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Abstract—The study focuses on designing an efficient,
reliable, and user-friendly solution to replace the
conventional manual brake-bleeding process used in
automotive maintenance. Traditional bleeding methods
are labor-intensive, prone to human error, and often fail
to ensure complete removal of entrapped air from
hydraulic brake lines—resulting in reduced braking
performance and compromised safety. This study aims
by developing an
automated system capable of delivering consistent
pressure, controlled fluid flow, and real-time monitoring
to ensure thorough and repeatable bleeding of the brake
circuit. The proposed system integrates electronically
and a

to overcome these limitations

controlled pumps, pressure
microcontroller-based control unit to automate fluid
purging. A feedback-based
mechanism regulates pressure levels
manufacturer-recommended specifications, while safety

sensors,

circulation and air

to match
cut-offs prevent over-pressurization and fluid loss. The
system is designed to interface with various vehicle brake
configurations, ensuring wide applicability in workshop
environments. The paper presents the conceptual design,
system architecture, and prototype development stages,
along with functional validation of the automatic
bleeding mechanism. Preliminary testing demonstrates
improved operational efficiency, reduced human effort,
enhanced precision in air removal, and consistent brake
pedal firmness compared to manual methods. The study
establishes a foundation for further refinement,
including full-scale implementation, durability testing,
and performance evaluation under real workshop
conditions.

L. INTRODUCTION

The braking system is a critical safety component in
vehicles, ensuring controlled deceleration and reliable
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stopping under various operating conditions.
Hydraulic braking systems are widely used due to their
ability efficiently through
incompressible brake fluid based on Pascal’s law.
However, the presence of air bubbles or contaminants
in the hydraulic circuit adversely affects pressure
transmission, resulting in reduced braking efficiency,
a spongy pedal feel, and increased stopping distance.
Therefore, maintaining an air-free and clean hydraulic
system is essential for optimal braking performance

and safety.

to transmit force

Brake bleeding is a standard maintenance procedure
performed to remove trapped air and degraded fluid
from the system. Conventional methods such as
manual, gravity, pressure, and vacuum bleeding are
commonly used but suffer from several limitations,
including high dependency on operator skill, time
consumption, These
challenges are further amplified in modern vehicles
equipped with advanced braking technologies such as
Anti-lock Braking Systems (ABS), Electronic Brake-
force Distribution (EBD), and regenerative braking
systems, which involve complex hydraulic circuits and

and inconsistent results.

require precise pressure control.

With the increasing demand for reliability, efficiency,
and automation in the automotive industry, there is a
growing need for improved maintenance solutions.
Automatic brake bleeding systems offer a promising
alternative by integrating pumps, sensors, control
valves, and microcontroller-based control units to
automate the bleeding process. These systems enable
controlled fluid flow, consistent pressure application,
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and real-time monitoring, ensuring effective removal
of air and contaminants while reducing human effort
and error.

This research focuses on the development and
implementation of an automatic brake bleeding system
designed to enhance efficiency, accuracy, and safety
in hydraulic brake maintenance. The proposed system
aims to provide reliable air removal, improved
pressure consistency, and adaptability to different
brake configurations, thereby addressing the
limitations of conventional bleeding methods and
contributing to improved braking performance.

II LITERATURE REVIEW

1. Das S.S. et al. (2025)

Das et al. (2025) propose a deep learning-based
method for detecting faults in hydraulic brake systems
using acoustic signal analysis. The acoustic signals are
converted into mel-spectrograms and processed using
a l4-layer CNN for classification. The model
identifies multiple fault types with high accuracy
(~97%), outperforming traditional machine learning
methods. It provides a non-invasive and automated
approach for brake system monitoring. This method is
relevant for detecting air or fluid irregularities in
automated brake bleeding systems.

2. Mladenov G. (2025)

Mladenov (2025) examines the impact of brake fluid
condition on braking performance, focusing on
temperature and moisture effects. The study shows
that increased water content lowers the boiling point,
causing vapor lock and reduced braking efficiency.
Experimental results highlight that degraded fluid
leads to poor pedal response and safety risks. The
paper emphasizes the need for regular fluid monitoring
and replacement. This research supports integrating
fluid quality sensing in automatic brake bleeding
systems.

3. Karunanidhi K. et al. (2025)

Karunanidhi et al. (2025) present a simulation study of
an aircraft hydraulic brake system using LMS Amesim
software. The analysis evaluates pressure dynamics,
accumulator performance, and actuator response
under braking conditions. Results show stable system
performance with pressures up to ~272 bar and quick
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actuator response. The study demonstrates the
importance of component-level modeling for system
optimization. These insights are useful for designing
efficient automatic brake bleeding systems.

4. Bahrami R. et al. (2020)

Bahrami et al. (2020) develop an adaptive super-
twisting observer for fault detection in electro-
hydraulic systems. The method reduces chattering and
improves fault reconstruction accuracy compared to
conventional observers. It can detect issues such as
leakage, pressure inconsistencies, and system faults in
real time. Experimental validation confirms fast and
reliable fault identification. This approach can
enhance monitoring in automatic brake bleeding
systems.

5. Zarifi M. et al. (2025)

Zarifi et al. (2025) propose an LSTM-based method to
detect and classify internal leakage in hydraulic
systems. The model uses pressure-time data and
achieves around 96% classification accuracy. It
enables real-time monitoring and early fault detection
in hydraulic circuits. The study highlights the
importance of data-driven diagnostics in maintenance
systems. This technique can be applied to detect
incomplete bleeding or air presence in brake systems.

6. Wafi M.K. (2023)

Wafi (2023) investigates fault detection in hydraulic
systems using adaptive Kalman filtering and
consensus filtering methods. The study compares
different estimation techniques to identify leakage
faults in interconnected tank systems. Results show
improved detection speed and accuracy with adaptive
scaling methods. The approach is effective for
monitoring system health and detecting anomalies. It
can be applied to verify pressure stability in automatic
brake bleeding systems.

7. 1JSREM Authors (2024)

This study presents the design and development of a
vacuum-based brake bleeder kit for automotive
applications. The system removes air, extracts
contaminants, and measures water content in brake
fluid. Experimental results show reduced bleeding
time compared to manual methods. The device
improves efficiency and safety in workshop
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operations. However, it lacks full automation, leaving
scope for further development.

8. Zhao X. et al. (2020)

Zhao et al. (2020) focus on pressure estimation and
control in hydraulic brake systems for electric-wheel
vehicles. They develop a model of the hydraulic
control unit and use a Kalman filter for pressure
estimation. A control algorithm ensures accurate
pressure regulation in the brake cylinder. Simulation
and hardware tests validate the effectiveness of the
approach. This study highlights the importance of
pressure accuracy, which depends on proper brake
bleeding.

9. Yang Y. et al. (2018)

Yang et al. (2018) propose a pressure-coordinated
control strategy for electro-hydraulic braking systems
in hybrid vehicles. The system optimizes braking
performance while enabling energy recovery.
Simulation results show improved efficiency and
stable braking response under various conditions. The
study emphasizes the importance of balanced pressure
distribution in braking circuits. Proper bleeding is
essential to maintain such pressure coordination.

10. Mei M. et al. (2023)

Mei et al. (2023) present an MPC-based control
strategy for regenerative braking systems in electric
vehicles. The method regulates hydraulic flow to
balance braking performance, comfort, and energy
recovery. The system adapts to different operating
conditions using a switchable control mechanism.
Results show improved efficiency and response
compared to conventional methods. The study
highlights the need for proper fluid flow, which
depends on effective brake bleeding.

Novelty of work: The proposed system introduces an
automated brake bleeding mechanism that integrates
real-time sensing, controlled fluid flow, and
microcontroller-based operation to ensure complete
removal of air from hydraulic brake circuits. Unlike
conventional manual or semi-automatic methods, it
minimizes human intervention while improving
accuracy, consistency, and efficiency. The inclusion of
monitoring features for pressure and fluid condition
further enhances reliability, making it a more
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advanced and intelligent solution for modern braking
systems.

III. PROBLEM STATEMENT

» In hydraulic brake systems, trapped air or
contaminated fluid reduces braking efficiency,
resulting in a soft pedal, longer stopping
distances, and potential safety hazards.

» Traditional manual bleeding methods are time-
consuming, labor-intensive, and prone to human
error, especially in modern vehicles with complex
braking circuits.

» There is a need for an automated, reliable, and
efficient brake bleeding system that can remove
air and impurities consistently, ensure optimal
hydraulic performance, and reduce maintenance
time and effort.

IV. OBJECTIVES

e To develop an automated system capable of
removing air and contaminants from hydraulic
brake circuits efficiently.

e To design and integrate sensors for monitoring
fluid flow, pressure, and air presence in real-time.

e To implement a control mechanism
(microcontroller/embedded system) to regulate
the bleeding process automatically.

e To reduce maintenance time, human effort, and
the risk of errors associated with traditional
manual bleeding methods.

RESEARCH METHODOLOGY

Literature Design and Numerical
review and 3D modelling simulation

Results,
Testing of validation
prototype and
conclusion

Manufacturin
gof
prototype

problem of hybrid leaf using FEA
identification springs software
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V. MANUFACTURING OF THE COMPONENT

The model was manufactured using the following
components:

1. Brake Fluid

Brake fluid is the hydraulic medium used to transmit
force from the master cylinder to the braking
components. It must have high boiling point, low
compressibility, and good thermal stability to ensure
efficient braking performance.

Fig. DOT 3 Brake Fluid.

2. 12V Pump

The 12V pump is used to circulate brake fluid through
the system and generate the required pressure for
bleeding. It enables controlled and continuous fluid
flow for effective removal of air bubbles.

Fig. 12V Pump.
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3. Pressure Switch

The pressure switch monitors the system pressure and
automatically turns the pump on or off when a preset
pressure limit is reached. This helps in maintaining
safe operating conditions and prevents over-
pressurization.

T e _E5x U e Y==a

Fig. Pressure Switch.

4. Pressure Gauge

The pressure gauge provides real-time measurement
of the hydraulic pressure in the system. It allows
monitoring and verification of proper pressure levels
during the bleeding process.

Fig. Pressure gauge.

5. Brake Fluid Reservoir Cap

The reservoir cap connects the bleeding system to the
master cylinder reservoir. It ensures a sealed
connection to prevent leakage and maintain consistent
pressure during operation.

6. AC Adapter

The AC adapter converts mains electrical supply into
12V DC required to power the pump and other
electrical components. It ensures stable and reliable

power for system operation.
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9. T-Joints

T-joints are connectors that allow branching of fluid
flow into multiple paths. They help distribute brake
fluid to different circuits during the bleeding process.

7. Valves and Fittings

Valves and fittings are used to control the direction
and flow of brake fluid within the system. They also
ensure leak-proof connections between different
components.

g VI. EXPERIMENTAL TESTING

The prototype was used for bleeding four-wheelers.
Successful bleeding of the hydraulic brake circuits of

8. Pipes different four-wheelers was completed.
Pipes are used to transport brake fluid between the

reservoir, pump, and brake lines. They must be
durable, pressure-resistant, and compatible with brake
fluid.
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Fig. Testing of the prototype.

VII. CONCLUSION

This research presented the design, development,
and implementation of an automatic brake
bleeding system for four-wheeler hydraulic
braking applications, aimed at improving
maintenance efficiency and braking reliability.
The proposed system successfully addresses the
limitations of conventional manual bleeding
methods by enabling controlled fluid circulation,
consistent pressure regulation, and automated air
removal from brake lines. The integration of a
pump-driven mechanism, pressure monitoring
components, and a control unit ensures precise
and repeatable operation with minimal human
intervention.

Experimental validation of the developed
prototype confirmed its effectiveness in removing
entrapped air and restoring proper hydraulic
pressure within the brake circuit. The system
demonstrated stable pressure characteristics,
improved brake pedal firmness, and reduced
bleeding time compared to traditional techniques.
These results highlight the capability of the
system to enhance braking performance and
ensure safety in four-wheeler vehicles.

Overall, the study establishes that automation in
brake bleeding can significantly improve
accuracy, efficiency, and reliability in automotive
maintenance practices. The proposed system
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offers practical applicability in workshops and
service environments, particularly for modern
vehicles with complex hydraulic circuits. Future
work may focus on integrating advanced sensing
technologies, fluid quality monitoring, and
compatibility with electronically controlled
braking systems such as ABS and electric vehicle
platforms, further strengthening the system’s
performance and adaptability.
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