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Abstract

This study presents the development of a solenoid-based gear-shifting mechanism tailored for gear
bicycles to empower individuals with physical disabilities. Traditional gear-shifting systems demand
significant hand strength and coordination, making them inaccessible for individuals with limited mobility.
To address this, the proposed system incorporates solenoid actuators controlled by a microcontroller that
translates user inputs from a simple interface, such as buttons or a joystick, into precise gear transitions.
This design eliminates manual effort, enabling smooth and reliable gear changes while prioritizing user-
friendliness and compactness. A prototype was fabricated and tested extensively across diverse cycling
conditions, demonstrating significant improvements in accessibility, usability, and energy efficiency.
Participants in user trials highlighted the reduced physical strain and ease of operation, validating the
system's potential to enhance inclusivity in cycling. With its adaptability, energy efficiency, and practical
design, this innovation represents a transformative solution for adaptive cycling, promoting independence
and broader participation among disabled individuals.
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INTRODUCTION

Cycling is a widely appreciated mode of transportation and recreation, offering numerous health and
environmental benefits. It promotes physical fitness, reduces carbon emissions, and serves as a cost-
effective means of commuting. However, the advantages of cycling are often inaccessible to individuals
with physical disabilities, particularly when using gear bicycles. Traditional gear-shifting systems
demand significant manual dexterity and strength, which can be challenging or impossible for people
with limited mobility, reduced grip strength, or motor impairments. These barriers not only hinder
participation but also limit the sense of freedom and independence that cycling can provide.

The current market offers limited adaptive solutions for gear bicycles, with most focusing on general
frame modifications or electric assist features.

While these approaches improve overall accessibility, they rarely address the specific challenge of gear
shifting. For individuals with physical disabilities, the inability to shift gears effectively can lead to
inefficient cycling, increased fatigue, and limited usability across diverse terrains. Thus, there is a
pressing need for innovative solutions that cater specifically to this issue.

This paper introduces a novel solenoid-based gear-shifting mechanism designed to automate the process
of gear changing, eliminating the need for manual effort. The core of the design lies in its integration of
solenoid actuators, which convert electrical energy into mechanical motion to move the derailleur. A
microcontroller coordinates the system, processing inputs from a simple and intuitive user interface—
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such as buttons or a joystick—to execute precise and reliable gear shifts. By automating this process,
the mechanism not only enhances accessibility but also ensures smooth transitions between gears,
enabling a more comfortable and efficient cycling experience.

The design process emphasized inclusivity, user-friendliness, and adaptability. The system was
developed with a focus on compactness, ensuring compatibility with standard bicycle frames without
significant modifications. Additionally, the design aimed to be energy-efficient, allowing prolonged use
with minimal power consumption. This paper provides a comprehensive overview of the design
methodology, from conceptualization to prototyping, followed by rigorous testing to evaluate its
performance under real-world conditions. The results highlight the system's feasibility and potential to
revolutionize adaptive cycling solutions for individuals with disabilities.

LITERATURE REVIEW

Challenges in Adaptive Cycling Adaptive cycling has become an increasingly important area of focus
for enabling disabled individuals to engage in cycling activities. However, significant barriers still persist,
particularly for those who require assistance in performing basic cycling functions such as gear shifting.
Traditional gear-shifting systems in conventional bicycles necessitate significant physical strength and
fine motor skills, both of which can be problematic for people with disabilities (Smith et al., 2018). Hand
strength and coordination—key components of manual gear-shifting systems—are particularly
challenging for individuals with limited motor functions, including those with spinal cord injuries, stroke,
or other neuromuscular conditions. Moreover, navigating diverse and often uneven terrains adds another
layer of complexity, requiring constant adjustment of gears to maintain control and ensure the rider’s
comfort. Studies reveal that such systems are ill-suited for individuals with motor impairments, resulting
in the exclusion of a large demographic from participating in cycling activities (Clark and Reid, 2020).
Research has highlighted that many individuals with disabilities often perceive cycling as an inaccessible
and physically demanding activity, thus deterring them from pursuing it. These challenges not only affect
the physical well-being of disabled riders but also contribute to their psychological and social isolation.
To address these issues, there is a growing demand for technologies that provide greater inclusivity,
simplifying tasks such as gear shifting and making cycling more accessible to individuals with disabilities
(Jones and Turner, 2016).

Existing Adaptive Cycling Solutions

While there have been numerous attempts to design adaptive bicycles, many solutions continue to focus
on basic frame modifications and mechanical assistance, such as lower step-through frames, pedal assist
devices, and hand cycles (Jones and Turner, 2016). These modifications are essential for improving
accessibility but do not fully address the specific needs of disabled users in gear shifting. The need for
specialized, user-friendly gear-shifting systems has become more evident as these users struggle with
manual systems.

In high-performance cycling, electronic derailleurs—powered by motors—have emerged as automated
solutions to simplify gear shifting. However, their widespread application remains limited due to their
high cost, bulky design, and complexity, making them impractical for the adaptive cycling market (Roberts
et al., 2020). Additionally, current electronic gear systems often fail to accommodate the ergonomic and
functional needs of users with disabilities. The lack of customized solutions for adaptive cycling results in
many disabled cyclists resorting to standard bicycles, which can be physically demanding or even
dangerous.
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Innovative approaches in adaptive cycling demand cost-effective, easy-to-use solutions that reduce the
physical burden of gear shifting. The focus should shift from merely adapting existing technologies to
creating purpose-built systems tailored to the unique requirements of disabled users. One promising
avenue lies in solenoid-based systems, which offer potential for precise and reliable actuation without
the bulky and energy-consuming characteristics of traditional motor-driven systems (Wilson and Carter,
2019).

Solenoid Applications in Automation Solenoids, which are electromagnetic devices used for
converting electrical energy into linear motion, have been effectively incorporated into various
automation applications. Their precision, compactness, and ability to deliver controlled movement make
them suitable for use in systems that require frequent actuation, such as gear-shifting mechanisms in
bicycles (Hansen et al., 2018). Compared to motors, solenoids are lighter and consume less power,
making them ideal for battery-operated devices in adaptive cycling systems.

In automotive transmission systems, solenoid-based actuators are already utilized to facilitate smooth
and efficient gear changes. These systems demonstrate the potential of solenoids to support dynamic
and complex mechanisms that require frequent adjustments (Lin and Zhou, 2017). Despite the
advantages, the use of solenoids in adaptive cycling gear-shifting systems remains underexplored.
Research in this area could lead to the development of more efficient, lightweight, and accessible
solutions for disabled cyclists (Hansen et al., 2018).

Limitations of Current Technology

Although electronic gear systems and motor-driven mechanisms offer automated shifting, they often
face significant limitations in terms of size, power consumption, and ergonomics. These systems are
generally bulky and consume considerable amounts of energy, which reduces their efficiency and
increases their environmental impact. Additionally, the complexity and high cost of these systems make
them largely inaccessible for individuals with disabilities, particularly in the context of adaptive cycling
(Ellis and Brown, 2015).

Furthermore, current systems often fail to prioritize the ergonomic and usability needs of disabled cyclists.
A key challenge in adaptive cycling design is ensuring that gear-shifting mechanisms are not only
automated but also simple to use and maintain. Motor-driven systems, although effective in high-
performance bicycles, are often not the best fit for the adaptive cycling market due to their complexity and
maintenance requirements (Singh and Verma, 2019). The need for cost-effective, durable, and user-
friendly solutions is critical for increasing the adoption of adaptive cycling technologies.

Advances in Adaptive Technology Recent advancements in adaptive technology have focused on
developing intuitive, easy-to-use interfaces that complement mechanical systems. Tactile buttons, voice
commands, and remote control options have been integrated into various assistive devices to enhance
accessibility and user experience (Adams et al., 2021). These user-centric design approaches improve not
only the usability but also the acceptance of assistive technologies. Integrating such interfaces with
solenoid-based gear-shifting systems has the potential to create more inclusive and user-friendly solutions.
The combination of solenoids and intuitive controls could revolutionize the way disabled individuals
interact with cycling gear systems, making cycling a more accessible and enjoyable activity for all. This
convergence of technology—smart actuators combined with user-centric interfaces—offers a promising
path forward for adaptive cycling innovation (Adams et al., 2021).

User-Centric Design Approaches User-centric design is an essential component in creating adaptive
cycling solutions. Engaging end-users—disabled individuals—in the design process ensures that the
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systems developed are aligned with their needs, preferences, and abilities (Lewis and Nguyen, 2018). Co-
design processes, where users are actively involved in the prototyping and testing stages, can lead to the
creation of more practical and effective solutions. Feedback from individuals with disabilities during the
design phase helps identify functional limitations and highlights opportunities for improvement.
Inclusive design processes also foster a sense of ownership and empowerment, which can increase user
confidence and improve their experience with adaptive cycling technologies. These processes can also
inform the development of features such as adjustable controls, simplified user interfaces, and
customizable settings to accommodate a wide range of abilities.

Cost-Effectiveness and Sustainability

The importance of cost-effectiveness and sustainability cannot be overstated in the development of
adaptive cycling technologies. As noted earlier, solenoid-based systems are known for their low power
consumption, compact design, and durability (Green and Wright, 2020). These attributes make solenoid-
driven gear-shifting mechanisms an ideal candidate for adaptive cycling systems, particularly in terms
of reducing both initial costs and long-term maintenance expenses.

Moreover, the use of environmentally sustainable materials and energy-efficient components can help
reduce the ecological footprint of adaptive cycling technologies, aligning with the broader goals of
sustainable innovation. By focusing on durability and low-maintenance designs, solenoid-based systems
can offer long-lasting and affordable solutions for disabled cyclists, making cycling more accessible to

a wider population.

Summary of Findings

This study builds upon existing research by integrating solenoid technology's strengths with a user-
centric design philosophy to address the challenges of adaptive cycling. The proposed system aims to
automate gear-shifting while maintaining affordability, simplicity, and reliability.

By leveraging solenoids' compactness and efficiency, combined with intuitive controls, this innovation
seeks to fill the gaps identified in current adaptive cycling solutions. Ultimately, the goal is to enhance
accessibility and inclusivity, enabling disabled individuals to experience the physical, psychological,
and social benefits of cycling.

METHODOLOGY
1. System Design
The proposed solenoid gear-shifting mechanism is designed to provide a user-friendly and efficient
solution for individuals with disabilities. This system integrates several critical components, each of which
plays a specific role in the operation of the mechanism. The design ensures compatibility with standard
bicycles while addressing the unique challenges faced by adaptive cyclists. The specifications and
dimensions of key components are detailed below:
Solenoid Actuators:
Specifications:
e Stroke Length: 10-15 mm
e Force Output: 20-30 N
e Dimensions: 50 mm (length) x 15 mm

(diameter)
e Voltage: 12V DC
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Purpose: These solenoids are responsible for physically moving the derailleur to shift gears. They are
mounted securely near the derailleur using custom brackets made from aluminum or steel to withstand
mechanical stresses.
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Microcontroller:
Specifications:

e Model: Arduino Nano or ESP32

e Dimensions: 45 mm x 18 mm

e Voltage: 5V or 3.3V DC (via onboard regulator)

Purpose: The microcontroller interprets user input and controls the solenoids. It is programmed to handle
gear shift commands and monitor feedback from sensors to ensure precise operation.
User Interface:

Specifications:

e Buttons: Tactile push buttons (12 mm diameter)

e Joystick: 2-axis joystick (30 mm height, 20 mm base diameter)

e Indicator LEDs: 3 mm (Red/Green/Blue for status indication)

Purpose: The user interface enables easy control of the gear-shifting mechanism.
joysticks are selected for their ergonomic design, providing accessibility for individuals with limited

Buttons and

dexterity.

Power Supply:

Specifications:

Battery: Lithium-ion (7.4V, 2200 mAh)

Charger: Input 100-240V AC, Output 8.4V DC, 1A

Dimensions: 60 mm x 40 mm x 20 mm (battery pack)

Purpose: The power supply ensures consistent energy delivery to the solenoids, microcontroller, and other
components. The battery pack is housed in a weatherproof casing mounted to the bicycle frame.

2. Prototyping

The prototype development involved several stages, from component selection to assembly and
preliminary testing. The steps are as follows:

Component Selection:

Solenoids: Linear solenoids (as specified above)

Microcontroller: Arduino Nano with a breadboard for initial wiring

Feedback Sensors: Hall-effect sensors (diameter:10 mm)

User Interface: Push buttons, joystick, and LEDs as described

IJFMR250134903 Volume 7, Issue 1, January-February 2025



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Mounting Brackets: Custom-cut aluminum (2 mm thickness) for solenoid and sensor mounting System
Integration:

The solenoids were attached to the derailleur using the custom brackets. Wiring was routed along the
bicycle frame, secured with cable ties. The microcontroller and battery were housed in a plastic enclosure
(dimensions: 100 mm % 50 mm X 30 mm), mounted to the bicycle’s top tube.

Preliminary Testing:

Solenoid actuation and derailleur alignment were tested individually. The microcontroller code was
debugged to ensure correct gear shifts in response to button presses. Initial energy consumption
measurements were recorded during basic operation.

3. Testing and Evaluation

Testing was conducted in controlled and real-world environments to evaluate the system’s performance.
The parameters tested include:

Ease of Use:

User trials involved participants with varying abilities. The ergonomic design of the user interface was
assessed by measuring time taken to shift gears and recording subjective feedback on ease of operation.
Reliability:

The system underwent 1,000 gear shifts in controlled conditions to ensure durability. Field trials were
conducted on flat roads, inclines, and rough terrains to test stability under real-world stresses.

Energy Efficiency:

Battery performance was tested by recording the number of gear shifts achievable on a full charge. Power
draw during active and idle states was monitored using a multimeter.

4. Feedback Mechanism

To improve precision and reliability, a feedback mechanism was integrated using position sensors. Details
include:

Sensor Integration:

Sensors: Hall-effect sensors mounted near the derailleur to detect gear position.

Wiring:Shielded cables routed to prevent interference.

Control Algorithm:

The microcontroller was programmed to process sensor input and ensure solenoid actuation ceased upon
reaching the desired gear position. Error detection algorithms were implemented to identify and correct
misalignments automatically.

User Feedback:

Indicator LEDs provided real-time visual confirmation of gear position. An optional buzzer emitted an
audible tone for successful gear changes.

5. Iterative Refinement

Based on testing outcomes, several improvements were made:

Solenoid brackets were reinforced with thicker aluminum (3 mm) for increased durability.
Microcontroller code was optimized to reduce latency and improve responsiveness.

Battery capacity was increased to 3000 mAh to extend operational time.

The user interface was redesigned to include larger buttons (20 mm diameter) for enhanced accessibility.
6. Field Deployment

The refined prototype was deployed for extended trials in real-world conditions. Users provided feedback
on functionality, durability, and ease of maintenance. Performance data was collected to assess long-term
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reliability and energy efficiency.

RESULTS AND DISCUSSION

The solenoid gear-shifting mechanism was thoroughly evaluated to understand its power consumption,
force requirements, thermal stability, and overall performance. A comparative analysis was performed with
three motorcycle models:

Boxer, Passion Pro, and Splendor Plus.

Power Consumption and Thermal Stability

The solenoid gear-shifting mechanism in the Boxer bike required 72 watts of power, which is a 48%
reduction compared to the Passion Pro and Splendor Plus. This substantial power saving was achieved
through the use of low-current and low-voltage solenoids (operating at 12V DC, 6A). The reduction in
power consumption directly impacted thermal stability, as the system generated significantly less heat
during operation. Lower thermal output ensures enhanced component longevity and operational reliability,
particularly during extended rides or in challenging conditions such as steep inclines or rough terrains.
The thermal stability of the mechanism was further validated through infrared thermography. The
maximum recorded temperature of the solenoid in the Boxer bike was 45°C after use.

Solenoid Force and Mechanical Efficiency

The solenoid in the Boxer bike required a force of 15 Newtons to shift gears, which is 50% less than the
30 Newtons required by systems in the Passion Pro and Splendor Plus. This efficiency is attributed to the
lower friction design and optimized alignment between the solenoid and derailleur. The reduced force
requirement not only improved the smoothness of gear transitions but also lowered the mechanical strain
on the components, extending their operational lifespan.

Gear-Shifting Performance

The smoothness and consistency of gear shifts were evaluated under various real-world conditions,
including flat terrains, uphill climbs, and uneven surfaces:

Boxer Bike: Gear shifts were executed with minimal delay and negligible noise. The average time per gear
shift was measured at 0.8 seconds, demonstrating excellent responsiveness.

Passion Pro and Splendor Plus: These models exhibited occasional delays (averaging 1.5 seconds per gear
shift) and generated higher noise levels due to the higher force exertedby their mechanisms.

The inclusion of Hall-effect sensors in the Boxer system further enhanced precision, preventing
misalignment or skipped gear shifts. No errors were observed during a test of 1,000 consecutive gear
shifts.

Energy Efficiency and Battery Life

Energy efficiency was a standout feature of the Boxer bike’s mechanism. The system was powered by a
7.4V, 2200 mAh lithium-ion battery, providing up to 500 gear shifts per charge. This performance was
30% better than the comparable systems in the Passion Pro and Splendor Plus, which managed only 350
gear shifts per charge. The lower energy demand makes the Boxer mechanism more practical for extended
use without frequent recharging.

User Feedback and Accessibility

Participants with varying physical abilities tested the gear-shifting mechanism. Feedback indicated a high
level of satisfaction with the ergonomic design and ease of use. Large tactile buttons and joystick controls
were particularly praised for their accessibility. Users noted that the reduced force and smooth operation
significantly enhanced their overall cycling experience, particularly for individuals with limited dexterity
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or strength.

Cost-Effectiveness and Durability

The Boxer bike system demonstrated a notable reduction in production and maintenance costs compared
to motor-driven gear-shifting systems. The use of compact, lightweight solenoids and a simplified control
mechanism reduced the overall weight and manufacturing complexity. Additionally, the system’s
durability was highlighted during field tests, with no mechanical failures observed over three months of
continuous use.

CONCLUSION

The solenoid gear-shifting mechanism developed for the Boxer bike represents a significant milestone in
adaptive cycling technology, delivering advancements in energy efficiency, user accessibility, and
mechanical performance. By reducing power consumption to 72 watts—a 48% decrease compared to
traditional systems in models like the Passion Pro and Splendor Plus—the mechanism achieves
exceptional thermal stability and operational reliability. The reduction in solenoid force requirements, to
just 15 Newtons, further enhances the smoothness of gear transitions while minimizing mechanical stress,
making the system both durable and user-friendly.

This innovation not only addresses the physical challenges faced by disabled individuals but also aligns
with principles of sustainable and cost-effective design. The integration of user-centric features, such as
intuitive controls and real-time feedback via LEDs and sensors, has proven effective in enhancing the
overall user experience. Extended battery life—capable of powering over 500 gear shifts per charge—
demonstrates the practicality of this solution for everyday use, while its robust performance across varied
terrains underscores its versatility.

Moreover, the system’s modular design ensures ease of manufacturing, assembly, and maintenance,
thereby promoting wider adoption. By combining the benefits of precision engineering and adaptive
technology, this gear-shifting mechanism offers a transformative solution that bridges gaps in current
accessibility options. Its scalability and potential for integration into a broader range of bicycles position
it as a game-changer in the field of inclusive cycling. Future research could explore further
miniaturization, integration of voice control, and advanced materials to refine the system further, paving
the way for a more inclusive and sustainable cycling ecosystem.
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