resulting in harsh slow control and parking

Angular seat design results in less storage space for user and the battery

Wrapped wheel design would make design harder to maintain for a user

Size of seat and body shape whilst riding would be uncomfortable for a user

Wide contour of frame also results in higher manufacturing costs due to amount of material and complexity of design

Angular seat design results in less storage space for user and the battery

Scooter 7

Positives

Design- very innovative and competitive with vehicles in market 

Big head lamp on front of bike increases safety for user

Wide rear results in higher storage space for user and battery

Negatives

Wide contour of frame also results in higher manufacturing costs due to amount of material and complexity of design

Weight- visually the frame is wide proportional to that the weight increase apparently complicate to park and storage space. 

Due to the size maintenance time would increase 

3.2.2 Evaluation results

According to the above evaluation indicators, the three members of the group, Tianhao Huang, Habtom Ghirmay and Zhaoyu Hu, respectively gave their own scores. Our group averaged the three scores. The results are as follows:

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Meet consumers’ need（10%）
	8.3
	7
	8
	7
	7.3
	7.6
	7.6
	8
	8.6

	Innovative body Design （10%）
	7.6
	8.3
	7.6
	8
	8
	8
	8.6
	7.3
	7.3

	Sufficient Storage place（10%）
	7.3
	7
	7.6
	6.6
	7.3
	7.3
	7
	7.3
	7

	Easy to maintain（10%）
	7
	5
	7.6
	6
	6.3
	6.6
	6.6
	7.6
	7

	Comfort Level During Ride（20%）
	7.6
	5.3
	6.6
	5
	6.3
	6.3
	7.3
	8.6
	8

	Easy to move when parking（10%）
	7
	6.3
	6.6
	6.6
	6.3
	8
	6.3
	8
	6.6

	Safety of design（20%）
	8
	7
	7
	6
	7.6
	7
	7.6
	8.3
	8.6

	Anticipated manufacturing costs（10%）
	6.6
	5.6
	6.6
	5.6
	6
	7
	6
	8
	6.6

	Composite scores
	75
	63.8
	71.2
	61.8
	69
	71.1
	71.9
	80
	76.3


Table 2 - Evaluation of scooter designs

It can be seen that a scooter being sold on the market has achieved the highest score, and its comprehensive performance is most satisfactory to the members of this group. In the design of the students of the art school, both design 1 and design 6 have good results, and the design of the students of the art college is very innovative.

3.3 Manufacture requirements of shell (Huang Tianhao)

3.3.1 Material Selection

Our group believes that the electric scooter shell should have the following characteristics：
①It should have a high hardness, which can protect the parts inside the scooter from being damaged by external forces.

②Should have a certain resistance to bending. When the electric scooter is subjected to severe impact, the outer casing of the scooter should have a certain bending strength, so as to absorb the impact of partial collision and protect the safety of the driver.

③The material should have good processing properties. It ensures that the material meets the production process requirements of the complex shape of the electric scooter shell.

Therefore, after considering the above requirements, our group screened the shell materials that can be applied to electric scooter production, identified three materials and compared their advantages and disadvantages. Finally decided to use ABS engineering plastic as a material for the production of electric scooter shell.

3.3.1.1 ABS engineering plastics

ABS plastic is an extremely versatile thermoplastic engineering plastic that is currently the largest and most widely used polymer. ABS is a ternary polymer of Acrylonitrile, Butadiene and Styrene, so its name is Acrylonitrile Butadiene Styrene, whose abbreviation is ABS. (Chen, 2013)

The appearance of ABS engineering plastics is opaque and ivory-coloured pellets, and its products can be made into colourful and high gloss. The relative density of ABS is about 1.05 g/cm3. Therefore, parts made with ABS have a lighter weight than other materials. ABS material also has good mechanical properties, its Elastic Modulus about 2.2GPa, its Shear modulus about 318.9MPa, its Tensile strength about 30MPa, and its water absorption is also very low. ABS combines well with other materials and is easy to surface print and coat.

ABS is excellent in impact resistance, heat resistance, low temperature resistance, chemical resistance and electrical properties. It also has the characteristics of easy processing, stable product size and good surface gloss. It is easy to apply, color, and can be used for secondary processing such as surface metallization, electroplating, soldering, hot pressing and bonding. It can be used for household appliances, toys and other daily necessities. Common Lego bricks are ABS products. (Lv, 2000)

ABS has good electrical insulation and is almost independent of temperature, humidity and frequency. It can be used in most environments and can be processed by general processing methods. It is widely used in the fields of automobiles, electronic appliances and building materials. At the same time, the price of ABS materials is relatively cheap, about £120/t. (Jiang, 2008)

Therefore, the outer casing of the electric scooter is very suitable for manufacturing with ABS engineering plastics.

3.3.2 Manufacturing Processes for shell

Our group believes that the shell processing technology should meet the following requirements:

①Suitable for processing ABS materials. It does not destroy the original material properties of ABS materials during processing.

②Has a good processing accuracy. It can make the processed parts have better processing quality and does not require secondary processing for complex shapes.

③Has a good processing efficiency. In the case of mass production of products, the cost of single-piece production can be reduced as low as possible, and it can be produced by automated technology to meet large-scale production.

Therefore, after considering the above requirements, the group selected the injection moulding process as the shell processing technology.

3.3.2.1 Principle of injection molding process

The principle of the injection moulding process is to add granulated or powdered plastic to the hopper of the injection machine. The plastic is heated and melted in the injection machine to keep it flowing, and then the molten plastic is injected into the closed mould under a certain pressure. Upon cooling, the molten plastic solidifies into the desired plastic part.

The injection moulding process consists of six steps:

Addition: Add granular or powdered plastic to the hopper of the injection machine.

Plasticization: The heating of the heating device of the injection machine causes the plastic material in the screw to melt and become a plastic melt with good plasticity.

Filling: The plasticized plastic melt enters and fills the mould cavity through the nozzle and mould casting system at a certain pressure and speed under the action of the plunger or screw of the injection machine.

Pressure-preserving and feeding: After the cavity is filled with the melt, the melt still maintains pressure to feed after the plunger or screw of the injection machine is pushed, so that the melt in the barrel continues to enter the cavity to supplement the plastic in the cavity. Shrinkage is required and the melt backflow can be prevented.

Cooling after freezing of the gate: After a period of time, the molten plastic in the cavity solidifies into a solid, ensuring that the plastic part has sufficient rigidity when it is demoulded without causing warpage or deformation.

Demoulding: The plastic part is cooled to a certain temperature, and the pushing mechanism pushes the plastic part out of the mould. (Chen, 2013)

3.3.2.2 Characteristics of the injection moulding process

Injection moulding has a short production cycle and high productivity. Injection moulding can produce plastic parts with complex shapes, high dimensional requirements and various inserts, which are difficult to achieve with other plastic moulding methods. Secondly, injection moulding is in the production process. It is easy to automate, such as injection, demoulding, cutting gates and other operations can be automated, so injection moulding has been widely used.

The injection moulding process has the following advantages:

①Short moulding cycle, high production efficiency and easy automation

②Can form plastic parts with complex shapes, precise dimensions and metal or non-metal inserts

③Product quality is stable, wide range of adaptation

The injection moulding process has the following disadvantages:

①Injection moulding equipment is more expensive;

②Injection mould structure is complex;

③High production cost, long production cycle, not suitable for the production of plastic parts in a single piece and small batch. (Wang, 2001)

3.3.3 Summary of manufacture of shell

In summary, the group decided to use ABS engineering plastics for shell manufacturing, the processing technology used is injection moulding process. The products of this manufacturing solution meet the design requirements of our group and the cost is relatively low.

3.4 Manufacture of tyre (Huang Tianhao)

3.4.1 Kind of tyre

This group believes that the electric scooter's tyre should have the following characteristics:

1 has good safety and is not prone to accidents.

2 has a good shock absorption capacity to ensure comfort during riding.

Therefore, after considering the above requirements comprehensively, the group decided to adopt the Vacuum tyre.

Vacuum tyres are tubeless pneumatic tyres, also known as "low pressure tyres" and "inflatable tyres". Vacuum tyres have high elasticity and wear resistance, and have good adhesion and heat dissipation properties, especially all-steel meridian vacuum wheels. Economical and durable. Vacuum tyres are widely used in bicycles, motorcycles, cars, buses, and trucks.

Vacuum tyres have the following three advantages over general tube tires:

One: anti-puncture = safety - the surface of the vacuum tyre is a layer of high-quality rubber. After inflation, the external tension increases, and a certain pressure is formed on the inner surface, which improves the self-sealing ability of the breach. Once it is broken, unlike ordinary tyres. When the gas is completely exhausted in an instant, it will last for a certain period of time, ensuring safety during high-speed driving.

Second: Super wear resistance = save money - vacuum tyre rims are larger than ordinary rims and will not be affected by the heat of the brake drum during driving. Because there is no inner tube and lining, the tire is sealed with the wheel rim. When the vehicle is driving at high speed, the high temperature generated by the tyre and the road surface friction, the internal (hot air) directly dissipates heat through the steel ring to quickly reduce the tire temperature, thereby extending the tyre. The service life.

Third: low fuel consumption = earning money - for flat tires, the crown angle of the tyre is zero, so the adhesion is strong. It can maintain good driving stability and less friction, which is good for shock absorption and speed increase. The belt has high positioning, and the radial runout of the wheel is small and the resistance is small. Can save about 3% of energy.

Trucks and trucks that use tubeless tyres have higher wear resistance, safety, comfort, and stability than ordinary tyres (Shi, 2018).

3.4.2 Manufacture processes of vacuum tyres

The manufacture of vacuum tires has six major processes:

Process 1: Mixing process

The mixing process is a process in which carbon black, natural/synthetic rubber, oil, additives, accelerators and other raw materials are mixed together and processed in an internal mixer to produce a "slurry". The composition of the compound depends on the performance requirements of the tyre. At the same time, the composition of the rubber compound also depends on the needs of the supporting manufacturers and the market. These requirements are mainly from the traction, driving performance, road conditions and the requirements of the tyre itself. All the rubber materials are tested before entering the next process - the rubber parts preparation process, and are released before proceeding to the next process.

Process 2: Rubber parts preparation process

The rubber component preparation process includes six main sections. In this process, all of the semi-finished rubber parts that make up the tire will be prepared, some of which are initially assembled. The six sections are: extrusion, calendering, bead molding, cord cutting, gusset strip and belt forming. After these six sections, all the rubber parts will be transported to the "tyre forming" process. 

Process 3: Tyre forming process

The tire building process is to assemble all the semi-finished products into a green tire on a moulding machine, where the green tyre means that it has not been vulcanized. After the raw tyre has been inspected, it is transported to the vulcanization process.

Process 4: Vulcanization process

The green tire is loaded onto a vulcanizer and vulcanized into a finished tire in a mould at an appropriate time and under suitable conditions. The vulcanized tyres have the appearance of the finished tyre - pattern / font and tread pattern. Now the tires will be sent to the final inspection area.

Process 5: Final inspection process

In this area, the tires are first visually inspected, then uniformity tested, and uniformity testing is done through a “uniformity testing machine”. The uniformity test machine mainly measures radial force, lateral force, cone force and fluctuation. After the uniformity is detected, the dynamic balance test is performed. The dynamic balance test is performed on the “dynamic balance test machine”. The final tires are X-ray tested and shipped to the finished product library for shipment.

Process 6: Tyre testing

In the process of designing new tire specifications, a large number of tyre tests are necessary to ensure that the performance of the tyres meets the requirements of the government and supporting factories. (Wei, 2017)

3.4.3 Summary of Manufacture of tire

In the aspect of tyre, our group considered the above actual situation and considered that the vacuum tire should be used as the tire of this group of scooter, but because the manufacturing process of the tire is relatively complicated, a complete set of production process is needed. Therefore, our group believes that in the process of making vacuum tyres for electric scooter, we should seek cooperation with other manufacturers to prepare the required tyres in a procurement manner to reduce production costs.

3.5 Chassis material (Habtom Ghirmay)

The materials used for constructing the chassis frame mainly include

Aluminium 6061

Steel

Titanium

Carbon fibre

3.5.1 Material Properties Characterization 

The electric scooter frames donated for investigation are made from 6061 aluminium with a T6 heat treatment.  This section covers the material properties of 6061-T6 aluminium in comparison to other common electric scooter frame materials.   

There are a wide variety of materials used in electric scooter frames. Frames were originally made from wood, but modern frames are made primarily from aluminium, steel, titanium and carbon fibre. The materials used for electric scooter frames have a wide range of mechanical properties.  These properties can be seen in Table below. 

	Materials 
	Modulus of elasticity (GPa)
	Yield Strength (MPa)
	Tensile strength (MPa)
	Fatigue strength at 50,000     Cycles (MPa)
	Density (g/m3)
	Weldability and Machinability
	Cost (GB pound per kg)

	Aluminium- 6061-T6
	72
	193-290
	241-320
	75
	2.7
	excellent
	£2.99-3.14

	Steel-4130
	205
	800-1,000
	650
	250
	7.8
	excellent
	£0.61-1.15

	Titanium- Grade 9
	91-95
	483-620
	621-750
	250
	4.48
	Fair
	£9.94-34.42

	Carbon fibre
	270-415
	varies
	varies
	varies
	1.8
	fair
	£19.89-21.42


Table 3 - Material comparisons

  Based on the properties shown above aluminium 6061 is the best selection for electric scooter. The main selection of the characteristics are density and cost. Aluminium alloy 6061 is less dense it means light weight and the price is also not cheaper after steel, and manufacturing process of aluminium is cheap. 

3.5.1.1 6061- T6 Aluminum

The 6061-aluminum alloy is an alloy commonly used for a wide variety of applications.  This material is used for bicycle frames, aircraft structures, automotive parts, and more. The two main alloying elements in 6061 are silicon and magnesium.  The complete composition of 6061 can be seen below in Table 2.

	Al
	Mg
	Cr
	Cu
	Si
	Fe
	Mn
	Zi
	Ti

	96.5
	1.0
	0.2
	0.4
	0.6
	0.7
	0.15
	0.25
	0.15


Table 4 - Aluminium alloy composition

The important mechanical properties for comparing scooter frame materials include the material’s density, tensile strength, fatigue strength, weldability and cost.  Aluminium 6061 has the second lowest density compared to the other materials, with a density that is 60% that of titanium, and 35% of 4130 steel.  The tensile strength of 6061 is less than others, and around 43% of 4130 steel and titanium.  The low density of aluminium allows larger sheet to be used to increase frame strength making it to be competitive and even advantageous when compared to steel.  The main drawback to titanium, as shown by Table 1, is the tremendously high cost, making the material less common for scooter frame.  Aluminium 6061 is more expensive than steel, but is relatively inexpensive at around £2.99 a kilogram, making it affordable for manufacturing a frame.  The main drawback to aluminium is the low fatigue strength compared to the other frame materials. 

3.5.1.2. Heat treatment and Aging of Aluminum 6061-T6 

The hardness of the aluminium alloy increases by heat treating methods. This involves two steps—solution heat treating and aging.

Solution heat treatment is done by raising the alloy temperature to about 980 degrees F and holding it there for about an hour. The purpose of this is to dissolve all the alloying elements in a solid solution in the aluminium. Then quench the alloy in water. The purpose of quenching isn't really to strengthen the alloy, although it does somewhat; it is to cool it rapidly enough to prevent the alloying elements from precipitating on cooling.

So, we have a solid solution of magnesium, silicon, and other elements in aluminium at room temperature. This is called the T4 temper. If we take this material and heat treat it at a temperature between 325- and 400-degrees F, the alloying elements begin to form ordered arrays of atoms in the aluminium matrix. These arrays are called GP zones, and they strengthen the aluminium considerably. This heat treatment is called aging, which results in material with a T6 temper.

3.5.2 Chassis Design

Generally, there are two types of chassis design for electric scooter:

Underbone 

Unibody or Monocoque 

Underbone type: that uses structural tube framing with an overlay of plastic or non-structural body panels. This type of chassis or frame arrangement provides ease for mounting and dismounting of the vehicle body. An underbone cycle may share its fuel tank position and tube framing, along with fitted bodywork and splash guards with a scooter while the wheel size, engine position, and power transmission are like those of conventional motorcycles.
Monocoque chassis: the scooter frame and the body are combined into a single strong frame. In a completely integrated body structure, the entire vehicle or the scooter works as a load-carrying unit which can handle all the loads experienced by the scooter including the forces from the driving loads or the carrying loads. Sometimes it is also termed as monocoque structure, because the outer body of the car and the panels are made loadbearing including still ribs and the box sections to strengthen the body.

     To select chassis for the scooter from the two above the characteristic of selection are manufacturing cost, waste of material to manufacture and maintenance cost. Monocoque chassis are more advantages in maintenance cost, manufacturing cost and it doesn’t waste material for manufacturing, the reason is its integrated part, but the main drawback is maintenance during broken down chassis. 

  Based on the above reason, the selection is Monocoque chassis for the electric scooter.

                         [image: image2.png]



Figure 4 - Monocoque chasis

3.5.2.1 Design of Monocoque chassis for Electric Scooter

  The static analysis of the chassis has done by constraining the front and rear wheels at desired locations and applied loads at front and rear positions. By considering all the parameters like rider, carrying bag, battery and self-weight of chassis.

	Length*width*height

(mm)
	Wheel base

(mm)
	Weight (kg)
	Weight with 2 batteries (kg)
	Trunk size (L)

	1,730 x 690 x 1,215 
	1,230
	94
	112
	24.5


Table 5 - Dimensional specification

 Load calculations: 

   Poisson ratio of Aluminium 6061= 0.33, Young’s Modulus E= 72Gpa

   Radius of Gyration= 1730/2=865mm, Capacity of the scooter= 24.5kg*9.81m/s2= 240.3N,

  Weight of scooter with batteries=112kg*9.81m/s2= 1098.72N

  Total load acting on chassis= 240.3N+1098.72N=1339.02N

Total load of the scooter with 1.3% over load=1.3*1339.02=1740.73N, chassis acts on two scooter wheels, so the load divide on both the wheel which is 1740.73N/2=870.37N. And the stresses are uniformly distributed on the monocoque chassis because the body and the chassis are integrated in one part.

3.5.3 Manufacturing process of Monocoque chassis

3.5.3.1 Stamping process

The stamping process is a metal processing method based on the plastic deformation of the metal. The mould and the stamping equipment are used to apply pressure to the sheet material to plastically deform or separate the sheet material, thereby obtaining a shape, a size and a performance.

  Advantages of stamping process:

High production efficiency and low material consumption

The operation process is convenient, and the operator does not need a higher level of skill.
The stamped parts generally do not need to be machined again and have high dimensional accuracy.

Can be used interchangeably without affecting assembly and product performance.

Its surface quality is good, which provides convenient conditions for subsequent surface treatment processes (such as electroplating and painting).

Stamping processing can obtain parts with high strength, high rigidity and light weight.
Parts produced in batches with moulds are inexpensive.
Produce parts complicated shapes are difficult to machine by other metal processing methods.
3.5.3.2 Stamping manufacturing process steps:

Blanking Process: is a metal fabricating process, during which a metal work piece is removed from    the primary metal strip or sheet when it is punched. The material that is removed is the new metal work piece or blank.

       Characteristics of the blanking process include:

Its ability to produce economical metal work pieces in both strip and sheet metal during medium or high production processes,

The removal of the work piece from the primary metal stock as a punch enters a die,

The production of a burnished and sheared section on the cut edge,

The production of burred edges,

The control of the quality by the punch and die clearance,

The ability to produce holes of varying shapes – quickly.

               [image: image3.jpg]BEFORE AFTER

2 [ooo

WORKPIECE

coiL

L7 |L0A

SHEFT.





Figure 5 - Blanking process
Bending process: Bending of sheets and plates is widely used in forming parts such as corrugations, flanges, etc. Bending is a forming operation in which a sheet metal is subjected to bending stress thereby a flat straight sheet is made into a curved sheet. The sheet gets plastically deformed without change in thickness. Die and punch are used for bending. If the sheet is bent on the edge using a wiping die it is called edge bending. In this process, one end of the sheet is held like a cantilever using a pressure pad and the other end is deformed by a punch which moves vertically down, bending the sheet. Usually, edge bending is done in order to obtain an angle of 90o.  
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Figure 6 - Bending process
Forming Process: With the use of the industrial manufacturing process, sheet metal is formed by working metal into flat and thin pieces. Sheet metal is one of the very convenient ways that is used in metal working and it can be mended and cut into various shapes and dimensions. A wide range of products are manufactured with the use of sheet metal making it an essential part of the modern world. Sheet metal varies in thickness. Its thickness is quantified by a measure known as its gauge. Trimmed the out the scrap from the working specimen with accurate dimension.
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Figure 7 - Forming process
Piercing Process:  is a metal forging technique that is often performed as an auxiliary process in conjunction with other forging processes, in the manufacture of a part. It can be used to create a cavity or hole in the work piece. Piercing does not break through the metal's surface, like a drilling operation. Instead, the cavity is pressed into the work, hence it is a forging operation. Like other metal forging processes, piercing will change the properties of the work material, and affect the grain structure of the part. Often in manufacturing practice, more complex cavities can be further forged using side acting equipment attached to the punch.
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Figure 8 - Piercing process
Coining process: is a forging process by which very fine and intricate details can be created on the surface of a work piece. Coining may be used to control surface quality and detail on parts. Metal coining is often a finishing process for manufactured products. Precision forging operation that due to the required accuracy of the process, is performed cold. Lubrication is not used, since any substance between the die and work would hinder the reproduction of the most accurate details that are to be formed on the work's surface. In the coining process, a large amount of force is exerted on the forging, over a short distance.  [image: image7.jpg]Finished Panel




Figure 9 - Flanging process
3.6 Suspension of Electric scooter (Habtom Ghirmay)

 There are two suspensions for electric scooter: Front suspension And Rear suspension.

3.6.1.1 Front suspension: in most new innovative electric scooter uses single piston suspension which is mostly inspired by aircraft landing gear, advanced design is the innovative inverted single piston, single arm suspension in the electric scooter. It gives new levels of response and control take on winding roads and fly through even the toughest rush hour. This type of suspension is fully redundancy which number of the parts linked with the parts are less in number the gives less maintenance cost and time. 

                   [image: image8.jpg]



Figure 10 - Single piston suspension
3.6.1.2 Rear suspension: Incredible control relies on constant contact with the road. Four-point race car inspired multi-link suspension design maintains superior tire/road cohesion, delivering new levels of stability and control. All four points pivot in unison as you carve through traffic – never skipping a beat.
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Figure 11 - Pivot suspension
3.6.2.1 Characteristics of Suspension

The primary task of the suspension system is to keep the wheels on the road and isolate the chassis of the vehicle from vibrations coming from irregularities and bumps on the road. When the scooter is in motion, the suspension is exposed to:

 Forces of gravity, driving forces – reaction forces resulting from the bumpy roads, Lateral forces generated during cornering, Hot and cold temperatures, Debris and Water.

3.6.2.2 Advantages of suspension

Free and independent establishment of the kingpin offset, disturbing force and torque developed by the radial force.

Considerable opportunities for balancing the pitching movements of vehicles during braking and acceleration (up to more than 100% anti-dive, anti-lift and anti-squat possible).

Advantageous wheel control regarding toe-in, camber and track with width behaviour from the point of view of tire force build-up and tire wear as a function of jounce with almost free definition of the roll centre and hence a very good possibility of balancing the self-steering properties.

3.7 Battery & Motor Specifications (Uzayr Ahmed)
3.7.1 Motor Requirements

Once market research and chassis design were completed, it became possible to determine the actual power requirements of the design, rather than use our theoretical maximum. We utilised the drag force formula to determine power required (Bektaz, 2014) ([image: image10.png]0.5 x DragCoefficent X Densityo f air X Area x Velocity



, considering that [image: image11.png]Power
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 and then re-arranging, we can find power requirements of our device, [image: image12.png]0.5xCxD xA x V3



. Area was taken found using width and height dimensions provided in Habtoms’ static analysis, density of air was taken using accepted values of air density at sea level. Drag co-efficient must be estimated using values of similarly shaped vehicles, as this variable can only be found through experimental testing once a product has been manufactured. 
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Plugging those numbers in gives us a requirement of 1.154kW, in order to have our vehicle reach 27Mph. It also falls within the range to keep our vehicle AM license valid. The motor will need to sustain this power output, so a motor rated for a maximum output of 1.5kW and a sustained output of 1.154kW is ideal. Customised brushless motors are widely available and customisable to provide various amount of powers and for various duties, so acquisition is easy.

We also need to determine the RPM requirements, to do this we had to work backwards. We can use a drive ratio of 3.5 : 1 (Tesla Roadster, 2019) which is currently around the standard for drive ratios, to determine the requirements. Where velocity is 724 meters per minute and the circumference of the wheel is 1.92m based on a top speed of 27MPH and wheel diameter of 12”. By dividing our required linear velocity by the circumference at the wheel we found the RPM at the device wheel, which we then use to find the RPM requirements of the motor.
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                                     Wheel rpm = 724/1.92 = 377RPM

Given our ratio of 3.5 : 1, the motor will have to run at a minimum of 1319.5RPM, ideally drawing at least 48V to sustain this.

3.7.2 Battery Requirements

Now that rigid requirements for the motor are in place, we can begin to consider what type and configuration of battery will be needed.
3.7.2.1 Battery Research

All batteries consist of four basic components, a positive electrode, negative electrode, electrolyte and a separator. The positive electrode is some compound that is capable of being reduced during cell discharge and takes electrons from the external circuit during cell discharge. The negative electrode is some metal or alloy capable of oxidisation during cell discharge and generates electrodes in the external circuit during discharge. The electrolyte is some medium that allows ionic conduction between the positive and negative electrodes of the cell. The separator is an electrically insulating layer of material that physically separates the positive and negative electrode (Husain, 2011).

Batteries are also divided into two categories, primary and secondary, primary batteries are entirely unsuitable for use in an EV as they are single use i.e., they cannot be recharged.

There are currently two widely used forms of secondary batteries used to power electric vehicles, Li-ion and lead-acid.

Lead-acid batteries were until recently the go to battery type for all electric vehicles, and were in production as early as 1859 (Husain, 2011). 

Whilst a lead-acid battery is discharging lead hyposulphite is converted to lead sulphate, which causes the internal resistance of the cell to rise and causes the electrolyte conductivity to decrease. These interactions cause cell capacity to decay significantly over time (Husain, 2011).

Conventional lead-acid batteries were unsuitable for use in a vehicle as free acid covers all plates in the battery, imposing the restriction of keeping the battery upright, which can’t be guaranteed in a moving vehicle. This issue was corrected and took the form of a valve-regulated-lead-acid battery (VRLA). In this type of lead-acid battery a path is created for oxygen at the positive electrode to travel to the negative electrode, forming lead-sulphate, allowing the battery to be sealed and orientated in any direction (Husain, 2011).

There are two methods for sealing a VRLA battery, a gel battery or the absorptive glass microfiber (AGM) battery. AGM batteries are preferred when a large number of amps are required for operation and offer a greater capacity at the same physical size as a gel battery. As such AGM batteries are preferred in electric vehicles (Albright, Edie, and Al-Halla, 2012).
AGM batteries found prominence in electric vehicles thanks to a good availability of raw materials (lead, sulphur), there ease of manufacture, and finally the cost to produce a VRLA battery is relatively cheap. Its low price was the primary reason it found use of Li-ion batteries in early electric vehicles.
Li-ion batteries are a much newer technology, only being conceived of in the 1970’s (Albright, Edie, and Al-Halla, 2012). The technology struggled initially due to lithium’s highly reactive nature with moisture, meaning that liquid electrolytes could not be used. Interest was high however, owing to lithium’s high electrochemical reduction potential (potential voltage) of 3.045 volts. Research in the late 1970’s found that lithium can be absorbed into the crystal lattice of cobalt or nickel, establishing the basis for modern Li-ion batteries. Lithium absorbed carbon in the form of graphite is used as the negative electrode, bypassing the need for metallic lithium. Cobalt or nickel oxide is used as the positive electrode, with the latter being cheaper, but decreases performance (Husain, 2011).

Li-ion batteries have high specific energy, high specific power, and high energy efficiency, perform well in high temperatures, and have a slow rate of discharge. In fact, Li-ion batteries are better in every respect except one when compared with AGM batteries, pricing. Table 2 below compares some key features.
Li-ion batteries have historically been 10x more expensive than AGM batteries costing 1200 US dollars per kWh in 2010, due to the rarity of cobalt (Dailey, 2017) and the age of the technology. Li-ion batteries have, however, experienced a rapid and consistent fall in price, decreasing by 85% in an 8-year period. Figure 1 below shows this.
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Figure 12 - Li-ion price change

	
	AGM Battery
	lI-ION BATTERY

	ENERGY DENSITY (watt hour per litre)
	100
	250

	specific energy (watt hour per kilogram)
	40
	150

	initial cost ($ per kilowatt hour)
	120
	176

	temperature sensitivity
	Degrades above 25(C
	Degrades above 45(C

	voltage increments
	2 V
	3.7 V


Figure 13 - AGM vs Li-ion comparison

3.7.2 Battery implementation

Given the vast number of advantages Li-ion claims over AGM batteries, we decided they were most suitable for the project. We then needed to establish which specification and configuration of a Li-ion battery pack would be required to drive a motor rated for 1.154kW sustained (1.5kW max), drawing 48V, sustained over 70 miles. A range of 70 miles at 27MPH equates to a runtime of 2.59 hours. 10% extra capacity should be allowed to be able to run peripherals at the same time.

Current industry standards dictate the use of 18650 Li-ion cells when creating a battery pack fit for purpose (Pfrang, et al., 2018). They take their name based on the cell’s dimensions, being 18mm in diameter and 65.0mm in length. The two major rating factors in 18650 cells are discharge capacity, and continuous discharge rating (CDR). CDR is the rate at which current can be pulled from the battery, safely, without overheating. These two values have a proportion relationship, so whilst using the highest rated battery in terms of discharge capacity would cut down on weight and total cost, it would likely lead to a shorter battery lifetime (would stop working sooner) and a less safe device. For that reason, we decided to utilise Sony VTC5A cells, which come highly reviewed, are rated at 2600mAh, with a CDR of 25Amps and weigh 47 grams (Sony, 2019). They are available for £3 each at wholesale.

18650 cells have a nominal voltage of 3.7V, by dividing our required voltage by this number we can determine the number of cells required to power the motor.
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So, 15 cells are required to run the motor and peripherals, but more cells need to be connected in parallel to allow the motor to run for 2.59 hours.

Current drawn from the motor is found with the formula, Power / Voltage = Current. This gives us a current of 24.04A, which falls within our safe operating draw. Each extra set of cells connected in parallel will increase the charge stored by 2.6Ah. Multiplying the current draw by the number of hours the battery is required to supply charge will give us the total charge needed.

2.59×24.04=62.26Aℎ
Then dividing this Ah by 2600mAh will give us the number of cells needed in parallel.

62.262.6=23.94

24 sets of 15 cells in series will be required to be connected in parallel to provide the required capacity.

This would require a total of 360 cells, costing £1080, and weighing 16.92Kg. The cells in the pack will be connected via a custom ordered PCB, that will allow performance to be limited, to keep it at the top speed of 27MPH and will also provide discharge and over current protection to the pack. They will be assembled using cubic packaging, reducing the size of the pack. The pack will be sealed in PVC via a heat shrink, and steel plate will be attached to the bottom to prevent the pack being pierced from projectiles on the road. 
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Figure 14 - "staggered" cell assembly

Charging time of this device would depend on rating of the charging point, home charging points are rated at 3.7kW or 7kW and would take 5 hours and 2.5 hours respectively. Faster charging points are available at some public charging points, and can be upto 7x faster than 7kW points, but these are rare (Pod-point.com, 2019).

Another option would be to order in a pre-built battery pack, which are widely available from several vendors, and can be built to a custom specification. These pre-builds are generally cheaper than the figures stated for a custom build, costing in the range of £600 - £800. We only briefly considered this avenue but dismissed it as an option because without full control we couldn’t guarantee a quality component, which is especially important with regards to the batter pack.
A specification sheet for the battery and motor has been assembled and available in table 3, below.

	Specifications
	Performance

	Motor Power
	2kW (1.5kW Sustained)

	Voltage
	48V

	Battery Weight
	16.92Kg

	Battery Capacity
	62.4Ah

	Range per charge at max speed
	70 Miles

	Tire Size
	12”

	Motor Type
	High Torque, brushless

	Top speed
	27Mph


Figure 15 - Battery & Motor specifications

3.8 Regenerative Brake (Habtom Ghirmay)

  Moving vehicles have a lot of kinetic energy, and when brakes are applied to slow a vehicle, all that kinetic energy must go somewhere. Regenerative braking uses an electric vehicle’s motor as a generator to convert much of the kinetic energy lost when decelerating back into stored energy in the vehicle’s battery.

3.8.1 How does regeneration brake it works?

To evaluate the regenerative brake there are two parameters: Efficiency and effectiveness.

Efficiency refers to how well regenerative braking captures ‘lost’ energy from braking. Does it waste a lot of energy as heat, or does it turn all that kinetic energy back into stored energy?

Regen usually loses around 10-20% of the energy being captured, and then the car loses another 10-20% or so when converting that energy back into acceleration, according to Tesla. This is standard across most electric vehicles including cars, trucks, electric bicycles, electric scooters, etc.

Effectiveness: on the other hand, refers to how large of an impact regenerative braking really makes.

Effectiveness varies according the driving conditions, terrain and vehicles size.

NB: Vehicle size may be the largest factor in the effectiveness of regenerative braking for the simple reason that heavier vehicles have much more momentum and kinetic energy. Just like a big flywheel is more effective than a small flywheel, a four-wheel electric car has a lot more kinetic energy when in motion than an electric bicycle or scooter.

A few Tesla drivers have reported back energy contribution data using different data tracking apps. Model S drivers have reported recapturing 32% of their total energy use while driving up and then back downhill. This would effectively increase a 100-mile car’s range to 132 miles, for example. A Model S P85D owner 28% energy recapture forum in Danish) and still others recapturing between 15-20% of their total kWh usage on average during normal trips.

In the e-bike industry, regenerative braking can sometimes be used more as a marketing tool than as a feature. Because regenerative braking is generally only possible in electric bicycles with larger gearless motors, such e-bike manufacturers will tout the effectiveness of their models. At the same time, manufacturers of e-bikes with mid-drives and other geared motors that are incapable of regen braking will dismiss it as ineffective and simply not worth it.

3.8.2 Construction of regenerative brake
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Figure 16 - Energy recovery system
3.9 Environmental Issues for Electric Vehicles (Hu Zhaoyu)

3.9.1 Traditional Vehicle’s pollution

3.9.1.1 Vehicle exhaust 

Vehicle exhaust pollutants mainly include gaseous pollutants and particulate matter. Automobile exhaust pollutants are different for an ignited engine and a compression-ignition engine. Among them, an ignited engine vehicle refers to a gaseous pollutant discharged from an exhaust pipe; refers to the gaseous pollutants and particulate matter emitted by the exhaust pipe.

Gaseous pollutants refer to carbon monoxide, hydrocarbons and nitrogen oxides in exhaust pollutants.

Particulate matter refers to all substances collected on a specified filter medium in a diluted exhaust gas at a temperature not exceeding 325 K (25 ° C).

Traditional automotive engine fuels are gasoline and diesel. Gasoline and diesel are mainly mixtures of various hydrocarbons composed of carbon and hydrogen atoms. For an ideal combustion process, the combustion products should be carbon dioxide and water; for the combustion process of a typical automobile engine, since the space in the combustion process in the engine is extremely limited, the duration of each combustion process is extremely short, so the burning is not enough. In addition, the temperature of the engine during combustion is very high. These factors cause hydrocarbons, carbon monoxide, nitrogen oxides, sulphides, particulate matter, photochemical smog, etc. in addition to CO2 and water. These substances pose certain harm to the environment and human health to varying degrees.

Vehicle exhaust pollution is an environmental pollution caused by exhaust emissions from automobiles. The main pollutants are carbon monoxide, hydrocarbons, nitrogen oxides, sulphur dioxide, lead compounds, benzopyrene and solid particles, which can cause photochemical smog.

In addition, carbon dioxide (CO2) emitted by automobiles, sulphides SOx (SO and SO2), nitrogen oxides NOx (NO and NO2), and hydrochlorofluorocarbons have made atmospheric environmental problems such as greenhouse effect, ozone layer destruction and acid rain more serious. Cars emit CO, NOx, SOx, unburned hydrocarbons HC, particulate matter PM and odorous gases, which are harmful to humans, animals and plants.

3.9.1.2 The pollution of traditional vehicles to the environment has become increasingly serious

In recent years, with the rapid development of motor vehicle economy, the production and use of motor vehicles have increased dramatically. The pollution of motor vehicles to the environment has become increasingly serious. The air pollution in many large cities has shifted from coal-fired pollution to coal-fired and motor vehicles. Mixed pollution, motor vehicle exhaust pollution has a serious impact on the environment and people's health. Although the pollution has caused social concern, many countries have begun to pay close attention to prevention and control. However, the problem of vehicle exhaust pollution has not been completely solved so far. Relevant prevention policies, laws and regulations are still not perfect, and various measures need to be further strengthened. Still not enough. Creating a good air environment is also a symbol of building a modern and civilized city. It is a top priority for environmental protection work. It is urgent to solve the problem of motor vehicle exhaust pollution.

3.9.1.3 Current Vehicle’s pollution characteristics

Cars show certain characteristics in environmental pollution. One is mobility, the most important source of mobile pollution in automobiles, which is more difficult to control than static sources of pollution. The characteristic of the mobile pollution source is that the pollution develops from the pollution point into the pollution line and finally forms the pollution surface. In this process, measures cannot be taken to control the increase of the pollution range, so the impact of the vehicle on the environment is more difficult. The second is dispersion. The pollution caused by automobile exhaust emissions is more scattered. The exhaust gas emitted by one car is not enough to cause environmental pollution. However, as the number of cars increases, car pollution has already faced a situation that has to be changed. . The third is long-term. As a major travel tool for human beings, automobiles have been in existence for a hundred years, and will continue to be the preferred means of transportation for human travel in the future. Even if there are alternatives to automobiles, due to price costs, consumer acceptance, and consumption concepts. Under the influence of other factors, cars, especially fuel vehicles, will not exit the historical stage in a short period of time, so the governance of car pollution has long-term characteristics.

3.9.2 Electric vehicle has the best potential of reducing pollution 

3.9.2.1 Market potential of electric vehicles

The most promising type of electric vehicles, through the feedback survey of electric vehicles that have been invested in the market, electric vehicles have become the consumer's car when they have the advantages of zero emission, high energy conversion efficiency and low driving noise. Important considerations. In order to promote the development of electric vehicles, many states has also implemented corresponding promotion strategies, which provide subsidies to consumers in terms of price, and on the other hand, give new energy vehicle manufacturers a discount on taxes and fees in the production process, and promote new The development of the energy automotive industry. 

3.9.2.2 Environmental potential of electric vehicles

The new research model found that the future impact of electric vehicles on the environment is now 30%-70% lower than.

The future of electric vehicles will have an impact on the environment. Many institutions have studied the problem, but their predictions are highly uncertain.

Now, the Swiss Paul Shel Institute (PSI), the University of Leiden, the Netherlands, and the Dutch Environmental Assessment Agency (PBL) use Monte Carlo and global sensitivity analysis techniques to quantify the uncertainty of the influencing factors.

They introduced two factors that were not previously covered in the field, including changes in driving patterns caused by autonomous vehicles and networked cars, and the impact of changes in the power industry on electric vehicle production and charging.
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Figure 17 - Distribution of pollution by component type

Life cycle climate change contributes to the driving of electric vehicles per kilometre at current (production year 2017) and future (production year 2040). The box contains 50% of the result, while whiskers shows 5 and 95 percentiles, and the red line indicates the median result.

The Y-axis shows the background database for calculations; ecoinvent uses the current power scenario, while Baseline and ClimPol show the intermediate roads and positive climate policies for the future power sector, respectively.
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Figure 18 - Impact of EV's by country and component
New research shows that even the dirtiest electricity supply, electric vehicles emit less carbon dioxide than fuel engines. Even in Poland and Germany, where greenhouse gas emissions are greatest, electric vehicles perform better than fuel vehicles during manufacturing and use. The overall CO2 emissions of Polish electric vehicles are reduced by 2.5% and by 85% in Sweden. At the same time, the sustainability of electric vehicles will increase with the advancement of battery technology, and more batteries will be used for power storage or recycling.

3.9.3 Battery treatment method 

3.9.3.1 The most polluted part of an electric vehicles

In fact, it is impossible for Electric vehicles to say no any pollution. Even if the bicycles are somewhat polluted, the bicycle chain should be lubricated and maintained. It can only be said that the pollution is a little small and the pollution sources are different.

Electric vehicles are divided into pure electric and hybrid models. All pure electric vehicles are driven by electric power, while hybrids are first converted to electricity by using fuel. If the source of electric energy is not directly reflected in new energy vehicles, then new energy car batteries are considered to be the real pollution head.     

3.9.3.2 How electric batteries pollute the environment

Pure electric vehicles are good, mixed cars are also good, the car will be equipped with battery packs, a few small KWH, large hundreds of KWH, some long-life pure electric cars almost the entire chassis are battery packs. Heavy metals inside can seriously pollute the environment.

An ordinary dry battery can pollute a square meter of soil. The electric vehicle battery has a higher harmful substance content and the pollution is more serious. At present, China's new energy vehicles have exceeded 2 million vehicles. The service life of electric vehicle power batteries is generally 3 to 8 years. It can be said that the electric vehicle industry has not yet fully formed. Therefore, the treatment of electric vehicle batteries is the electric vehicle industry. The importance of pollution control - the ring, and there is no time to delay.

 3.9.3.3 Innovative battery treatment

 The power battery in each electric vehicle will have a unique identity number. The electric vehicle manufacturer will implement the responsibility system for the power battery. Recycle the battery produced after the battery has reached the end of its useful life.

The recovered battery or the way of use by the ladder, the electric vehicle battery is downgraded to the battery of the electric tricycle or the electric motorcycle, and the resources are utilized to exert the residual heat, or the battery that is used up to the total extent that cannot be reused is scientifically decomposed, and the battery is Various materials are refined and the waste is properly disposed of. For example, the most used lead-acid battery in the electric vehicle market can be decomposed into electrolyte (H2S04), solid organic matter (polyethylene, polyvinyl chloride, polypropylene, bakelite) and lead (concentrated in battery connection) during processing. In the four parts of the lead paste (or slag), after the decomposition is completed, the lead and sulphuric acid can be recycled and reused, and the plastic outer casing of the battery can be reused, and the rest is treated environmentally. The use of valuable raw materials in the recycling of batteries can not only save energy, but also reduce the environmental impact of battery disposal.

3.10 Safety Consideration for the electric scooter (Hu Zhaoyu)

As more and more electric scooter rental companies to open stores on their streets, people can protect themselves with basic safety tips. 

My safety considerations draw on the manuals of many large companies, combined with my own experience with the M365 scooter, to bring out what I think is reasonable and necessary.

3.10.1 Electric scooter riding equipment

3.10.1.1 Helmet

The head is an important organ of the human body, so it is very important to protect the head during the sliding process. A quality-assured helmet protects you from major injuries.

  

3.10.1.2 Gloves

Electric scooters have different sizes and styles of gloves, and many people use motorcycle gloves or gardening gloves instead. There is no fixed standard for electric scooter gloves, just choose the non-slip gloves that fit your hand.

3.10.1.3 Knee pads and wristbands

Knee pads and wristbands are the perfect companion, and they work together to protect you from joint damage during cycling. Especially lightweight plastic knee pads are recommended.

  

3.10.1.4 Footwear

Under normal circumstances, the vast majority of sports shoes are very suitable for skateboarding, try not to wear slippers or high heels to ride electric scooters. The size of the shoes should match the size of your feet.

3.10.2 Electric scooter common sense

1. Electric scooters must use original parts, otherwise it is prone to danger.

2. Before riding, adjust the height of the electric scooter to suit your height.

3. Select an electric scooter with better braking performance and be familiar with the brake position.

4. Timing the bearings at regular intervals to reduce the resistance to sliding.

5. Beginners should slide on the road with a small slope and gradually deepen the difficulty.

6. Do not slide on wet or overly bumpy roads.

3.11 Safety standards for the electric scooter (Hu Zhaoyu)

After drawing on the standards of 26 countries and regions, considering the standards of the EU and the UK, I have introduced the safety standards that I think are most suitable for electric vehicles in Wales.

EN15194:2009 Cycles Electrically power assisted cycles-EPAC Electric assisted bicycle. This standard applies to electric assisted bicycles that meet the following conditions:

1. When the speed reaches 27mph or stops stepping on, the output horsepower will gradually weaken and finally turn off;

(1) The design and use of the circuit wire requires 

(2) Electromagnetic compatibility (Interference and tolerance)

(3)Battery safety test

(4) Waterproof test IEC 60529 IP X4

(5) Motor car output

(6) Overspeed and brake power off

(7) Body labelling and manual content requirements

Size limit:

(1) Full length: electric bicycles must not exceed 2.5 meters

(2) Full width: The electric bicycle must not exceed 1 meter, and the handlebar riser is prohibited from being folded or telescopically adjusted.

(3) Full height: The electric scooter shall not exceed 2 meters, and the lowest position of the seat cushion shall not be less than 60 cm from the ground.

Weight limit:

The body parts of the equipment:

(1) The headlights of electric assisted bicycles should function normally.

(2) The position of the reflector of the power-assisted bicycle (ankle reflector, rear reflector) should be appropriate and should function normally.

Electronic control device: the electronic control devices for electric assisted bicycles and electric bicycles should meet the following requirements:

(3) The test of electric control bicycle and electric bicycle electronic control device shall comply with the following regulations:

(4) Battery voltage: The nominal voltage of the battery is less than 48V (the measured value is allowed to increase by 20% than the nominal voltage).

 (5) Over-speed power-off: When the driving speed exceeds 27mph, the motor power supply of the electric assist bicycle should be able to automatically stop the power supply within 3 seconds.

(6) Brake power off: After the brake action occurs, the motor power supply of the electric assist bicycle and the electric bicycle must be automatically powered off within 3 seconds.

(7) Fault power failure: The brake signal input line of the control system is short-circuited or open circuit. The motor power supply of the electric assist bicycle and electric bicycle should be automatically powered off within three seconds. The overspeed mark input line of the control system is short-circuited or disconnected within 3 seconds. The motor power of the auxiliary bicycle is automatically powered off.

Conclusion
In this report we were tasked with researching the ins and outs of electric scooter production and come up with our own specifications & manufacturing processes.

Market research revealed that the market for electric scooters is growing at an incredible rate compared to conventional vehicles, and discussed the reasons for this growth. This information was one of the factors in determining the design criteria. Device was kept in line with AM licence criteria allow access to the maximum number of customers. Customer research was completed to further the required specifications of the device.
Scooter designs submitted by the art department were evaluated on an 8 point criteria, and feedback was given to the top 3 designs. None of the designs were chosen as they were all faced key impracticalities when I came to manufacture due to the complex shape design.

Possible shell materials were discussed and it was decided that ABS plastic should be used, as it is relatively cheap, and has favourable properties for use in a vehicle. Injection moulding was selected as the most suited method for manufacturing the shell. Vacuum tyres were selected, and the manufacturing process was discussed at length, and it was determined that outside help should be sought after, due to the complexity of producing them.

Four possible materials for the chassis were researched, and it was decided that the aluminium alloy 6061 was most suited for use, based on its low density, ease of machining, and relatively cheap manufacturing process. Methods to strengthen the alloy were also discussed.

Two types of chassis design were discussed, underbone and monocoque, the latter was selected due to low maintenance and manufacturing costs, and the fact that it produces less waste during manufacture. Static analysis was performed on our chosen chassis type and dimensions.

Two types of suspension, front or rear, were detailed with specific approaches chosen based on their effectiveness.

Motor requirements were calculated based on the dimensions of our scooter and the speed/range requirements. A high torque, brushless, 48V motor rated for 1.5kW max @ 1319 RPM was chosen.

Different battery types were discussed and a lithium ion battery solution was selected, having a capacity of 62.4Ah, and weighing 16.92Kg.

Regenerative braking systems were researched and detailed in order to improve the run time of the device.

Environmental issues and some possible solutions are detailed, where Lead-acid batteries are concerned.

Critical safety issues were discussed, and some criteria is detailed to keep a user safe.

Project Gantt chart
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