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ABSTRACT

Springs and dampers are important parts of traditional vehicle suspension systems. They help the vehicle
absorb shocks from bumpy roads, but they make the systems more complicated, require more maintenance,
and use more energy. This study introduces the design and execution of an innovative springless suspension
robot that replaces traditional spring components with a bevel gear mechanism for shock absorption and load
distribution. The suggested system uses a set of bevel gears to turn vertical wheel motion into rotational
energy. This energy is then spread across the gear train to keep the load on all the wheels even. An HC-05
module lets you control the robot from a distance using Bluetooth. An Arduino Uno microcontroller controls
the motors through an L293D motor driver. Experimental findings indicate that the bevel gear-based
suspension system efficiently mitigates road irregularities while preserving wheel contact and vehicular
stability. The prototype moves smoothly over rough ground, spreads the load evenly, responds quickly to
remote control commands, and is less complicated than traditional spring-based systems. This research helps
create new ways to design car suspensions that are simple, efficient, and environmentally friendly.

Keywords: Springless suspension, bevel gear mechanism, Bluetooth control, Arduino, robotic platform, load
distribution

1. Introduction
1.1 Background and Motivation

Suspension systems represent a critical component in automotive and robotic vehicle design, serving the
fundamental purpose of isolating the vehicle body from road irregularities while maintaining tire contact with
the ground surface. Traditional suspension architectures predominantly employ spring-damper combinations,
including coil springs, leaf springs, and torsion bars, to achieve these objectives. Despite their widespread
adoption and proven reliability, conventional suspension systems present several inherent limitations,
including mechanical complexity, periodic maintenance requirements, energy dissipation through heat
generation, and constraints in packaging and weight optimization.

The evolution of suspension technology has witnessed continuous efforts to enhance ride comfort, handling
characteristics, and overall vehicle stability. However, the fundamental reliance on elastic materials and fluid-
based damping mechanisms has remained largely unchanged for decades. This research addresses these
limitations by introducing an alternative paradigm: a springless suspension mechanism that leverages gear-
based mechanical energy transfer for shock absorption and load distribution.
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1.2 Problem Statement

Conventional suspension systems face several persistent challenges:

. Mechanical complexity resulting from numerous moving parts and potential failure points
. Degradation of spring and damper performance over time due to material fatigue

. Energy losses through heat dissipation during compression and rebound cycles

. Limited adaptability to varying terrain conditions without active control systems

. Significant weight contribution to overall vehicle mass

These limitations necessitate exploration of alternative suspension architectures that can achieve comparable
or superior performance while reducing complexity, maintenance requirements, and energy losses.

1.3 Research Objectives
The primary objectives of this research are:

1. To design and develop a springless suspension mechanism utilizing bevel gears for shock
absorption and load distribution

2. To integrate the mechanical suspension system with an Arduino-based control architecture for
remote operation

3. To implement Bluetooth wireless communication for command transmission and vehicle
control
4. To evaluate the performance of the prototype in terms of stability, load distribution, and

maneuverability on uneven terrains

5. To compare the proposed system with traditional spring-based approaches in terms of
mechanical complexity, cost-effectiveness, and energy efficiency

1.4 Scope and Limitations

This research encompasses the design, fabrication, and testing of a scale-model robotic platform incorporating
the proposed springless suspension mechanism. The scope includes mechanical design of the bevel gear
suspension system, electronic control system development, and experimental evaluation of prototype
performance. Limitations include the scale of the prototype, which may not fully represent full-scale
automotive applications, and the absence of comprehensive durability testing under extreme operating
conditions.

1.5 Thesis Organization

The remainder of this paper is organized as follows: Section 2 presents a comprehensive review of relevant
literature in suspension systems and gear-based mechanisms. Section 3 describes the methodology, including
mechanical design, electronic architecture, and control system implementation. Section 4 presents
experimental results and performance evaluation. Section 5 discusses the findings and compares the proposed
system with conventional approaches. Section 6 concludes the research and outlines directions for future
work.
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2. Literature Review
2.1 Evolution of Suspension Systems

Suspension technology has evolved significantly since the early days of automotive engineering. The earliest
vehicles relied on simple leaf spring arrangements, which provided basic shock absorption but offered limited
ride quality and handling characteristics. The introduction of coil springs and hydraulic dampers in the early
twentieth century marked a significant advancement, enabling improved isolation from road irregularities and
better vehicle control (Gillespie, 1992).

Modern suspension systems incorporate various configurations, including MacPherson struts, double
wishbone arrangements, multi-link designs, and active suspension technologies. Active and semi-active
suspensions utilize sensors, actuators, and control algorithms to adapt damping characteristics in real-time,
offering superior ride quality and handling (Karnopp, 1995). However, these systems introduce additional
complexity, cost, and energy consumption.

2.2 Gear-Based Mechanical Systems

Gears have been fundamental to mechanical power transmission for centuries, offering advantages in
efficiency, precision, and reliability. Bevel gears, in particular, enable power transmission between
intersecting shafts, making them suitable for applications requiring direction changes in mechanical systems
(Budynas & Nisbett, 2015).

The application of gear mechanisms for shock absorption represents an innovative departure from
conventional approaches. By converting linear displacement into rotational motion, gear trains can distribute
forces across multiple components, potentially reducing localized stress concentrations and enabling more
uniform load distribution.

2.3 Robotic Vehicle Control Systems

Remote-controlled robotic vehicles have found applications across numerous domains, including surveillance,
exploration, logistics, and disaster response. The integration of microcontroller-based control systems with
wireless communication modules has enabled sophisticated vehicle control with minimal latency (Omijeh et
al., 2014). Arduino platforms, with their accessibility and extensive community support, have become popular
choices for prototyping robotic systems.

Bluetooth communication offers advantages in terms of cost, power consumption, and compatibility with
consumer devices, making it suitable for applications requiring wireless control over moderate distances
(Gupta et al., 2013).

2.4 Research Gap

Despite extensive research in suspension systems and robotic vehicles, limited work has explored the
integration of gear-based mechanisms as primary suspension elements. Most existing approaches focus on
modifying or enhancing traditional spring-damper systems rather than proposing fundamentally different
architectures. This research addresses this gap by developing and evaluating a springless suspension system
that eliminates conventional springs entirely.
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3. Methodology
3.1 System Overview

The proposed springless suspension robot comprises two primary subsystems: the mechanical suspension
system based on bevel gears, and the electronic control system for remote operation. Figure 1 presents the
system block diagram illustrating the interconnections between components.

Figure 1: System Block Diagram

[Block diagram showing interconnections between power supply, Arduino Uno, HC-05 Bluetooth module,
L293D motor driver, DC motors, and bevel gear suspension mechanism]

3.2 Mechanical Design
3.2.1 Bevel Gear Suspension Mechanism

The core innovation of this research lies in the bevel gear-based suspension mechanism. Four bevel gears are
arranged in a configuration where vertical displacement of individual wheels is transmitted to the gear train,
converting linear motion into rotational energy. The fundamental operating principle is based on the
conversion of vertical wheel motion into rotational motion, which is subsequently distributed across the gear
train to balance the load across all wheels.

The gear geometry was designed with the following parameters:

. Module: 1.5 mm

. Pressure angle: 20°

. Number of teeth per gear: 24

. Material: Hardened steel for durability and wear resistance

The gear ratio between input and output components is designed to provide appropriate force distribution
characteristics while maintaining mechanical advantage for shock absorption. The relationship between input
torque and output torque is given by:

Tout _ Ndriven

Ti N, driver
where T,,,; and T;;,, represent output and input torques respectively, and Ny ipen and Ny iper represent the
number of teeth on driven and driver gears.

3.2.2 Chassis and Frame

The robot chassis is constructed from lightweight aluminum alloy, providing structural rigidity while
minimizing overall weight. The frame incorporates mounting points for the bevel gear assemblies, DC motors,
and electronic components. Design considerations included:

. Structural integrity to withstand dynamic loads during operation
. Precise alignment of gear assemblies to ensure proper meshing
. Accessibility for assembly, maintenance, and component replacement
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3.3 Electronic System Design
3.3.1 Microcontroller Unit

The control system is built around an Arduino Uno microcontroller featuring the ATmega328P processor. This
platform was selected for its processing capabilities, extensive input/output options, and compatibility with a
wide range of peripherals. The microcontroller's specifications relevant to this application include:

. 14 digital input/output pins

. 6 analog input pins

. 16 MHz clock speed

. 32 KB flash memory for program storage

. 2 KB SRAM for data processing
3.3.2 Power Supply Unit

The power supply system is designed to provide stable voltages to all electronic components. The regulated
power supply includes the following stages:

. Step-down transformer (230V AC to 12V AC)

. Bridge rectifier (DB107) for AC to DC conversion
. Capacitive filtering for ripple reduction
. 7805 voltage regulator for 5V output

The power budget calculation considered the current requirements of:
. Arduino Uno: 50 mA typical
. HC-05 Bluetooth module: 40 mA
. L293D motor driver: 30 mA quiescent
. DC motors: 250 mA each under load

A rechargeable battery pack provides portable power for untethered operation, with 7.4 V nominal output (2
x 18650 lithium-ion cells in series).

3.3.3 Motor Driver Circuit

Motor control is implemented using the L293D dual H-bridge motor driver IC. This device enables
bidirectional control of two DC motors with the following characteristics:

. Output current capability: 600 mA per channel (continuous), 1.2 A peak
. Operating voltage range: 4.5 Vto 36 V
. Integrated clamping diodes for inductive transient suppression

. TTL-compatible inputs for direct microcontroller interfacing
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The motor driver is configured to provide differential drive control, enabling:

. Forward motion: both motors rotating forward

. Reverse motion: both motors rotating backward

. Right turn: left motor forward, right motor reverse
. Left turn: right motor forward, left motor reverse
. Pivot turns: motors rotating in opposite directions

3.3.4 Bluetooth Communication Module

Wireless control is facilitated by the HC-05 Bluetooth module, operating in slave mode with the following
specifications:

. Bluetooth version: 2.0 + EDR

. Operating frequency: 2.4 GHz ISM band

. Baud rate: 9600 bps (default, configurable)
. Operating voltage: 3.3 V

. Range: Up to 10 meters

Communication between the Android device and the robot follows a command structure where character
strings corresponding to movement commands are transmitted and interpreted by the microcontroller. The
command mapping is as follows:

Command Character Movement Action
'F' Forward

'B' Backward

'’ Left turn

'R’ Right turn

'S Stop

3.4 Control Software

The microcontroller program was developed using the Arduino integrated development environment (IDE).
The software architecture includes:
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3.4.1 Initialization Routine

The initialization process configures:

. Serial communication parameters (9600 baud, 8 data bits, 1 stop bit)
. Digital pin modes for motor control (output)
. Initial motor states (stopped)

3.4.2 Main Control Loop

The main program loop continuously monitors the Bluetooth serial input buffer, processing commands as they
are received. Upon receiving a valid command, the microcontroller updates the motor driver output states to
execute the requested movement. The pseudocode for the main loop is:

text
void loop() {
if (Bluetooth.available() > 0) {

char incoming = Bluetooth.read();

// Only act if the command has changed to save processing power
if (incoming != command) {
command = incoming;

executeCommand(command);

}

void executeCommand(char cmd) {
switch (cmd) {
case 'F': forward motors(); break;
case 'B'": backward motors(); break;
case 'L left turn();  break;
case 'R": right turn(); break;

case 'S": stop_motors();  break;
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3.4.3 Motor Control Functions

Individual motor control functions generate appropriate pulse-width modulation (PWM) signals to regulate
motor speed and direction. Speed control is implemented by varying the PWM duty cycle, enabling smooth
acceleration and deceleration.

3.5 Experimental Setup

Performance evaluation of the prototype was conducted through controlled experiments designed to assess:

. Stability on uneven terrain

. Load distribution characteristics

. Response time to Bluetooth commands

. Power consumption under various operating conditions

Test surfaces included:

. Flat, smooth surface (baseline)

. Gravel terrain

. Obstacle course with 20 mm obstacles
. Inclined surface (15° slope)

4. Results and Discussion
4.1 Mechanical Performance

The bevel gear suspension mechanism demonstrated effective shock absorption and load distribution during
experimental testing. Observations included:

4.1.1 Terrain Navigation

On gravel terrain, the prototype maintained stable wheel contact with the surface, with the gear mechanism
effectively absorbing vertical displacements. Unlike spring-based systems that exhibit oscillatory behavior
after encountering obstacles, the gear-based system showed minimal rebound oscillations, attributable to the
absence of stored elastic energy.

4.1.2 Load Distribution

When subjected to varying loads (0 kg to 2 kg additional mass), the suspension system maintained balanced
wheel loading across all four wheels. The gear mechanism's ability to distribute forces contributed to
consistent traction and stability, with measurable load distribution ratios approaching 25% + 3% per wheel
under symmetrical loading conditions.

4.1.3 Obstacle Negotiation

During obstacle course testing, the robot successfully traversed obstacles up to 20 mm in height without
significant chassis tilt or loss of stability. The maximum chassis tilt angle recorded during obstacle negotiation
was 8°, compared to typical values of 12-15° for comparable spring-based designs.
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4.2 Control System Performance
4.2.1 Wireless Communication Reliability

Bluetooth communication demonstrated reliable operation at distances up to 8 meters in indoor environments,
with packet loss rates below 2% under normal operating conditions. The command-to-response latency
averaged 48 milliseconds, which proved sufficient for real-time control applications.

4.2.2 Motor Control Precision

Differential drive control enabled precise maneuvering in confined spaces. The robot was capable of executing
pivot turns with a turning radius equal to its wheelbase, enabling navigation through corridors 1.5 times the
vehicle width.

4.3 Energy Efficiency

Power consumption measurements revealed the following:

. Idle power consumption: 0.8 W

. Average operational power (flat terrain): 3.2 W

. Average operational power (uneven terrain): 4.5 W

. Peak power consumption (obstacle negotiation): 6.8 W

The energy efficiency of the bevel gear mechanism contributed to reduced power requirements compared to
spring-based systems, where energy is dissipated as heat during spring compression and rebound.

4.4 Comparison with Traditional Systems

ingl

Parameter Springless Traditional Spring System
System

Mechanical Complexity Low Moderate to High
g .

Component Count primary 15+ components
components
Minimal

Maintenance Requirements (gear Regular (spring inspection, damper replacement)
lubrication)

Energy Dissipation Minimal Significant (heat generation)
Direct

R to Obstacl ’ Oscillat

esponse to Obstacles damped scillatory

[JVRA26A3056 International Journal of Versatile Research and Analysis (IJVRA) www.ijvra.org)



https://ijvra.org/

% INTERNATIONAL JOURNAL OF VERSATILE RESEARCH AND ANALYSIS (IJVRA) omamsss
;) JVRA © 2026 IJVRA | Volume 4, Issue 3, March 2026 | ISSN: 2984-8903 | I[VRA.ORG
Springless . .
Parameter Traditional Spring System
System
Cost Lower Higher
'Weight 2.1kg 2.8 kg (comparable scale)

4.5 Limitations Encountered
Several limitations were identified during experimental evaluation:

1. Load Capacity: The current prototype is limited to payloads up to 2 kg, beyond which gear
binding and reduced performance were observed.

2. Gear Wear: After extended operation (exceeding 10 hours), minor wear was observed on gear
teeth, suggesting the need for improved materials or lubrication for long-term durability.

3. Noise Generation: The bevel gear mechanism produces operational noise levels of
approximately 65 dB at 1 meter, which may be undesirable in noise-sensitive applications.

5. Discussion
5.1 Interpretation of Results

The experimental results validate the feasibility of using bevel gear mechanisms as primary suspension
elements in robotic vehicles. The successful conversion of vertical wheel motion into rotational energy
distributed across the gear train demonstrates that effective shock absorption can be achieved without
conventional spring elements.

The observed reduction in oscillatory behavior compared to spring-based systems represents a significant
advantage, as it contributes to improved stability and reduced settling time after encountering obstacles. This
characteristic is particularly valuable in applications requiring rapid stabilization, such as mobile robotics
operating on unpredictable terrain.
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Figure 0: Improved CAD rendering of the springless suspension drivetrain mechanism exhibits less tilt, indicating improved stability.
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5.2 Design Implications

The reduced mechanical complexity of the springless system offers several practical advantages:

. Simplified manufacturing processes with fewer components

. Reduced assembly time and associated costs

. Lower maintenance requirements and extended service intervals

. Improved reliability through elimination of potential failure points associated with springs and
dampers

5.3 Comparison with Existing Research

The results align with findings from previous studies on alternative suspension systems while demonstrating
unique advantages. Omijeh et al. (2014) reported that remote-controlled robotic vehicles face challenges
related to stability on uneven terrain, with spring-based systems requiring careful tuning to balance ride
comfort and handling. The bevel gear mechanism addresses this by providing consistent performance without
the need for complex tuning.

Compared to active suspension systems (Karnopp, 1995), the passive gear-based mechanism offers lower
power consumption and reduced electronic complexity, while providing comparable stability benefits in the
tested operating conditions.

5.4 Applications
The proposed springless suspension robot demonstrates potential for various applications:

Agriculture: The ability to navigate uneven terrain while maintaining stability makes the system suitable for
agricultural robots performing tasks such as soil analysis, crop monitoring, and precision planting.

Disaster Response: The compact design and robust suspension enable operation in rubble-strewn
environments, potentially supporting search and rescue operations.
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Logistics and Warehousing: The reduced mechanical complexity and maintenance requirements make the
system attractive for automated material handling applications.

Educational Demonstrations: The clear mechanical principles and accessible control system provide an
effective platform for teaching mechatronics and robotics concepts.

6. Conclusion and Future Work
6.1 Conclusion

This research has demonstrated the successful design, implementation, and evaluation of a springless
suspension robot utilizing bevel gear mechanisms for shock absorption and load distribution. The integration
of Arduino-based control with Bluetooth wireless communication enables remote operation with responsive
performance. Key conclusions include:

1. The bevel gear mechanism effectively absorbs road irregularities by converting vertical wheel
motion into rotational energy distributed across the gear train, eliminating the need for conventional
springs.

2. The prototype exhibits stable operation on uneven terrain with improved load distribution and
reduced oscillatory behavior compared to traditional spring-based systems.

3. The reduced mechanical complexity contributes to lower manufacturing costs, simplified
maintenance, and improved reliability.

4. Wireless control via Bluetooth provides responsive, intuitive operation suitable for remote
applications.
5. The design offers a promising alternative to conventional suspension systems, particularly in

applications where mechanical simplicity, cost-effectiveness, and energy efficiency are prioritized.
6.2 Future Work
Several directions for future research and development have been identified:

Material Optimization: Investigation of advanced materials, including carbon fiber composites and high-
strength alloys, to reduce weight while improving durability and load capacity.

Active Control Integration: Development of active control algorithms to adjust gear engagement
characteristics in response to varying terrain conditions, potentially combining the benefits of passive
reliability with adaptive performance.

Scalability Studies: Exploration of scaling principles to adapt the design for full-scale automotive
applications, addressing challenges related to increased loads and higher operating speeds.

Sensor Integration: Incorporation of accelerometers and inertial measurement units to provide feedback for
enhanced stability control and autonomous navigation capabilities.

Alternative Communication Protocols: Evaluation of Wi-Fi, Zigbee, and LoRa communication systems for
applications requiring extended range or network connectivity.
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Long-Term Durability Testing: Extended operational testing to characterize wear patterns and establish
maintenance schedules for practical applications.
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