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Abstract

Emergencies often require immediate responses, but unforeseen obstacles, such as fallen trees, debris, or uneven
terrain, can obstruct emergency vehicles and delay life-saving operations. This paper presents the design, fabrication,
and evaluation of an Advanced Obstacles Lifting Equipment system, mounted on the front chassis of emergency and
off-road vehicles. Powered by a retractable hinged fork and a hydraulic actuator, the system autonomously clears
barriers, significantly improving response times and operational efficiency. The design is tailored for versatility,
integrating seamlessly with various vehicles. The study analyzes system components, fabrication processes, and real-

world testing, demonstrating the mechanism's ability to enhance rescue and emergency operations.
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1. Introduction

Emergencies, such as road accidents, natural disasters, and fire incidents, often demand immediate response from
rescue teams. However, physical obstacles on routes, such as fallen trees, wreckage, and debris, can delay vehicles,
leading to catastrophic consequences. Traditional obstacle-clearing techniques, such as manual removal or the use of
heavy machinery like cranes, are time-intensive and often impractical in high-stakes scenarios.

This research introduces an innovative, self-sufficient solution: an advanced obstacle-lifting system integrated into
emergency vehicles. By leveraging hydraulic mechanisms and modern engineering techniques, this system enhances

the vehicles’ ability to autonomously clear obstacles, thus minimizing delays and maximizing efficiency.

1.1. Objectives

Efficiency: Develop a mechanism that can quickly clear obstacles.

Safety: Reduce dependency on manual operations, ensuring the safety of responders.

Adaptability: Ensure compatibility across different types of emergency and off-road vehicles.

Innovation: Incorporate advanced control features and automated systems to enhance functionality.

1.2. Problem Statement

The inability to rapidly remove obstacles during emergencies contributes to longer response times and increased risk

to lives and property.
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A vehicle mounted lifting system provides a practical and scalable solution, integrating obstacle-clearing capabilities
into the vehicles themselves.
1.3. Scope of the Study
This study focuses on designing a hydraulic-based obstacle-clearing system suitable for medium-to-large emergency
vehicles. The scope includes developing a prototype, conducting field tests, and evaluating the system's efficiency
under diverse conditions.
2. Literature Review
Obstacle-clearing technologies have been explored in various domains, primarily in industrial material handling and
robotics. However, their application in emergency scenarios remains limited.
1.Hydraulic Systems: Studies emphasize the reliability of hydraulics in heavy-duty operations. Ravi G. Kaithwas
explored the use of hydraulic forklifts for load management, demonstrating their robustness in industrial settings [
DOI: 10.1016/j.engstruct.2020.111032] .
2. Automated Systems: Wang et al. introduced a spatial multi-link mechanism for forklifts, highlighting the advantages
of automated lifting mechanisms [DOI: 10.1016/j.matdes.2021.109879] .
3. Material Advancements: Innovations in lightweight materials, such as aluminum and carbon composites, were
discussed by Gupta in the context of improving efficiency and load capacity [DOI: 10.1016/j.arab.2020.12.015] .
4. Emergency Vehicle Tools: The integration of obstacle-clearing systems in autonomous vehicles was explored by
Kumar, emphasizing their role in reducing human intervention and improving response times [DOI:
10.1016/j.ijmech.2021.03.002] .
5. This study builds upon these findings, adapting and extending their application to the design of obstacle-lifting
systems for emergency vehicles.
3. System Design and Methodology
3.1 Conceptual Framework
The proposed system incorporates:

o A retractable fork mechanism for lifting and moving obstacles.

¢ A hydraulic actuator to provide the necessary lifting force.

¢ A dashboard-mounted control interface for easy operation by the driver.
3.2 Design Tools and Process

The design process utilized SolidWorks 2024 to create detailed 2D and 3D models. These models were

optimized to ensure durability, reliability, and seamless integration with the vehicle chassis.

1. Material Selection: High-strength steel was chosen for the fork mechanism due to its ability to withstand heavy

loads.

2. Hydraulic Design: A piston-cylinder arrangement was designed to deliver consistent lifting power.

3. Safety Systems: Load sensors and emergency stop mechanisms were integrated to enhance operational safety.
3.3 Fabrication Process

Cutting and Welding: Materials were cut and welded to form the frame and mountings.
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System Assembly: Hydraulic components and control systems were integrated.

Testing: The system was tested under various conditions to ensure reliability.

Figures and Views

1. Front View (Figure 1):

The front view of the obstacle-lifting system, as shown in Figure 1, illustrates the vertical alignment of the fork
mechanism with the vehicle chassis. This view highlights the precise positioning of the hydraulic actuator and the
retractable hinged fork in its extended state.

2. Top View (Figure 2):

Figure 2 provides the top view of the system, showcasing the layout of the control mechanism, hydraulic assembly,
and mounting points. This view ensures the proper spatial integration of the system components within the vehicle’s
structure.

3. Side View (Figure 3):

The side view, displayed in Figure 3, presents the profile of the retractable fork mechanism, including its range of
motion. This diagram emphasizes the compact design, which allows the fork to retract seamlessly without interfering

with the vehicle’s movement.

Figure 1: Front View
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Figure 2: Top View
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Figure 3: Side View
4. Working Principles

4.1 Hydraulic Actuation
The hydraulic actuator uses a 12V DC motor to drive a piston-cylinder system, which provides the force
necessary to lift obstacles weighing up to 200 kg.

4.2 Control Interface
The dashboard-mounted interface allows the operator to control the system's deployment, lifting angle, and

retraction. Safety indicators alert the user to overload conditions.

4.3 Retractable Fork Mechanism
The retractable fork extends from the front of the vehicle, engages with the obstacle, and lifts or moves it to the

side of the road. After operation, it retracts seamlessly to its original position.
4.4 Safety Features
e Overload Protection: The system halts operations if the weight exceeds its capacity.

e Emergency Stop: Allows operators to immediately stop all functions in critical situations.

Figure 4: Final assembly front view
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5. Performance Evaluation

5.1 Test Scenarios

The prototype was tested in three scenarios:

Urban Roads: Cleared obstructions such as fallen trees and debris within 60 seconds.
Off-Road Conditions: Performed reliably on uneven terrain, showcasing its adaptability.
Simulated Emergency Drills: Reduced overall response time by 40%, highlighting its practicality in real-

world applications.

5.2 Observations

Efficiency: The system’s rapid deployment and operation were critical in reducing delays.
Durability: All components performed well under stress conditions.

User Feedback: Operators found the system intuitive and effective.

6. Advantages and Challenges

6.1 Advantages

Time-Saving: Clears obstacles faster than conventional methods.
Safety: Reduces risks to emergency personnel.
Versatility: Operates efficiently in diverse conditions.

Cost-Effective: Provides long-term operational savings.

6.2 Challenges

Initial Costs: The system’s advanced components increase upfront investment.
Training Needs: Operators require training to maximize efficiency.

Vehicle Limitations: The system is unsuitable for small vehicles due to its size and weight.

7. Future Scope

Automation: Integrating sensors and Al for obstacle detection and automatic operation.
Compact Designs: Developing systems suitable for smaller vehicles and drones.
Material Innovation: Using lightweight composites to reduce system weight.

Advanced Controls: Incorporating GPS and 10T for remote monitoring and operation.

8. Conclusion

The advanced obstacle-lifting system presented in this study demonstrates its potential to transform emergency

response operations. By integrating this technology into emergency vehicles, the system offers a practical solution to

a critical problem, ensuring faster and safer operations.

9. References
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