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Abstract - This paper delineates the design, fabrication, and 
empirical performance evaluation of an electric bicycle that 
incorporates a manually operated four-speed gear 
transmission system. The system is powered by a 48V, 1000W  
BLDC motor, which is coupled with a 48V*28Ah battery pack 
and a conventional mechanical gear assembly. This 
configuration aims to enhance torque delivery and optimize 
efficiency across diverse terrain types. The research employs 
design equations alongside field data to assess motor torque, 
energy consumption, and the overall efficiency of the system. 
The prototype attained a maximum speed of 90.6 km/h and a 
range of 90 km per charge. The integration of a multi-speed 
gear system indicates substantial potential for improving the 
performance of electric vehicles, particularly in urban and 
semi-urban contexts, by enhancing control, adaptability, and 
energy utilization. This study provides significant insights into 
cost-effective, high-efficiency solutions within the rapidly 
evolving field of personal electric mobility. 
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INTRODUCTION  

1.1 Background and Motivation 

Electric vehicles have emerged as a crucial alternative to 
traditional gasoline-powered vehicles, primarily due to their 
environmentally friendly characteristics and enhanced 
energy efficiency. Within this category, electric bicycles (e-
bikes) are gaining considerable popularity in both urban and 
semi-urban transportation sectors, attributed to their 
affordability, ease of use, and minimal environmental impact. 
Nonetheless, the majority of commercially available e-bikes 
are equipped with hub motors and single-speed 
transmissions, which restrict their efficiency and torque 
delivery under diverse road and load conditions. 

1.2 Objective Of the Study 

In response to this limitation, the present research 
concentrates on the design and development of an electric 
bicycle that incorporates a manually operated four-speed 
mechanical transmission system in conjunction with a 48V 

Brushless DC (BLDC) motor. The objective of the proposed 
system is to enhance the bicycle's performance with respect 
to torque modulation, range extension, and energy 
utilization. The integration of multiple gears facilitates 
improved power delivery, particularly during ascents or 
rapid acceleration scenarios, where torque demands are 
elevated. 

1.3 Scope and Contribution 

This project encompasses the comprehensive processes of 
component selection, system integration, practical 
fabrication, and performance validation through field testing 
and analytical approaches. Key performance metrics, such as 
maximum speed, torque, range per charge, and overall motor 
efficiency, are assessed to establish the practical feasibility of 
the hybrid electric transmission model. This study 
significantly contributes to enhancing design flexibility and 
performance reliability of electric mobility solutions, thereby 
advancing sustainable transportation initiatives for the 
future. 

2.LITERATURE REVIEW 

Electric bicycles, commonly referred to as e-bikes, have 
become a significant solution for promoting sustainable 
personal mobility. Their inherent characteristics of 
simplicity, cost-effectiveness, and zero-emission operation 
render them particularly suitable for both urban and semi-
urban settings. Nonetheless, a notable limitation observed in 
the majority of commercially available e-bikes is the absence 
of an adaptable transmission system, as many models 
depend on single-speed direct-drive mechanisms. This 
reliance constrains the modulation of torque, energy 
efficiency, and overall performance across diverse terrains. 
In response to this challenge, researchers have investigated 
various alternatives, including multi-speed gear systems, 
continuously variable transmission (CVT), and planetary 
gear configurations, aimed at enhancing motor utilization, 
torque delivery, and ride comfort. The subsequent literature 
provides a thorough analysis of these initiatives and 
elucidates how they substantiate and support the objectives 
of the present study. 
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2.1 Multi-Speed Transmission in E-Bikes  

Abdullah et al. (2020).  presented one of the foundational 
studies on integrating a multi-speed gear transmission into 
an electric bike. Their design incorporated a manually 
operated gear mechanism and demonstrated measurable 
improvements in torque distribution, especially during 
gradient climbing and acceleration. The authors argued that 
a mechanical gear system offers better user control 
compared to conventional hub motors. This study directly 
supports the core idea behind our research — integrating a 
4-speed gearbox with a BLDC motor to improve power 
transmission and adaptability without increasing electronic 
complexity. 

2.2 CVT vs. Manual Transmission Systems 

Liu et al. (2018) introduced an electric bicycle utilizing a 
continuously variable transmission (CVT), which 
automatically adjusts the gear ratio in response to varying 
load conditions. Their findings indicated that this system 
facilitated smoother transitions in speed and enhanced rider 
comfort. Nevertheless, they also identified several 
disadvantages, including increased weight, elevated costs, 
and the necessity for sophisticated electronic control 
mechanisms. In a similar vein, Lin et al.  investigated the 
performance of a CVT across various terrain types, 
concluding that while it delivered continuous power, its 
mechanical efficiency diminished at lower speeds and under 
load conditions. In contrast, our methodology adopts a 
manual four-speed gearbox, which preserves mechanical 
simplicity, amplifies torque at lower speeds, and affords 
precise control without the need for advanced sensors or 
control systems, thereby rendering it a more appropriate 
option for cost-effective electric bicycle designs. 

2.3 Planetary Gear Alternatives and Their Constraints  

Wang et al. (2020) conducted an investigation into 
planetary gear systems specifically designed for electric 
bicycles, demonstrating that such systems facilitate compact 
packaging and effective internal torque distribution. Their 
simulation results revealed smoother torque profiles and a 
reduction in power delivery fluctuations. Similarly, Li et al.  
developed a gear train-based system emphasizing automatic 
load balancing. Notably, both studies depended significantly 
on advanced materials and high manufacturing precision, 
rendering them impractical for do-it-yourself projects or 
budget-conscious fabrication efforts. In contrast, our 
research opts for a more accessible and durable 4-speed 
gearbox, repurposed from a conventional motorcycle. This 
approach not only enhances cost-effectiveness but also 
streamlines maintenance and assembly processes—factors 
that are crucial for promoting widespread adoption. 

 

2.4 Structural and Gear Ratio Optimization Studies 

He X, Zhang W, Chen Y (2018) examined the structural 
modeling of electric bicycle transmissions, highlighting the 
significance of aligning gear ratios with motor torque 
characteristics. Their optimization strategy for gear ratios 
serves as the foundation for our torque versus speed 
calculations presented in Section 4, where each gear is 
systematically mapped to ensure a balanced output across 
low, mid, and high RPM ranges. Additionally, He et al 
promoted the concept of mechanical simplicity in the design 
of electric bicycles, positing that cost-effective mechanical 
solutions, such as manual gear systems, are better suited to 
meet the requirements of emerging markets. This 
philosophy directly informs the design of our prototype. 

2.5 Fabrication and Experimental Validation of 
Prototypes 

Ganesh Kumar V, Prakash M, Dinesh R (2020) advanced 
the field by transcending simulation to create a fully 
fabricated electric bike prototype. Their research 
underscored the significance of conducting real-world 
testing and collecting performance data to substantiate 
theoretical models. This methodology is closely aligned with 
our approach, which encompasses the design, fabrication, 
and comprehensive testing of a four-speed gear-integrated 
electric bike across diverse terrains. Additionally, Wang et al. 
established performance benchmarks for multi-speed 
integration, indicating enhanced motor efficiency and an 
increased operational range. Our project has similarly 
observed notable real-world enhancements, achieving a 
system efficiency of 83.2% and a maximum operational 
range of 90 kilometers per charge. 

2.6 Influence of Gear Ratios on Energy Efficiency 

 Yang H, Zhou F, Chen J (2021) conducted a study 
examining the impact of transmission ratios on the energy 
efficiency of electric bicycles. Their findings indicated that 
gear shifting contributes to the efficient utilization of the 
motor while simultaneously minimizing battery depletion by 
allowing the motor to operate within its optimal torque-
speed range. This conclusion aligns with our field data, 
which demonstrated that the 4-speed gear system facilitated 
smoother acceleration, enhanced hill-climbing performance, 
and decreased current draw, particularly in low-gear 
settings. 

Research Gap 

Although numerous studies focus on theoretical designs, 
simulations, or proprietary transmission systems, there 
exists a dearth of research that has successfully transitioned 
these concepts into fully realized, low-cost, practical 
prototypes. The majority of existing work depends on 
automated systems or commercially available motors 
equipped with integrated gearing, which are often not 
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suitable for experimental or educational purposes. This 
research aims to fill that specific void by developing and 
evaluating a manually operated 4-speed gearbox coupled 
with a 48V BLDC motor. We substantiate our theoretical 
performance calculations—including torque, power, 
efficiency, and range—through rigorous field testing, 
thereby presenting a unique synthesis of affordability, 
practicality, and engineering precision. 

3. METHODOLOGY 

This study focused on designing, fabricating, and 
analyzing an electric bike with a 4-speed gear system. The 
methodology involved systematic design, component 
integration, and performance evaluation. 

3.1.  Component & Frame Construction 

The bike features a 48V Brushless DC (BLDC) motor, a 48V 
controller, and four 12V dry batteries (28Ah), paired with a 
repurposed 4-speed gear system. 

Fabrication was carried out in the workshop using welding 
and casting techniques, ensuring structural integrity and a 
lightweight design 

3.2. Integration of Electrical and Mechanical 
Systems. 

A chain drive system was implemented to transmit motor 
power to the gearbox efficiently. 
Electrical connections between the motor, battery, and 
controller were established, focusing on reliability and 
seamless operation. 

 

 

Fig-1, Chain Drive to connect motor and Gear system 

3.3 Design Calculation 

Parameter Value 

Voltage(V) 48 

Maximum Power(W) 1000 

Ratted Current(A) 25 

Maximum Speed (RPM) 3000 

Weight(g) 4531 

 

Table-1, BLDC Motor Specification 

 The Torque of the BLDC Motor 

   P =  

60P=2  

T=  

 

=  

 
=3.18 N-m 

 
Motor Power Calculation 
The motor power is calculated based on the voltage and 
current supplied to the motor. 
Motor Power = Voltage × Current 
                              = 48V × 25A 
                              = 1200W 
 
Mechanical Power Output 
 

Mechanical Power =                    

 

                                       =  

                                           =999.02W 
 
Efficiency Calculation 

The efficiency of the motor system can be 
calculated by comparing the mechanical power output to 
the electrical power input. 

  

η = ×100 

 

η = ×100 

 
  =83.2% 

              
                              length of the motor = 21.5CM 
                          Diameter of the motor= 12CM 

 

Rolling Force:  M  g  RC. 

Let us assume the rolling resistance coefficient is 0.09 
 

=0.09 4.5 

=0.405 

Drag Force:    A  V2   Cd 
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Here 

A= r2 

              =0.0113m2 

Let us Assume the air density  = 1.225kg/m3 

 Length = 21.5cm  0.215m 

Diameter = 12cm  0.12m 

Velocity = 3000rpm   = 50red/s 

 =  

             =   

                    = 314.15red/s 

                     = 314.15 0.06 

                  Linear velocity = 18m/s 
Let us Assume the Drag force coefficient Cd = 0.88 

Now we can calculate the drag force 

0.01131.225 182 0.88 

= 0.2346N 
 

Gradient Force:   Mg  Sin  

Where  = 50 

Mg = 4.5 9.81 = 44.145 

= 44.145 0.5236 

=23.5N 
Now the Total Force we can calculate 

Total Power = R D Gf 

=0.405 0.2346 23.5 

= 24.1N 
Now the Range of The Vehicle 

= 48 28 

       = 1344V/Ah 

                                                   =  

      =55.76miles 

    =55.76 1.6 

         =89.73  90Km 

Battery Consumption 

=  

                 =11.11Whr/km 

=  

             = 0.23Ah/Km 
Here the efficiency factor is 1.2 

                             =0.23 90 1.2 1.8 

            = 24.84Ah 

4. Results & Discussion 

Components Specifications 

Motor BLDC Motor 

Batteries Dry batteries (48V×28Ah) 

Controller 48V Controller, Sine Wave Technology 

Gear System 4-Speed Gear System 

 
Table-2, Electric bike Components and their 

Specifications 

Motor Power Output = 1200W 
Mechanical Power Output = 999.02W 
          Efficiency                       = 83.2% 
                              Forces 

 
Rolling Force = 0.405N 
Drag Force = 0.2346N 

Gradient Force = 23.5N 
                The total power required = 24.1 W/h  

The Range of the vehicle is 90km 
 

 
              

 

 

 

                                   Table-3, Vehicle Speed 

 

Fig-2, Visualize Gear-Speed Correlation 

The integration of a 4-speed gear system represents a 
significant advancement in the field of electric mobility. By 
leveraging manual design calculations and real-world 
testing, this study highlights the potential of combining 
mechanical and electrical systems for sustainable 
transportation. 

GEAR WHEEL SPEED (rpm) Km/h 

1 4340 27.26 

 2 8012 50.34 

3 11685 73.41 

4 14420 90.60 
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Fig-3, Validate motor torque behavior 

Future developments could focus on enhancing 
battery technology and implementing advanced controllers 
to further increase efficiency and reduce charging times. 
Additionally, incorporating smart features like regenerative 
braking and IoT-based monitoring could expand the 
functionality and appeal of electric bikes. 

 

Fig-4, Electric Bike 

Benefits of An Electric Bike with A 4-Speed Gear 
System: 

An electric bike, with a 4-speed gear system, offers several 
advantages over a normal gearless electric bike: 

Improved Efficiency 
Enhanced Performance 
Climbing Ability 
Versatility 
Comfortable Riding Experience 
Tailored Riding Style 
Better Handling 
Increased Power at Lower Speeds 
Longer Motor Life 
 
 
 
 

Conclusion 
 
This study effectively illustrates the design, fabrication, and 
evaluation of an electric bicycle equipped with a four-speed 
manual transmission system. The incorporation of a 
mechanical gearbox in conjunction with a brushless direct 
current (BLDC) motor has led to significant enhancements in 
the vehicle's torque response, gradient handling, and energy 
efficiency when compared to traditional gearless electric 
bicycles. The prototype achieved an impressive top speed of 
90.6 km/h and an average range of 90 km per charge, while 
exhibiting smoother operation across diverse load and 
terrain conditions. 

 
This project substantiates the potential benefits of 
integrating mechanical and electrical systems in the 
development of lightweight, cost-effective electric mobility 
solutions. By manually optimizing gear ratios, the system 
enabled the motor to function within efficient speed ranges, 
thereby enhancing performance without the need for 
complex electronic components. 

 
Future research endeavors will concentrate on the 
integration of regenerative braking systems, Internet of 
Things (IoT)-based energy monitoring, automatic gear-
shifting mechanisms, and lithium-ion battery technologies to 
reduce weight and improve range. The proposed model 
presents a financially viable and scalable solution for 
promoting sustainable personal transportation. 
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