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Abstract 
The intention of this thesis work is to develop an electric kick scooter which 
possess the features and specifications makes it unique, pathbreaking. For 
market research we focused mainly on European, Chinese, Indian electric kick 
scooters. As this work is mainly to develop the product so we gathered all the 
information, like features and specifications of the electric kick scooters from the 
mentioned countries. By comparing the most common features like foldability, 
LED screen and specifications like motor power, batteries etc. Our electric kick 
scooter has been finalized with the best features and specifications. How ever 
since it is to develop the product, we have unique features like adjustable handle, 
better tire traction to ride on the wet surfaces and so on. We developed some 
sketches about 5 and chosen one out of all, which has an attractive design and 
features to develop that sketch to model in inventor. And we have searched for 
the companies which provides cheap and best parts like motor and batteries etc. 
for our product. We chose Aluminium and Carbon-fibber as the materials to 
manufacture the kick-scooter in an appropriate composition, since Aluminium is 
cheap and carbon-fibre has lighter density. Since we chose to develop a bike for 
public sharing, so the objectives of this thesis are to reduce the product cost, to 
optimize the features and specifications, providing safety and comfortable riding 
experience. 
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Notification 
The reader is heard by informed that this thesis is about developing the electric 

kick scooter by considering the present-day draw backs. Reducing the cost, 

increasing the reliability, adding the features which may be useful to grab the 

customer attention. The final bike we manufactured in the inventor is safe for 

load up to 150 kg and considered 3 as the safety factor. 
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2 Introduction 
2.1 Background 

2.1.1 Environmental Cause: 
Today if any product is developed or about to develop, then the main concern 
for engineers is the consequences that the product brings on the environment. 
But this is an obligation for automotive industry. Now people's awareness on 
environmental protection is getting higher and higher. Traditional fossil fuels are 
gradually withdrawing from people's lives. The use of electric energy is becoming 
more and more extensive. Motor-cycles are traditional fossil fuel vehicles. So 
thus, all the companies investing billions in the research and development for 
reducing carbon footprints, how-ever many companies have already released 
and some other companies about to release their electric vehicles in-to the 
market with-in few years.  

2.1.2 Urbanization: 
And the other problem that most of the cities globally facing is traffic congestions 
as population increasing rapidly. According to reports about 1.3 million people 
move in to cities every week, the world population expands by 83 million per 
year and by 2040, 65% population lives in cities. By observing that data it can be 
predictable that there will be more traffic congestions in future. In whole, both 
pollution and traffic congestions, challenges the people living in urban areas.  

2.1.3 Micro-Mobility:[30][31] 
As a solution to this, Micro-Mobility or last mile transportation came in-to 
existence with an idea of using electric bikes, electric kick scooters etc. Micro-
Mobility is nothing but a transportation, if the travelling is less than 5 miles. So 
that this micro-mobility can reduce the carbon footprint by replacing the 
conventional vehicles with new age vehicles. On an average American’s lost 97 
hours in traffic its costs $87B, that is $1348 per driver.  This trend of micro-
mobility has started almost all countries. But how ever only few countries using 
the electric kick scooters for micro-mobility. In U.S roughly 60% trips are 5 Miles 
or less. In India roughly 66% trips are 5 Kilometer’s or less. 
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2.1.4 Sharing-System: 
Sharing system is the main aspect in the micro-mobility, which involves sharing 
the vehicle when needed using the app provided. Many start-ups making billions 
using this idea and providing sharing service to the people in urban areas. The 
core of this graduation project is to design a new type of electric vehicle. It has a 
smaller size than a bicycle. More environmentally friendly than motorcycles.  

2.2 Purpose 
So, the Micro-Mobility especially electric kick scooter changes the phase of the 
most polluted and populated cities and can bring comfortable, enjoyable life 
style in the urban areas. How-ever, according to our view present electric kick 
scooters needs to be improved by customizing the design. 

2.3 Aim 
The thesis mainly designs a new type of electrical kick-scooter. Both the 
mechanical structure and electrical control system is different from the existed 
scooters in the market. And make targeted improvements. In this process, 
experimental data are collected and processed. Make the results in this thesis 
more accurate and reliable. Provide powerful data support for possible 
automated production. Make the products safe and reliable. Developing the 
electrical kick scooter with all the required features and also adding the other 
features like adjustable handle, foldable seat, enlarged deck width near the seat, 
optimized battery capacity, motor power etc. 

2.4 Method 
Initially we have made the list of top best-selling electrical kick-scooters from 
China, Europe, India. Then we have short-listed, chose best and optimized 
features, specifications for our product.  How-ever those are mandatory features, 
specifications but we have our unique features and specifications which puts our 
product apart from all.  

  



 
 
 

18 
 

3 Primary design process: 
3.1 Product definition: 
Kick-Bike is nothing but a micro-mobility utility vehicle, which is used to travel 
for smaller distances and it also convenient in some situations where other 
options are not feasible. At a time only one person can travel using this bike. 
Initially as the name suggests this bike is by manual power that is through 
successive backward kicks by the person on the road which makes it to move 
forward. Later the manual power is replaced by electric power in which bike 
moves using the motors. 

3.2 Product: 
Based on the customer the manufacturer produces the bikes with different parts 
and features some of them are Wheels, Deck, Handle bar, Seat etc. And the 
features are like foldability of bike, energy recycling, ABS (Anti-Lock Braking 
System), Cruise control etc.  

3.3 Process: 
Initially after a tremendous research on kick bikes in countries like China, India, 
Europe we made list of the features which are necessary and other features to 

improve the riding Comfortless. Based on the list, we have analyzed and 
concluded the features to be in our bike and also added some other extra 
features which are lagging in the present bike can make a lot of difference. Later 
we have taken the dimensions of the Mi-Scooter as the reference for out design 
and through the process of design those dimensions are converted to our 
suitability. 

3.4 Environment 
Electric kick-bike is a product that combines traditional scooter with modern 
electric drive and control technology. Electric kick-bike originated in Germany, 

Figure 3-1:  Electrical Mi-Scooter[32] 
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developed in Europe, and was introduced to China in a very short time. 
With the rapid development of modern ergonomics and electrical technology. In 
just a few years, Electric kick-bike has made great progress. The utility model has 
the advantages of beautiful appearance, convenient folding, flexible operation 
and long service life. Nowadays, Electric kick-bike is not only a kind of 
entertainment and leisure toys, but also a kind of light short-distance 
transportation. 

Generally speaking, the electric kick-bike is a kind of skateboard product which 
is powered by battery and driven by motor and can't be ridden by human. The 
utility model is characterized in that two wheels are arranged in front and back 
straight lines, and the battery mainly uses lithium-ion battery. The movable 
scooter is composed of frame, steering mechanism, integrated wheel with motor 
hub, controller, brake, battery, light system, foot pedal, direction control lever, 
horn. 

China's electric scooter industry started in 2011, with a rapid development 
period from 2012 to 2015. The number of enterprises and industrial output have 
increased year by year. Since 2016, it has entered a period of steady 
development, with the number of enterprises declining and the industrial output 
increasing. The industry has entered the mature stage of survival of the fittest. 
As the parts supply of electric kick bike is similar to that of electric bicycle, the 
parts demand is basically the same. Therefore, most of the production 
enterprises of electric kick bike are built in the developed areas of electric bicycle 
industry. At present, in addition to a few independent R & D products with strong 
comprehensive strength, 90% of the electric scooter manufacturers are 
operating mode of full set of purchased parts, then self-assembly into a complete 
vehicle, and then OEM sales. The technical strength of these enterprises is weak 
and they are not familiar with the requirements of key components (especially 
batteries and control boards), but simply assemble various functional modules, 
resulting in poor system compatibility. 

At present, China does not require the use of electric kick-bike as a means of 
transport, so electric kick-bike do not have the right of way. However, electric 
kick-bike is allowed to drive on the group lane or sidewalk, and electric kick-bike 
is strictly prohibited from passing on motor vehicle roads. At the same time, the 
product has developed rapidly in the short term without national or industry 
standards. 
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3.5 Human 
Outdoor cyclists, ordinary office workers, white-collar workers and young people 
over the age of 12. The first type of outdoor travelers mostly seeking the 
freedom lifestyle and scenery during the journey, so for these two points, they 
usually choose electric bicycles with a speed of 20km/h -30km / h. These 
travelers regularly organize outdoor trips, group outings, picnics, and other 
group activities, so electric bikes are more portable and can meet the needs of 
such users. 

The second type of ordinary office workers, their application scenarios are 
mostly in the peak hours of the day or night. To avoid road jams, use electric 
bicycles. The electric skirting bicycle is small in size, easy to use on the bicycle 
lane, and can also shuttle in narrow alleys. The problem of road congestion is 
well avoided. 

In some big cities, some office workers are trying to save housing costs. Most of 
them live in remote areas, 4-5km away from subway stations or bus stations. In 
order to get to work in time, they will choose electric bicycles as their travel tools. 
Or come back from the subway station after work. Electric bicycles are short-
distance travel tools in their eyes. They don't pay attention to the car's top speed 
and stylish appearance. It only requires the car to be safe and stable and start 
quickly. It is not hard to see from this demand that this group of users prefer to 
choose e-kicking, which is also the reason why we often see e-kicking on the 
street. 

The third type of white-collar workers, such as office directors, are likely to 
choose electric skirting bikes with fashionable appearance and distinctive 
personality. Most of the first kind of E-bike products are expensive. It can show 
the identity symbol of the rich. The second electric bicycle can be folded up 
quickly. The electric bicycle can be conveniently installed in the trunk of the 
private car and can be taken out for driving if necessary. Perfect to solve the 
problem of carrying inconvenience. You can also experience the beauty of air 
and nature better when driving. 
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3.6 Economy 
The economic value of electric kick bike lies in its convenience of travel. The 
performance of this product, such as top speed or heavy load, is not as good as 
that of electric bicycles or motorcycles. But its manufacturing price is far lower 
than that of ordinary electric bicycles. At present, the global economy is in a 
stage of steady growth. In terms of national conditions, the process of 
urbanization is still rising steadily. More and more people choose to live in 
developed urban centers. More and more young entrepreneurs come to big 
cities to look for opportunities. The transportation system of some cities needs 
to be expanded and reconstructed to a large extent to meet the huge traffic flow 
brought by the increasing population. The electric kick-bike can easily and 
quickly travel through the streets, and the price is within the financial scope of 
most young people who have just worked for a long time. 

In big cities, office workers are often crowded on buses and subways. The electric 
kick bike has a long endurance, convenient charging and short charging time. 
These features must be particularly popular with office workers. And the electric 
kick bike itself has the characteristics of easy folding. Even if you take the bus or 
the subway, it will not hinder others. Market prospects and audience groups 
have great potential. 

At present, the problem of electric kick bike market is how to extend the service 
life of electric kick bike. The more durable and convenient brands among 
consumers, the more they can get their favor. Can occupy more market share. 
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4 Product investigation and settings of 
criteria. 

First of all, the product survey can understand the current market mainstream 
electric kick bike models in different countries. To understand their performance, 
we also introduced that only the better performance electric kick bike can 
occupy more market share. Therefore, we can better understand the existing 
electric kick bike performance data by understanding the existing market 
situation and product survey. It plays a key role in the design of the electric kick 
bike. Clear the direction of this design need to strive to break through. Increase 
market competitiveness for this electric kick bike. Standard settings refer to 
some product parameter settings for this electric kick-bike, such as maximum 
range. Maximum speed, maximum rated load. And a summary of some of the 
features you want to add to this electric kick-bike design. These marker settings 
give customers a clear sense of what they see. High-light the focus and objectives 
of this design. It is the benchmark of this design direction. 

4.1 Product investigation: 
The table below summarizes the parameters of electric kick bike in three 
different countries. Each country chooses five or four electric kick bikes from 
different companies. These electric kick bikes are selected on the basis of sales 
volume. In other words, these electric kick bikes are the top five electric kick 
bikes sold in their respective countries. Studying their electric kick bike data will 
make the design data more convincing. According to these data, the electric kick 
bike can also have stronger market competitiveness in the world market. 

 

 

Table 1: Electric Bike Market Survey 
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4.2 Settings of criteria:  
The following table is the standard parameters of this design. It is also a design 
plan. Try to make the design data close to the plan data in the table below. 

 

Table 3: Settings of Criteria 

 

4.3 Design data selection: 

4.3.1 Material: 
Most of the top kick-bikes in China, Europe, India are using Aluminum. Since 
Aluminum is light in weight as it possesses a density of 2.7 g/cm^3 and has a cost 
of 16.37 SEK/kg. How-ever Carbon weight is much lower than aluminum as its 
density is 1.45/cm^3 and costs 1348.5 SEK/Kg. 

Conclusion: In our thesis we decided to use both the materials combined such 
that both can be compensated each other in terms of cost and weight.

4.3.2 Power(motor): 
After knowing about different motors used in kick bikes from the market 
research, We, finalized 350W motor as it produces enough torque to rotate 
wheels considering speed and tires

Table 2: Electric Bike Market Survey 
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4.3.3 Maximum speed(km/h): 
After observing the maximum speeds of kick bikes from different countries, We 
finalized the maximum speed of kick bike to be 25-30km/h and it can increase 
based on other specifications such as mileage.

4.3.4 Mileage(km): 
Mileage for the kick-bike of our thesis is 30km and is fixed by averaging all the 
speeds of the kick-bikes from the market research and also considering the 
speed. It may increase based on other specifications. 

4.3.5 Wheel: 
Pneumatic tire is most commonly used. The shock absorption effect is good and 
the price is cheap. The advantages of solid tires are wearing resistance, puncture 
resistance, and shortcomings-poor shock absorption. Vacuum tires are generally 
used in professional vehicles. For example, road bikes. Mountain bike (in general, 
mountain bike vacuum tires have a certain self-repairing ability). The advantage 
is that the carcass is soft and has a large ground contact area. The disadvantage 
is that the cost is too high and the replacement process is complicated. At the 
same time, the vacuum tire is lighter than the other two, from the perspective 
of price and shock absorption. We chose Short absorbing pneumatic tire. 

4.3.6 Dept & Width: 
Average method to determine wheel size. Anti-skid and wear-resistant tire.
D:23(cm) W:7.75(cm).

4.3.7 Charging time: 
All kick-bike currently on the market are powered by lithium batteries. 

According to formula: 

T1=(A*H) *cp/A 

T1: Charging time 

A*H: battery capacity 

cp: Charging efficiency (generally lithium batteries 90%) 

A: The ampere of charging 
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So, it is difficult to determine the charging time before determining the 
battery capacity. At, the same time we use the reverse solution. Set the charging 
time first. The charging current is determined according to the charging time. If 
the current is smaller, the charging time is longer. 

According to market research, the longest charging time is 10 hours and the 
shortest is 4 hours. Most concentrated around 6 hours. To make our products 
more competitive. Set the charging time to 4-5 hours. 

Put the two conditions of time and battery capacity into the formula: 

4(h)-5(h)=130.9/A 

Result: A=2.925 A-2.34 A 

When the current is between 2.925 A and 2.34 A for constant current charging. 
Charging time is 4 or 5 hours 

4.3.8 Battery capacity: 
According to market research, the longer the Mileage, the larger the battery 
capacity.40 KM--10.4 AH 40 KM-50 KM--15.6 A*H. In order to ensure product 
competitiveness, Mileage should be between 40 kilometers and 50 kilometers. 
So, our battery capacity should be between 10.4 AH and 15.6 AH. We add the 
two together to take the average. The obtained result is 13 A*H as the final result. 
Battery capacity: 13 A*H. 
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5 Product function investigation and 
expected implementation 

5.1 Chinese Kick-Bikes features  
Brand name: Jasion 

Features:

1.Three-speed shift safety sustainable  

2. The LCD screen (Display the current remaining power) 

3. Fender  

4. Front and the rear double spring damping. 

5. Folding lock, LED lamp  

6. Gravel road, Slope road Grassland, ceramic tile. 

7. 30-degree climbing  

8.USB phone charging. 

9. Rotatable handle speed adjustment. 

Brand name MI 

Features: 

1. LED lamp

2.LED shows the remaining power 

3. Energy recovery system

4. Antiskid and wear-resistant tire

5. Rotatable handle speed adjustment

6. Front and rear dual brake system, E-ABS, ventilated disc brake system

7. Normal mode and energy-saving mode switch 

  



 
 
 

27 
 

Brand name: Daluhe 

Features: 

1.Short circuit protection

2. Overcharge protection

3.30-degree climbing 

4.Antiskid and wear-resistant tire

5. Double spring damping

6.LED sidelights.

Brand name: Seal up 

Features: 

1.USB phone charging

2. Three-speed shift

3. Cruise control

4. The double spring damping system

5.Rotatable handle speed adjustment

6. The rear-wheel hydraulic damping system 

7.30-degree climbing

8.LED sidelights

Brand name: Sky top

Features: 

1.The remote control of the mobile app is powered off

2.GPS

3.USB phone charging

4.30-degree climbing

5. folding

6. Rotatable handle speed adjustment 
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5.2 Indian Kick-Bikes features: 
Brand name: Yohan K8 28  

Features: 

1. Foldable

2. Head Lights

3. Throttle

4. Key Start

5. Adjustable Handle

Brand name: U-Board Electric Scooter 29  

Features: 

1.E-Abs regenerative Front Wheel, Rear disc brake 

2. App monitoring  

3. Throttle  

4. Bell  

5. foldable 

6. The power button  

7. Charging display(points)  

8. Smart rear wheel with brake light  

9. Pneumatic tires  

10. Stand 

Brand name: Nine Step 26  

Features: 

1. Height adjustable handle 

2. Throttle  

3. Speedometer  

4. Headlights  
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5. Foldable 

6. Max tilt around 15-20 

Brand name  U-Board 27  

Features: 

1.Stand
2. Foldable 
5.3 European Kick-Bikes features: 
Brand name: Gofunsport N7 electric scooter 

Features: 

1.Kick-off function 

2.Two-speed gear 

3.Front and rear light LED, built-in LCD display, wide footpad, easy to fold and 
store. 

4. Foldability  

5. Seat option. 

Brand name: Egret-Eight-V2 

Features: 

1.Front and rear lights.  

2. Foldable. 

3.preset speed limits.  

4.The battery can be charged 70%in just 2 hours. 

5.The thumb control for throttle. 
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Brand name: Inokim Light electric scooter 

Features: 

1.Foldability  

2. The cruise control setting. 

3. Light sensor. 

4.New throttle with LCD display  

5. Auto power-off. 

Brand name: E-Twow Booster Plus 

Features: 

1.Foldability  

2. Full-color display.  

3.Piezoceramic horn (electrical).  

4.Zero starts.  

5.Cruise control. 

Brand name: Sxt-Light-Eco 

Feature: 

1.KERS – Kinetic Energy Recovering System technology. 

2.Dual braking system. 

3.High power LEDs 

4.A patented UBHI operating unit which looks impressive and lets you control 
everything like lights, throttle, brake, horn, cruise control, etc. 

5.4 Common Features in China and Europe: 
1.Energy Recovering System technology. 

2.The cruise control setting 

3.Double braking system. 

4.Front and rear light LED, built-in LCD display 
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5.Foldability 

6.Preset speed limits. 

7.The thumb control for throttle. 

5.5 Common Features in India and Europe: 
1.Foldable 

2.Head Lights 

3.Bell 

4.Throttle 

5.6 Common Features in India and China: 
1.Head Lights 

2.E-Abs regenerative Front Wheel, Rear disc brake 

3.App monitoring 

4.Foldable 

5.Pneumatic tires 

6.Charging display(points) 

7.App monitoring 

5.7 Common features in Europe Chinese and Indian kick 
scooters: 

1.App Monitoring 

2.Charge display 

3.Foldable. 

4.Front E-ABS and Rear disc brake. 

5.Head Lights (LED) 

6.Throttle 

5.8 Selected features for this Thesis: 
1.Adjustable Handle (Height)  

2. Anti-skid and wear-resistant tires  
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3.App Monitoring. 

4.Energy recovery system  

5.Fender (protection from splitting, dust)  

6.Foldable  

7.Folding lock and Lamp  

8.Front E-ABS and Rear Disc Brake 

9.GPS 

10.Head-lights 

11.LCD screen 

12.LED side-lights 

13.Over Charge Protection 

14.Stand 

15.Short circuit protection 

16.Three-speed shift 

17.Throttle 

18.USB Phone charging 

19.UBHI operating unit 

20.30-degree climbing 

21.KERS-Kinetic Energy Recovering System Technology 
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6 Concept Generation: 
6.1 Step 1: Clarify the problem 
The difficulty of this design lies in two aspects: electrical control and mechanical 
structure design. structurally, try your best to design a new folding method. Save 
as much space as possible. At the same time, the structure design should 
conform to human physiological structure. Let customers use this electric kick-
bike to get more comfort than the existing electric kick-bike in the market, while 
satisfying the comfort, we need to do finite element simulation analysis on the 
model of electric kick-bike. Confirm the stability of the electric kick-bike. Check 
that the body is made of Aluminum alloy and carbon fiber. And use the 
deformations of each part of the body under the design of this mechanical 
structure. Concentrate on the areas with the most intense deformations. 
Observe if the deformation is within acceptable range. 

The electrical difficulties mainly come from the selection of the motor and the 
calculation of the rated speed torque of the motor. Determine the electrical 
control plan. Choose the right speed regulation system. And research on electric 
energy recovery system. 

6.2 Step 2: Search Externally 
The externally research of electric kick-bike is mainly aimed at the electric kick-
bike mechanical frame structure. In market research, there are many different 
types of kick-bike can provide reference. Most of these electric kick-bike have 
folding function. In order to make the electric kick-bike designed this time have 
more market competitiveness. In the design of electric kick-bike, the folding 
function is also added. 

The design of the umbrella's telescopic structure gave great inspiration to this 
design. A retractable structure was added when designing the electric kick-bike 
grip. The telescopic structure can be adjusted at three different heights. 
Customers of different heights can adjust the height of the grip according to their 
comfort level. The telescopic structure makes 

The mechanical structure of electric kick-bike is more user-friendly. It can meet 
the needs of more customers, effectively expanding the number of potential 
customers who may purchase electric kick-bike. 

According to the current market situation of electric kick-bike, all electric kick-
bikes produced by electric kick-bike companies are divided into folding seats and 
non-folding seats. Both styles have their own advantages and disadvantages. The 
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electric kick-bike with a folding seat is when the seat is folded. The foot 
pedal is not flat, and the driver cannot drive while standing. All in all, this kind of 
electric kick-bike equipped with folding seats is more suitable for customers to 
stand and use. The lack of consideration for standing use. An electric kick-bike 
without a seat can only be used while standing. Not suitable for customers who 
seek good comfort. 

The seat part designed by this electric kick-bike adopts a folding method that is 
not currently available on the market. Design a recessed space on the pedal. The 
folded seat is stored in a recessed space. This design ensures that the pedal 
remains flat when the seat is folded. It is convenient for customers to stand and 
drive. The seat can also be deployed at the same time. Provide customers with a 
more comfortable driving experience. 

6.3 Step 3: Search Internally 
Internally research mainly studies control systems. Every electric kick-bike must 
achieve convenient speed control and visual speed display. In addition to the 
speed adjustment system and current speed display system in the design of this 
electric kick-bike. Also added a visual display of remaining power, driving status 
selection, and power recovery system 

The main core of speed regulation design is to design the speed controller. The 
design of the speed controller is divided into the selection of control methods 
and the construction of control circuits and programming of control programs. 
To build a visual speed monitoring system, you need to install a speed sensor on 
the motor. And transfer the sensed speed signal to the controller. The controller 
organizes the data and outputs the data. An LED display is provided on the grip. 
The display will show the feedback signal transmitted by the controller. It is 
convenient for customers to monitor the running status of electric kick-bike 
while driving electric kick-bike. 

The display principle of battery power is to use a voltmeter to detect the battery 
voltage. Then the analog signal detected by the voltmeter is converted into a 
digital signal through an analog-to-digital converter. Pass the digital signal to the 
controller. The selection output signal is processed by the controller. Display the 
output signal on the LED display. 

So, in summary, the speed controller is like the entire electric kick-bike brain is 
responsible for processing all the received signals. If it is an analog signal, the 
signal is converted first and then processed. At the same time, the speed 
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controller is also responsible for the signal output. The core of the speed 
controller is the single chip microcomputer. The main body of the program of 
the one-chip computer is divided into two parts. One is to adjust and output 
different clock pulse signals according to the driver's speed. The other is to 
process and output analog signals. 

6.4 Step 4: Explore Systematically 
System research is divided into five aspects: 

6.4.1 The mechanical structure of electric kick-bike 
The shape design of the mechanical structure refers to the shape design of the 
four-wheel skateboard. The design of the main pedal is approximately elliptical. 
The design reference of the pedal size refers to the pedal size of MI electric kick-
bike of BTH laboratory. Under the central principle of pursuing the most 
comfortable driving experience, try our best to reduce the pedal area. Save 
manufacturing materials and reduce the weight of electric kick-bike. Let electric 
kick-bike can quickly accelerate to the maximum driving speed. Meet the 
requirements of electric kick-bike for frequent parking and starting in the city 
streets. 

Screw’s Design: 

Screws are used for joining the Deck and the battery storage. Thread 

specifications can be observed in figure 6-1. And the Screw specifications can be 
observed in the figure 6-2. 

Figure 6-1: Thred specifications. 
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6.4.2  Design of electric kick-bike speed controller 
The core of the speed controller is a single-chip microcomputer. The “1” and “0” 
signals of different frequencies are generated by the clock instruction of the 
single-chip microcomputer. The closing and opening of the control switch are 
controlled. The effective voltage supplied to the brushless DC motor is changed 
by changing the frequency of the closing of the switch. It is analog connected to 
the single-chip microcomputer Circuit. The analog circuit connects the starter 
and the switch. The connection sequence of the total circuit is: 

Power supply Controller Motor

Figure 6-2: Specifications of the Thread 
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6.4.3  Mechanical fixing structure of electric kick-bike 
(folding and unfolding) 

When the seat is deployed, the mechanical structure of the seat needs to be 
fixed. By referring to the gym equipment height adjustment system. The fixing 
method of the seat adopts the hole-button fixing and folding method. When the 
seat rotates perpendicular to the foot pedal, the button is automatically ejected 
by the spring structure, and the ejected button passes through the hole of the 
seat rotating structure. Fixed seat angle. Ensure that the seat in the unfolded 
state will not rotate. Ensure the safety factor of the seat. 

6.4.4  Electric kick-bike energy supply system and energy 
recovery part 

The energy recovery system is connected to the battery. The energy generated 
by the electric kick-bike under inertial motion is recovered. Charge the battery. 
The energy recovery system consists of a generator as the core. The generator is 
fixed to the rear wheel of the electric kick-bike. The front wheel of the electric 
kick-bike is a brushless DC motor controlled by a speed controller. The rear 
wheels of the electric kick-bike recover energy, and the front wheels provide 
power. 

6.4.5  Brake system (EABS) 
The brushless E-ABS system makes full use of the characteristics of the electronic 
commutation of the brushless system, and controls the different motion states 
of the motor through programming. 8 signals generated by 3 Hall elements that 
detect the relative position of the motor stator and rotor: 001, 010, 011, 100, 
101, 110, 111, 000, the controller program automatically deletes two illegal 
states: 000, 111, from the six status signals generate motor drive signals. 

The E-ABS electronic brake system contains two sets of motor driver programs. 
The first set is in a normal state, which controls the normal drive of the motor 
and the brake is powered off. The second set is the electric brake control 
program. When the power is turned off, the Hall signal is artificially 
(programmed) adjusted to make the motor reverse, which is equivalent to 
reversing the magnetic field. Use electromagnetic force for braking. 
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Main features: 

1. Different from the previous mechanical brake power-off method, the E-ABS 
system applies a new brake control idea. When there is a brake signal, the 
electric hub brakes immediately, and the faster the speed, the more obvious the 
braking effect. 

2. The brake effect of E-ABS system is soft. There will be no immediate lockup. 
Ensure that the driver will not encounter accidents due to inertia when braking. 

3. The E-ABS electronic brake system will not consume battery power. On the 
contrary, the battery will be recharged for a short period of time during braking 
and downhill braking. Although the action time is short, it can play a certain role 
for the battery plate the maintenance effect is beneficial to prolong the service 
life of the battery. 

6.5 Step 5: Reflect on the Results and the Process 
The mechanical fixing structure in the design requires a spring device. The 
stiffness coefficient of the spring needs to be considered. Folding knots of seats 
with recessed spaces may cause the problem of excessively thick foot pedals. 
Increased the weight of electric kick-bike. The hollow structure should be tried 
in the subsequent finite element analysis simulation. 

Whenever there is a new idea in the design, the first consideration is often not 
whether it can be achieved. First consider the customer's comfort and 
satisfaction. Try to reduce manufacturing costs under the premise of customer 
satisfaction and sufficient safety. Good design should ensure that manufacturers 
and customers can get benefits. 

Target cost: 

The cost estimate for this design refers to the current price of electric kick-bike 
currently on the market. The sales price of bicycles with excellent performance 
is 1611.6 SEK-2686 SEK. Consider that the selling price must be higher than the 
cost. The target cost of this design is between 1200 SEK-2000 SEK. To ensure that 
the manufacturer can obtain sufficient profits and the price sold to customers 
will not be too high because of the high cost. 
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7 Concept Selection: 
According to market research and reference to the literature of motor speed 
control systems. Choose from the 8 main functional combinations below the 
concept bug designed this time. 

1. DC motor + folding seat 

2. AC motor + folding seat 

3. DC motor + adjustable height grip + folding seat 

4. AC motor + non-adjustable height grip + folding seat 

5. DC motor + adjustable height grip + folding seat + energy recovery system 

6. DC motor + folding seat + energy recovery system 

7. AC motor + non-folding seat + energy recovery system 

8. DC motor + non-adjustable height grip + folding seat + energy recovery system 

7.1 Concept scoring 
Through consulting references, the DC motor speed control system has 
developed rapidly in recent years. The energy provided for this design is a battery. 
Consult relevant literature, the battery output is DC. It can be changed to AC 
through power electronics technology.  

DC motor score: 2. 

AC motor score: 1 

According to market research, the price of electric kick-bike with folding seats is 
relatively high. Most customers drive electric kick-bike for short rides. Customers 
prefer to choose electric kick-bike without folding seats, which is less 
comfortable and cheaper. 

Score with folding seat: 1 

Score without folding seat: 2 

According to market research, the height of existing electric kick-bike grips on 
the market is not adjustable. The presence of adjustable grips allows the design 
to meet the requirements of more customers. Thereby broadening the market. 

Adjustable grip score: 2 

Non-adjustable grip score: 1 
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The energy recovery system can increase the maximum distance of 
electric kick-bike. If the electric kick-bike battery is dead. Electric kick-bike as a 
traditional kick-bike is very inconvenient when using human driving. So once the 
battery is flat during the journey. Will greatly reduce the customer's buying 
experience. Energy recovery systems can increase travel distance. Avoid this 
situation. 

Energy recovery system score: 2 

No energy recovery system score: 1 

7.2 Summary 
The final score of each concept: 

1. DC motor + folding seat=3 

2. AC motor + folding seat=2 

3. DC motor + adjustable height grip + folding sea=5 

4. AC motor + non-adjustable height grip + folding sea=3 

5. DC motor + adjustable height grip + folding seat + energy recovery system=7 

6. DC motor + folding seat + energy recovery system=5 

7. AC motor + non-folding seat + energy recovery system=5 

8. DC motor + non-adjustable height grip + folding seat + energy recovery 
system=6 

To draw the final conclusion Use: DC motor + adjustable height grip + folding 
seat + energy recovery system design concept. 

  



 
 
 

41 
 

8 Design Process: 
8.1  Market Research 
Conduct market research before the specific design begins. Mainly investigate 
the functions, prices and features of the existing electric kick-bike on the market. 
Be clear about the direction before starting the design. What function should the 
electric kick-bike design have this time? What are the characteristics that the 
electric kick-bike on the market does not have? What functions are worth 
learning and applying in this design. Determine whether the desired function can 
be achieved, and make a research and development plan. List the functions in 
this electric kick-bike design. Compare the price of electric kick-bike with the 
same function in the existing market. Set a manufacturing price target for this 
electric kick-bike design. In the actual design, try to use a simple and reliable 
design. Try to keep the manufacturing price close to the price target set during 
the market survey. 

  



 
 
 

42 
 

 

9  Design tasks and production costs 
The design process is divided into two parts. Power control part and mechanical 
structure part. The mechanical mechanism part should realize the function 
according to the prediction obtained in the market research stage. Design a 
qualified mechanical structure. After the municipal level is completed, a model 
that meets the design requirements is established. Then simulate the actual 
operation. Analyze the stress and deformation of the model. Determine whether 
the magnitude of the stress and the deformation of the material are within a 
safe range. If the safety standards are not met, the model size and structure are 
revised. 

The design of the power control part must first determine the power source of 
the electric kick-bike. According to the design requirements of the market 
research stage (such as acceleration time and maximum speed). Calculate power 
source standards and conduct supplier surveys. Choose a supplier with an 
appropriate price that can provide a power source that meets the standard. 
Choose convenient and effective control methods according to the selected 
power source. After determining the control method, determine how to achieve 
control. Give a clear solution. Both design processes need to calculate the price 
of each part. The mechanical structure needs to calculate the price of materials 
and processing costs. Power control should determine the price of power, 
control circuit and so on. The sum of the final design prices of the two design 
results is used as the production cost of electric kick-bike. 
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10 Detail design 
10.1  Circuit control system 

10.1.1  Power motor selection  

10.1.1.1  AC motor or DC motor  
In market research, the main power source of electrical kick-bike on the market 
today is lithium electric vehicles. All batteries the output voltage of lithium 
batteries and lead-acid batteries is DC, and it is still the purest DC without any 
noise. In previous designs, we used lithium batteries as energy supply devices. In 
other words, the type of current output by the power supply is DC. Although an 
inverter can be used to convert DC power to AC power. 

Simply put, an inverter is an electronic device that converts low-voltage (12 or 
24 or 48 volts) direct current to 220 volts alternating current. Because we usually 
rectify the 220-volt AC power into DC power and use it, the inverter has the 
opposite effect, hence the name. Adding the inverter will increase the design 
volume to a certain extent. Increasing weight restricts the maximum driving 
speed and mileage to a certain extent. Adding inverters at the same time will 
inevitably increase the cost of electrical kick-bike. Considering the above factors, 
it is appropriate to choose a DC motor. 

At the same time, the DC motor also has great advantages in the method of 
adjusting the motor speed. This will be described in more detail in the speed 
regulation method below. 

10.1.1.2 Brushed motor or brushless motor  
When the electrical kick-bike is driven, due to the impact of traffic conditions, it 
is usually in a stop-and-go situation, especially in urban traffic, which is more 
obvious. Therefore, the starting characteristics, acceleration characteristics, 
efficiency utilization rate, low-speed operation, and regenerative feedback 
braking of the motor have particularly high quality. Motor overload and motor 
energy density are important indicators for electrical kick-bike motors. 

10.2  Motor speed regulation method: 
AC motors and DC motors. With its good linear characteristics, excellent control 
performance and strong overload capacity, DC motors have become the best 
choice for most variable-speed motion control and closed-loop position servo 
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control systems. It has always been in the leading position in the field of 
speed regulation. There are many traditional methods of speed regulation of DC 
motors, such as voltage and speed regulation, and weak magnetic speed 
regulation. They have the disadvantages of slow speed response, poor accuracy, 
and complicated speed control devices. 

10.2.1 Working principle of brushless DC motor  
The rotor of a brushless motor is a permanent magnet and the stator is an 
electromagnet. The rotor itself has a magnetic field. After the external power 
supply is energized, the stator also generates a specific magnetic field due to the 
magnetic effect of the current. According to mutual attraction of the same 
magnetic poles, different magnetic poles repel each other. When the two 
magnetic fields are at 90 degrees to each other, the maximum torque is 
generated and the rotor is rotated. If you want to maintain this torque and allow 
the rotation to continue, you must always keep the two magnetic fields 
perpendicular to each other. Therefore, a Hall measurement element is used to 
measure the current angle of the rotor magnetic field and change the angle of 
the stator magnetic field accordingly. There is always a specific magnetic field in 
the internal magnetic field to propel the rotor, allowing the rotor to continue to 
rotate. 

10.2.2 Features of DC brushless motors:  
Like DC brushed motors, voltage mode (PWM) control can be used. When the 
voltage is constant, the torque decreases linearly with increasing speed.in 
addition, since the Hall element outputs digital logic signals and the input of the 
three-phase bridge driver is also a digital logic model, the control circuit in the 
middle is a digital logic circuit, so its composition can be very simple, and the 
logic circuit can use 74 logic IC To build. 

The change of the stator magnetic field angle is achieved by adjusting the current 
of each winding of the stator. Although the stator cannot move, it can make the 
windings at an angle to each other. Using the principle of vector superposition, 
multiple unidirectional magnetic fields are combined into a magnetic field that 
can rotate in the plane. Brushless DC motor is a type of AC motor. Because its 
internal winding current changes similarly to a DC motor, it is called a DC 
brushless motor. 
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In summary, a brushless motor controller must complete the following tasks: 

1) Measure the current angle of the rotor magnetic field. 

2) Adjust the current of each stator winding to synthesize a magnetic field that 
is 90 degrees with the rotor magnetic field to generate torque. 

Use a brushless DC motor controller to control the speed of the motor. This 
controller uses a PWM speed adjustment method. By changing the duty cycle, 
the effective voltage supplied to the brushless DC motor is changed. It has the 
effect of adjusting the speed of the motor. This speed adjustment method is a 
stepless speed adjustment method. 

10.3 Using PWM speed regulation method to adjust the 
speed of brushless DC motor 

The basic principle of PWM speed regulation system: 

Motors are divided into two categories: AC motors and DC motors. With its good 
linear characteristics, excellent control performance, and strong overload 
capability, DC motors have become the best choice for most variable-speed 
motion control and closed-loop position servo control systems, and have always 
been in a dominant position in the field of speed regulation. There are many 
traditional DC motor speed control methods, such as voltage and speed control, 

Figure 10-1: Working of the Brushless-DC Motor 
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weak magnetic speed control, etc., they have the shortcomings of slow 
speed response, poor precision, and complicated speed control device. With the 
development of fully controlled power electronic device technology, the DC 
pulse width modulation (PWM) speed regulation system with high power 
transistors as the switching device has become the main development direction 
of the DC speed regulation system. 

When a narrow pulse with equal impulse but different shape is added to a link 
with inertia, the effect is basically the same. Impulse refers to the area of a 
narrow pulse. The effect is basically the same, which means that the output 
response waveforms of the links are basically the same. The low frequencies are 
very close, only slightly different in the high frequencies. 

Principle of Area Equivalence: 

The voltage narrow pulses shown in Figure 9-3 are added to the first-order 
inertial link (R-L circuit), respectively, as shown in Figure 9-3.The response 
waveforms of output current ( ) to different narrow pulses are shown in Figure 
2b.It can be seen from the waveform that the shape of ( ) is slightly different 
in the upstream section of ( ), but its downward section is almost identical. The 
narrower the pulse, the smaller the difference of the ( ),response waveforms. 
If these pulses are applied periodically, the response ( ) is also periodic. After 
decomposition with Fourier series, you can see that the characteristics of each ( ) will be very similar in the low frequency band, but will differ only in the high 
frequency band.  

Figure 10-2: Different Pulses with Same Impulse 
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Replace a sinusoidal half-wave with a series of pulses of equal amplitude and 
unequal width, and divide the sinusoidal half-wave N equally. Consider N 
connected pulse sequences with equal width but unequal amplitudes. Replace 
with rectangular pulse, equal amplitude, unequal width, coincident midpoint, 
equal area (impulse), width changes according to sinusoidal law. 

N: Number of consecutive pulse sequences 

SPWM waveform - APWM waveform whose pulse width varies according to the 
sinusoidal law and is equivalent to a sinusoidal wave. 

Figure 10-3: Responce Wave Forms 

Figure 10-4: Replaced Sinusoidal Wave by PWM 
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To change the equivalent output sine wave amplitude, change the pulse 
widths in the same proportion. 

PWM related concepts: 

Duty Cycle: This is the ratio of the time the high level is maintained to the time 
of the clock cycle of the output PWM. 

For example, if the frequency of a PWM is 1000Hz, then its clock cycle is 1ms, 
that is 1000us. If the time of high level is 200us, then the time of low level is 
800us, then the duty cycle is 200:1000, that is, the duty cycle of PWM is 1:5. 

In PWM speed control system, the duty cycle of control pulse can be changed by 
three methods: fixed-width frequency modulation, wide-width frequency 
modulation and fixed-frequency width modulation. However, the first two 
methods change the period of control pulse width during speed control, which 
results in the change of control pulse frequency. Oscillation occurs when the 
frequency is close to the natural frequency of the system. In order to avoid this, 
a fixed frequency and width modulation method to change the duty cycle is 
designed to adjust the armature voltage of DC motor. 

The basic principle of constant frequency width modulation method is to turn on 
and off the power supply according to a fixed frequency, and change the time 
ratio (duty ratio) of turning on and off in a cycle according to the need to change 
the duty ratio of the voltage on the armature of DC motor, so as to change the 
average voltage and control the speed of motor. In PWM speed control system, 
when the motor is powered on, its speed increases, and when the motor is 
powered off, its speed decreases. As long as the on-off time is changed according 
to a certain rule, the motor speed can be controlled. Moreover, the stepless 
speed regulation system composed of PWM technology has no impact on DC 
system when starting and stopping, and has the advantages of small starting 
power consumption and stable operation. 

It is assumed that when the motor is always connected to the power supply, the 
maximum speed of the motor is Vmax, and the duty cycle is  =   / , then the 
average speed of the motor   =   ∗  . 

t: High level hold time 2: PWM clock cycle time (generated by single chip computer) 
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: Maximum speed of motor 

D: Duty cycle 

 From the formula, when the duty cycle  =   /  is changed, different average 
speed of the motor  can be obtained, so as to achieve the purpose of speed 
regulation. In general application, the relationship between average speed and 
duty cycle  can be regarded as linear approximately. 

A brushless DC motor driver is designed to support 36 V DC motor. The control 
system consists of a single-chip computer as the controller and a three-phase 
bridge driver chip IR2136 with corresponding control software. The accuracy, 
speed and reliability of the whole system can meet the actual needs. 
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10.4  Speed control method to achieve: 
Single-chip microcomputer + analog circuit + power supply + DC 
brushless motor 

10.4.1 Circuit board (PCB) manufacturing process and cost 
Design your own circuit board. Using software ‘Altium designer’, draw the PCB 
board and entrust it to China Jialichuang PCB board manufacturer. The price for 
manufacturing five identical PCBs (length: 13 cm, width 8 cm) is 51.03 SEK. FET 
selection P75NF75 the price of the Chinese electronic component market is 0.39 
SEK / piece. 

A 3-phase bridge driver chip IR2136 was selected to control three electronic half 
bridges. It can use internal design and external components to drive low-end 
NMOS and high-end NMOS. These FETs are about 60-75 V, suitable for 36 V 
motors. In the way by manual welding combination. Connect the FET and driver 
to the PCB. The price of each control circuit board is controlled below 40.29 SEK. 

10.4.2 Polarity feedback of current rotor position 
Install Hall switching elements on the brushless DC motor as angle feedback.  

Hall switch element: fixed in the motor, when the rotor magnet passes over this 
element, it can output high or low logic level signal according to the polarity of 
the magnet (south or north). By installing these components at appropriate 
locations within the motor, you can roughly measure the direction the rotor's 
magnetic field is currently pointing at. 

The picture below shows how to build the working framework of the control 
system. Explain how the tasks and controls of the various control modules work 
together. The red modules and arrows show how the energy recovery system 
works. 
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10.5 Motor parameter calculation and supplier brand 
selection 

10.5.1 Parameter calculation 
First based on the results of previous market research. Give the tire size driving 
design, Motor rated power design and maximum speed design. 

Tire size: Diameter 23 cm Width 7.75 cm 

Motor rated power: 350 W 

Maximum speed: 30 km/h  

Formula of angular velocity and linear velocity: = 3 = 2 / 3 

= 23 = ∅/ 3 

According to the relationship between speed and frequency: 1 = 1/ 3 

Get the second expression of angular velocity and linear velocity: 

Figure 10-5: Electric System Working Frame Work 
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= 2 ∗ 1 ∗  = 2 ∗ 1 

It is not difficult to see the relationship between angular velocity and linear 
velocity from the formula: = ∗  

According to the relationship between driving speed and tire speed: 1 = 1 ∗  

Maximum driving speed is 30 km/h. Tire diameter D is 0.23 m. Tire circumference = ∗  1 = 1 = 692.33 /  1: Vehicle speed  1: Tire speed 

: Tire circumference 

: Round perimeter 3: Rotation frequency ∅: Fixed angle (value is 360°) 
It is concluded that the maximum rated speed of the motor is 692.33 rid/min. 
The rated speed should be no more than 700 rid/min and no less than 600 
rid/min. 

According to the torque formula: 4 = ∗  = 4
 

: Tire radius 

: Force acting on the tire edge perpendicular to the radius 4: Motor torque 

Formula based on power: 
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1 = ∗  1 = 4 ∗  1: Motor rated power 

Combining linear velocity and angular velocity formulas: = ∗  1 = 4 ∗  

It can be seen that the torque of the motor is inversely proportional to the linear 
speed of the tire rotation. The faster the tire speed, the smaller the torque. = 2 ∗ 1 

When the speed 1 takes the maximum value, the torque takes the minimum 
value. 1 = = 692.33 /  

Sort out to get the results: 4 = 9.549 ∗ 11 

When the motor is running at maximum speed, the torque of the 
motor: 4=4.83 N*m 

10.6  Electric energy recovery system 
Definition: 

Using electric kick-bike to stop the rotation speed to adjust the inertia of the 
handle when decelerating, the wheel drives the drive motor to rotate, so that 
the drive motor becomes a generator, and the electrical energy is stored in the 
battery pack. 

10.6.1 Working principle 
When the electric kick-bike decelerates under inertia, the battery is charged 
under the gravity. When the vehicle is driving at a constant speed and the store 
is accelerating, the cut-point battery is charged. 

Whether it is accelerating uphill or driving at a constant speed. The driver will 
rotate the speed to adjust the grip. So that the motor has a stable power supply. 
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The grip can be set to switch to automatically cut off the charging circuit 
when the grip rotates. The electric kick-bike has two front and rear wheels. The 
front wheel is designed as a power wheel, and the rear wheel is designed as an 
energy recovery wheel. When the speed adjustment grip is twisted, the circuit is 
switched to the front wheel circuit, and the battery provides electrical energy to 
drive the front wheel motor to accelerate or maintain a constant speed. 

Adjust the grip when the driver stops rotating. Switch the rear wheel circuit to 
work. Install a hub generator on the rear wheel. Collect the kinetic energy 
generated by inertia. Inertia makes the entire electric kick-bike not stop motion 
immediately, but maintains the previous motion state and does a constant 
deceleration motion with constant acceleration. Of course, the direction of 
acceleration here is opposite to the direction of advancement. This prevents the 
rear wheels from stopping immediately. The hub generator is connected to the 
battery circuit and the charging circuit starts to work. 

It should be noted that the motor circuit and battery charging circuit will not 
work simultaneously. There can only be one line in working condition. The 
purpose of this is to ensure that when the two circuits switch between each 
other, the circuit logic will not be confused, and also to ensure that the two 
circuits work independently without affecting each other, improving safety. 
Greatly reduces the complexity of the circuit. The working state of the two 
circuits depends on the speed adjustment grip to switch. 
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10.7  Energy cycle equipment: hub generator 
The electric kick-bike hub generator is a three-term brushless permanent 
magnet motor, the basic principle is as follows: 

The rotor is made of permanent magnet material, which is the rear wheel hub of 
electric kick-bike. The outer shell and the stator are composed of three sets of 
coils, and the three sets of coils are star-connected and connected at the tail. 
Three sets of coils lead to three phase wires. When used as a motor, three coils 
are input with a DC voltage in sequence, and a gyromagnetic field is generated. 
The rotor of the motor will rotate under the impulse of the rotating magnetic 
field. Because of the presence of permanent magnet rotors, this process is also 
reversible. As long as the rotor rotates, a current is induced in the three-phase 
coil of the stator. 

The figure below shows the shape of the hub generator 

Figure 10-6: Working of a Brushless DC-Motor 



 
 
 

56 
 

The modification method is to make no internal changes, output three wires 
and directly use six diodes to build a rectifier circuit to output direct current. 

In other words, the small DC brushless motor can be converted into a hub 
generator. Link the rotor to the rear wheel hub of the electric kick-bike. Use the 
rear wheel hub running under inertia to drive the rotor turn. Then through the 
rectifier circuit. Output DC power to charge the battery. 

Figure 10-7: Hub 
Generator 

Figure 10-8: Rectifier Circuit 
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10.8  The relationship between wheel speed and hub 
generator power. 

According to Faraday's Law 

In a closed circuit, the induced electromotive force is proportional to the rate of 
change of the flux linkage of the circuit. The electromotive force is a condition 
for directional movement of electric charges. The directional movement of 
electric charge generates electric current. 

According to Faraday's law, the following formula: = 2∆∅∆  

: Induced electromotive force ∆∅∆ : Magnetic flux rate of change 2: Coil turns 

According to the above formula, it is concluded that the induced electromotive 
force is proportional to the rate of change of magnetic flux. 

The relationship between induced electromotive force and current 

For current to flow in the closed circuit, there must be a power supply in this 
circuit, because the current is caused by the electromotive force of the power 
supply. In the electromagnetic induction phenomenon, since there is an induced 
current in the closed circuit, there must be an electromotive force in this circuit. 
The electromotive force generated in the electromagnetic induction 
phenomenon is called the induced electromotive force. Therefore, the greater 
the induced electromotive force, the greater the current. 

According to the generator power formula: 2 =  2: Generator power 

I: Induced current 

U: inductive voltage 

The greater the induced current, the greater the generator power. Therefore, 
the power of the hub generator is proportional to the rate of change of the 
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magnetic flux in the hub generator. It is proportional to the number of 
coils turns on the induction coil. 

Magnetic flux change rate formula: ∆∅∆ = ∆ ∗ ∆∆  ∆ : Magnetic induction intensity changes of magnetic field ∆ : Is directly opposed to the change in area of the magnetic field 

Because the rotor uses permanent magnets, the magnetic induction intensity of 
the magnetic field remains unchanged. ∆ =1. 

Therefore, the formula ∆∅∆ = ∆ ∗∆∆ can be regarded as ∆∅∆ = ∆ ∗ ∆∆ . ∆∆  is the rate 
of change of magnetic flux area. The faster the wheel speed, the faster the rate 
of change of the magnetic flux area. The greater the rate of change of magnetic 
flux. The stronger the induced current. 

Therefore, the faster the wheel speed, the greater the power of the hub 
generator. Due to the inertial driving state. Electric kick-bike does constant 
deceleration with constant acceleration. Therefore, when the speed regulator is 
released, the instantaneous speed when entering the inertial driving state is 
maximum. The hub generator has the highest power. The hub generator power 
will then decrease due to the reduction in speed. 

10.9 Motor supplier list and motor parameter 
No.1  

Supplier company name Changzhou Wanjia Motor Co., Ltd.
Insufficient speed  

Rated voltage: 36 V 

Speed: 380 rid/min 

Torque: 45 N*m 

Weight: 5.8 kg 

Price cost: 429.76 SEK 
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No.2 

Supplier company name Suzhou Zhenlong Motor Co., Ltd. 

Rated voltage: 36 V 

Speed: 640 rid/min 

Torque: 15-35 N*m 

Weight: - kg 

Price cost: 564.06 SEK 

No.3 

Supplier company name Shenzhen golden crown technology Co., 
Ltd 

Rated voltage: 36 V 

Speed: 520 rid/min 

Torque: 10 N*m 

Weight: 3.5 kg 

Price cost: 208.16 SEK 

No.4 

Supplier company name Wuxi Kaikai Electric Co., Ltd. 

Rated voltage: 36 V 

Speed: 300-800 rid/min     

Torque: - N*m 

Weight: 2.5-3.2 kg 

Price cost: 268.6 SEK 

No.5 

Supplier company name Changzhou Yueqihao Trading Company 

Rated voltage: 36 V 
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Speed: 700-800 rid/min 

Torque: 30 N*m 

Weight: 5.6 kg 

Price cost: 476.76 SEK 

10.10 DC Brushless Motor Supplier Selection 
Result: Wuxi ‘Kaikai’ Electric Co., Ltd. was selected as the supplier of the 
brushless DC motor.  

The reason: 

1.Compared with several other suppliers' motors from Wuxi ‘Kaikai’, the range 
of rated speeds is wider. According to the previous calculation, the rated speed 
of the motor is preferably close to 692.33 rid / min. The rated speed range of the 
motor that Wuxi ‘Kaikai’ company can provide is: 300-800 rid / min, which is 
consistent with the results of theoretical calculations. 

2. The weight of the motor of Wuxi ‘Kaikai’ is the lowest among the five suppliers. 
The lower the mass, the higher the acceleration, using the motor of Wuxi ‘Kaikai’ 
under the same torque. It can better meet the road conditions of frequent 
stopping, starting and accelerating on urban roads. 

3. In terms of price, the motor price of Wuxi ‘Kaikai’ belongs to the lower middle 
price level. Can very well save costs. 

10.11  Battery supplier list and battery parameter 

10.11.1 Charging time calculation formula = ∗ ∗
 1: Battery charging time ∗ : Battery capacity 

: Charging efficiency coefficient  

(Lithium battery charging efficiency coefficient is generally 90%, ≈ 0.9) 

: Charging rated current 
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10.12 Battery supplier list: 
No.1 

Supplier company name: You Yi Feng 

Charging rated current: 14 A*H 

Battery capacity: 2 A 

Discharge voltage: 36 V 

Charging time at rated current: 6.3 h 

Price cost: 691.64 SEK 

No.2 

Supplier company name: Wensheng Power Lithium Battery 

Charging rated current: 2-3 A 

Battery capacity: 12 A*H 

Charging time at rated current: 5.4 h-3.6 h 

Discharge voltage: 36 V 

Price cost: 624.5 SEK 

No.3 

Supplier company name: Toipo 

Charging rated current: 2 A 

Battery capacity: 12 A*H 

Charging time at rated current: 5.4 h 

Discharge voltage: 36 V 

Price cost: 832.66 SEK 

No.4 

Supplier company name: Chao Dong Li Xin Neng Yuan 

Charging rated current: 2 A 

Battery capacity: 12 A*H 
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Charging time at rated current: 5.4 h 

Discharge voltage: 36 V 

Price cost: 792.37 SEK 

10.12.1 Lithium battery supplier selection: 
Result: ‘Wensheng’ Power Lithium Battery Company was selected as the 
battery supplier 

The reason: 

Although the lithium battery capacity of ‘Wensheng’ Power Lithium Battery 
Company is 2AH smaller than that of other companies, the price and charging 
time are excellent. Especially the charging time can be guaranteed between 
5.4h-3.6h. It satisfactorily met the expected indicators in the project plan. 

At the same time, we are designing a moped for this electric city transportation. 
The total product cost should be controlled between 2500skr-3000skr. By 
controlling costs, we can gain a price advantage and expand our diverse 
customer base. 800skr is almost a quarter of the cost compared to quotes from 
other lithium battery suppliers, which is too expensive 

10.13 Material prices and material data 
Carbon fiber: The chart below is the carbon fiber material data provided by the 
supplier. 
 

Material:  Carbon fiber Function Waterproof 

Type CFRP Specification: Complete 

Model:  CFRP Is there a spot YES 

Trademark:  Huanyu Packing: Industry Standard 

Strength:  2300-2800 Elastic modulus:  165 

Density:  1.6   

Table 4:Carbon Fibre-Material Data 

The carbon fiber Components of electric kick-bike is processed and 
manufactured by ‘Huanyu’ Composite Material Factory.  

Huanyu Composite Products Factory can cast new molds for electric kick-bike 
carbon fiber components. Used to mass-produce carbon fiber components. The 
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order quantity of these carbon fiber components exceeds 100 pieces. The 
price of each carbon fiber component is 201.45 SEK. Casting new molds is 
conducive to mass production of electric kick-bike carbon fiber components. 
Because the industrial production electric kick-bike production quantity must be 
greater than 100 vehicles. Huanyu Composite Material Factory can reduce the 
price when the demand is large. This is also the reason why Huanyu Composite 
Material Factory was chosen as the supplier. 

Aluminum alloy: 

Before selecting materials for electric bicycles, please determine the volume of 
components in the entire electric bicycle. According to the formula:  =   ∗   

: Components volume 

: Components weight 

: Components Material Density 

It can be seen that in order to reduce the weight of electric bicycles, metals with 
low density and high hardness should be selected. At the same time, in order to 
reduce the volume of the entire electric bicycle, in order to ensure the normal 
operation of all planned functions, unnecessary parts should be removed as 
much as possible. 

Calculate the aluminum alloy composition of the entire electric bicycle 
separately, and finally add it. The result we get is the volume of aluminum alloy 
parts 2 =0.0094  

Please refer to the common industrial metal density table. The hardness and 
conductivity of various aluminum alloys are compared. Finally, 7050-T7451 
aluminum alloy was selected as the material for manufacturing electric kick-bike 
aluminum alloy Components. The following two tables show the common 
physical properties of 7050 aluminum alloy. 
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Aluminum 
alloy No 

Coefficient of 
thermal 
expansion 
(20-100℃) 

/m. k 

Melting 
point 
range 
(℃) 

Conductivity 

20℃ 

Resistivity 

20℃ 

Density 

g/  

7050-
T7451 

23.5 490-630 41 0.0415 2.82 

Table 5: Physical properties of aluminium alloy 7050 
 

Tensile strength Yield strength Hardness 500kg 
force 10 mm ball 

Elongation 
1.6mm (1 / 16in) 
thickness 

572 503 150 11 

Table 6: Physical properties of aluminium alloy 7050 

The supplier of aluminum alloy raw materials is ‘Xiangyu Industry’ Company. 
Xiangyu Industry  Headquarters specializes in the wholesale of Alcoa , Sumitomo 
imported aluminum plates, aluminum bars, aluminum ingots, aluminum tubes 
and other alloy aluminum materials Xiangyu  is one of the distributors on the 
mainland. They have a lot of inventory. 

According to the price provided by ‘Xiangyu Industry’. The price of 7050-T7451 
aluminum alloy per kilogram is 33.58 SEK. 

The price of aluminum alloy material for each electric kick-bike is: ∗  2 ∗ 33.58 ≈ 720 SEK 

: Density of 7050-T7451 aluminum alloy 

Aluminum alloy components for electric kick-bike are produced by ‘Shenzhen 
Jingliheng Technology Co., Ltd.’ The following table is the production data of 
‘Shenzhen Jingliheng Technology Co., Ltd. ‘ 
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Table 7: Manufacturing Data 

The processing cost (except material cost) of each aluminum alloy component is 
268.6 SEK. 

Aluminum alloy components for electric kick-bike require two suppliers and one 
supplier to provide aluminum alloy raw materials. Another supplier casts new 
molds (die for electric kick-bike aluminum alloy components) and produces kick-
bike aluminum alloy components.  

The manufacturing price of electric kick-bike aluminum alloy components is: + 268.6 =  SEK  

Battery Storage Components Materials: 

This design uses ABS material to cast battery storage Components. 

The advantages of ABS materials: 

1. Good liquidity 

2. Excellent impact resistance 

3. Easy to form 

4. Easy to color and spray 

5. Low odor 

6. Good corrosion resistance 

For the entire electric kick-bike, the bottom of the battery storage Components 
is the part closest to the ground except the tires. So, this Component is likely to 
be exposed to rain, or other liquids. ABS material has the characteristics of good 
corrosion resistance. Can extend the service life of electric kick-bike. 

Type of sand casting: 
chemically hardened sand 

Type of casting: continuous 
casting 

Material: Aluminum alloy 

Surface treatment: treatment 
of frontal drilling, tapping, 

polishing, plating, oxidation, 
spraying, sand cleaning, VA 

Molding process: gravity casting Tolerance: + -0.01mm 

Proofing cycle: 1-3 days Processing cycle: 4-7 days Annual maximum processing 
capacity: 10000000 (pieces) 
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The manufacturing of ABS Components was entrusted to ‘Hangzhou 
Baiheli’ New Material Manufacturing Co. Ltd. Baiheli's quoted price for the 
manufacture of ABS Components is 134.3 SEK per piece. 

10.14 Mechanical structure display 
The picture below shows the complete electric kick-bike. The shape of the 
electric kick-bike after complete assembly. This new type of electric kick-bike 
mechanical structure is characterized by foldable seats. Customers can fold their 
seats when they drive in a standing position. Customer standing pedals are flat. 
It does not affect customer driving an electric kick-bike. 

 

Figure 10-9 Over all view of the Kick-Bike 

The following picture shows the mechanical drawings of an electric kick-bike. 
Show in five directions: top, bottom, right, front and back. More intuitive 
description of the overall design of the electric kick-bike. The Max height, Max 
width, etc. of the electric kick-bike are indicated. 
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Figure 10-10 Drawings of the Kick-Bike 

The following picture shows the Components of the electric kick-bike pedal. 
When the seat is folded. The support frame of the seat can be accommodated 
in the groove of the foot pedal. 
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Figure 10-11 Deck Part of the Kick-Bike 

This structure is a button structure with a spring. Inside the projected cylinder is 
a spring support. The spring is less than the original length of the spring during 
installation. This keeps the button projecting outwards. When the customer 
wants to open his seat and sit down. Just turn the seat. When the seat bracket 
and body are 90 degrees angled, the button automatically passes through the 
hole used for limited bracket angle movement on the seat bracket due to the 
spring elastic force. Easy for customers to unfold seats. 

Below is an illustration of the finished assembly of the seat and seat support 
structure. 
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Figure 10-12 Components of the Seat 

This hole is used for limited bracket angle movement as mentioned earlier. 
Obviously, the button will only come out of the hole if the angle between the 
seat holder and the body of the electric kick-bike is 90 degrees. 
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The picture below shows a connection between the grip structure and 
the wheel. The thinner cylinder in the middle will come out of the hole in front 
of the pedal.  

 

Figure 10-13 Connecting Component between Bike and Front Tire 

The thick cylinder is used to connect the grip structure. The shaft of the tire 
passes through two holes under the connection structure. 
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The picture below shows the connection between the seat and the seat 
support structure. 

 

Figure 10-14 Electric kick-bike seat cushion-support bar connecting components 

These two holes are designed to limit the seat rotation angle. When the seat 
rotates to the set angle. There are two spring structures that push the two 
buttons through the holes. 



 
 
 

72 
 

The picture below shows how to assemble the seats and connectors. The 
links between this structure are selected using the welding method. The 
technical requirements and dimensions of the welding are shown in the picture. 

 

Figure 10-15 Assemble the cushion and connector 

The following picture shows the welded part from another angle. 

 

Figure 10-16 Connector welding part 
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The picture below shows the battery storage components. The shape of 
the electromagnetic storage components is the same as the pedal components. 
This design is to avoid unnecessary gaps when assembling the electromagnetic 
storage components and foot pedal components. Make the two Components fit 
together perfectly. 

 

Figure 10-17 Battery storage Components model 
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The following two pictures show how to assemble the battery storage structure 
and pedal structure. Fix the battery storage structure and the foot pedal 
together with screws. 

 

Figure 10-18 Combination of foot pedal and battery storage device 

The picture below shows the pedal and battery storage device after assembly 
and fixation. 
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Figure 10-19 Combination of foot pedal and battery storage device 

The picture below shows the drawing of the seat in the unfolded state. The 
drawings show the battery storage device, foot pedal, seat support frame and 
seat structure after assembly. Learn how to link and fix the structures when the 
seat is deployed. 

 

Figure 10-20 Seat expansion diagram 

The two buttons pass through the hole under the push of the spring structure. 
The mechanical structure of the seat and the seat support frame plays a role in 
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limiting the rotation angle and stabilizing the seat. Cross-sectional view 
of the electric kick-bike with the seat unfolded. The cross section is the A-A plane 
passing through the central axis. 

 

Figure 10-21 Cross-sectional view of seat unfolded state 

The following figure shows the seat assembly in the folded state. Shows the state 
of the seat when it is folded. Show how to fold the seat and stow the seat support 
structure into the groove of the foot pedal. 

 

Figure 10-22 Schematic diagram of seat folding status 
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The picture below is a drawing display in folded state. Observe the 
folding state from five directions. The footrest is flat when the seat is folded. It 
is convenient for customers to stand and drive electric kick bike. 

  

Figure 10-23 Seat folding state drawing (including cross-sectional view) 

When the seat is folded, the two buttons for fixing will retract. The customer can 
quickly fold the seat by pressing two fixed buttons and rotating the seat. 
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The picture below shows the drawing of the retractable grip. Customers 
can adjust the grip height according to their own comfort. 

This is a groove for fixing. In this way, when the grip is in a free state, it can only 
move up and down, and cannot rotate. 

 

 

Figure 10-24 Height adjustable grip drawing 

The principle of adjusting the height of the grip is similar to that of the folding 
seat. It is also composed of a spring-button structure. The spring springs the 
button out of the hole selected by the customer. The customer needs to press 
the button when adjusting the height. The grip changes from a fixed state to a 
free state. 
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10.15 Initial test  

Above figure represents the free body diagram of the kick-bike, which shows the 
forces acting and their location on the object. Initially design load is 1410 N, but 
after considering the safety factor as 3 it climbed to 4410 N (i.e.1470N*3=4410N). 
And from the figure it can be clearly observed that reaction forces acting on the 
wheels are divided in to half of the total load. 

  

Figure 10-25: Free Body Diagram of the Kick-Bike. 
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11 Simulations: 
In this only the main parts, where load acts actually and where it is necessary to 
find the stress have been considered for the simulation. There are 3 main parts 
have been simulated, Deck, Wheel, screw and bearing is an optional case, since 
it may be provided by the manufacturer along with the motor. 

11.1 Simulation on Deck: 

11.1.1  Stress analysis:  

  

Figure 11-2: Stress Analysis of the Deck, View-2 

Figure 11-1: Stress Analysis of the Deck, View-1 
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As it can be observed from the figures 11.1, 11.2, 11.3, maximum von-mises 
stress in the deck is 0.06519 MPa and minimum von-mises stress is 0.00001 MPa. 
In this simulation lower face of the deck is constrained.  

11.1.2 Strain Analysis: 
  

Figure 11-3: Stress Analysis on the Deck, View-3 

Figure 11-4: Strain Analysis on the Deck, View-1 
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From the figures 11.4, 11.5, 11.6, it can be observed that the von-mises strain in 
the deck, maximum strain is 9.333e-07 and minimum is 1.61e-10. In this 
simulation lower face of the deck is constrained and force acts vertically 
downwards as shown. 

  

Figure 11-6: Strain Analysis of the Deck, View-2 

Figure 11-5: Strain Analysis of the Deck, View-3 
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11.2 Simulation of Wheel outer ring: 

11.2.1 Stress analysis: 

 

Figure 11-7: Stress Analysis of the Wheel (Outer Ring), View-1 

Figure 11-8: Stress Analysis of the Wheel (Outer Ring), View-2 
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From figures 11.7, 11.8, 11.9, it is clearly observed that the maximum stress on 
the outer ring is 0.03744 MPa and the minimum stress is 0.00444 MPa. Here 
sides of the outer ring of the wheel are constrained. 

11.2.2 Strain analysis: 

Figure 11-9: Stress Analysis of the Wheel (Outer Ring), View-3 

Figure 11-10: Strain Analysis on the outer ring, View-1 
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From figures 11.10, 11.11, 11.12, it is clearly observed that the maximum strain 
on the outer ring is 1.692e-06 and the minimum strain is 2.78e-07. Here sides of 
the outer ring are constrained and a vertical force acts downwards through its 
centre. 

  

Figure 11-12: Strain Analysis on the outer ring, view-3 

Figure 11-11: Strain Analysis on the outer ring, View-2 
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11.3 Simulation of the screw: 
On the screw there will be 3 forces acting, in which 1 force acts vertically 
downwards through its centres and the other 2 forces acts vertically upwards at 
the extreme positions. Force at center will be 2205 N and the force at extreme 
positions be 1102.5 N each. It is visually mentioned in the below figure 7.14.  

11.3.1 Stress Analysis: 

From figures 11.14, 11.15, 11.16, it is clearly observed that the maximum stress 
on the screw be 5.173 MPa and the minimum stress on the screw be 0 MPa. 
Here circular faces of the screw are constrained, a vertical force act vertically  

Figure 11-14: Stress Analysis on the Screw, View-1 

Figure 11-13: Forces on the Screw 
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11.3.2 Strain Analysis: 
downwards from its centre. From figures 11.17, 11.18, 11.19, it is clearly 
observed that the maximum strain on the outer ring is 2.324e-05 and the 
minimum strain is 1.73e-11. Here sides of the outer ring are constrained and a 
vertical force acts downwards through its centre. 

Figure 11-15: Stress Analysis on the Screw, View-3 

Figure 11-16: Stress Analysis on the Screw, View-2 
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Figure 11-17: Strain Analysis on the Screw, View-2 

Figure 11-19: Strain Analysis on the Screw, View-1 

Figure 11-18: Strain Analysis of the Screw, View-3 
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11.4 Simulation of Bearing: 
As it was mentioned earlier simulation on the bearing is an optional case. 

11.4.1 Stress analysis: 
 

 

Figure 11-21: Stress Analysis on the Bearing, View-2 

Figure 11-20: Stress Analysis of the Bearing, View-1 
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From figures 43,44,45, it is clearly observed that the maximum stress on the 
screw be 3.498MPa and the minimum stress on the screw be 0.001MPa. Here 
circular faces of the bearing are constrained, a vertical force acts vertically 
downwards from its centre. 

11.4.2 Strain Analysis: 

 

Figure 11-22: Stress Analysis on the Bearing, View-3 

Figure 11-23: Strain Analysis on the Bearing, View-1 
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From figures 11.23,11.24,11.25, it is clearly observed that the maximum strain 
on the outer ring is 1.697e-05 and the minimum strain is 3.953e-09. Here sides 
of the bearings are constrained and a vertical force acts downwards through its 
center. 

  

Figure 11-25: Strain Analysis on the Bearing, View-2 

Figure 11-24: Strain Analysis on the Bearing, View-3 
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12 Final product presentation 
12.1 Cost: 
1. Brushless DC motor 

Supplier company name Wuxi Kaikai Electric Co., Ltd. 

Price cost: 268.6 SEK 

2. Hub generator modified from brushless DC motor 

Supplier company name Wuxi Kaikai Electric Co., Ltd. 

Price cost: 268.6 SEK 

3. Battery 

Supplier company name: Wensheng Power Lithium Battery 

Price cost: 624.5 SEK 

4. Analog circuit + single chip processor 

Control circuit board manufacturer: China Jialichuang PCB board manufacturer. 

Price cost: 51.03 SEK  

Analog circuit: 40.29 SEK 

5. ABS material battery storage Components processing 

Manufacturer: ‘Hangzhou Baiheli’ New Material Manufacturing Co. Ltd. 

Price cost: 134.3 SEK  

6. Carbon Fiber Grip Components 

Manufacturer: ‘Huanyu’ Composite Material Factory. 

Price cost: 201.45 SEK. 

7. Aluminum alloy seat support rod processing 

Entrusted processing company: ‘Shenzhen Jingliheng’ Technology Co., Ltd.  

Price cost: 235.03 SEK 

8. Aluminum alloy foot pedal processing 

Entrusted processing company: ‘Shenzhen Jingliheng’ Technology Co., Ltd.  
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Price cost: 268.6 SEK  

9. Aluminum alloy material price 

Aluminum alloy supplier: ‘Xiangyu Industry’ Company 

Price cost: 33.58 SEK/Kg  

Aluminum alloy material price: 720 SEK 

10. Labor costs required for production 

According to China Electric kick-bike production survey report. Every month, 
120,000 electric vehicles can be produced. An average of 4,000 electric kick-bikes 
are produced every day. There are 125 employees working in the workshop. The 
average salary is 8058 SEK per month. The monthly salary paid to employees is 
1,007,250 SEK. Total employee salary divided by monthly electric kick-bike 
production. It is concluded that the manpower cost to produce an electric kick-
bike is 251.81 SEK 

Value of Electric kick-bike production cost: 3,070.16 SEK 

12.2 Safety 
The new electric kick-bike designed this time has an electronic anti-lock brake 
system. The safety of braking is ensured from the following aspects:  

1. Give full play to the efficiency of the brake, shorten the braking time and 
distance. 

2. It can effectively prevent the vehicle from skidding during emergency braking 
and has good driving stability. 

3. Can turn during emergency braking, with good steering maneuverability. 

4. It can avoid the violent friction between the tire and the ground and reduce 
the wear of the tire. 

12.3 Summary of the Simulation: 
Simulation on the bike is done for only three components such as Deck, Wheel’s 
(Outer ring), Screw, since these are the vulnerable components and the 
simulation on bearing is an optional case. Both stress and strain analysis have 
been done for the load of 150 kg with safety factor 3.  
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Component Material Simulated Stress 
(Maximum)(MPa) 

Yield Strength (MPa) 

Bearing Stainless Steel 3.498 215 

Deck Aluminum Alloy-6061 0.006652 276 

Outer Ring (Wheel) Stainless Steel 0.03744 215 

Screw Stainless Steel 0.01192 215 

Table 8: Simulations Summary 

So, by table analysis it can be easily observed that simulated maximum stress of 
all the components are less than the yield strength of the material. So, they are 
in the safe zone. 
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