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Abstract. This paper aims to develop the electric bicycle by using a two-wheel drive that has a 

long range of use. This development is motivated by many extreme roads and the absence of a 

charging station except in the user's own house. A folding bicycle type bicycle for adults with 

16-inch wheels was used in this study. The two-wheel drive can be adjusted using the driving 

motor to be more flexible and adapt to road conditions, although the motor power used is small, 

350-Watt 24 Volt for one wheel. The battery capacity used is quite large for the range quite far 

away, which is 24 volts 80 Amps, and the charging time is about 2 hours. The placement of the 

battery has calculated the center of gravity and balance of the bike. Results show that this electric 

bicycle can be used for slippery road conditions and slopes of not more than 1A maximum speed 

of the bicycle can reach up to 30 km/hour, on flat road conditions. Likewise, the bicycle's range 

for a full charge is around 220-260 km, with an average speed of 15-16 km/hour. Two drives can 

be implemented independently, adjusting the running conditions by moving the drive motor 

selection button. For extreme conditions, it is recommended to use two electric motors. 

Keywords: Electric, Bicycle, Two-wheel drive. 

1.  Introduction 

Electric vehicles are a priority for future vehicles with the decreasing reserves of petroleum and fossil 

energy. Innovation and development of electric vehicles is a necessity and a necessity for the future. The 

trend of electric vehicles as electric vehicles is also getting stronger in a number of developed and 

developing countries. Presidential Regulation No. 55 of 2019 concerning the Acceleration of the 

Battery-based Electric Vehicle Program, has been published in Indonesia. 

 Electric bike research conducted by Ali Ramadahn et al. [1], Sundhy Pareza [2] and Sunikhita et al. 

[3] discusses the application of electric bicycles related to environmental issues, smart electric bikes and 

eco-friendly and energy saving. More technical research, conducted by Benny Setiawan [4], Hendarto 

Putro et al. [5], Shweta Matey [6], Ram Bansal et al. [7], Hollandra Arif Kusuma et al. [8] related to the 

calculation of the maximum load that can be driven by a medium power BLDC electric motor with 

various electric power, such as front, rear and middle drive positions. 

 The battery is a very important component, especially regarding the determination of the battery 

capacity or range per one charge, the charging system and how to use it safely. Indah Susanti et al. 2019 

[9], conducted an analysis of determining battery capacity and charging for this type of Lead Acid 

battery. Although for Electrical Vehicles now many have led to two choices of Littium Ion and Lithium 

Ferro batteries in particular. For more large capacities, users prefer to use the LiFerro type with several 

advantages for reasons of durability, safety, and battery capacity. 
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 The design and fabrication of electric vehicle (EV) conducted by Jatmiko et al. 2019 [10] is quite 

interesting to be used as a reference for analyzing the performance and power consumption of the 350 

W BLDC motor. The purpose of the design is to obtain a high-efficiency, energy-efficient vehicle (EV) 

performance. The results of this study can be used as a reference regarding the determination of the most 

efficient speed, high power with low consumption. Another interesting article to take an important point 

is the design and fabrication of a single-drive electric bicycle by Raka Pangestu 2018 [11], Ismail 2020 

[11]. Likewise, several studies that examine harverting energy (Moch Edoward et al., 2016) [13], control 

systems for the efficient use of electric motors which become the next generation of e-bikes (Abagnale 

et al.) [14], (N. Pavan er al.) [15]. 

 According to the e-bike research and study above, the implementation of the electric motor on the e-

bike still uses one electric motor drive, low battery capacity and a short range of use, which is no more 

than 50 km for one time charging. Based on this, this paper explores and develops an e-bike with a long-

range capacity with semi-heavy conditions with two electric motor drives. This design is tested on the 

ability to reach distance, speed and transport capability. 

2.  Design of Two Wheel Drive E-Bike, Torque and Power Theory 

2.1.  Design of 3D E-bike 

A virtual 3D image of a two-drive e-bike can be seen as shown in Figure 1. 

 

Figure 1.  Virtual Design of 3D E-Bike Two Wheel Drive 

 The e-bike electric motor drive that will be implemented consists of an electric motor drive with 

positions on the front and rear wheels. The bicycle that will be used is a folding bicycle with 16 inch 

wheels for adults with a weight of about 75 kgf. 

2.2.  Torque and Mechanical Power 

To calculate the thrust, torque and mechanical power of an electric motor, it is necessary to first find the 

total mass (𝑀𝑡𝑜𝑡) that will be driven by the electric motor. The total mass of the bicycle, including the 

battery, rider, and electric motor is 15 kg + 22.4 kg + 70 kg + (2 x 5 kg) = 117.4 kg or 1150.5 N. Then 

the normal force, static friction force, kinetic friction force and torque are approximate the formula can 

be described as follows. 

 𝑁 = 𝑀𝑡𝑜𝑡 cos(𝜃) x 9.81 (1) 

Where: N is the normal force at a certain slope angle 𝜃. If the bicycle is moving on a flat plane then 𝑁 

= 𝑀𝑡𝑜𝑡. 

 𝐹𝑆 = 𝐹𝑁 𝑥 𝜇𝑆 (2) 

Where: 𝐹𝑆 is the static friction force, 𝜇𝑆 is the coefficient of static friction 

 𝐹𝐾 = 𝐹𝑁 𝑥 𝜇𝐾 (0.6) (3) 
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Where: 𝐹𝐾 is the kinetic friction force, 𝜇𝐾 is the kinetic coefficient. 

From the static and kinetic forces of the wheel radius function, the torque can be approximated by the 

formulas 2.4 and 2.5. 

 𝑇𝑆   > 𝐹𝑆 𝑥 𝑅wℎ𝑒𝑒𝑙 (4) 

 𝑇𝐾   > 𝐹𝐾 𝑥 𝑅wℎ𝑒𝑒𝑙 (5) 

Where: 𝑇𝑆 is static torque, 𝑇𝐾 is kinetic torque and 𝑅wℎ𝑒  is wheel radius. 

The torque provided to move the bicycle must be greater than the static and kinetic torque in order to 

accelerate. Resultant Torque in rolling motion from zero velocity to a certain velocity and constant 

velocity is determined by the magnitude of the rolling resistance coefficient at the bearing surface. 

Likewise, it is also affected by tire air pressure. The result of torsion in rolling motion in a flat plane can 

be shown as follows. 

 ∑𝑇 = 𝐼 𝛼 (6) 

 𝑇 − 𝐹𝑟 = 𝐼 𝛼 (7) 

 𝑇 − 2 𝜇𝑟 𝑁𝜃 𝑟 − W𝑡𝑜𝑡 sin(𝜃) 𝑟 = 𝐼 𝛼 (8) 

Where: T is the resultant torque, 𝐹𝑟 is the rolling resistance force, 𝜇𝑟 is the resistance coefficient, 𝑁𝜃 
is the normal force of each wheel at a certain plane angle, which is equal to W𝑡𝑜𝑡 cos(𝜃), r is the wheel 

radius, θ is the angle of inclination of the road surface, I is the moment of inertia and is the rotational 
acceleration. If the bicycle has been at maximum or constant speed, then equation 2.8 becomes 

 𝑇 = 2 𝜇𝑟 𝑁𝜃 𝑟 + W𝑡𝑜𝑡 sin(𝜃) (9) 

To determine the acceleration can use the equation 

 𝑉2 = 𝑉0
2 + 2 (𝑆 + 𝑆0) (10) 

 𝑎𝑥 = (𝑉2 − 𝑉0
2) /(2(𝑆 + 𝑆0)) (11) 

Where: V is the instantaneous velocity, 𝑉0 is the initial velocity, 𝑎𝑥 is the acceleration, S is the 

instantaneous distance, 𝑆0 is the original distance. 
If it is assumed that the desired speed is 30 km/h covered over a distance of 40 m, then the acceleration 

is 0.87 m/s2. Acceleration calculations can be carried out for several possible desired speeds from the 

condition the bicycle starts to move. 
One important thing that also needs to be considered is the rolling resistance coefficient (𝜇𝑟), where 

this coefficient affects the thrust resistance. Determination of the rolling resistance coefficient (𝜇𝑟) 

which is assumed to be a linear function of speed, can use the following equation [16][17]. 

 𝜇𝑟 = 𝑓𝑜 + 𝑓𝑠(
𝑉

100
)2.5 (12) 

Where: ƒ0 is the basic coefficient and ƒ𝑆 is the coefficient determined based on the velocity effect. The 
values of ƒ0 and ƒ𝑆 can be obtained from Figure 2 [16][17]. 
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Figure 2.  Supplementary coefficients ƒ0 and ƒ𝑆 for use in Equation 2.13 [16][17] 

The calculation of electric motor power due to the required torque can use the following equation: 

 𝑃 = 𝑇
2𝜋𝑛

60
 (13) 

Where: P is the mechanical power required to produce a certain resultant driving torque, n is the 

rotational speed of the drive wheels. 

3.  Results and Discusion 

3.1.  Calculation of Torque and Mechanical Power 

Based on the above formulation, namely the equations 2.8, 2.10, 2.12, and 2.13, under conditions of 

20 psi tire pressure and 16-inch wheel radius (0.203 m) then the results can be obtained a, μ_r, T, as 

shown in the following table. 

Table 1. Torque Requirements per several final velocity levels 

𝑉1 (m/s) a (𝑚/𝑠2) 𝜇𝑟 TVo−V1 
𝑇𝑉1, a = 

0 
30 0.87 0.01003 12.7 2.3 
25 0.60 0.01002 9.5 2.3 
20 0.39 0.01001 6.9 2.3 
15 0.22 0.01001 4.9 2.3 

The power required at each level of speed increase can be seen in table 2 below. 

Table 2. Drive power requirements per several final velocity levels 

𝑉1 (m/s) a (𝑚/𝑠2) 𝜇𝑟 
PVo−V1 

(watt) 

P𝑉1, a 
= 0 

(watt) 

Pave 
(watt) 

30 0.87 0.01003 520.8 96.2 308 
25 0.60 0.01002 325.8 80.0 203 
20 0.39 0.01001 189.8 64.0 127 
15 0.22 0.01001 101.0 48.0 75 

Notes: Pvo−v1 is power when V0 to V1; PV1−a=0 is the power when a = 0 
Pave is average power based on maximum velocity 

 

 If tables 1 and 2 are observed that every increase in speed, the power also increases. From the results 

that the maximum average power requirement to reach a velocity of 30 km/hour, is 308 watts. Power 

requirements are very large when the bike is accelerating. Meanwhile, if the speed is constant or there 

is no acceleration, the power required is relatively low, namely a maximum of 96.2 watts. 

 The analysis above is based on flat road conditions and asphalt roads (hard roads). If the road 

conditions are sloping, using equations 2.8, 2.10, 2.12, 2.13 and 2.14, the maximum capability, torque, 

power and recommended speed are shown in the following table. 
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Table 3. Velocity, torque and maximum power at some angles of road slope 

 V1max (km/h) Tmax (Nm) Pmax (watt) 

5𝑜 20 17.1 468.3 

10 𝑜 15 23.2 476.0 

15 𝑜 10 33.7 461.3 

Note: using two-wheel drive (two electric motor drives) 

 The implementation of a two-wheel drive e-bike on an inclined surface of up to 15o requires a power 

requirement of between 461.3 watts to 476.0 watts, so it is recommended that electric bicycles use the 

option of two wheel drive, front and rear. 

3.2.  Electric Motor Determination 

Brushless DC (BLDC) motors are the most commonly used motors for medium speed electric vehicles. 

This motor no longer uses a brush. If in a brushed DC motor, the coil acts as a rotor, in a BLDC motor, 

a permanent magnet acts as a rotor. The advantages of BLDC motors are good torque, high efficiency, 

have good resistance in long use, can work optimally in all rpm rotation ranges. But the weakness of the 

BLDC motor is that it requires a controller, limited top speed, and low power weight ratio. With the 

torque and power requirements for medium speed and road conditions with a maximum slope of 15 

degrees, the motor specifications were chosen as shown in table 4 below. 

Table 4. Specifications of the Electric Motor used 

No Specifications Description 
1 Type Motor DC Brushless motor DC (BLDC) 
2 Output Power 350 Watt 
3 Voltage 24 Volt 
4 Rate Speed 400 – 440 RPM 
5 Max Electric Current 14.5 Amp 
6 Weight of one BLDC Motor 5 Kg 
7 Speed 25 – 35 Km /Hour 
8 Wheel rings 14 and 16 Inch 

  

 If the motor uses two drives, it means that the total torque and power of the electric motor are doubled, 

with the same maximum speed i.e. 400 - 440 rpm. Utilization of two electric motors is used when heavy 

loads and incline conditions. 

 Based on the above calculations, it is recommended that the use of an electric bicycle for flat and 

constant speed roads is sufficient to use only 1 electric motor drive with rear wheel drive. Based on the 

power calculation above, if the bicycle is applied to a maximum speed with an acceleration of 0.87 m/s2, 

and a maximum speed of 30 km/hour, then an electric bicycle is safer to use two drives. If the 

acceleration is 0.6 m/s2 and the maximum speed to be achieved is 25 km/h, then it is enough just to drive 

an electric motor. Meanwhile, if using two electric motor drives and on some road slope conditions it is 

estimated to use 2 electric motor drives with the maximum achievable speed as shown in Table 3. For 

heavy field conditions and inclined planes, the recommended maximum power is 500 Watt, with two 

drives electric motor is applied. 

3.3.  Determining Battery Capacity 

The LiFePO4 battery is the choice for use on this electric bicycle with a fairly large capacity 

specification, i.e. operating voltage 3.2 Volts, charging voltage 3.65 volts and max continuous current 

80 Ah. The operating capacity of the battery is very stable, and is much higher in many usage ranges 

from 100% to at least 20%. Details of specifications and battery capacity with voltage adjusting the 

voltage and power of the electric motor can be seen in table 5 below. 
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Table 5. LiFePO4 Battery capacity 

Battery Parameters 
LiFePO4 

1 cell 80 Ah 8 cell 80 Ah 

Volt 3.2 -3.65 V 25.6 -29.2 V 

Volt operation 3.26-3.54 V 26.1-28.3 V 

Max Power per hour 292 Wh 2336 Wh 

Power, 80% efficiency per 

hour 
234 Wh 1869 Wh 

A fully charged battery will reach 3.65V at the end of the bulk charge and absorption stages and be held 

in voltage until a disconnection current is reached (usually between 3-5% battery capacity). The charger 

will enter the float stage from 3.26-3.54V. 

3.4.  Battery Usage Time 

The electrical energy stored in a battery can be recharged when the stored energy has been completely 

absorbed by the BLDC electric motor load. Battery discharging time can use the equation. 

 

 t
battery consumption =

Battery Capacity 

motor working current
  (14) 

 

If the number of battery capacity and motor current when working is, tbattery consumption =
80 Ah

14.6 A
 then 𝑡𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡i𝑜𝑛 = 5.48 hours. Battery de-efficiency 20% = 4.384 hours, so the effective 

mileage at 30 km/hour is 131.5 km. The mileage is close to 200 km if the average speed of the V1 is 

between 15 km and 20 km. 

Table 6. Calculation of electric bicycle usage and mileage, with an electric motor BLDC 350Watt 

24V, 14.6 A, max velocity 30 km/h. 

𝑉1 
(km/h) 

Electric 

motor 

power 

(Watt) 

Electric 

current 

Amp. 

Battery 

usage 

time 

(hour) 

De- 

efficiency, 

20% 

(hour) 

Effective 

Usage 

Time 

(hour) 

Mileage 

(km) 

30 308.5 14.6 5.48 1.10 4.38 131.5 

25 202.9 12.2 6.58 1.32 5.26 157.8 

20 126.9 9.7 8.22 1.64 6.58 197.3 

15 74.54 7.3 10.96 2.19 8.77 263.0 

 

Consumption of electric power on electric bicycles can be done by calculating the use of batteries 

for BLDC electric motors with an average velocity of 15 to 30 km/hour with a voltage of 24 volts with 

the assumption that the value of the electric current is proportional to the value of the bicycle's velocity. 

3.5.  Test Confirm Design and Performance 

From the calculations and design concepts at the design stage, it is continued with the manufacture of a 

two-wheel drive e-bike prototype as shown in the following figure 
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Figure 3.  Prototype of two-wheel drive e-bike 

 The results of the prototype performance test as a confirmation test include maximum speed, ability 

on sloping roads and battery consumption and range of use. The speed of two-wheel drive in the 

performance test can reach 30 km/hour as can be seen in the following figure. 

  

Figure 4.  Velocity test on a flat road 

The mileage test of the two-wheel e-bike was tested on the highway using the Reliev Application 

to measure the travel distance, maximum speed and average speed, including measuring battery capacity. 

 

 

 

 

 

 

 

 

Figure 5. Performance Test: mileage, maximum velocity, average velocity and battery consumption 
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Based on velocity and acceleration tests on flat roads, the following information is obtained. 

Table 7. E-bike acceleration test 

V1 Distance 

(m) 
a (m/s2) 

Km/h m/s 

26.8 7.50 35.2 0.79 

27.0 7.50 36 .0 0.78 

27.2 7.56 36.0 0.80 

  

 According to some experiments that every 10 km distance the battery will be reduced by about 0.1 

volts. If the LiFePo4 battery usage range is in the voltage range of 26.1-28.3 V (see table 5), then the 

distance traveled will be up to 220 km. The ability to climb on sloped roads can be up to 15o which is 

tested around the area of the University of Surabaya. 

4.  Conclusion 

The design and fabrication of an electric bicycle is driven by two electric motors, with each electric 

motor of 350 watts 24V 14.6 Ah. E-bike used a large battery capacity of 24 V 80 Ah which has enough 

power to carry a total mass of 117.4 Kgf. The maximum speed capability is 30 km/hour on flat road 

conditions, and the maximum 15o slope is capable of 10 km/hour with a power of less than 500 watts. 

The maximum mileage depends on the speed at which it is used, that based on the calculation of 15 

km/hour the bicycle can travel along 263 km. Meanwhile, based on the performance test and 

confirmation test, with an average speed of 15 to 16 km/hour, you can reach 220 km. 

Acknowledgments 

The authors thank to Directorate of Research and Community Services, Ministry of Education, Culture, 

Research, and Technology, Republic of Indonesia who funded the matching fund program, No: SP 

DIPA- 023.17.1.677501/2022 date 17 November 2021 for fiscal year 2022. 

References 

[1] Ali R and Rizky D 2021 Development of electric bicycle and its impact on the environment IOP 

Conf. Series: Materials Science and Engineering 1122 012054  

[2] Sundhy P 2020 Design and Manufacturing an Electric Bike as Energy–Saving Transportation, 

Final project - the degree of Bachelor, Publishing of Mechanical Engineering Vocational 

Education Dept. of Mechanical Engineering Faculty Universitas Negeri Padang 

[3] Sunikshita K Rahul Ranjit KB 2019 Design and Implementation of Smart Electric Bike Eco- 

Friendly, International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

8, 64 

[4] Benny S 2012 Design and fabrication electrical bike Final project dilib.uns.ac.id, 

perpustakaan.uns.ac.id (in Bahasa) 

[5] Hendarto P Samuel J Abdul D 2018  Design of electrical bike using DC Motor (in Bahasa). 

[6] Shweta M 2017 Design and Fabrication of Electric Bike, International Journal of Mechanical 

Engineering and Technology (IKMET) 8 245-353. 

[7] Ram B Avinash S Mohammed A Sarthak M and Rachit D 2020 Design and Fabrication of Electric 

Bicycle, Advances and Applications in Mathematical Sciences 20 25-36 

[8] Hollanda AK Ibnu KB Tonny S Unai S Septia  Eka S Anton Hekso HY and Agus S 2021 

Experimental Study of Pedelec E-Bike Using Modified Mid Drive Motor, Web of Conferences 

324 05005  

[9] Indah S Rumiasih Carlos RS and Anton F 2019 Analysis of Determining Battery Capacity and 

Charging in Electric Cars ELEKTRA 4 290-37(in Bahasa) 

[10] Jatmiko Abdul B Agus U Muhammad AM Ibnu SK Analysis of 350W BLDC Motor Performance 

and Power Consumption on Ababil Listrik Electric Car Prototype Emitor: Jurnal Teknik 



ISAIME-2022
Journal of Physics: Conference Series 2739 (2024) 012050

IOP Publishing
doi:10.1088/1742-6596/2739/1/012050

9

 

 

 

 

 

 

Elektro UMS 18 03 (in Bahasa), 

[11] Raka P 2018 Determining the Capacity of BLDC (Brushless DC) Motors to Drive Electric Cars, 

Final project - the degree of Bachelor, Publisihing Teknik Elektro, Fakultas Teknik, 

Universitas Sriwijaya (in Bahasa), 

[12] Ismail 2020  Designing a Bike to Become an Electric Bike Using Components of an Electric 

Motor, Batteries and Controller, Final project - the degree of Bachelor, Publishing; Universitas 

Islam Negeri Alauddin Makassar. (in Bahasa), 

[13] Mochamad Edoward R 2016, Characteristics of KERS E3 as a Charger for Electric Vehicles at 

the University of Jember, REM Jurnal  1 (in Bahasa), 

[14] Abagnalea C Cardoneb M Iodicea P Marialtoc R Stranoa S Terzoa M Vorraro G 2016 Design and 

Development of an Innovative E-BikeProcedia Energy 101 774-781. 

[15]  Pavan N Vishnu P 2017 Next Generation Electric Bike, IEEE International Conference on 

Power, Control, Signals and Instrumentation Engineering 

[16] Jaroslov J Taborek Mechanis of Vehicles 1957 Penton Publishing Co. Cleveland, Ohio 44114 

[17] Nyoman S 2001 Automotive Technology Published by Penerbit Guna Widya Surabaya Indonesia 

(in Bahasa), 

 


