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The global shift toward sustainable urban mobility has catalyzed a significant evolution in personal transportation 

technology. Among the most versatile solutions emerging in this landscape is the electric bicycle (e-bike) 

conversion system. Brands like Astrobike have pioneered the integration of high-performance electrical 

components into traditional bicycle frames, offering a bridge between conventional cycling and fully motorized 

transport. This article provides an exhaustive technical analysis of e-bike conversion mechanics, power 

management systems, and the engineering principles that enable high-efficiency travel, such as the 100 km range 

capability seen in specialized editions like the Astrobike OS Edition.

Theoretical Framework of Electric Propulsion Systems

To understand the efficacy of an e-bike system, one must first analyze the fundamental physics governing electric

propulsion. At its core, an e-bike conversion kit transforms a mechanical system into an electromechanical hybrid.

The primary objective is to augment human pedaling with electrical torque, effectively reducing the metabolic cost

of transport (CoT).

The Role of the Brushless DC (BLDC) Motor

Most modern conversion kits, including those utilized by Astrobike, employ Brushless DC (BLDC)motors. Unlike

brushed motors, BLDC motors utilize electronic commutation, which eliminates the friction and wear associated

with physical brushes. This results in higher reliability and efficiency, often exceeding 85-90%.

The BLDC motor operates on the principle of Lorentz Force, where current-carrying conductors within a magnetic

field experience a force. In a hub motor configuration, the stator (the stationary part) contains the electromagnetic

coils, while the rotor (the rotating part) contains permanent magnets. By sequentially energizing the coils via an

electronic controller, a rotating magnetic field is created, driving the wheel forward.

Power Dynamics and Torque Production

The performance of an e-bike is typically measured in Watts (W), representing the rate of energy transfer. The

relationship between power (P), torque (<B’Â��æB��æwVÆ�"�`elocity (<’’�—2�Pxpressed by the formula:

P = <B
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For urban commuting, high torque at low speeds is essential for hill climbing and rapid acceleration from a 

standstill. Hub motors are generally categorized into geared and direct-drive. Geared motors use internal

planetary gears to increase torque at the expense of top speed, while direct-drive motors offer higher top speeds

and the potential for regenerative braking.

Energy Storage: Battery Chemistry and Management Systems

The battery is the most critical and expensive component of any e-bike system. The Astrobike OS Edition, which 

boasts a range of up to 100 km, requires a sophisticated energy storage solution. Most high-end kits utilize 



Lithium-Ion (Li-ion) chemistry, specifically Nickel Manganese Cobalt (NMC) or Lithium Iron Phosphate (LiFePO4).

Volumetric and Gravimetric Energy Density

The energy capacity of a battery is measured in Watt-hours (Wh), calculated as:

Wh = Voltage (V) × Ampere-hours (Ah)

To achieve a 100 km range, a system must optimize the balance between weight and capacity. A typical e-bike

consumes between 8 Wh and 15 Wh per kilometer, depending on terrain and rider assist levels. Therefore, a 100

km range necessitates a battery capacity of approximately 800 Wh to 1,500 Wh.

The Battery Management System (BMS)

A sophisticated Battery Management System (BMS) is mandatory for safety and longevity. The BMS performs 

several critical functions:Cell Balancing: Ensures all individual cells in a series pack maintain the same voltage 

level.Over-current Protection: Prevents damage during high-load scenarios.Thermal Management: Monitors 

temperature to prevent thermal runaway.Under-voltage Lockout:Prevents the battery from discharging below a

critical threshold, which could permanently damage the chemistry.

Technical Analysis of E-Bike Components

An integrated system like those offered by Astrobike Jakartaconsists of several interconnected modules. The

following table provides a comparison of standard conversion components versus high-performance configurations.



Feature Standard E-Bike Kit High-Performance (e.g., OS Edition)

Motor Type 250W Geared Hub 500W-750W Mid-Drive or High-
Torque Hub

Battery Voltage 36V 48V or 52V

Controller Rating 15A - 17A 25A - 35A Sine Wave Controller

Sensor Type Cadence Sensor Torque Sensor + Cadence Sensor

Range Expectancy 30 - 50 km 80 - 100+ km

Drive System Single Speed / Basic Derailleur Electronic Shifting Compatibility

Electronic Speed Controllers (ESC) and Signal Processing

The controller is the "brain" of the e-bike. It takes input from the rider (via a throttle or pedal-assist sensor) and the 

battery, then outputs precisely timed pulses of electricity to the motor. Advanced controllers use Field-Oriented 

Control (FOC) or Sine Wavetechnology. Unlike older Square Wave controllers, Sine Wave controllers provide

smoother acceleration and significantly quieter motor operation by mimicking the natural sinusoidal back-EMF of

the motor.

The Conversion Process: Engineering Requirements

Converting a standard bicycle into an Astrobikerequires precise mechanical alignment and electrical integration.

The process can be broken down into five primary engineering phases.

1. Structural Assessment and Frame Integrity

Not all frames are suitable for electrification. Aluminum (6061 or 7005) and Chromoly steel are preferred for their 

fatigue resistance. Carbon fiber frames require specialized mounting hardware to avoid crushing the composite 

layers. The fork dropouts must be inspected for width (standard is 100mm front, 135mm rear) and reinforced with 

torque arms to prevent the motor axle from spinning out of the frame.

2. Drive System Integration

Choosing between a hub motor and a mid-drive motor depends on the intended use:Hub Motors: Easier to install; 

independent of the bicycle's drivetrain; reduces chain wear.Mid-Drives:Leverages the bike's gears for better

climbing efficiency; keeps weight centered and low; more complex installation.

3. Sensor Calibration

Pedal Assist Systems (PAS) rely on sensors to detect rider input. Cadence sensors measure how fast the pedals 

are turning, while torque sensorsmeasure how hard the rider is pushing. Torque sensors provide a much more

natural, "bionic" feel, as the motor output is proportional to human effort.

4. Wiring and Hermetic Sealing

Electrical reliability in urban environments requires IP65 or higherwaterproof connectors (such as Julet or Higo).

Proper cable management is essential to prevent mechanical interference with moving parts.

5. Firmware Configuration



The final step involves programming the controller's firmware to set speed limits (often 25 km/h or 32 km/h

depending on local regulations), ramp-up speeds, and battery cutoff voltages.

Mathematical Modeling of E-Bike Performance

To predict the performance of an Astrobikesystem, engineers use mathematical models that account for resistive

forces. The total resistive force (F_total) is calculated as:

F_total = F_rolling + F_air + F_gradient

•  F_rolling (Rolling Resistance): C_rr × m × g (where C_rr is the rolling coefficient).

•  F_air (Aerodynamic Drag): 0.5 × <�
r�k"
r�5öB
r���‡v†W&R�Á is air density and v is velocity).

•  F_gradient (Gravity): m × g × sin(;‚’�‡v†W&R�¸ is the slope angle).

By solving these equations, one can determine the exact power required to maintain a specific speed, allowing for

more accurate range estimations and motor tuning.

Maintenance and Operational Troubleshooting

Reliability is paramount for daily commuters. Common failure modes in e-bike systems often stem from thermal

stress or electrical discontinuities.

Failure Mode and Effects Analysis (FMEA)



Component Potential Failure Technical Cause Solution / Mitigation

Battery Pack Premature Capacity Loss Frequent deep discharges; 
high heat exposure.

Keep charge between 
20-80%; store in cool areas.

Hub Motor Hall Sensor Failure Overheating causing 
sensor desoldering.

Install thermal cutoffs; 
monitor controller current.

Controller MOSFET Burnout Voltage spikes or excess 
current draw.

Use high-rated MOSFETs; 
ensure adequate heat 
sinking.

Drivetrain Accelerated Chain Wear High torque delivery from 
mid-drive motors.

Use e-bike specific 
reinforced chains (e.g., 
KMC e-series).

Optimizing Battery Longevity

To maximize the lifespan of an Astrobike battery, users should follow a shallow discharge cycleprotocol. Lithium-

ion cells typically provide 500-1,000 full cycles before dropping to 80% of original capacity. However, by avoiding

100% Depth of Discharge (DoD) and limiting the State of Charge (SoC) to 80%, cycle life can be doubled or tripled.

Future Trends in Electric Bicycle Technology

The evolution of systems like the Astrobike is moving toward higher integration and smarter electronics. Internet 

of Things (IoT)  connectivity allows for real-time diagnostics and anti-theft tracking. Furthermore, the development 

of Solid-State Batteries and Gallium Nitride (GaN)FETs in controllers promises to further reduce weight while

increasing efficiency.

Another emerging trend is the Automatic Transmission System for e-bikes, where the controller adjusts gear

ratios or motor output based on terrain and rider heart rate (monitored via Bluetooth wearables). This level of

integration transforms the bicycle from a simple tool into a highly intelligent transport robot.

Synthesizing the Impact of E-Bike Conversion

The technical sophistication of modern e-bike kits represents a significant milestone in mechanical engineering and 

power electronics. By enabling the conversion of existing bicycles, systems like those provided by Astrobike

promote a circular economy, extending the utility of traditional frames while providing the performance necessary

for modern urban demands. The ability to travel 100 km on a single charge is not merely a marketing claim but a

result of meticulous optimization across motor efficiency, battery chemistry, and electronic control algorithms.

As urban centers continue to densify, the reliance on high-efficiency electric propulsion will only increase.

Understanding the underlying physics, from the Lorentz force in BLDC motors to the electrochemical balancing in

BMS units, allows consumers and engineers alike to appreciate the complexity and potential of these vehicles. The

electric bicycle is no longer a niche hobbyist project; it is a precision-engineered solution for the future of global

mobility, combining the agility of the bicycle with the power of modern electrical engineering.
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